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PREFACE.

lo la

A-ti r

Among recent discoveries in Palaeontology, none have excited more interest than

the Lower Tertiary Vertebrate Faunas of the Fayura. They add so much to our

knowledge of the primitive Mammalia, especially of the Hyracoidea, Proboscidea,

Sirenia, and Cetacea, that an exhaustive account of them, so far as discovered, has

become essential. The Trustees of the British Museum have therefore availed

themselves of the generous co-operation of the Egyptian Government to produce a

Descriptive Catalogue of all the more important fossils by which these ancient Faunas

are at present known. The greater part of the collection, now in the Geological

Museum, Cairo, was made by Mr. H. J. L. Beadnell under the direction of Captain IT.

G. Lyons, Director-General of the Egyptian Surveys
;
while the smaller collection, in

the Geological Department of the British Museum, was made partly by Dr. C. AV.

Andrews, the author of this Descriptive Catalogue, partly by donations of duplicates

from the Egyptian Government. During the preparation of the work Dr. Andrews

has had the opportunity of studying both these collections in detail, and the result is

a satisfactory basis for future research. How much remains to be discovered for the

elaboration of the preliminary sketch now given, will be readily realised on perusing

the various sections of the Catalosrue.o

Thanks are due to the Right Hon. the Earl of Cromer, G.C.B., for his sympathetic

interest, and to Captain Lyons for his cordial help and successful negotiation Avith

the Egyptian Government. The Trustees of the British Museum are also indebted to

Captain Lyons and Mr. Beadnell for their assistance to Dr. Andrews in his collecting

expeditions
;
while special acknowledgment must be made of the funds generously

provided for some of these expeditions by Mr. W. E. de Winton, Avhose presents are

severally enumerated in the Catalogue.

A. SMITH WOODWARD.
Depaetment op Geology,

Beitish Museum (Natueal Histoey).

5th March, 1906.
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INTRODUCTION.

The Fayum *, the lake province of Egypt, is a district occupying a depression in

the desert to the west of the Nile Valley opposite Wasta, a small toAvn about

fifty-seven miles south of Cairo. This depression^, which is roughly circular in

outline, is separated from the river-valley by a belt of desert varying in width from

about a mile and a half to some six or seven miles, and crossed at one point by a

canal, the Bahr-el-Yusef, which runs through a narrow strip of low ground and is

practically the only source of water-supply for the whole district. The water thus

brought in from the Nile is distributed by irrigation-canals to the cultivated part of

the district, and the surplus eventually finds its way through a number of channels,

some of which form picturesque gorges, to the lowest part of the depression,

occupied by a large expanse of brackish water, the Birket-el-Qurun. This lake is

about twenty-five miles long, with a maximum width of only six miles
;

it is very

shallow, the maximum depth at present being about sixteen or seventeen feet, and its

shores in most places are very low and gently sloping. In Pleistocene times the

floor of the depression was occupied by a body of water of vastly greater area than

the present lake, evidences of its former extent being found in the Mudely spread

lacustrine deposits, chiefly clays, containing, in addition to numerous Mollusca,

remains of Elephas africanus, Hi])popotamus, Buhalis, Cams, together with those of

Crocodiles, Chelonians, and Fishes (8) f. In one or two places also numerous

* The following sketch of the Topography and Geology of the Fayum is mainly founded on Mr. II. J. L.

Beadnell’s detailed report. The Topography and Geology of the Fayum Province of Egypt (Cairo, 1905),

which should be consulted for further information. The papers by Blanckenhorn, mentioned in the list on

p. x.xx, are also of great importance.

t The numbers within brackets refer to the list of publications on p. xxix.

h
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INTRODUCTION. vii

stumps of trees of eonsiderable size occur, indicating that in some parts, at least, in

the neighbourhood of the water the country was wooded. Later, within the historic

period (XII. Dynasty, beginning about 2778 B.c.*), the lake was converted into an

artiticially-controllcd reservoir. Lake Mocris, and was employed to regulate the supply

of water in years of exceptionally high or low Nile floods. At this date, though smaller

than the earlier Pleistocene lake, the water-covered area was far greater than at the

present time, indications of its former extent being found in old shore-lines, still

fringed with the stumps of tamarisk-bushes, and in the ruins of temples and cities

{e.g. Qasr-el-Sagha). These remains are now separated from the water by miles of

desert. Later still, probably in Ptolemaic times, the lake ceased to be used as a

reservoir, and the quantity of water admitted to the Fayum was limited, so far as

possible, to the amount actually required for the irrigation of the district. The

consequence of this was that the lake received only such surplus water as drained

from the cultivated lands, and its level began to fall until, within the last year or two,

it reached its smallest dimensions. Since then the more abundant supply of water

resulting from the vast irrigation-works in the Nile Valley has led to a considerable

area being reclaimed, and the consequent increase in the amount of water draining

into the lake has brought about a slight rise in its level.

The cultivated land lies to the south and east of the lake, while on the north the

desert extends down almost to the water’s edge, from which it is separated by a

belt of sand-dunes and swamp of varying width, covered with scanty vegetation,

consisting mainly of tamarisk and reeds. Along the whole of the north margin

also there is a band of lacustrine deposits widening out towards the east. These

beds overlap the edge of the Middle Eocene strata which form the lower parts of

the depression.

With only one or two exceptions, the whole of the vertebrate remains described in

the present volume are derived from the Middle and Upper Eocene deposits lying

on the northern side of the lake, and it will only be necessary here to give a brief

account of the geological structure of that region. Looking northwards from a

suitable point of view on the southern side of the lake, the northern slope of the

depression can be seen rising in a series of escarpments of varying height (see Map

and Section), and running roughly parallel to one another from about E.N.E. to

W.S.W.
;
the terraces between the successive steps vary in width from mere ledges

to plains some kilometres wide. There are three main escarpments, of which the

* Flinders Petrie, ‘A Historj'of Egypt,’ vol. i. p. 147.

b2



INTRODUCTION.viii

lowest is best develo])e(l towards tlie western end of the lake, running parallel with and

at a short distance from the northern shore
;

this is composed of Ravine beds, Rirkct-

el-Qurun series, and the lower part of the Qasr-el-Sagha beds. The Ravine beds are,

for the most part, obscured by the overlying lacustrine deposits. The next main

escarpment is seen rising very steeply in the middle distance
;

it is composed of the

higher beds of tlic Qasr-el-Sagha series. To the north of this, and separated from it

by a succession of broad terraces some kilometres wide, is the magnificent range of

cliffs, the Jebel-el-Qatrani, composed of the upper beds of the Fiuvio-marine (Upper

N. S.

VJidan el Faras.

Summ'itof Qasr e! Sagha Dime
J clQatrani. , 35 :;g

jfU
I

'

7

Surface ofancient
Lake Mafis, 27aim.
aboL>e firesent sea level.

Birketel Qurun
-^4

HorizontalScale ^ ^

^

^ tkilometres. HeighJLs in nxetres abo\ie sea level.

Section (from north to south) showing the succession of beds on tlie north of Birket-el-QuTun. (Reduced

from part of the section on pi. xxii. of H. J. L. Beadnell’s Report on the Topography and Geology of

the Fayum Province : Survey Dept., Cairo, 1905.)

a. Lacustrine clays; 2. Lower Oligoceue ; 3. Interbedded basalt sheet; 4. Tapper Eocene (Fiuvio-marine);

5. Qasr-el-Sagha series
;

6. Birket-el-Qurun series ; 7. Ravine Beds.

Eocene) series, and capped by a thick bed of basalt, which Mr. Beadnell regards as

occiuTing at the junction of the Eocene and Oligocene beds. This upper range of

cliffs practically marks the northern edge of the depression, and beyond it comes the

high undulating plateau of brown pebble-strewn desert, composed mainly of fluviatile

beds of Oligocene age, in which so far no vertebrate remains have been found.

Throughout the whole series the beds dip very gently (2° or 3°) towards the north, and

have been subjected to very little faulting or other disturbance.

The following Table shows the succession of strata composing the country to the

north of the lake, together with a list of the vertebrate remains at present known

from the various horizons :

—
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Table showing Succession and Classification of Strata in the Fayum.

(Slightly nioclillcd from tho Table given by Mr. Benelnell iu his Report on the Topography and Geology of Fayiitn I’rfivirce, pp. 3-l-3.’3.)

Approximate
average thickness

in metres, north

paro of Fayum.

RECENT
and

PLEISTOCENE.

Alluvial soil, clays, sands, &c.

Blown sand.

Lacustrine clays extending to 23 metres above sea-level (a in Section).

1

1

MIDDLE
PLIOCENE.

50

Gravel terraces (? Pleistocene).

Shell-boring on rock-surfaces.

Fossiliferous deposits of Sidinant.

LOWER
OLIGOCENE.

Tongrian. 30
Fluvio-marine Beds {Jehel-el-Q<itram Beds).—Sandstones and sandstone-grits witli

;

silicitied trees. (2 iu Section.)

Basalt sheets, interbedded and contemporaneous. (3 in Section.)

UPPER
EOCENE.

Bartonian.
250

Fluvio-marine Series (4 in Section).—Y^ariegated sands, sandstones, clays, and
marls, with limestone-grits and thin bands of limestone. In the lower beds of

this Series are large numbers of silicified trees associated with vertebrate remains,

including:

—

Arsinoitheriiim zitteh, A. andrewsi, Sar/liatJwmm antiqmim, S. minus,

S. magnum, S. majus, MeyaloTiyrax eocoenus, M. minor, Faleromastodon beadneUi,

P. wintoni, F. parvus, P. minor, Mceritherium (?) lyonsi, M. triyonodon, Phiomia
serridens, Aticodon yorrinyei, A. parvus, A. sp., Bhayathermm eryypAiacum,

Geniohi/us minis, G. fajumensis, G. major, Hycrnodon sp., Pterodon cij'ricanus,

Apterodoii macroynathus, Sinopa etliiopica, Eremopezus eocoenus, Crocodilus articeps,

0. meyarhinus, Tomistorna yavialoides, Testudo ammon, T. headnelli, T. isis,

Stereoyenys lihyca, Podocnemis fajumensis, P. hlanclcenliorni \\A\\ var. ovata, Pelo-

medusa proyaleatn, Aetobatis sp.

1

j

MIDDLE
EOCENE.

Parisian.

UpI'ER

Mokattam.

155

Qasr-el-Sayha Series (Carolia Beds) (5 in Section).—Alternating limestones, marls,

days, and sandstones. The vertebrate remains include :

—

Moeritlierium lyonsi,

M. yracile, Barytherium yrave, Eosh'en libyca, Zeuylodon osiris, Crocodilus sp.,

Tomistorna africanum, Psepihopliorus eoceenus, Thalassochelys libyca, Podocnemis

antiqua, P. stromeri and var. major, Stereoyenys cromeri, S. podocnemioides,

Giyantopliis yarstini, Pterosjdienus schweinfurflii, Fajurnia schweinfurthi,Socnopo>a

yrandis, Prisiis fajurnensis, P. inyens, Eoqirisiis reinachi, Propristis schweinfurihi,

Myliobatis sp., Garcharodon sp.

.<-

1 H
H

o

50

Birlcet-el-Qurun Series t^Opiercidina-Nummulite Beds) (6 in Section).—Sandstones

and clays, with sandy limestones and one or more well-marked concretionary

sandstones weathering into large globular masses. The chief vertebrate fossils

are :

—

Eocetvs sclnveinfurthi, Prozeuylodon atro.v, and (?) Zeuylodon isis, Tomistorna

Icerimense, Saurocephalus fajumensis, Enchodus sp., Coelorhynchus s]>., Proyym-
nodon hilyendorji, a Polypterid fish, Oxyrldna spp., ? sp., Lamna verticalis,

L. sp., (?) Odontaspis aschersoni, Odontaspis spp., Garcharodon sp., Ilemipristis
i

cw-vatus, Galeocerdo ceyyptiacus, Alopiopsis sp., Aprionodon frequens, Priono-

don sp., Carcharias spji., Propristis scJnveinfurthi, (?) Eoqiristis reinachi,

Amblypristis cheops, Myliobatis lutidens, M. fraasi, M. dixoni, M. acutus,

M. oweni, M. spp.

70
Ravine Beds (7 iu Section).—White marls and marly limestones with remains of

large Zeuglodons and scales and teeth of fishes.

130 Wadi Rayan Series {Nummulites yizehensis Beds).—Limestones, marls, clays, &c.
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I'^rom tliis 'i'ablo it will bo gathered that, speaking generally, from earlier to later

times the strata of the I’ayum were deposited nearer and nearer to some land-mass.

In the early Eocene the ])resence of thick marine beds far to the southwards shows

that the shores of the Ethiopian continent were still remote from the area now under

discussion
;
and this state of things seems to have continued till the Middle Eocene, as

shown by the thick nummulitic beds of the Wadi Ilayan series, and the exclusively

marine character of the fossils both of those beds, the Eavine beds, and the Birket-el-

Qtiruu series above. In the Qasr-el-Sagha series, on the other hand, there is much

evidence that the shore was not far off, the jiresence of thick beds of clay, often

current-bedded and containing numerous impressions of leaves, as well as the

occurrence of land-mammals pointing to this conclusion. In fact, the deposits at this

horizon may be regarded as partly marine and partly littoral, there having been

many small oscillations of level. In the Eluvio-marine (Upper Eocene) beds above,

the near presence of a large land-mass is still more obvious, these deposits being, in

fact, almost entirely fluviatile, and probably representing the remains of the delta of a

great river whicli Mr. Eeadnell, for various reasons, considers flowed from the

south-west At or near the end of the Eocene period this state of things was

interrupted by an outburst of volcanic activity, which gave rise to the interbedded

basalt-sheets of the Jebel-el-Qatrani (see Map)
; but after this the fluviatile conditions

were again resumed and appear to have continued with some interruptions throughout

the Oligocene, Miocene, and, in ])art at least, the Pliocene periods. Throughout this

vast epoch there seems to have been a general tendency towards a gradual advance of the

coast-line northwards, and such interruptions and oscillations as did occur are marked

by the presence of interbedded marine, littoral, and perhaps, in a few cases, lacustrine

deposits. This long series of Eluvio-marine beds offers just the conditions necessary

for the preservation of a succession of vertebrate faunas, and, in fact, these have already

been found at two horizons in addition to the Eocene beds with which this Catalogue

is mainly concerned, namely, in the Lower Miocene and the Middle Pliocene. So

long ago as about 1898, Dr. Elanckenhorn discovered remains of a Ehinoceros and of

an Anthracotheroid Mammal {Brachyodus africanus), together with other vertebrate

fossils, in the Lower Miocene beds of Mogara, which lies to the north-west of the

Fayum about five days’ march, d'his collection was afterwards described by the present

writer (4, 5j, who later, with the late IMr. Earron of the Egyptian Survey, revisited

the locality, where they obtained, in addition to the forms already known, remains of

* ‘ deport oil the rayuiii rrovince,’ p. OG.
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a Proboscidean closely allied to, if not identical with, Tetrahelodon angustidens, remains

of which occur in beds of the same age in Europe. Mr. Beadnell also has lately made

a collection from the same place, but this has not yet been fully examined, and quite

recently Dr. Stromer
(45 )

has described some vertebrate remains from the same horizon

in the Wadi Faregh, which lies to the north of the Fayum. To the north of this, again,

in the Wadi Natrun, a considerable number of vertebrate remains of Middle Pliocene

age have been collected by Captain Lyons, Mr. Beadnell, and, still more recently,

by Drs. Stromer and Blanckenhorn. These have been described by Studer
(46 ),

Stromer
(37 , 45 ), and the present writer

( 7 ), and include such forms as Ilig^parion

aff. gracile, Hippopotamus hipponensis, Sus sp., Hippotragus cordieri, Lihytlierium or

Samotherium sp.. Mastodon sp., as well as remains of Carnivora belonging to the

Canidae, Lutrinee, Phocidae, and Machaerodontinae. There are also traces of a Sirenian

and of a Ilodent, probably a species of Oryctolagus. It is thus clear that in a north-

and-south line from the Fayum we already know such a succession of faunas as might

be expected to occur in such a series of deposits, and it is at least probable that

further careful search of this region may lead to the discovery of others of intermediate

age which will throw further light on the history of several groups. For instance, it

seems very likely that remains of annectant forms between the Zeuglodonts and

Odontoceti and between the Antbracotheriidse and the Hippopotamidse are entombed

in these beds.

The first vertebrate fossils discovered in the Fayum were collected by Schweinfurth

{ 35 )
in 1879 on the island Geziret-el-Qorn (see Map), where, in beds of the Birket-

el-Qurun series, he obtained remains of Zeuglodons and fishes belonging to the genera

Myliohatis, Propristis, Hemipristis, Corax, Galeocerdo, Carcharias, Carcharodon, Otodiis,

Lamna {Odontaspis), Saurocephalus, {\) Enchodus, and Progymnodon \ this collection

was afterwards described by Dames
( 25 ). In the winter of 1885-6 the same traveller

visited the escarpments to the north of the lake, and from the cliffs over Qasr-el-Sagha

(Schweinfurth’s Temple) collected other remains of Zeuglodon, including the

mandibular ramus afterwards described by Dames
(27 )

under the name Zeuglodon

osiris. Nothing further was done until, in 1898, Mr. Beadnell commenced a survey

of the depression and collected numerous remains of Fishes and Crocodiles, and

noticed that fragments of bone were common on certain horizons, but nothing of

particular interest Avas obtained. In April, 1901, the present writer had an opportunity

of visiting the district Avith Mr. Beadnell, on Avhich occasion a considerable number of

vertebrate remains, including portions of the skeletons of Moeritherium, Eosiren,
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(i l(ia)ifoj)his, &c., were collected from the Middle Eocene beds, and it was arranged

to revisit the district for the purpose of obtaining further material. This was done,

and result('d not only in the collection of much that was new from the Middle Eocene

escarpinent, hut also in the discovery that the Eluvio-marine beds above were bone-

Ix'aring and in the finding of the first traces of Palwomastodon. Towards the end of

the same year Mr. Beadnell returned to the district and paid special attention to the

Eluvio-marine beds, from which he obtained the first remains of Arsinoitherium, as

well as of other now mammals and reptiles
;
he was also fortunate in finding a spot

where bones occur in considerable numbers in a limited area, instead of being widely

scattered as is usually the case in these deposits. His expeditions in the winters

of 1902-3, 1903-4, resulted in the accumulation of a very lai’ge mass of material

(only part of which is here catalogued) in the Geological Museum at Cairo. During

the springs of 1902 and 1903 the present writer also collected in the same district, and

obtained a considerable number of specimens, including several new forms. Lately

Baron E. Nopesa visited the Fayiim and made a collection of vertebrate remains,

including some good specimens which he presented to the British Museum : these

are referred to in the present Catalogue. In the early part of 1902, Drs. Stromer

and Blanckenhorn also made a short stay in the district, and their collections of

vertebrate fossils have been in part described: the Zeuglodonts (38, 40, 41) and

fish-remains (43,44) by Dr. Stromer himself
;
the Chelonians by Dr. Reinach (34);

while Dr. O. Abel is preparing a memoir on the Sirenia, including also the earlier

forms from the Mokattam Hills (see also i).

The collections of remains noiv preserved in the British Museum and in the

Geological iSIuseum at Cairo comprise representatives of all the main divisions of

the vertebrate pbjlum except the x^mphibia. Both in point of numbers and interest,

the Mammals are by far the most important
;
next to these come the Reptiles, while the

Birds are represented by mere fragments of a single species.

The Mammals may be divided into three sections :—(1) the land-mammals which

seem to be truly endemic to the Ethio])ian region
;
these occur both in the Upper and

Middle Eocene beds, and include such genera as Mceritheritim, PaJwomastodon,

Arsiuoithcrium, Paiy/flterium, j\fe(jalolnjrax, Sayhatherhon, and perhaps Geniohijus-.

(2) forms of which close allies occur in other regions in approximately contemporary

deposits
;

these, so far as at present known, occur only in the Ujiper Eocene beds,

and include such genera as Aiicodon, Khagatlicrinin, Ibjmnodon^ Pterodon^ Apterodon,

and Sinopa \ (3) the aquatic mammals so far not found in the U])per Eocene beds.



INTRODUCTION. xiii

and comprising Eosiren, ZevgJodon, and Prozeuglodon. It seems probable that some

of tliese last, like the genera included in section 1, are of endemic origin, having

originated from land-mammals inhabiting the region.

In the first section it will be noticed that all the genera belong to the Ungulata, and

with one exception to that subdivision of the order to which the name Subungulata

has been given—a group in which the feet have not undergone any extreme

specialisation. The exception to this is Geniohyus, which is an Artiodactyl and

should perhaps be placed in the second section.

Among the Subungulates, by far the most striking of the new forms is Arsinoitherhim,

the first remains of which were found by Mr. Beadnell towards the end of 1900.

Subsequently a great quantity of remains of one of the species, A. zitteli, w-ere collected,

including skulls of various ages, and nearly all the other parts of the skeleton (see

text-fig. oG, p. GO), so that the structure of this extraordinary mammal is now almost

completely known, so far as this is possible from the bones alone.

In its general appearance Arsinoitherium zitteli must have been somewhat like a large

and heavily built Rhinoceros (see p. xxviii) : on the head there were two pairs of horns,

the great anterior nasal horns projecting forwards and upwards, and a much smaller pair

situated over the orbits. Both these horns, unlike those of Rhinoceros, are bony out-

growths of the skull, but most likely the anterior pair at least were covered Avith horny

sheaths, much like those of the Cavicorn Ruminants. The muzzle was very narrow,

so that probably the animal did not graze, but browsed on low bushes and herbage,

grasping its food by means either of a prehensile tongue or possibly of a mobile upper

lip. In correlation with the great weight of the skull, the occipital condyles are large

and the ridges for the attachment of muscles prominent
;

from the form of the

occipital condyles and the forward slope of the occipital surface, it appears that the

head could be moved freely up and down. The dentition is complete, and the teeth,

which form closed series on either side of both the upper and lower jaws, possess

extraordinarily high crowns, especially for an animal of such an early period. The

molars, which differ very widely from the premolars, consist of two very high transverse

crests, and it is very difficult to imagine from what type of low-crowned tooth they

were derived
;

it is, however, possible that they may have originated from a tooth

resembling the molars of the Hyracoidea, in Avhich a gradual increase in the height of

the croAvn has been accompanied by the infolding of the outer wall till the crown is

divided into an anterior and a posterior column, lire possibility that Arsinoitheriidte

may have been descended from the same ancestral stock as the Hyracoidea is supported

c
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by some resemblances of the structure of the skull and by the fact that both groups

originated in the Ethiopian region. In the skeleton the chief characteristic is the

massiveness of all the bones, a peculiarity that no doubt has had much to do with

their ])reservation in such large numbers, while the much more lightly constructed

limb-bones of Falccomastodon are extremely rare. The neck was very short and thick,

(he ])osterior cervical vertebrae being much like those of Eleplms. The limbs are

extraordinarily massive
;
the fore limb is a little the shorter and was probably bowed

slightly outwards. The feet are pentadactyl
;
the fore foot is very similar to that of

the Proboscidea, the ulna taking an even greater share in the formation of the carpal

joint, so that the bones of the proximal row tend to overlap those of the distal row

])roaxially. In the hind foot the astragalus articulates distally with both the navicular

and cuboid as in the Amblypoda, not with the navicular alone as in the Proboscidea.

The relationships of Arsinoitherium are very doubtful, and it so far differs from all

other Ungulates that a new suborder, the Barypoda*, has been founded for its

reception. It is a highly specialised form, of which the ancestors are quite unknown
;

possibly, as suggested above, it may have originated from the same group which gave

rise to the Hyracoidea, and through this primitive stock may be related to some of

the early, perhaps pre-Tertiary, South-American types : this possibility will be referred

to again below.

The Hyracoidea are an extremely isolated and in some ways very primitive group :

previous to the discovery of these Egyptian members of the suborder, no fossil

representatives were known, at least in the Old World, except Pliohjrax from the Lower

Pliocene of Samos and Pikermi. The genera Saghatherium and Megaloliyrax now

described from the Upper Eocene of the Eayum throw little or no light on the history

of the group : they are more primitive only in having the incisors and canines all

present in the adult, and the premolars all simpler than the molars
;
otherwise, as

in the peculiar modification of tlie anterior incisors, they are much like the recent

forms. The considerable number of species together with the large size of some of

them show that in the Upper Eocene period they were an important factor in the

fauna of the Ethiopian region, to which the group seems to bo endemic. Of

their relationships little is known : Ameghino has described as Ilyracoids a

considerable number of animals from different horizons in Patagonia, and while

* It lias been pointed out that this name was used hy Haeckel (Genei’elle Morphologic, vol. iii. p. elvii)

to include certain genera of extinct Marsupials, and the alternative name Emhritliopoda has been suggested

(Nature, vol. Ixxiii. (1906) p. 224).
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many of these (e. g. ArcJia’oIi>/ras) do not seem to differ in any important

particulars from some of the smaller Typotheria, others of the more primitive

forms belonging to Ameghino’s family, the Acoelodidae, may perhaps approach the

ancestral forms from which the Ilyracoidea originated.

Although Arsinoitherium is certainly the most extraordinary of the Ungulates

found in these beds, nevertheless tlie remains of the primitive members of the

Proboscidea are perhaps of greater scientific interest, because they help to fill,

at least to a large extent, one of the most obvious gaps in our knowledge of

the extinct Mammalia. Previous to their discovery the earliest Proboscideans

known were from the Lowmr Miocene (Burdigalien) of Europe and Northern

Africa, and although many earlier deposits rich in mammalian remains were known

in various parts of the world, in none of them was any trace of Proboscidea found,

so that their appearance in Europe at the beginning of the Miocene period

must be the result of their immigration from other regions. The probability that

Africa would be found to be the original home of these animals was pointed out

by several writers, notably by Osborn, Stehlin, and Tullberg. The first of these *

suggested that probably not only the Proboscidea but also the “ Hyracoidea, certain

Edentates, the Antelopes, the Giraffes, the Hippopotami, the most specialised Ruminants,

and among the Rodents the Anomalures, Dormice, and Jerboas, among Monkeys

the Baboons,” and, as his map suggests, the Sirenia also, originated in this region.

Osborn also put forward the theory that a succession of migrations from Africa

to Europe occurred, notably at the end of the Eocene, at the beginning of the

Miocene, and again in the earliest Pliocene. It was in the early Miocene migration

that the Proboscidea passed out of Africa for the first time so far as known.

Stehlin f, who also emphasized the importance of Africa as a probable centre of

mammalian evolution, expressed much the same views. Tullberg J likewise regarded

Africa as a centre of mammalian radiation, and pointed to Ilystrix (or the nhole

of the Hystricognathi), the Simioe (Anthropoidea), and the Proboscidea as having

probably migrated thence in the early Miocene. It is therefore very satisfactory

* “ Correlation between Tertiary Mammal Horizons of Europe and America,” Ann. N. T. Acad. Sci.

vol. xiii. (1900) pp. 1-72.

t “Ueber die Geschiclite des Suiden-Gebisses, Pt. II.,” Abhandl. d. Schweiz. Palaeont. Gesellsch.

vol. xxvii. (1900) p. 477 et seq.

J “Ueber das System der Nagetiere,” Nov. Act. E. Soc. Sci. Upsala, [3] vol. xviii. (1899) p. 483. Also

for the general question of mammalian distribution, see Lydekker, Geograpliical Hislory of Mammals

^ 1890).
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that the earliest traces of land-mammals from the Eocene of Africa include remains

of ])rimitive Proboscidea, as well as early forms of llyracoidea, Sirenia, and perhaps

some of the other grou[)s.

d'he (xirliest-known Proboscidean is Mmrithermm, which occurs first in the Qasr-el-

Sagha beds (Middle Eocene) and persisted till the Upper Eocene, its remains having

been found in the Eluvio-marine series. 'I'liis animal was about the size of a

Ta])ir, which it must have greatly resembled in general appearance. The skull

(see fig. 40, p. 100) presents no very striking peculiarities, the chief points of

interest being that (1) the nasals are short and the nasal opening is not quite at

the end of the snout
; (2) the bones of the back of the skull tend to become

swollen by the presence of air-cells; (3) the maxillm send forward on the palate

[)rocesses which help to support the enlarged second incisors. The mandible is

short and stout, its ascending ramus being inclined a little forwards
;
the symphysis is

spout-like and the upper surface is continuous with that of the sloping lower incisors.

The teeth are of greater interest. The dental formula is i. r>, c. pm. ij, m. .p

so that of the complete primitive Eutherian dentition only one lower incisor, the

lower canine, and the first upper and lower premolars are wanting. Of the upper

incisors, the second pair are greatly enlarged, forming trihedral downwardly directed

tusks
;

the others as well as the canine are quite small. The three premolars

are all simpler than the molars, but the fourth a])proaches them most nearly.

The premolars replace milk-teeth in vertical succession in the ordinary way. The

molars consist essentially of four low blunt tubercles, arranged so as to form two

transverse ridges ; the last uj^per molar has a very small posterior lobe in addition

to the main ridges. In the lower jaw only the first and second pairs of incisors

remain : of these the median ones are small, the second enlarged and tusk-like

;

both slope strongly forwards and their upper surface is continuous with that of

the spout-like symphysis. The canines and first premolar are entirely lost, and,

as in the upper jaw, all the remaining premolars are simpler than the molars,

although the last approaches them in complexity. The molars are on the whole

like those of the up[)er jaw, but on the first and second there is a very small

posterior ridge wliicli in the third becomes a large talon.

In the vertebral column the most striking point is that the axis retains the ])eg-like

form of its odontoid such as occurs in generalised Ungulates, e.(j. the Eig, and at the

same time the centra of the cervicals are not shortened to any great extent, so that

no doubt the animal could reach the ground with its mouth in the ordinary way.
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The limbs arc uiifortuuately not well known. The humerus differs considerably from

that of the later Proboscidea, but some of the smaller species of Falwouiadodon (see

text-ffg. 50) from the Upper Eocene seem to su])])ly intermediate forms
:

probably

the difference arises from the fact that Mceritheriam was a more or less amphibious

type, while the later Elephants became fitted for progression on firm ground. The

femur ap])roximates very nearly to the form found in the later Proboscideans.

As already mentioned, MceritJierimn was probably an amphibious, shore, or swamp

living animal, and it was no doubt owing to the continuation of the conditions

favourable to its mode of life that it persisted into the Upper Eocene period. In the

meantime, however, cither from this or some closely allied type, there had arisen another

animal more adapted to terrestrial life and showing a great advance in the direction

of the typical Proboscidea ; to this creature the name Falceoinastodon has been given.

The intermediate links between it and Moerithenwm or some allied form are not yet

definitely known, unless some of the smaller species referred to Falceomastodon, under

the names P. minor and P. parvus, or the animal called M. trigonodon, are such.

Certainly in many respects the limb-bones, particularly the humerus (see text-fig. 50,

p. 164), referred to P. parvus, are both in size and structure intermediate between

those of Moeritherium lyonsi and Palceomastodon headnelli.

The largest species of Palceomastodon (P. headnelli) must have been about the size

of a half-grown Indian Elephant ; in its general appearance it was Elephant-like, but

differed in having a longer neck and the symphysial portion of the mandible prolonged

beyond the skull ("see text-fig. 48, p. 131) and covered only with the fleshy snout.

Probably it could reach the ground with its lower incisors, and the end of the snout

may already have been prehensile. In the skull the chief peculiarities are
: (1) the

external nares are shifted backwards, so that they are only just in front of the

orbit, and, in consequence, the nasal bones are shortened and relatively very small
;

(2) the back of the skull is greatly enlarged by the development of spongy bone in the

occipital region. The occipital surface above the prominent condyles slopes a little

forwards and has a deep median fossa for the attachment of muscles. The upper

dentition is much more reduced than in Moeritherium, and now assumes more

definitely Proboscidean characters. The only remaining incisors are the large tusk-

like second pair, which are directed downwards and hdVe a band of enamel on their

outer side. Sections of these tusks examined microscopically show no traces of the

peculiar “ engine-turning ” so characteristic of the dentine of the tusks of the later forms.

Either this structure was only acquired when the tusks became greatly enlarged or the
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condition of the sjicciincns examined is not favourable to its preservation. The canine

and tlie first ])reniolars are lost; the other preraolars are evidently undergoing

reduction, hnt at the same time the last lias become hilophodont. The molars are

all trilo])liodont, each transverse crest consisting of at least two distinct tubercles

;

there is also a tendency to the addition of another posterior ridge from the cingulum.

One notable point about the molar series is the sudden enlargement of the second

and third true molars, compared with the teeth in front. This is accompanied by

llie considerable development of cellular tissue in the posterior part of the maxilla

and the neighbonring bones, and appears to be the first indication of the great

increase in tlie size of the posterior molars found in later types. This increase in

the size of the maxilla, which is probably correlated with the general tendency of the

bones of the posterior part of the skull to develop diploe, seems almost as if it were

a preparation for the subsequent changes in the teeth, but, on the other hand, it is

])ossible that the increase in their size may be in part a consequence of possessing

more room in which to develop.

As already noted, the mandible is greatly elongated in the symphysial region, and

its ascending ramus slopes backwards, both modifications tending to increase the

distance the animal could reach with its lower incisors. Of these there is a single

pair (the second) projecting forwards from the symphysis: the canines and first and

second premolars are lost; the other premolars and molars are generally similar to

those of the upper jaw. In the vertebral column the axis still has a peg-like

odontoid process and a comparatively long centrum, though the centra of the posterior

cervicals are much shortened. The limb-bones, so far as known, are closely similar,

except in size, to those of FAephas.

In general appearance Falaomastodon must have resembled a small rather long-

necked Elephant, tlie most notalde difference being that the trunk, instead of being

freely flexible, was supported by, and formed the upper covering of, the elongated

mandibidar symphysis
;

its extremity, however, may have been free and to some degree

prehensile.

The further history of this group can only be briefly summarised here (see Phil,

'rrans. 19G b, 1903, p. 99). The next form, TetrnheJodon mKjustidens from the European

Power Miocene, has the symphysis still more elongated and the narial opening shifted

f urther back. At the same time tlie molars, or at h ast the posterior ones, are greatly

increased in size and possess more transverse ridges. Ihere are three milk-molars

in both jaws, and the jiosterior two are succeeded in the normal way by premolars;
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blit, in consequence of the increased size of the posterior molars, the premolars, and

eventually even the anterior molar, are shed as the posterior molars come into position

from behind. This animal attained the size of a moderately large Indian Elephant,

and except for the inflexibility of the mandible-supported trunk must have been very

similar in appearance. In the later Miocene the mandibular symphysis shortened,

leaving the trunk mobile and unsupported, as we now know it ; at the same time traces

of its original elongated condition are retained in the occurrence of deciduous lower

incisors in some species of and in the peculiar sharp process of the symphysis

in the Elephants. In the teeth there is a gradual increase in the number and height

of the ridges composing the molars, together with the great increase in the size of the

individual teeth. The milk-teeth are never replaced by premolars, but are early

displaced by the advance of the molars into position from before backwards
;

the

culmination of this line of evolution is met in the latest Elephants, in which in old age

the only cheek-teeth in position are the very large third upper and lower molars.

The above is, of course, only a general summary of the succession of forms which

lead up to the modern Elephants, and no doubt there have been many checks and

side-branches leading only to extinction in the course of the vast period that has

elapsed since Moeritheriiim existed.

The position of Barytherium in relation to the other Ungulates is quite uncertain.

It cannot be related to Arsinoitherium, since not only are the teeth widely different

in type, but the anterior part of the dentition, in the mandible at least, has undergone

great modification, the anterior lower premolars, canines, and posterior incisors having

been lost and the anterior incisors modified to form large procumbent tusks. In this

respect it approaches the primitive Proboscidea, but the fore limb so far a§ knoAvn

differs widely from the Proboscidean type : this is especially noticeable in the distal

articulation of the radius, which rather resembles that seen in Uintatherium than that

found in the Elephants, and seems to show that the carpus differed considerably from

that of the latter group. Another possibility must be referred to, namely, that

some kind of relationship with the Pyrotheriidae of Patagonia may exist
;
in both the

molars are bilophodont, the anterior lower incisors tusk-like and procumbent and

separated by a long diastema from the premolars, the other incisors, the canine, and

anterior incisors being lost
;
in the carpus also the scaphoid seems to have been large

in both groups. The probability of such a relationship Avill be discussed below.

The Artiodactyla, Avhich are represented in the Upper Eocene by members of the

Anthracotheriidac and Suidne, may possibly be regarded as a foreign element in this
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(anna, al(lion<4'li (liore is mncli to bo said for tlic opposite view. Tlie Antliracotlicriidsc

arc roj)rc\S('ntod in tlie almost €ontem])ornry deposits of Egerkingen by tlie genera

AucodoT) and liliagafJieyivm, jnst as in the Eaynm, and, moreover, in both places they

are accomjianied by (Ireodonts belonging to the llymnodontidcC
; bnt while the

Creodonts ocenr in the earlier beds of Europe, this does not seem to be the case with

the Anthracothercs, so that here there may be a trace of an interchange of forms

jiossibly towards the end of the iMiddle Eocene, the Creodonts having passed into

Africa at the same time as the Anthracothercs migrated north. Professor Osborn

has already suggested that such a migration took place about this time, in order to

account for the appearance in the Upper Eocene of Europe of forms like certain

highly specialised lluminants, the Anomalures, and perhaps some Edentates. The

Anthracotheres persisted in Africa at least till the Lower Miocene, at which horizon

they are represented by Bracliijodus africamis, and it is pointed out below that these

animals in many points, e.g. in the pelvis (see p. 185), approach very nearly

to the Ilippopotamida?, which are probably derived from them. Remains of one

of the earliest and most primitive Tlippopotami known, viz. II. hipponensis, have

already been found in the Middle Pliocene of Egypt, so that there is every prospect

that annectant forms between Hippopotamus and the Anthracotheres may be discovered

in this region in deposits between the Lower Miocene and the Pliocene.

d'he peculiar genus Geiiiolvjus is perhaps the earliest-known member of the

Suidm, but although the lower cheek-teeth seem to be undoubtedly those of

a primitive Pig, the great enlargement of the anterior pair of incisors and the

reduction of the posterior incisors and canines are quite different from what is usually

found in members of this family. Geniohjus, in fact, may be regarded as an early

specialised form of a group of \\hich the generalised members have still to be found
;

they probal)ly inliabited Africa and passed north, perliaps in the Middle Eocene

migration referred to above. The occurrence of the peculiar ventral process arising

from the sympbysial region of the mandible suggests some possible relationship with

the Elotheriid.c of the Miocene of Europe and America, a group in which somewhat

similar processes occur ; but, if only on account of the peculiarities of its anterior teeth,

it seems impossible that Geniolnjus can at most be more than an early offshoot of the

ancestral stock of that group.

In the Fayrfni the Sirenia are represented by one genus, Eosiirn, only, but in the

earlier and more exclusively marine beds of tlie Mokattam Hills, near Cairo, other

more primitive types occur, the skull of one of which, Hutltm' ttiii, is described below
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(p. 204) at some Icngtli. Eosiren, tliongh primitive, is already in all respects a typical

Sirenian, almost the only important characters distinguishing it from the later members

of the order being: (1) the ])resence of traces of the second and third pairs ofdncisors

and of the canines
;
and (2) the rather less degree ot reduction in the ])elvis (see fig. G8 B,

p. 214), which still ])osscsscs a well-defined acetabnlum. In fhe case of the incisors

and canines reduction is already far advanced and they have also been thrust out on

to the side of the snout, possibly by the development of the horny plate, which

most likely already replaced them functionally. In Eotheriiim, from the lower beds

of the Mokattam Hills, the incisors and canines are larger and occupy their normal

position on the edge of the jaw, and the pelvis has a completely closed ohUirator

foramen and a large and well-defined acetabulum, showing that probably the femur

was still large and perhaps to some degree functional. In these points Eotherium

approaches a normal land-mammal, but in other respects, so far as known, is

essentially a Sirenian and its actual terrestrial ancestor must be sought in earlier

deposits. One of the most striking Sirenian characters of the skull in both this genus

and Eosiren is the deflection of the snout, a peculiarity evidently of great value to a

short-necked, long-bodied, aquatic animal feeding on plants growing at the bottom

of the water in which it lived
;
in the most primitive type of Sirenian, the imperfectly

known Prorastomus described by Owen (Quart. Journ. Geol. Soc. vol. xi. 1855, p. 541)

from the Eocene beds of Jamaica, this character has not yet been acquired.

The question of the origin of theSirenia is of great interest, and there seems to be a

considerable amount of evidence in favour of the view first put forward by de Blainville,

that they are intimately related to the Proboscidea. In the first place, the occurrence

of the most primitive Sirenians with Avhich we are acquainted in the same region as the

most generalised Proboscidean Moeritherium is in favour of such a view, and this is

further supported by the similarity of the brain-structure and, to some extent, of the

pelvis in the earliest-known members of the two groups (see pp. 202 & 214). Moreover,

in the anatomy of the soft parts of the recent forms there are a number of remarkable

points of resemblance. Among these common characters may be noted the possession of

;

(1) pectoral mammae, (2) abdominal testes, (3) a bifid apex of the heart, (4) bilophodont

molars with a tendency to the formation of an additional lobe from the posterior part

of the cingulum. The peculiar mode of displacement of the teeth from behind

forwards in some members of both groups may perhaps indicate a relationship,

although in the case of the Sirenia the replacement takes place by means of a

succession of similar molars, while in the Proboscidea the molars remain the same

d
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iiiiiTierically, but increase greatly in size and number ef transverse ridges. Di’. Clialmers

INIitcliell lias lately shown ('IVans. Zool. Soc. vol. xvii. 1905, ])[). 464-7) that tlieSirenia

and Troboscidea resrunble one another in the arrangement of the intestinal tract and

that in neither groiqi is there any trace of the Ungulate specialisation : it is also

signiheant that he* states that Ihjrax likewise approaches the Sirenia in this respect.

In a former paper (Phil. Trans, vol. 196 b(1903) p. 116) it was stated that the possession

of a non-deciduate zonary placenta was common to the two groups in question, but it

has been pointed out by Messrs. Assheton and Stevens (Quart. Journ. Micr. Sci. vol. xlix.

1905, p. 1) that this is an error, and that, as a matter of fact, in the Proboscidea the

placenta is deciduate. At the same time, these writers show that in both groups

the placenta, in addition to the short villi, also possesses a number of larger and longer

\ illi, which deeply penetrate the maternal tissue and seem to be torn off at parturition.

Although these ]ioints of similarity, taken separately, may be of no great value,

together they supply a very strong argument in fiivour of the close relationship of the

two orders.

All the Carnivora at present known from the Upper Eocene of the Fayum belong

to one family, the llycenodontida?, of the primitive group, the Creodonta. They are

remarkable from the fact that in the four genera represented, 's iz. Sinopa, Aptcrodon,

Fterodon, and Ihjoenodon, the molar teeth show four stages in the development of the

cutting-blade and in the reduction of the talon and the postero-internal cusp. It

seems highly probable that these animals entered Africa from the north, where

Creodonts are found in the earlier Eocene deposits
;
but at the same time the fact that

the Zeuglodont Protocetus from near the bottom of the Lower Mokattam beds, has a

dentition which is practically that of a Creodont, clearly indicates its origin from

members of that group, which may therefore have inhabited this region at a still

earlier period. Since, liowever, Protocetus is already fully adaj)ted for marine life,

this is by no means certain, for it may have crossed from the northern side of the

Nummulitic sea. Another argument for the existence of earlier Creodonts in

the Egyptian region is that, since there is considerable probability that Africa was

connected by a land-bridge with South America in late Cretaceous and jmssibly even

at the beginning of the Tertiary period, their presence in Africa would account for

the existence of the Sparassodonta in the Tertiaries of Patagonia.

'Ilie Zeuglodonts of the Fayum, taken together with a species, Protocetus atavus,

recently described by Prof. E. Fraas (29) from the limestones of the Mokattam Hills,

form a series showing a complete transition, so far at least as the dentition is concerned,
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from tlie Crcodonts to the true Zeuglodonts. In the earliest type, Vrotocetus, tlie

skull is already practically that of a Zeuglodont, the rostral {)ortion being, in fact, even

more elongated than in some of the later forms
;
at the same time, however, the

opening of the nares is situated nearer to the end of the snout. The teeth are most

remarkable; the incisors are not known, but the rest of the dentition is practically

that of a typical Creodont, none of the teeth having assumed the peculiar serrated

form characteristic of the later Zeuglodons. The canine is large, with a single

though grooved root
;

the first premolar is much smaller, the second large and

two-rooted, the third and fourth have posterior cusps and are supported by three

roots; the molars, which are small, are also three-rooted. In Prozenglodon (p. 243)

from the later Birket-el-Qurun series the skull is likewise essentially Zeuglodont,

though the external nares have shifted a little further back. The canine is much

larger than the teeth before and behind it, and although the third and fourth

premolars and the molars have serrated crowns, as in the later Zeuglodons, they, or at

least the premolars, retain their inner buttress supported by a third root, so that in

tooth-structure this genus is exactly intermediate between Protocetus and Zeuglodon.

Fraas
(29 )

has lately described still another annectant form, Eocetus, from about the

same horizon as Prozeuglodon, which attained a very large size
;
the skull approaches

that of Zei(glodon in the position of the nares, but the teeth are Creodo.nt-like and

possess inner (third) roots. Eemains of Zeuglodon itself seem to have been found

in the same deposits as these intermediate types, but that genus continued to exist

in the Qasr-el-Sagha beds above after they had disappeared.

The Birds are represented in these beds by one or two fragments only, but those of

considerable interest, because they show that most likely a true Batite {Emnopezus)

existed in this district in the Upper Eocene period. This is of importance, because

it indicates that possibly some at least of the main subdivisions of the Eatitte may

have had a common ancestry in the Ethiopian region. If so, this would account for

the likeness between the iEpyornithes and Struthiones referred to by Burckhardt, and

also suggests the possibility of the relationship between these groups and the South-

American Eheas. It is, of course, just possible that this genus is merely another

instance of the results of retrogressive modification leading to loss of flight and

increase in size in some group of Carinate Birds, such as has occurred in the case of

the Gastornithes and Stereornithes ; in any case, much more material is required

before any final conclusion can be reached as to the precise position of this genus.

The Eeptiles are represented by members of the orders Crocodilia, Chelouia, and

d2
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Opliidia. 'riie Ci'ocodilia, remains of wliicli occur in both the Middle and Upper

I'iocene beds, are of no s])ecial interest, the most important point being the occurrence

of the genus Toniistoma, a furtlier proof of tlje former wider range of this genus, winch

at the ])rcsent day is re])resented by a single species found in the rivers of Borneo,

Sumatra, and Malacca. One of the species now described is interesting, as being

in several features intermediate between Gliarialis and Toniistoma, in this respect

ap])roaching tlie genera Thoracosanrus and Gavialosuchus, the latter of which,

however, is regarded by Mr. Lydekker as identical with Toniistoma.

Among the Chelonia the Athecate group are represented only by a species of

Psephoptiorns, the humerus of which represents the extreme degree of modification

for pelagic life. This form occurs in the marine Middle Eocene beds, where it is

accom])anied by remains of another Sea-Turtle, a member of the genus Thalassochclps.

The terrestrial Cryptodira, remains of wliich are confined to the Fluvio-mariue (Upper

Eocene) beds, are represented by several very large species of Testudo, which aj^proach

in size the giant Tortoises of Madagascar, the Mascarene and Galapagos Islands.

In the presence of a nuchal shield and double gulars, they approach most nearly the

Tortoises of Aldabra and Madagascar, and may, in fact, be the direct ancestors of

those species, as well, possibly, as of some of the extinct Indian forms. The

occurrence of numbers of the shells of such strictly terrestrial forms as these,

mingled with tree-trunks and bones of mammals, makes it clear that we owe these

richly fossiliferous deposits to floods sweeping down a great river draining a

land-area lying immediately to the south or south-west (see Beadnell, ‘ Iveport on

the Fa}!! m.p. GG).

The Pleurodira are represented in both the Middle and Upper Eocene beds : two

genera are at ]!resent known, one [Stereogenys) especially remarkable on account of

the modification of the mandible and palate for crushing the food. In the mandible

tlie greatly enlarged symphysis is broad and flat
;
and in correlation with this a

secondary hard palate is formed by the meeting of the maxilhe and palatines in the

middle line beneath the nasal passage, so that the internal nares open far back, behind

the level of the crushing-surface of the jaws. The other genus of Pleurodirans is

Podocnemis, remains of which are found both in the Middle and Upper Piocene beds

of this region. The same genus also occurs in the Lower Plocene of England and

India, but at the present day is confined to Madagascar and South America. This

peculiar distribution suggests that although these Chelonians may in the first instance

have reached the Ethiopian continent from the north, probably it was thence that they
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spread to their present habitats, the genus becoming extinct elsewhere, though it

])crsisted in Egypt till the Miocene.

The Ophidia are rc])rescntcd by two genera only : one Gigantoijlds, a Python of very

large size, the other Pterosplienus, of which one species, P. scJiioeinfartld

,

is found in

the Payum, while another, P. schuch.erti^ occurs in tlie Eocene of Alabama
;
in both

localities remains of Zeuglodonts arc abundant in the same beds, a circumstance which,

coupled with the peculiar structure of the vertehrie, shows that these Snakes were

aquatic and probably marine. Nevertheless, it does not seem likely that they would

cross oceans of great width, and their presence in Egypt and in Alabama seems to be

an argument in favour of the presence of a shore-line across what is now the Atlantic

Ocean, probably lying somewhat to the south. The presence of primitive Sirenians in

Egypt {Eotherium) and the West Indies {Prorastoinus) is explicable on the same

grounds.

No Amphibia have yet been found, and the Fishes are of no great interest, being all

either Elasmobranchs or Siluroids : among the former occur several types of Sawfish,

while the latter are chiefly remarkable for their great similarity to forms now living in

the Birket-el-Qurun and the Nile.

From the above summary of the contents of this Catalogue, it will be seen that

a very considerable number of early Tertiary Vertebrates, especially Mammals, are

already known from Egypt, and that practically all of them have been discovered

since the beginning of 1900, so that, although Professor Osborn writing in that

year could say of Africa with truth, “It is the dark continent of Palaeontology, for

it has practically no fossil mammal history,” this reproach is at least in a fail-

way to be removed. At present, of course, the species known must be a mere

fraction of the faunas inhabiting the Ethiopian region during . the Middle and

Upper Eocene periods, but the proportion of peculiar types included in them

is great enough to show how fully justified the writers above referred to were in

their assumption that the Ethiopian continent in early Tertiary (and perhaps

pre-Tertiary) times was a very important centre of mammalian evolution.

The question of the relations of this Ethiopian region to the rest of the world is one

of very great interest. The probability of a series of temporary land-connections

between it and the Palaearctic continent has already been referred to above and has

been fully discussed by Osborn, Stehlin, Tullberg, &c.
;
in all cases so far as known

these connections occurred during the Tertiary period. Furthermore, the probability

of a former land-connection with South America has been argued with much force by
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ii innnher of uiitliors, including, among others, Amcgliino

*

,
lllanford f, Boulcnger [}i,

J.ydekker^, Neumayr||, Ortmann Scott**
,

Siicss'j’f’, and von IheringJJ. These

writers, basing their arguments on many diverse kinds of evidence, all seem

to ari'ive at the general conclusion that a land-connection did exist between

Africa and Soutli America throughout at least most of the Secondary period and

may have persisted into the Lower Tertiary. Concerning the precise position

of this land-connection, and whether it may have existed at more than one point,

there is some diversity of opinion, but these differences do not seem to be of

any great importance compared with the general agreement that there must have

been such a connection. Speaking generally, it appears that (1) probably in

Jurassic times Africa and South America formed a continuous land-mass
; (2) in

the Cretaceous period the sea encroached southwards over this land, forming

what is now the Soutli Atlantic. How far this depression had advanced southwards

at the end of the Secondary period is not clear, but it appears certain that the

final separation of the two continents did not take place till Eocene times, and

that there may have been a chain of islands between the northern part of Africa

and Brazil which persisted even till the Miocene

On the assumption that this series of events did happen, there is little difficulty in

accounting for most of the peculiarities in the distribution of the various groups.

'i'liLis, to mention only a few instances, the presence in both continents of the Hystrico-

morphine Rodents, of Chelonians of the family Peloniedusidae, and of the Fishes of the

family Cichlidie is at once accounted for. So also is the presence in the Santa Lruz

* La Argentina al travi's de las Ultimas Epocas Geologicas (Buenos Aires, 1S97). Also “Linea

Filogenelica de los Proboscideos,” Anales AIus. Nac. Buenos Aires, vol. viii. (1902) p. 19 ;
and “ Les

Edentes fossiles de Prance et d’Allemagne,” Joe. cit. \ol. xiii. (1905) p. 175.

t Presidential Address to the Geological Society, 1S90.

t Presidential Address to the Zoological Section, Brit. Assoc. (South Africa, 1905).

§ A Geographical History of Mammals (1890), p. 127.

ii
Erdgeschichte (1890), p. .370.

^ “ Geographical Distribution of Preshwater Decapods and its Bearing on Ancient Geography,” Proc.

Amer. Phil. Soc. vol. .\li. (1902) p. 267.

** Reports of the Princeton University Expeditions to Patagonia (1890-1899)—Palaeontology, vol. v.

pt. ii. (1905).

tt Das Antlitz der Erde, vol. ii. (1888).

Xt “ On the Ancient Relations between New Zealand and South America,” Trans. New Zealand Instit.

vol. XXV. (1891) p. 431.

§§ Por evidence of the probable existence of shallow water across this region, perhaps as late as the

IMioccne, see Gregory, Quait. Journ. Geol. Soc. vol. li. (1895) p. 3U0.
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beds of Xecrolcstes, apparently a close ally of the Cape Golden Moles, and of the

Sparassodonta, which, after all, seem to he Crcodoiits and not Marsupials. Further-

more, light is also thrown on the numerous points of similarity between Strntliiones

and the Rhem, especially when it is rememhered that a large llatite bird, Eremopezvs,

existed in the Eocene of Africa. As to the Ungulates, it seems likely that the

separation of the two areas took place when the main divisions were only just

beginning to he differentiated, and that groups like the Pyrotheria and the Archaio-

hyracidm are not ancestral to the Prohoscidea and Ilyracoidea of the Old M^orld,

hut more probably represent terms of partly parallel series which had a common

ancestry on the common laud-surface before the separation of the two regions took

place. If this were so, we should expect to meet with a general resemblance between

the various groups rather than a close similarity of structure, and this, in fact, is what

we find. In the case of the occurrence of the primitive Sirenian Prorastoinus in the

AVest Indies, and of the Water-Snake Pterosphenus in the Eocene beds of Alabama,

it seems likely that these animals passed either along the southern coast of the

Eocene Atlantic or across the bridge of shallow water between the chain of islands

above referred to as probably lying between West Africa and Brazil. The fact that

the mammalian fauna of Madagascar is a comparatively poor one and entirely

lacking in many of the groups that must have inhabited the Ethiopian mainland, is

considered by Tullberg to be accounted for by supposing that the eastern part of

Africa with Madagascar was separated from the main South-west African continent by

an arm of the sea, and that it was not till after the isolation of Madagascar (probably

in the late Oligocene) that the two portions of Africa became united. At this time

East Africa was probably united to South-western Asia by continuous laud, along

which the Prohoscidea reached India, and perhaps thence penetrated to North

America. In both these regions, as well as in Europe, the group seems to have

undergone the further series of modifications which gave rise to the modern type of

Proboscideans.

Another consideration which adds to the importance of Africa as a centre of mam-

malian evolution has been pointed out by Stromer (42), namely, that part of it at

least has probably never been submerged since the Palaeozoic period, and formed a

portion of a vast Permo-Triassic land-area inhabited by a great variety of mammal-like

Theriodont reptiles from which the Mammalia may have actually arisen. This being

the case, it is not only the Tertiary, but also the Secondary, deposits of this region that

may be expected to yield most important data for the history of the Mammalia.
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From the foregoing summary it will be seen that Africa appears to offer a most

promising field for the Vertebrate Palueontologist, and it is greatly to be desired that

travellers, whether geologists or not, should observe and record the position of any

beds that contain bones, even if mere fragments only are found.

In conclusion, I wish to express my sincere thanks to Captain II. G. Lyons, Director-

General of the Egy])tian Survey, for kindly allowing me to describe the Vertebrate

remains preserved in the Geological Museum, Cairo, in conjunction with those in the

British INluseum, and by so doing to increase very greatly the value of the present

volume. I am also greatly indebted to him for valuable advice and assistance in

arranging my own collecting-expeditions. Best thanks are also due to Mr. W. E. de

Winton, whose generosity made my visits to Egypt in 1903 and 1904 possible. I am

indebted to Dr. W. F. Hume, of the Geological Survey of Egypt, for much help when

working ill the Museum at Cairo, and to Mr. II. J. L. Beadnell, late of the same

service, for the privilege of accompanying him on his visit to the Fayiini in 1900,

and for much help subsequently in working my own collecting-expeditions. Thanks

are also due to Mr. C. Davies Sherborn, who kindly volunteered to make the Index

to this volume
;

to the Council of the Zoological Society and the Editors of the

Geological Magazine for the loan of illustrations
;

and, finally, to Mr. F. O. Barloiv

for his help in collecting in the early part of 1903, for the subsequent successful

preparation of the specimens obtained, and also for the preparation of excellent models

of the restored skulls and mandibles of Mceritherium and Paheomastodon.

ciiaiu.es av. andreavs.

Sketch or AiisixoirnEHivM zitteli, restored.
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A DESCEIPTIVE CATALOGUE

OF THE

TERTIARY VERTEBRATA
OF

THE EAYUAr, EGYPT.

Class MAMMALIA.
Order UNGULATA.

Suborder B ABYP 0 1) A.

[C. W. Andrews, Geol. Mag. [5] vol. i. (1904), p. 481.]

Full eutherian dentition without diastemata. Molars tending to become hypsodont

;

premolars differing Avidely from molars. Anterior palatine foramen very large and

single. Alisphenoid canal present; no condylar foramen hitherto observed. Brain-

cavity relatively much larger than in the Amblypoda. No entepicondylar canal in the

humerus
;
no third trochanter in the femur. Both feet probably pentadactyl. Fore

foot much like that of the Proboscidea
;
the metacarpals alternating to the same extent

as in Elephas, and the scaphoid closely similar to that of the latter genus. Ulna

entering into the carpal joint much more extensively than the radius; the cuneiform

consequently large and sometimes overlapping the magnum, and the scaphoid relatively

small. Hind foot differing widely from that of the Proboscidea, and approaching that

of the Amblypoda. Astragalus and calcaneum both bearing large fibular facets ; the

low broad astragalus articulating distally witli the cuboid and navicular, the former

having only a small surface of contact with the calcaneum. A small tibiale probably

present.

From the shape of the calcaneum it seems probable that the heel sometimes rested

on the ground.

B
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Family ARSINOITHEllIID.F.

Comprising only the genus Arsinoitherium, and not yet precisely definable.

Genus ARSINOITHEEIUM, Beaduell.

[Prelim. Note on Arsinoitherium zitteli, Beadn. : Survey Dept., Cairo, 1902.]

Occipital surface of skull strongly inclined forwards
; a pair of small frontal

horns over the orbits, and a pair of enormous nasal horns arising from a common

base constituted by the nasals and frontals. In the adult, a prenasal bar of bone

uniting the anterior border of the nasals with the premaxillm. Orbit open posteriorly.

Palate strongly arched from side to side. Molars bilophodont. Neck very short.

Humerus and femur considerably longer than the radius and tibia respectively.

So far as known, this genus is represented by two species only in the Upper Eocene

of Egypt. Nearly all parts of the skeleton have been discovered.

Skull (Pis. I., II., III.
;

text-figs. 1-4).—The skulls in the collections belong to

individuals of various ages, ranging from young animals in which the last molar is still

uncut and most of the sutures remain open (PI. III. fig. 2) to fully adult individuals

with the last molar much worn and almost all the sutures obliterated (Pis. I., II.). An
intermediate condition is shown in PI. III. fig. 1, where the last molar is just coming

into wear, and some of the sutures {e. g. that between the exoccipital and squamosal)

are still open, while the horns are rounded and the character of the bone shows that

growth was actively proceeding at their summit. An adult skull in the British

Museum (Pis. I., II.) suffices for the greater part of the general description, and

this specimen is important because it was found in actual association with its

mandible.

The general appearance of the skull is most remarkable. Seen from behind (text-

fig. 1) the most notable characters are:—(1) The large size and great prominence of

the occipital condyles
; (2) the extreme inclination forwards of the occipital surface;

(3) the great development of the lambdoidal crest, the lower ends of which form strong-

prominences in the adult animal. In a front view (PI. II. fig. I a) the appearance

is very curious, the two great horns and the sharp wedge-shaped extremity of the

snout giving the whole a triradiate form. Beneath the base of the horns are the

two very large narial apertures, divided in the adult by a vertical prenasal bar

of bone. An upper view of the skull (PI. III. fig. 2) shows tlie large widely-

separated and prominent condyles, the forwardly-inclined occipital surface, and in



ARSTNOITHEEIUM. 3

front of tin's the nearly flat parietal region, passing anteriorly into the rounded common

base of the great horns. The zygomatic arch does not project very strongly, and

/"*

Skull of Arsinoitlierium zitteli, seen from behind.

hoc., basioccipital
;

cond., condyles
;

exo., exoccipital
; f.h., frontal born

; f.m., foramen magnum
;

in.n.,

internal uares ; n.h., nasal horn
;
jjr., prominence of sqtiamosal

;
pterygoids ;

s.c., lambdoidal crest

;

HOC., snpraoccipital. | nat. size.

the widest part of the posterior portion of the skull is situated just above and behind

the auditory opening. In a palatal view (PI. II. fig. 1) the peculiar wedge-shaped
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I'orni of the skull is woll shown, other notable points being the highly arched palate

and the large median anterior palatine foramen.

'I'lie cxoccipitals {exo.) seem to form the whole of the great occipital condyles,

though the sutures between them and the basioccipital are obscure. The condyles

(text-fig. 1, cwid.) themselves are somewhat peduncxdate and project entirely beyond

any other })ortiou of the skull. 'I'heir inner faces are tlatteued, with a deep depression

near their Ixasc. The articular surface is much less convex from side to side than

from above downwards, in which direction the curvature of the surface is nearly

a semicircle. In fact, the articulation may almost be described as a slightly oblique

section of a cylinder, and nnxst have allowed great freedom of movement to the

head in an up-and-down direction. There is no condylar foramen, or at least

none has yet been observed. The foramen marjnnm (text-tig. 1, f.m.) is large and

oval in outline. Its concave upper border is formed entirely by the exoccipitals,

which meet in a median suture, thus excluding the supraoccipital entirely from

the opening (PL III. fig. 2) ;
while its ventral border, which is nearly straight

and somewhat posterior to the upper border, is probably formed mainly by the

basioccipital. The suture between the exoccipitals and the supraoccipital runs

outwards and somewhat upwards from the middle line (PI. III. fig. 2), and crosses

the lower end of the massive lambdoidal crest, of which the thickened and prominent

ventral end is therefore formed by the exoccipital. Laterally the exoccipitals are

applied by a broad surface to the posterior face of the post-tympanic process

(PI. I., PI. II. fig. 1, PL III. figs. 1, 2 k, pty.) of the squamosal, the suture between the

two being nearly vertical. Between this squamosal process of the exoccipital and the

condyle, below the level of which it projects considerably, there is a blunt ju’ominence,

which seems to represent the paroccipital process (PL I., PL III. fig.

The hasioGcipital {hoc.), which, as already mentioned, forms the nearly straight

ventral border of the foramen magnum (text-fig. I, f.m.), is broad and flat posteriorly,

but its outer boundaries are not clear. Antero-laterally it seems to be notched

on either side by the posterior angles of a pair of large fossje, which open into

the cranial cavity, arc separated by the narrow anterior portion of the bone, and

must in life have lodged the tympanic bones. The anterior portion just mentioned

deepens considerably from before backwards, so that near its junction witli the

basisphenoid the vertical diameter is much greater than the transverse extent. In

this anterior region the ventral surfitce bears a median keel, while a transverse

ridge marks its junction with the hasisplumoid (PL II. fig. 1, hsp.), the ventral

surface of which is likewise keeled in the middle line. The axis of this bone is

not quite in the same straight line as that of the basioccipital, but turns slightly

upwards in front, its anterior portion being embraced by the up{)er edges of the

pterygoids posteriorly and of the palatines anteriorly. The vomer has not been

observed in any s[)ccimen.
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The su2)raocciyifal {soc.), as already mentioned, is excluded from tlie foramen

magnum. It forms the whole of the upper part of the sloping occipital surface,

which is bounded above by the thickened, rugose, and very prominent larnbdoidal

crest [s.c.]. This seems to be situated along the junction of the supraoccipital and

the parietals, though it is impossible to determine precisely which is the line of

union, since even in the youngest specimens the suture is closed. In the middle

line there is a prominent ridge for the attachment of the Ugamentum 7vuch(X, and

on either side of this the surface is greatly roughened, like the surface of the

larnbdoidal crest.

The parietals {pa.) are not only fused with the supraoccipital, but also with one

another in the youngest specimens available for examination. In the immature

skull figured on PI. III. fig. 2 there is, in the middle line of the skull-roof,

a small foramen, which opens into the sinus occupying this part of the cranial

wall and is probably a remnant of the sagittal suture. This opening is absent in

other specimens, and therefore cannot be regarded as of importance. The parietals

form the anterior portion of the larnbdoidal crest, in front of which they constitute

the skull-roof, which is nearly flat from side to side, and slightly concave from before

backwards. Laterally they turn downwards almost at right angles, and help to form

the side-walls of the skull, their lower edges meeting the squamosals in a nearly

straight suture, which runs downwards and forwards (PI. III. figs. 1, 2 a). The

upper edge of this lateral region of the parietals is sharply defined by the strongly-

marked ridge, which forms the upper limit of the temporal fossa and is continued

forwards on the frontals as far as the orbits. In the adult the fronto-parietal suture

is closed, but in the young (PI. III. fig. 2) it can be seen that the parietals extend

forwards in the middle line between the small frontal horns. Immediately behind

these the fronto-parietal suture turns forw'ards to the supratemporal ridge, after

crossing which it turns dowuiwards and somewhat backwards, running dowui to

join the parieto-squamosal suture.

The squamosal {sq.) is a large and complicated bone which takes a considerable

share in the formation of the side-wall of the cranium. Its sutures w-itli the

parietal and exoccipital have already been referred to. It cannot be determined

whether or not it had any contact with the supraoccipital, but probably its upper

posterior angle, which helps to form the large lateral occipital prominence, united

with that bone at least for a short distance. Beneath this prominence the

surface of the bone is roughened and raised into a ridge, which in the adult

skull forms a strong, backAvardly-directed, hook-like process (text-fig. 1, pr.) for

the attachment of muscle, situated above and rather behind the opening of the

external auditory meatus (Pis. I., II. fig. 1, e.a.m.). Ventrally the bone is produced

downwards into a broad post-tympanic flange {ptg.), which terminates below in a

blunt point and is supported posteriorly by the downward process of the exoccipital
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mentioned in the account of that bone. The ])ost-tym])amc process {pt}].) curves

forwards and forms the posterior wall of the large external auditory meatus {e.a.m.).

d'ho anterior wall of this o})euing is formed by an extremely long and broad

l)ostglcnoid ])rocess {pyl--), which curves backwards so as nearly to meet the lower

end of tlie ])ost-tympauic. The outline of the external auditory meatus is oval,

the long axis being nearly vertical
;

the meatus narrows somewhat towards its

inner end, Avhere it opens into the large fossa occurring on either side of the

hasis crmiii, and no doubt lodging in life the ])etrosal and tympanic, the latter

of which may have extended into the passage between the post-tympanic and

j»ostglenoid processes just described. In one skull (M. 8463) a portion of the inner

surface of the petrosal is preserved, but in all other cases both that bone and the

tympanic are wanting, leaving the large vacuity just referred to. The glenoid surface

(PI. II. fig. 1,,^^.) is much wider from side to side than from before backwards; it

is slightly concave in the former direction, and rather more so in the latter. Internally

it is bounded by a deep groove, Avhich separates it from the upper end of the

])tcrygoid plate, and outwardly it extends upon the base of the zygomatic process.

'Fhis latter is stout and is laterally compressed anteriorly, where it terminates in

a sharp point. Ventrally it unites in suture with the jugal, which extends back

beneath it to the level of the anterior border of the glenoid surhice. The sharp

upper edge of the zygomatic process is continued backwards and upwards as a ridge

forming the posterior and outer boundary of the temporal fossa. The upper surface

of the squamosal between this ridge and the parieto-squamosal suture forms a sort

of concave floor to the posterior portion of the temporal fossa
;
the anterior boundary

of this surface is the sharp trout edge of the glenoid articulation (PL II. fig. I

and PI. III. fig. '!).

The frontals {/>') not only form the lower part of the upper surface and the

hinder portion of the sides of the base of the great anterior horns, but each of

them also bears a small horn, which is situated near their junction with the

parietals and on the outer edge of the skull-roof. These small horns are hollow

and their cavity is continuous with the extensive sinus occupying the great anterior

horns and the roof of the skull generally. This sinus will be described below,

'fhe parieto-frontal suture has already been referred to
;
that between the frontals

themselves persists for some time, and both it and the froiito-nasal suture are shown

on PI. III. figs. 2, 2 A. It will be seen that the fronto-nasal suture first runs nearly

vertically downwards, then downwards and forwards, and finally directly downwards,

meeting the fronto-maxillary suture nearly at right angles. This latter suture

runs directly backwards until just outside the border of the orbit, where the two

bones are separated by the small square lachrymal ; within the orbit they again

unite, the suture between them running downwards to a large orbito-nasal foramen

(on./., see text-fig. 4, p. ]3). The sujuatemporal ridge is continued on the frontals
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from the parietals and sharply defines the upper herder of the temporal fossa. It

ends some distance in front of the small horns, and its termination may be taken

as marking the posterior limit of the upper border of the orbit, there being no

definite postorbital process. The antero-superior portion of the orbital border is

formed by the frontal
;

it is broadly rounded, and at one point near the middle it is

crossed by a broad shallow depression, which runs upwards and forwards on to the

side of the base of the horn, where it divides into three or four divergent branches,

forming deep channels in the bone (PI. I., h.v.). These channels evidently lodged

blood-vessels which served for the conveyance of blood to or from the covering of the

horn, and judging from the marked way in which both these vessels and those on

the anterior face of the horns impress the bone, it seems probable that the covering

was hard and of much the same nature as that clothing the horn-cores of the

cavicorn ruminants.

The lachrymal [1.) is a small bone occupying the anterior angle of the orbit,

wedged in between the frontal above, and the maxilla, and jugal below. It bears

a vertically-elongated prominence (see PI. I., 1.) which forms the actual edge of

the orbit and is connected below with a strong crest borne on the front of the

maxillary process of the jugal. There seems to be no trace of any lachrymal foramen.

The nasals (na.) are the most remarkable bones of the skull, and they are enormously

enlarged, forming almost the whole of the great anterior horns. The sutures between

these bones and the frontals have already been referred to : they are open only in the

young (PI. III. figs. 2, 2 a); in the adult or even three-parts-grown animal they are

completely obliterated (PI. I. and PI. III. figs. 1, 1 a), and the same is the case with

the suture between the nasals themselves. On the side of the face the ventral border

of these bones unites first with the upper edge of the maxilla, and in front of this

with the premaxilla, the suture with which is continued forwards just into the nasal

cavity. Here a downgrowth of the lower surface of the portion of the nasals forming

the roof of the nasal cavity unites with a corresponding upgrowth of the maxilla

which overlaps it (text-fig. 2). The two form a sort of column on either side of the

posterior face of the nasal cavity, and these columns help to support and form a

base for the horns. Furthermore, owing to their presence the nasal passage is greatly

contracted and forms a vertical cleft between them. The roof of the nasal cavity is

nearly flat and in the adult its edges are thin, sharp, and somewhat everted (PI. I.,

PI. II. fig. 1a): in the young, on the other hand, this edge is wanting (PI. III.

figs. 2 A, 2 b), so that the nasal roof passes by a gentle curve into the outer face

of the horn. In the young also the anterior ends of the nasals are free and not

connected by a bar of bone with the premaxillee. This bar, which is formed only

at a comparatively advanced age, appears to result from the ossification of the

anterior edge of a cartilaginous nasal septum, the presence of which is indicated

by the peculiar groove (PI. III. figs. 1 A, 2 b, ms.y. ;
see also text-fig. 2, mes.g)
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situated between tlio u|)])er edges of the facial processes of the premaxillae: this

will be described more fidly in the account of the latter bones. The anterior

face of the ])renasal bar is flattened and towards its lower end deeply pitted by

what seem to be muscle-impressions
:
possibly the animal possessed a pointed mobile

u])])er lip, something- like that of Blunoceros hicornis, and the muscles inserted in

these impressions were concerned in its movements. The general form and relations

of the ])renasal bar arc well shown in PI. I. and PI. II. fig. I a
;
also in text-fig. 2.

Text-fig. 2.

Skull of’ Ars intrltJieritm ziiieli: oblique view of anterior portion showing the relation

of Ihe nasal and maxilla in the uarial opening.

u.o.T, antorbital foramen; i. 1, ?. 3, incisors
;

jugal; lachrymal
;

jars., ])renasal bar; jnrs.p., mesetbmoid

groove ;
Jn.r., maxilla ;

nn., nasals
;
nar., nares

; 2, pm. 3, premolars
;
pmx., premaxilhe.

j
nat. size.

'fhe horns themselves are borne on a common base, formed by the frontals

posteriorly, bnt for the rest by the nasals alone. The mid-dorsal line of the

basal portion is marked by a shallow groove, but in the adult the median suture

is completely obliterated. A section of the basal region taken at right angles to

its dorsal surface would give an arc of about three quarters of a circle, though

somewhat inflated at the sides. From this base the paired horns arise and jn’oject

forwards, upwards, and somewhat outwards. In adult, probably male, animals they
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are somewhat triangular in section : the sharp anterior angle is continued down-

wards to the border of the nasal opening (PI. I. and PI. 11. tig. 1 a). 'J'he

inner face is nearly flat, the posterior is also flattened, while the outer side

is rounded. In what may he regarded as an adult female skull the horns arc

much smaller, more erect, and very irregularly ossified at their tips, which are

rounded anteriorly, hut terminate posteriorly in an irregular mass of bone. This

skull was figured by Mr. Beadnell in his original paper (pis. iii.-v.). The

specimen in question is fully adult, for the last molar is well worn, all tlie

sutures are closed, and the prenasal bar fully ossified. In the young the horns

are rounded at the summit, where the bone is of a peculiarly fibrous or spongy

texture, showing that growth was actively proceeding at this point. The central

portion of the horns is occupied by an enormous sinus, the Avails being relatively

thin, about '5 cm. to 1 cm. in thickness in the adult, and much less in the young.

The sinus occupies the bodies of the nasals and frontals and in the latter extends

into the small supraorbital horns. Furthermore, it extends back into the parietal

and in the old animal even into the base of the lateral prominences of the lambdoidal

crest. In the cranial region the sinus is more or less completely divided into a

right and left half by a median septum occupying the position of the suture betAveen

the parietals. Here the loAver table of bone forming the actual Avail of the brain-

case is very thin, Avhile the upper table is greatly thickened. In the frontal and

nasal regions the separation into tAvo halves is not complete, but there is both in

the mid-dorsal and mid-ventral line a greatly thickened ridge projecting into the

cavity of the sinus
;

the ventral ridge is the stronger and forms a laterally

compressed bar of bone. These main longitudinal thickenings are connected

transversely by less prominent, more or less regularly arranged thickenings of

the walls, and these again are occasionally united by irregular ridges. In the

paired portion of the horns there are only transverse ridges running round the

cavity, Avith some irregular secondary ridges joining them at a feAV points. The

great anterior horns thus consist of comparatively thin bony Avails, Avhich are

strengthened by a complex system of buttresses, and are further braced against

thrusts in the direction of their long axis by the columns resulting from the union

of the nasals and maxillm above noticed, and, in the adult, by the prenasal bar.

The surface of the horns is marked by a series of shalloAV grooves running more*

or less in the direction of their long axis and frequently anastomosing. On the

antero-lateral faces of the horns, a little above the nasal opening, there are impressions

of blood-vessels (see PI. I., similar to those described on the frontals.

The i^remaxilloe (jjmx.) are relatively small bones. The alveolar bolder of each,

as usual, bears three incisor alveoli. Of these the first pair is considerably the

largest ;
they are rounded Avith a raised border and are separated in the middle

line by an interval of about 2'5 cm., in which the edge of the bone is rounded and

c
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r()u<>]ieiio(K 'I'he otlicr alveoli arc smaller, compressed from before backwards,

and crowded tog-eLlier
;
they are sei)aratcd by a very small space from the socket

of i. 1 in front and by none at all from that of the canine behind, d'he palatine

portion ol’ the ])remaxilla; is small : the |)remaxillo-maxil!ary suture runs backwards

from immediately bcliind the alveolus of the last incisor, and the bones form little

more of the ])alate than the high arched roof of the unpaired anterior ])alatine foramen,

the posterior or ventral edge of which is formed by the anterior border of the palatine

})lates of the maxillae. The facial portions of the premaxilhe I'orm the very narrow

wedge-shaped extremity of the snout, the actual angle of which is somewhat

ti'uncated and roughened. The suture with the maxilla (Pis. I., II., III.) runs upwards

and backwards to a point midway between the nasal opening and the orbit; and in

front of this the bone unites with the nasal, the suture with which runs just into the

narial opening. Within the latter the premaxilla again meets the maxilla, forming a

suture with the upward prolongation of that bone, which together with a downgrowth

of the nasal forms a support for the large horns in the manner above described (see the

description of the nasals and text-fig. 2). The posterior part of the border of the

nasal opening formed by the premaxilla is rounded, but in front of this the bone is

bent inwards and downwards and terminates internally in an irregular roughened

edge, the posterior angle of which forms a blunt tuberosity. This inturned

edge is separated from the corresponding portion of the bone of the opposite

side by a deep groove (text-fig. 2, mes.g.), wliich in life probably lodged the lower

edge of a vertical cartilaginous nasal septum. In the young this remains unossified,

but in the fully adult animal its anterior region ossifies and forms the prenasal bar

of bone joining the nasals with the premaxillse, as above described (see Pis. I., II.

fig. 1 a; also text-fig. 2).

In consequence of the great size and the hypsodonty of the teeth, the mad'iUd {inx.)

is very large. Its facial suture with the premaxilla has already been described,

and it will be noticed that it is completely excluded from the margin of the

nasal opening by the meeting of the premaxilla and the nasal. ^Vithin the

nasal opening, however, it is produced upwards into a process which unites

with a downgrowth of the nasal in the manner already mentioned. Pehind its

union with the premaxilla the upper border of the bone meets the frontal, and

its suture with that bone terminates just behind the mitorhital foramen [a.of.), at

which point the small lachrymal is inteigiosed, and helps to form tlu' outer

side of the bar of bone which closes the antorbital foramen externally.

This foramen is very large and opens by a wide passage into the orbit. The

maxilla is excluded from the actual margin of the orbit by the junction of the

lachrymal with the upper end of the jugal, which sends iqi a long jirocess

forming the whole ventral border of the orhit, and uniting anteriorly with the

maxilla. The zygomatic process of the maxilla is very short, extending very little
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behind the posterior border of the alveolus of the last molar. The facial

surface of the bone slopes inwards, especially in its anterior portion (see PI. II.

h<^. 1 a). The suture betw'ccn the maxilla and premaxilla crosses the alveolar

border immediately behind the last incisor. On the palate it runs backwards

for a short distance, hchind which the anterior edge of the maxilla becomes free

’and forms the lateral and hinder borders of the large median anterior palatine

vacuity (PI. II. fig. 1). The anterior portion of the palatal surface formed

by the maxilla is very highly arched, so much so, in fact, that the sides of the

palate are nearly parallel Avith the facial surface of the bone (see text-fig. 3), the

Text-fig. 3.

8kull of Arsinoitherium zitteli : diagrammatic section through snout at the level of the third premolar.

c., centre about which the teeth move in growth
;

vies.g., mesethmoid groove
;
mx., maxilla

;

7nx.2>nix.s., maxillo-premaxillary suture
; 3, third premolar

;
pmx., premaxilla, i nat. size.

distance between them being practically the width of the alveolar surface. This

peculiarity seems to be mainly due to the deepening of the alveolar region of

the bone in order to carry the high-crowned and long-growing cheek-teeth.

The diagram given in text-fig. 3 is a vertical section of the snout taken at the

level of the third premolar, showing that the teeth and the deepened portion of

the maxilla form a continuous curve which is almost a part of a circle with the

centre at the point c. The growth of the teeth along this curve accounts, in a great

c2
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measure at least, for tlio much greater height of the outer side of the crown than of

the inner side. 'I’he same diagram also shows in section the junction of the rnaxilltE

^vilh the ])rema.\ilhe {mx.pmx.s.), and the probably mesethmoid groove {mes.g.)

which lies between the u])per ends of the premaxillae and was no doubt occupied

in life by the lower edge of a vertical cartilaginous nasal septum. Another possible

exj)lanation of the dee))ly concave palate is, that Arsinoith eriiim may have possessed

a tongue of peculiar form, probably extensible and prehensile
;
for it is difficult to

understand how an animal of such great size could grasp sufficient food with so

extremely narrow an incisor region if it had not some additional means of prehension

in the form of a mobile upper lip or tongue.

Further back the palatal surface of the maxillae becomes more flattened, and opposite

the second molar these bones unite with the palatines in a broad transverse suture
;

behind this point they only appear on the palate as a narrow strip on either side,

llehind the last alveolus the maxilla is produced backwards into a short pointed

])rocess which forms the outer wall of a foramen (PI, II. hg. 1, the rest of

which is a deep notch in the edge of the palatine. Above this foramen the hinder

l)order of the maxilla forms the outer edge of a groove {p-P-g-)^ running up towards

the anterior opening of the alispheiioid canal (text-fig. 4, al.c.). This groove and

foramen, which seem to be homologous with the posterior palatine foramen of the human

skull, also occur in Ihjrax {Procavla) and possibly other Ungulates, and no doubt

transmitted branches of the palatine nerve and blood-vessels. The foramina to which

the name posterior palatine is applied in most mammals lie on the palate at or near

the junction of the anterior end of the palatines with the maxillae
;
and these openings

are also present in Arsinoitherium, though very small. Probably both pairs of

openings simply mark tlie points at which the palatine vessels and nerves ])assed

between the maxillae and the palatines, when these bones were still separate in the

young; and the presence or absence of the anterior or posterior of the foramina

mentioned depends on whether the palatine nerves and vessels ])assed out in one or

more groups on either side. In Arsinoitherium the posterior o]ienings are largx', and

those near the anterior end of the palatines small, owing probably to some structural

peculiarity which rendered necessary a larger nerve- and blood-sup])ly lor the ])osterior

region of the palate. In some animals there is a series of small foramina on either

side, the anterior one usually being much the largest.

In front of the posterior edge above mentioned the maxilla widens into a large

mass, which in the adult lodges the roots of the posterior molars, and in the young, iu

which it is relatively still larger, contains the developing germs of the same teeth.

This alveolar mass to a considerable extent forms a floor to tlie orbit. Although the

maxilla is excluded from the actual border of the orbit by the union of the lachrymal

and jugal, it nevertheless forms a large part of its anterior wall in the neighbourhood

of the posterior opening of the antorbital canal, where it unites in suture witli the
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frontal, and behind tliis appears to form the ventral edge of an elongated orbito-nasal

foramen (text-fig. 4., on.f.), opening from the orbit into the nasal passage. Behind

this again the maxilla joins the orbital portion of the ])alatine in a suture running

backwards some distance till it disappears in the depression marking the inner side

of tlie swollen alveolar mass of the bone.

Text-fig. 4.

Skull o£ Arsinoitherium zitteh : side view of orbital region with the zygomatic arch removed.

alisphenoid canal; a.o./., antorbital foramen; i.v., impressions of blood-vessels; external auditory

meatus
; /., ? vascular foramen

; f.h., frontal horn
; f.l.a., foramen lacerum anterius

; fr., frontal

;

ju., jugal
; 1., lachrymal

;
m. 2, m. 3, molars ; mx., maxilla ; on.f., orbito-nasal foramen

;
pa., parietal

;

postglenoid process; palatine; p-pf-, posterior palatine foramen; p.p.cj., posterior palatine

groove
;

pt., pterygoid
;

ply-, post-tympanic process
;

sq., squamosal ;
st.r., supratemporal ridge

;

tf., temporal fossa ; ii., optic foramen, p nat. size.

jugal (PI. I., PL III. figs. 1, ‘lK,ju.) articulates in front with the malar region of

the maxilla by a long process which runs up as far as the anterior angle of the orbit,

where it meets the lachrymal and completely excludes the maxilla from the margin of

the orbit, as already mentioned in the description of that bone. Immediately below

and in front of the orbit there is a very prominent, rough, curved ridge (marked ju. in

text-fig. 4) which projects considerably from the side of the face and must have served
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for ll:(‘ jillaclinieiit of jioAvcrful muscles. Beneath the orbit the jugal bar is narrower

IVom above downwards, but it is considerably tbicbened ventrally and bears several

strong ridges. Posteriorly it turns upwards and widens out to some extent, meeting

the zygomatic process of the squamosal in a long and nearly straight horizontal suture.

'I'lie i)osterior angle of the jugal extends well back behind the anterior border of the

glenoid surface, of which it may even help to form a part at the outer border.

'file (7>Z.) tbim the greater part of the binder region of the palate, as

well as of the side-walls of the nasal canal and of the mesopterygoid fossa. The

nuion of their palatine plates with the maxilla is nearly transverse in front, and

in or near the suture there is a pair of small posterior palatine foramina (PI. II. fig. 1,

])]) f.), to which reference has been made above. 'Phe anterior end of the palatines is

()])))osite the posterior column of m. "1 in the adult skull: behind this the maxillo-

palatine suture runs backwards and slightly outwards. The posterior border of the

palare is opposite the hinder end of m. o : it is greatly thickened and on either side

of the median suture there are two roughened ridges directed forwards and outwards.

Pehind the palate the ventral edges of the vertical plates of the bones are greatly

thickened and dee])!)' notched externally, the notch forming the greater part of the

posterior foramen (PI. 11. fig. 1, 'which has already been described in speaking of

the maxilla. A little behind this the palatines join the pterygoids (PI. II. fig. l,pZ.),

which form only a comparatively small portion of the descending plates which

bound the mesopterygoid fossa. From tlie ventral edge of the plate the ])alato-

pterygoid suture runs first forwaards and upwards, then directly upwards to the

basis cranii, which is overlapped and embraced by the upper edges of both palatines

and pterygoids. The palatines also form the side-’walls of the posterior portion of

the nasal canal, and appear on the inner w’all of the orbits above the alveolar mass

of the maxilla, rvith which they unite in suture behind, and from -which they are

separated by the orbito-nasal foramen in front. The relations of these bones to one

another and to the surrounding structures can be best understood by examining a

skull of Dendrohyrax [Procavia] dorsalis, in which the sutures all remain open.

The upper edge of the orbital plate of the palatine must have united with the orbito-

sphenoid, hut the suture cannot be made out; indeed all the boundaries of the

orbitos])henoid and alisphenoid are obscure, partly because these bones are very

thin and greatly eracked.

The 2^tcryyoids {pt.) form only the posterior part of the deep -vertical plates wdiich

enclose the mesopterygoid fossa. The suture between them and the ])alatines in

front has already been referred to. I'lieir ventral border is thickened and convex :

])Osterioily they end in a slightly ])roniineut angle (see FI. 1.), above which the

posterior border of the bone is very thin. The upj)er edge of the bone unites

with the basis])henoid and runs high up on the side of that bone into the opening-

lying between it and the glenoid surface of the squamosal, an opening doubtless
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partly filled in life by the tympanic, which is wanting in all the skulls hitherto

examined. The upper posterior edge of the pterygoid within this opening forms

the inner border of a deep groove lying between it and the squamosal and probably

representing the foramen lacerum medium (the foramen lacernm anterius of some

German authors).

• As already remarked, the boundaries of the alisphenoid and orhitosplienoid are

by no means clear. The alisphenoid appears to send down a long narrow plate to

the outer face of the vertical palatine plates, with which its lower end is intimately

fused, forming a prominence which is seen in PI. I. at the end of the reference-line

running from the letters Further up, this alisphenoid plate is perforated by the

short wide alisphenoid canal (text-fig. 4, al.c.), the anterior opening of which lies within

the anterior edge of the ])late, which is continued upwards and forwards as a prominent

downwardly directed crest of bone, forming the outer side of a deep groove, at the

bottom of which there are several foramina in addition to the alisphenoid canal. The

most important of these is a large somewhat vertically elongated opening, the foramen

lacerum anterius
{
foramen sphenoidale of some authors). Above and slightly internal

to the foramen lacerum anterius, and separated from it by a narrow bar of bone, is the

smaller and more rounded optic foramen (Pis. I., II.
; also text-fig. 4, ii.) opening

into a groove, of which the upper edge is constituted by a continuation of the

crest formed by the border of the alisphenoid plate, the lower edge being much

less prominent and probably approximately marking the lower border of the

orbitosphenoid, in which the foramen itself is no doubt situated. Above and

in front of the optic foramen there is a very small aperture, probably for a

blood-vessel.

Several more or less nearly complete casts of the cranial cavity have been made,

that upon which the accompanying figures (text-fig. 5) are based being taken

from the skull figured on Pis. I. and II. (M. 84G3). It is the only one in

which the prominence marked and. is shown, in consequence of the partial

preservation of the inner portion of the periotic. In all the others the loss of

the auditory bones leaves a large vacuity on either side of the basicranial axis,

as above mentioned.

A detailed account of the brain-cavity will not be attempted, and some of the

more important characters only are here referred to. The olfactory lobes {ol.)

are large, but not so large in proportion to the rest of the brain as in the

Amblypoda. The cerebral hemispheres (A.) are far more developed than in that sub-

order, the frontal region being especially prominent and rounded. The surface of the

cast is almost smooth, and in the absence of a distinct rhinal fissure it is difficult to

say what portion of the cerebrum belonged to the neopallium. The only trace of

a sulcus seems to be that marked s., running upwards and backwards on the side

of the brain from behind and beneath the olfactory lobes.
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'I'he optic nerves leave the skull far forwards, perforating the orhitosphenoids by

two diverging passages, the inner openings of which lie close together at the bottom

of a fossa (text-fig. 5, ii.) hounded anteriorly by a transverse ridge. Immediately

external to and slightly below the level of the openings of the optic nerves there is a

Text-fig. 5.

Cast of cranial cavity of Arsinoitherium zitteli : A, from above
;
B, from below ; C, from left side.

aud., auditory nerve-root
;

ch., cerebellum
;
f.l.a., nerves passing tbroiigb foramen lacerum anterius

;

h., cerebral hemisphere
;

l.l., lateral lobe of cerebellum
;
oL, olfactory lobe

;
s., sulcus ; u., optic chiasma.

2 nat. size.

large vertically elongated opening (represented by the ])rojcction marked f.l.a. in the

cast), the anterior aperture of which
{ foramen lacerum anterins or foramen sphenoidale)

is just over the alisphenoid canal, as described above (see text-tig. 4, ii. and f.l.a.).
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l^ehind and at a slightly higher level there is in the cast another prominence (aud.),

which probably marks the position of the exit of the auditory and perhaps also of

the facial nerve. 'I'here is no condylar foramen, and consequently the cast shows

no trace of the hypoglossal nerve. No clearly defined sella turcica is present, as

the whole of the surface of the basicranial axis is flat or slightly convex from side

to side.

I'he central portion of the cerebellum {ch.) seems to have been small and

flattened : the limit between it and the cerebral hemispheres is marked by a slightly

developed tentorial ridge. Laterally the cranial cavity is prolonged into a pair of

large fossae, which may have been wholly or in part occupied by the lateral lobes

of the cerebellum {l.l.).

This brain is larger in proportion to the bulk of the animal than in the

Amblypoda, and seems to be fairly well developed for an Eocene Ungulate. At the

same time it should be noted that in the earlier and contemporary genus Mceritherium

the brain is relatively very much larger (see below).

Upper Permanent Dentition.—The teeth of Arsinoitherium (Pis. I.-V.
;

text-fig. 6)

form perhaps the most extraordinary dentition found among the Ungulates, and the

inteipretation of the peculiar structure of the molars which is here given must be

regarded as provisional until it is either confirmed or destroyed by the discovery of

earlier members of the group, in which the modification of the teeth from more

ordinary types is less extreme.

The modification of the individual teeth has not been accompanied by any

reduction in their number, the dental formula being i, 3, c. |, pm. 4, m. 3, and, except

for a short interval between the median incisors in the upper jaw, the teeth form a

closed series and wear to a common level throughout. The most striking character-

istics of the dentition as a whole are the extreme hypsodonty of the teeth (at least

for an Eocene mammal) and the great difference between the molar and premolar

teeth (text-fig. 6).

The upper molars (PL V. figs. 6-8; text-fig. 6, A) are remarkable for the great height

of their crowns and for the considerable changes of pattern their grinding-surfaces

undergo in the course of wear. Each tooth consists essentially of two high transverse

crests or columns {p.c. and a.c.), which posteriorly are slightly convex from above

downwards and concave from side to side, while anteriorly they are convex in the

latter direction. The posterior column is not situated immediately behind the anterior

column, but a little towards the inner side, so that its outer edge is nearly opposite

the middle of the anterior column (PI. V. fig. 6). Externally the two columns are

completely separated by a deep vertical cleft, but internally they are only divided for a

short distance in the upper part of the unworn crown, being united beneath this

by a strong crest which seems to belong to the cingulum (cl). This cingulum is

D
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also stronjrly dovc'lojK'd as a prominent crest (c.) in front of the inner half of

the anterior eolnnin, from which it is sej)arated by a deej) fossa, and there is a trace

of it on the inner face of the posterior column. On the inner side of the tooth

tlu' enamel ceases just beneath the cingulum, but on the outer and posterior

sides the enanud-covercd surface is greatly deepened, so that in a tooth in which

tlu' almost unworn posterior column is 11 cm. in height (PI. V. tigs. 6 A, 6 b) the

enamel-covered portion of the crown is only about 3 cm. deep on the inner side,

while on the outer it is some 8 cm. in depth, and the posterior face of the posterior

column is covered from base to crown (11 cm.). Wear commences at the summit of the

anterior column, giving rise to a transversely elongated surface. Next the summit

of the posterior colunm wears to the same pattern : at this stage the tooth appears as

Text-fig. 6.

Semi-diagrammatic figure of the upijer and lower teeth of the left side of Arsinoltherimn andrewsi

:

A, upper teeth
;
B, low er teeth ; C, outer view of la.st upper molar.

a.c., anterior column of molars
;

c., anterior portion of cingulum
;

c.', posterior portion

of cingulum; posterior column of molars. About
j

nat. size.

an extremely hypsodont bilophodont type. Later the wear on the inner side

reaches the level of the cingulum and the surftice resulting from the abrasion of the

anterior crest of the cingulum joins that of the anterior main column, at hrst internally

only, but afterwards externally also, enclosing with it a deep enamel-lined fossa (PI. Ah

hg. 7). At the same time the posterior portion of the cingulum comes into wear :

its surface is at first continuous with that of the posterior column, but later with the

anterior also, so that at this stage a continuous inner Avail is established and the tooth
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]n-csents somewhat the pattern of a reversed molar of some such type as that of

Jjophiodon or Tapinis (PI. V. tig. 7). At this stage of wear the inner face of the

tooth is covered with cement only, the enamel, as already mentioned, ceasing just

below the cingulum on that side, while externally it continues to a much lower level.

In the latest stages all that remains of the enamel is found on the posterior and

external surfaces of the main columns, round the pit marking the last remnants of the

main transverse valley and round that lying between the anterior crest of the cingulum

and the anterior main colnmn (see PL V. fig. 8). It is by examining the molar in its

latest stages of wear, which give a section of the basal part of the tooth, that some

explanation of its peculiar character may be arrived at. In this condition (PI. V.

fig. 8) the crown is seen to consist of an outer wall uniting the transverse crests,

which are likewise joined at their inner ends, while in the middle they are separated

by the remains of the main transverse valley: there is also a remnant of the fossa

lying between the anterior main column and the anterior crest of the cingulum.

From the appearance of the outer wall it seems probable that the bracliyodont tooth

from which these hypsodont molars have been derived had an ectoloph composed of

well-developed parastyle and mesostyle, together with the antero-external and postero-

internal main cusps, the inner portion of the tooth being constituted by the antero-

internal and postero-internal cusps, which tended to unite with the antero-external

and postero-external cusps respectively to form a pair of transverse ridges. The

ectoloph was deeply infolded in front of the mesostyle, and, as the height of the

tooth increased, this fold deepened rapidly till the tooth became nearly divided

into anterior and posterior columns. If this interpretation be correct, the anterior

column includes parastyle, antero-internal and antero-external cusps, while the

posterior consists of the mesostyle, postero-internal and postero-external cusps.

The form of tooth from which these molars were derived was probably much like

that of the Hyracoids, in which the styles are strongly developed and the ectoloph is

deeply folded. Moreover, as will be shown, there is a strong tendency in the early

forms of that group for the teeth to form a continuous series. These peculiarities

may be in themselves of little importance, but they suggest that possibly

Ai’sinoitherium and the Hyracoidea may have originated from a common stock at

some remote period. At any rate, both seem to have arisen in the same region.

The roots of the molars (PI. V. tig. 8 a) consist of a pair of transverse plates

{p.r. and a.r.) extending the whole width of the anterior and posterior borders of the

tooth, and a much smaller and shorter root (m.r.), imperfectly divided into two and

situated on the inner border of the tooth between the inner ends of the main roots.

These latter seem to remain open for some time after the crown has come into wear,

so that the tooth is on the way to become rootless and permanently growing. The

anterior main root appears to support the parastyle, the antero-external main cusp,

and the antero-internal crest of the cingulum. The posterior root supports the

D 2
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whole of the posterior eolunin, tliat is, according to the interpretation here adopted,

tlie inesostyle, the ])ostero-external and postero-internal cusps. The small inner

root is imperfectly divided by a vertical g-roove into a larger anterior portion

sup[)orting that ])art of the anterior main column homologous with the antero-

internal main cus}), and a smaller posterior portion supporting the portion of the

cingulum {c.') wdiich in wear unites the inner ends of the main columns.

The ])reniolars (PI. V. figs. 2, 3) present a sharp contrast to the molars, their

strikingly diffi'rent a])pearance being due to the presence of an almost flat outer wall

w'hich show's scarcely any trace of folding. Like the molars they attain a high degree

of hypsodonty, jiarticularly on their outer side, where the enamel-covered portion of

the crown is almost four times as high as on the inner side (PI. V. fig. 3 a): in

consequence of this, as in the case of the molars, these teeth are strongly curved,

the concave face being turned tow'ards the palate (text-fig. 3, p. 11). The ectoloph

is flat or at most gently concave from before backw'ards, and it appears to be composed

of three elements. Of these, one forms the antero-external angle of the tooth and

is connected with the cingulum on the anterior face of the tooth, so that it may be

regarded as a parastyle
{2)S.). The element behind this is a large cusp {r(e.) w'idened

out transversely as it wears down, so that eventually it forms a junction with the cusp

{ai.) internal to it. Behind this main outer cusp is a smaller one {])&.) forming the

postero-external angle of the tooth. The anterior face of the tooth is occupied by a

prominent crest of the cingulum (<?.), w'hich dies away internally, while externally, as

already mentioned, it is connected with the parastyle. On the inner face of the

tooth there are tw'o elements {ai. and ^;b), the anterior of which is the larger. This

becomes connected with the antero-external cusp, forming a transverse crest, and at

the same time it is united by a ridge w’ith the ])ostero-internal cusp. In still later

stages of wear this postero-internal cusp becomes united with the postero-external,

so that finally the centre of the tooth is occupied by an enamel-lined pit enclosed by

the continuous w'ear-s nrfaces of the outer and inner pairs of cusps and the connecting

transverse ridges (PI. V. fig. 3).

The three ])osterior premolars have two roots, one anterior the other ])osterior,

each extending the whole width of the tooth : the division betw'een the roots is much

deeper on the inner than on the outer side (PI. V. fig. 3 a).

The anterior premolar is simpler than the others, having oidy one root. It is

closely crowded between the second premolar and the canine, which it much resembles,

being a simple curved columnar tooth. The canine (Pi. V. fig. 1) and the fwo

posterior incisors are similar and are also closely crow'ded together. On their inner

face there is a prominent cingulum enclosing with tlie crown a deep fosette.

The anterior incisor, judging from its alveolus, is mucli larger than the others.

In no specimen has this tooth been found in situ, but an isolated example almost

certainly referable to this position has a curved and pointed crown with a shelf-like
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]->r()jection of the cingulum on its inner side. This tooth must have projected

somewliat below the others, and was separated from its fellow of the opposite side

by a considerable interval (about 2'5 cm. in the figured skull).

Upper Milk-dentition .—The upper milk-dentition is imperfectly known. The most

nearly complete specimen of what may be regarded as the upper milk-molars is

figured on lb. V. fig. 5 (also text-fig. 7). Mm. 4 is precisely similar in structure to

the permanent molars, though much smaller. Its anterior column is immediately

beneath the hinder border of the antorbital foramen. It is only slightly worn,

so that the anterior crescent (c.) of the cingulum is not yet reached. Mm. 3 is also

much like a permanent molar, but the compound character of the anterior column is

much more clearly shown than in the molars ; it consists of an outer portion, probably

equivalent to the parastyle and the antero-external main cusp, and an inner portion,

the antero-internal main cusp. The form of the posterior enamel-covered surface of

Text-fig. 7.

Semi-dingrammatic figure of the upper milk-molars of Arsinoitherlum zitteli.

a.c., anterior column
;

a.e., antero-external cusp
; c., anterior part of cingulum ;

c.', posterior part

of cingulum
;
p.c., posterior column

;
p.r., postero-external cusp. About y nat. size.

the column apparently shows a stage in the infolding of the ectoloph to which the

origin of the peculiar bilophodonty is ascribed above. In mm. 2 the ectoloph is

complete, and is only slightly concave, but it can be seen how a slightly deeper

infolding would give rise to a tooth like mm. 3. The inner part of the tooth consists

of two transverse crests, and in front of these a ridge of the cingulum, which with

the anterior crest encloses an enamel-lined pit as in the other teeth. The antero-

internal tubercle is large and tends to unite in wear with the postero-internal, so as

to form an inner wall similar to that found in the permanent molars.

The first milk-molar is not shown in the figure on PI. \ ., but is included in

text-fig. 7. Its outer wall consists of parastyle, antero-external and postero-exteimal

elements. On the inner face there is a trace of an antero-internal element only, but

the cingulum (c.) is very strongly developed, particularly posteriorly, where together

with the ectoloph it encloses a deep enamel-lined fosette.

The milk-incisors are simple conical teeth.



22 TERTlAllY VEllTEHRATA OF THE FAYLIM.

Mandible .—The syin])liysis of the mandible (PI. IV. figs. 1, 3, s.) is long, and its

ventral snrlace is divided into two regions—an anterior ronnded portion sloping back

from (he incisor alveoli, and a posterior portion which is flattened and is in the same

line as the ventral surface of the lower border of the horizontal rami, making an obtuse

angle with the anterior region. In the middle of this flattened portion there is a small

rugose tuberosity for the attachment of muscles, and the dorsal surface forms a narrow

s])out-like channel. The length of the symphysis seems to have increased with age,

at any rate the relative position of its posterior angle with regard to the teeth alters,

'fhus in a young mandible in which the last molar is being cut, the hinder angle

of the symphysis is beneath the posterior lobe of pm. 4, while in another fully adult

it is beneath m. 2 : there seems, however, to be considerable individual variation in

this matter irrespective of age. The horizontal ramus is comparatively narrow from

above downwards : it widens out a little beneath the last premolar, and gradually

narrows beneath the molars. The alveolar border is slightly convex from before

backwards, and its inner edge, at least in the molar region, is higher than the outer.

Tl)e ventral border is slightly convex from before backwards, and strongly so from side

to side. The inner faces of the rami are nearly fiat, the outer convex. The two

rami are separated from one another by a narrow interval, and are nearly parallel as

far back as the last molars, but behind this they diverge considerably. The single

mental foramen is beneath the fourth premolar.

The angular region («.) is separated from the ventral border of the horizontal ramus

by a slight concavity ; it is rounded and its posterior edge is thickened so as to form a

broad surface, looking backwards and somewhat outwards. Superiorly it is bounded

by a sharp angle which projects considerably behind the condyle, from which it is

separated by a concave border about 8 cm. long.

The condyle [cd.), which is elongated from side to side, is set somewhat obliquely,

and is slightly convex from side to side, rather more so from before backwards.

It is sup])orted on either side by a rounded thickened ridge, and in some cases it is

divided by a slight median notch into an outer and an inner lobe, which are subequal.

The posterior border of the coronoid process {c.p.) rises immediately in front of the

condyle, and in the specimen described its pointed U
2
)per end is about 0 cm. above

the articular surlace. The anterior border of the coronoid is convex and passes by a

gentle curve into the horizontal ramus, its edge dividing into two ridges, which become

continuous below with the outer and inner edges of the alveolar border respective!}

,

so that in this region the mandible is quite unlike that of a Troboscidean, in which

the coronoid arises on the outer face of the horizontal ramus in advance of the

hinder end of the last molar. The jaw further differs widely from that of a

Proboscidean in the form of the sympliysial region and in the ])resence of a closed

series of incisor, canine, and cheek-teeth: in both the Proboscidea and in Barijtdierinm

the incisors arc modified to form procumbent tusks, and there is a long diastema.
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'Flic mandible difTers from that of the Diiiocerata in being more massively built,

in the absence of downwardly directed flanges of bone, in tlie absence of a diastema,

and in the much greater depth and different form of the posterior part of the jaw.

Lower Permanent Dentition .—Although in no specimen are the teeth perfectly

preserved in the front of the mandible (PI. IV. figs. 1, 3 ;
and text-fig. 6,B), it can be

determined with certainty that tlie dentition was complete (f. 3, c. 1, pm. 4, m. 3).

I'he teeth all have high crowns, wear to a common level, and form a closed series, the

median incisors being in close contact with one another in the middle line.

The molars, like those of the upper jaw, are extremely hypsodont, especially on

their outer side, where the enamel-covered portion of the crown is much higher than

on the inner side. The unworn molars are bilophodont (PI. V. fig. 4), consisting of

two high narrow transverse crests, which are connected by a much lower oblique

crest running from the summit of the outer end of the posterior column to the

base of the inner end of the anterior column. A similar ridge also runs from the

outer end of the anterior column forwards and inwards, forming the anterior border

of the tooth, and enclosing with the anterior face of the front column a shallow

depression. The tooth may, in fact, be regarded as composed of two V-shaped

columns, the posterior limbs of the V’s being placed transversely and being much

thicker and higher than the comparatively slightly developed anterior limbs. In

wear this structure becomes more obvious. The anterior face of the transverse crests

(that is, the sides of the V’s facing inwards) is covered by very thin enamel, differing

entirely from that coating the outer side of the tooth. In the last molar the talon

is represented by one or two irregular, small, but prominent cusps. The cingulum is

well developed on the posterior face of the molars, Avhere it forms a distinct shelf-like

projection.

The phases of wear in the molars are, seen in PI. IV. figs. I, 3. In wz. 3

the two main columns are shown with the anterior arm of the front V just

in wear and enclosing a shallow fossa in front of the tooth. In the next the

anterior arm of the posterior V is strongly worn, and the anterior fossa just

referred to has been completely lost on the right side, but is still represented on

the left by a small island of enamel. In both these teeth the inner face is still

covered with enamel, though the covering is much thinner than on the outer side.

In m. 1 the inner side of the tooth has already been worn down below the level

of the crown, so that the enamel is there wanting. The divisions between the

two arms of the V’s have now quite disappeared, but the outer ends of the two

main columns are still separated by a fold of some depth, which also disappears

when the tooth is a little more worn. The inner edge of the teeth is considerably

higher than the outer, in correlation with the opposite condition in the opposing

upper molars.

The premolars differ greatly from the molars, their crowns being much narrowe
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(see text-fig. 0, p. 18) ;
at the same time the difference is less than that between the

upper ))rem()lars and molars. They are four in number, the three posterior ones

being double-rooted. Fm. 1 is not known in A. zitteli, but in A. andrewsi its

crown is very like the others
;

in both species it has a single root.

Each })remolar consists of two columns separated externally by a deep vertical

groove. In early stages of wear the pattern is a double V, but later the concavity of

the V’s becomes obliterated, and the inner face of the teeth is nearly straight. In

some unworn specimens the postero-internal end of the anterior V is seen to

project somewhat across the opening of the posterior V so as partially to close it

:

this projection seems to correspond with the metastylid of some other ungulate teeth

(e. g. llyrax \_Procavia^^, Equus). The cingulum is well developed on the inner

face of the teeth, and is also present in some specimens, though not all, on the

outer side between the main columns.

The closely crowded canines and incisors are, so far as known, closely similar

to one another. 'I'hey are high columnar teeth, convex outwards from above

downwards, and nearly rectangular in section. The outer face of the crown is

strongly convex from side to side
;
on the inner side the cingulum is well developed,

and between it and the inner face of the tooth there is a deep, more or less

developed pit or “ fosette.”

The lower milk-dentition is imperfectly known, and in such specimens as are

preserved it appears that the milk-molars are practically identical in form with

the molars of the permanent series.

Vertebral Column.—In correlation with the great size and weight of the skull the

atlas (text-fig. 8) is very large and massively constructed, its width being especially

great. The condylar cups {cond.) are large and widely separated botli above and

below
;
they are strongly concave from above downwards, and are much wider above

than below, where they narrow rapidly as they pass on to the ventral bar. The lateral

surfaces for the axis {ax.) consist of a subcircular, slightly concave upper portion, from

the outer and lower side of which a less well-defined triangular area runs down

to the ventral bar, nearly reaching the outer border of the odontoid face [od.].

This is very broad, sharply defined, slightly concave from side to side, and prolonged

somewhat backwards on a median prominence of the ventral bar, the posterior

angle of which forms a blunt hypapophysis.

The neural arch is wide both from side to side and from beh)re backwards

;

its upper suiface is strongly convex from before backwards and forms a slight

prominence on either side of the middle line (/zs.). Laterally, close to its anterior

border, the arch is perforated by the narrow slit-like passage which transmits the

first spinal nerve {sp-f.). This foramen opens into a groove, the ])Ostcrior border

of which forms the anterior edge of the large transverse process {t.p.). This is very
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large and massively constructed
;

anteriorly it is bounded by the sharp border

just mentioned
;

posteriorly, on the other liand, it has a broad flat surface, and it

is perforated near its base by the vertebrarterial canal [f.tr.]. Its outer ends

form broad, roughened, rather convex surfaces.

Atlas vertebra of Arsinoitherium zitteli ; A, from back
;
B, from front

;
C, from above.

our., lateral surface for axis
;
cond., surfaces for occipital condyles

; f.tr., vertebrarterial canal
;

n.s., neural

spine ;
od., surface for odontoid process

; s_p.f., foramen for first spinal nerve ;
t.p., transverse process,

i nat. size.

This atlas differs from that of the Dinocerata in being much wider, and in

having longer transverse processes and a less convex neural arch. From the

atlas of Elep/ias it differs in its much longer transverse processes, less convex

arch, less developed spinous tuberosities, and smaller vertebrarterial canal. In

E



26 TERTIAIJY VERTERRATA OF THE FATt)M.

Elephas also the upper ends of the surfaces for the axis project inwards so as

to form a constriction of tlic opening of tlie vertebra, separating the neural canal

from the lower ])art occiphed by the odontoid process of the axis.

In the axis vertebra (text-fig. 9) the odontoid process {od.jJ.) is blunt and rounded,

and its base extends from the upper to the lower surface of the centrum. Its

extreme end is rounded, with a slight ridge on its upper surface. The posterior

half of its lower surface is occupied by a sharply-defined surface for articulation

with the ventral bar of the atlas [v.fac.) ;
this surface is gently convex from side

to side. On either side of the odontoid there is a deep groove separating it from

the main surfaces of articulation for the atlas {at.). These are roughly triangular

in outline, the angles being rounded
;

they are inclined to the long axis of the

column at an angle of about 45°, and are gently convex except close to the inferior

Text-fig. 9.

Axis vertebra of Arsi/ioitJierium ziiteli : A, from front
;
B, from right side.

at., surface for atlas vertebra
;

n.sp., neural spine
;

odontoid process
;
p.r., posterior zygapopliyses

;

t.p., diapophysis and parapophysis forming transverse process
;

v.c., vertebrarterial canal
; v.fac., ventral

facet of odontoid process. 5 nat. size.

angle, where there is a slight concavity. The upper edges of these atlantal surfaces

are separated from the base of the neural arch by a deep groove. The pedicles of

the arch are wide, and its upper portion is very massive
;

the neural s})ine (u.sp.)

is represented by a great tuberous mass of bone, which forms a single median

prominence on the front of tlie arch, but posteriorly is divided into two by a large

median depression. The posterior zygapopliyses (yi.2.) arc large
;
their upper surface

is roughened, and their articular facets consist of a larger, nearly circnlar, outer

portion, looking nearly directly downwards, and a smaller inner face looking inwards

and downwards. The posterior face of the centrum is very large, and its up})er border

sometimes forms a prominent rim rising somewhat above the level of the rest of

the upper surface. It is very slightly concave and is oval in outline, with its
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ventral border produced downwards into a pair of blunt bypapopliysial prominences.

The transverse process {t.p.) is perforated by a vertebrarterial canal {v.c.) ;
the

dorsal bar is slender and is continuous above with the outer edge of the neural

arch
;

the ventral bar is much larger, and its base is elongated so that it arises

from almost the whole length of the side of the centrum.

From the large series of vertebra3 preserved in the Museum at Cairo it has

been possible to make up a set of cervicals with some degree of certainty ;
at

the same time, owing to the great variability in size of the animals from which

they were derived and the circumstance that so far no associated specimens have

been found, the following account of the successive vertebrae must be taken as

provisional, and subject to revision if at any time an associated series should become

available for description.

The most notable characteristic of the cervicals as a whole is the shortness of

their centrum compared to its great width and height. The neck must have

been as short and massive as in the Elephants, and the movements of the head

much restricted.

In the third cervical (text-fig. 10, A) the centrum is roughly quadrate in outline

with broadly rounded angles. Its neural border is nearly straight, and the ventral

surface bears a pair of blunt bypapopliysial ridges. Both the anterior and posterior

faces are slightly concave, and the body is very short in proportion to its width and

height, the length (thickness) of the middle of the centrum being only 3' 3 cm., while

its width is 13'6 cm. and its height 11 cm. The pedicles of the neural arch are

stout, but its upper portion is thin, except towards the summit, where a W-shaped

thickening represents the neural spine [n.sp.). The zygapophyses are large and

their articular faces nearly flat. The anterior zygapophyses [a.z.) bear on their

outer side blunt metapophyses. The vertebrarterial canal [v.c.) is enclosed by a

comparatively thin diapophysis {dp.) above and a much stouter parapophysis {pp.)

below. This latter arises from the lower part of the side of the centrum. After

enclosing the canal these processes again diverge into a small upwardly projecting

process and a much larger one which is directed downwards and backwards.

The fourth cervical (text-fig. 10, C, D) is much like the last, except that (1) the

arch slopes a little forwards, (2) the spine is higher, (3) the diapophysial bar of

the vertebrarterial canal is wider and straighter.

The fifth cervical (text-fig. 10, B) is generally similar to the fourth, but difi'ers

in the following respects :— (1) the upper part of the arch is more slender and

slopes more forwards, (2) the diapophysis is still larger and ends in a large tuberosity,

(3) the vertebrarterial canal is smaller and rounder, (4) the ventral process of

the transverse process {t.p.) is much elongated and projects considerably below

and behind the centrum.

The sixth differs from the last in having shorter parapophysial processes. A
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pair of hypapopliysial ])roniineiices is present, and the neural spine is represented

by a W-shaped thickening.

In the last cervical (text-hg. 10, E) the slightly biconcave centrum is still short,

somewhat more so dorsally than ventrally
;

it is oval in outline. The neural

s})ine is represented by a blunt ridge. Behind the pedicle of the neural arch

there is a deep groove runuing down from the neural canal behind the transverse

process, which is here imperforate and has a blunt tuberous extremity. On the

Cervical vertebrte of Arsimitherium zitieli : A, tliird cervical, from front; R, fifth cervical, from front;

C, fourth cervical, from front ; D, ditto, J’rom right side
;
E, seventh cervical, from front.

a.z., anterior zygapophyses
;

dp., diapopliysial bar; hp., hypapophyses ; n.s/)., neural spine; pp., parapo-

physial bar
;
p.z., posterior zygapophyses

;
t.p., transverse processes

;
v.c., vertebrarterial canal,

j
nat. size.

hinder border of the centrum near its ventral angles is a jtair of facets for the

heads of the first pair of ribs. These facets are continuous posteriorly with the

posterior face of the centrum and look outwards, backwards, and downwards.

The thoracic series is not completely known. In the anterior region (text-fig. J 1)

the centrum is wider than high
;

its anterior face is flat, while the posterior face is
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sliglitly concave, Tlie transverse processes are large knobs with rib-facets {t.f.) on

their antero-latcral surfaces. The anterior zygapopliyses {a.z.) are placed very low,

little above the level of the top of the centrum. The neural arch rises into a high

backwardly directed neural spine {n.sp.), the anterior face of which is formed by two

Text-fig, 11.

A X -i B X 1

Anterior thoracic vertebra of Arsinoiiherium zitteli : A, from front
; B, from right side.

a.z., anterior zygapophysis ; c.f., capitular facet
;

n.sjo., neural spine
;
p.z., posterior zygapophysis

;

t.f., tubercular facet. \ nat. size.

Middle thoracic vertebra of Arsinoiiherium zitteli : A, from front ; B, from right side.

Lettering as in text-fig. 11. | nat. size,

surfaces meeting at a sharp angle, while the posterior face is concave
;

towards

the summit the spine tends to become bifid. The anterior capitular facets (c.f.) are

placed low down on the sides of the centrum, the posterior ones higher up.

Further back in the series (text-fig. 12) the body of the centrum becomes
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<lce])er, while the oval capitular facets {c.f.) are higher up and partly borne on the

base of tlie arch, the anterior being somewhat lower than the ])osterior. The

transverse ])rocesses are larger and more massive, and each bears a well-marked

tubercular facet {t.f.) on its outer end. The neural spine is very high and broad; it

slo])es strongly backwards, and its anterior face is convex from side to side, while

its posterior is deeply concave. The anterior border of the neural arch is deeply

concave from side to side, so that in a dorsal view of the vertebra much of the neural

surface of the centrum is exposed. At the same time the arch overhangs the

})osterior border of the centrum to a great extent. The anterior zygapophyses [a.z.)

are mere shelf-like surfaces on the anterior border of the arch, and the posterior

zygapophyses {p.z.) form facets on the lower surface of the posterior border.

In the posterior thoracic (text-hg. 13) the spine {n.sp.) is a low and backwardly-

directed crest, and, as in the middle region, the anterior border of the arch is very

Text-fig. ]3.

A x4 B X i

Posterior thoracic vertebra of Arsinoitheriuni zitteli : A, from front
; ]}, from right side.

Lettering as in text-fig. 11. | nat. size.

concave, while the posterior border overhangs to a corresponding extent. The

anterior zygapophyses {a.z.) are now concave from side to side, and external to them

there are prominent metapophyses connected by a ridge witli the stout, somewluit

backwardly-directed, transverse processes. The outer ends of the transverse processes

l)ear small tubercular facets (t.f.)- The posterior zygapophyses (p.z.) are prominent

and convex from side to side. T'he capitular facets (c.f.) are nearly circular and

are borne on short processes rising from the side of the neural arch above tlie

level of the neural surface of the centrum.

Still further back the centrum is deeper in ])roportion to its width, ami tlie

transverse processes are more prominent and less massive, while the neural arch

is still lower.

in the lumbar region the vertebrie become much depressed, till in the hinder
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portion the centrum may be nearly twice as wide as it is high
;
at the same time

it becomes somewhat more elongated. The neural border of the centrum is

straight and the neural arch is low and wide. The zygapophysial surfaces are

cylindrical and the neural spine is low and projects considerably behind the centrum,

while at the same time the anterior border of the arch leaves the anterior half

of the neural surface of the centrum exposed. The transverse processes are broad

from before backwards, and in the anterior region they are narrow from above

downwards, but as they are followed backwards they become larger and more massive.

In the whole of the large collection of vertebrae in the Museum at Cairo there

is not a single example of the sacrum, nor does any such occur in the collection

in the British Museum. On the other hand, there are a considerable number of

vertebrae of the form shown in text-fig. 14: these greatly resemble the lumbar

vertebrae, except that the lateral processes are very large and massive, and bear

at their extremities broad, roughened, nearly triangular surfaces (il.s.), apparently

Text-fig. 14.

Sacral (?) vertebra of Arsimitherium zitteli : A, from front
; B, from right side.

a.z., anterior Z3'gapophysis
;

n.sp., neural spine ; il.s., iliac surface.

for union with the ilium. These vertebrae are believed to be the anterior sacrals.

Another somewhat different type was probably the second sacral: in this the

centrum is even more depressed than in the last, and its ventral surface is almost

in the same plane as the ventral surface of the lateral processes, which are very

long and terminate in a surface which looks somewhat backwards. The fact that,

so far as at present known, the sacrals do not unite as usual to form a sacrum is

especially remarkable in an animal of such size and weight. Of course, it is possible

that a true sacrum may yet be found, but considering the usual solidity of that

structure it is very curious that in so large a collection no specimen should occui',

while a score or more examples of the atlas and axis have been obtained.

The anterior caudals have a very depressed centrum, with broad, flat, rather long,

transverse processes. The neural arch is low and situated on the posterior half of

the centrum. Further back the caudal centra become more cylindrical, with short



32 TERTIARY VERTEBRATA OF THE FAY^M.

transverse processes situated near their anterior end. In the anterior caudals the

anterior and ])osterior faces of the centrum are inclined backwards.

'Die exact number of vertebrae in the different regions of the vertebral column

is as yet nid<nown.

A considerable nundier of scattered ribs have been found. The anterior ribs are

short and ex])and below into a large blade. The articulation is double and the

capitular surface has distinct anterior and posterior facets. In the mid-dorsal region

I he head is large and prominent; here also it has two facets making an obtuse angle

with one another, the anterior being the smaller. Tlie tubercle is comparatively

small. The blade is flat behind and convex in front, with a slight groove along the

inner (anterior) margin.

'J'he sfentiun is unknown.

Fore Limb .—The general form of the scapula is shown in text-fig. 15. It will be

seen that the prescapular fossa is much smaller than the postscapular: it is about

the same width throughout, owing to the fact that the anterior (coracoid) border [c.b.)

of the bone is nearly parallel witli the spine (s.). The postscapular fossa is very

large : anteriorly, it is gently concave and is overhung by the spine which slopes

somewhat backwards ; tow'ards the suprascapular border [ss.b.) the surface is somewhat

convex. The upper part of the coracoid border {c.b.) is slightly convex and is

separated by a deep bay or notch from the coracoid process (c.). The suprascapular

border {ss.b.) consists of two convex portions, the smaller anterior one being over the

prescapular fossa, the larger posterior over the postscapular ; the two are separated by

a shallow concavity above the origin of the spine. The upper posterior angle of

the bone is prolonged considerably backwards and is rounded. The glenoid border

ig.b.) is concave, becoming more deeply so towaids the glenoid cavity {g.c.). The

coracoid process (c.) is stout and blunt, and is not separated from the anterior

angle of the glenoid cavity, the articular surface running on to its posterior face.

T’he glenoid cavity {g.c.) is an elongated oval (text-fig. 15, B), the long axis of which

is antero-posterior, in which direction it is deeply concave, forming nearly a quarter

of a circle. Transversely there is scarcely any concavity, so that the articulation

with the humerus is almost cylindrical (see description of the head of the humerus

given below).

The spine {s.) arises close to the superior border, and increases gradually in height

townrds the glenoid cavity, about three centimetres above which its base terminates.

I’lie superior border of the spine is prolonged dowmwmrds into a blunt acromion

])rocess {a.) which slightly overhangs the glenoid cavity. The end of this process,

and indeed the whole of the free edge of the spine, is thickened and roughened.

As a whole, the spine is inclined somewhat backwairds. The sn])rasca])ular border

is (ompleted by an epi])hysial cap, much roughened and rounded externally.

The inner face of the sca])ula (subscapular fossa) is concave in front of, and behind,
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the Hue marking the base of tlie spine, a little in advance of which there is a

roughened ridge. In some specimens there are two or three rough parallel ridges

on the inner face of the bone, apparently corresponding Avith the ribs, or with the

intervals between the ribs, against which the bone rests.

The scapula of Elephas differs from that just described in the following points

:

—
(1) the extreme narrowness of the prescapular fossa

; (2) the presence of a

Text-fig. 15.

Left scapula of Arsinoitherium zitteli : A, outer face ; B, articulation.

a., acromion ; c., coracoid process
;

c.h., coracoid border
;

g.h., glenoid border
;

g.c., glenoid cavity
;

s., spine
;

ss.h., suprascapular border. \ nat. size.

backwardly projecting process on the middle of the spine
; (3) the sharp angulation

of the suprascapular border above the origin of the spine, the portion of the border

above the prescapular fossa being inclined to the portion above the postscapular

at an angle of about 100 degrees
; (4) the totally different form of the coracoid

border and coracoid process.

In the scapula of Uintatherium the postero-superior angle is not produced

F
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backwards as in the ])vesent specimen
;

moreover, as in the Elephant, the supra-

scapular border is sharply bent above the origin of the spine, the portion in front

making an angle of 65 degrees with that behind. The coracoid process is also quite

dissimilar, while the s])ine inclines forwards rather than backwards and the prescap\ilar

fossa is smaller.

The humerus (text-fig. 16) differs very considerably both from that of Elephas

and also from that of the Dinocerata. Its most striking general characteristic is

the great antero-posterior compression of its shaft and distal end. The head (A.)

is large and much more convex antero-posteriorly than from within outwards, so that

it almost forms part of a cylinder. The head is most prominent posteriorly. The

inner (lesser) tuberosity [l.t.) is small and its inner face flattened. The outer (greater)

tuberosity {(J.t.) is large and forms a very prominent crest projecting considerably in

front, but is not continued down the face of the shaft as a Avell-marked ridge,

such as occurs in TJmtatherium, nor is it so massive as in Elephas. The bicipital

groove [h.g.) is broad and not very distinct. Beneath it the shaft is strongly

compressed from before backwards, and about the middle of its length it bears

on its outer border a prominence [d.) formed by the great development of the deltoid

crest for a short distance. From this prominence a short ridge runs obliquely across

to about the middle of the shaft. The coronoid fossa [c.f.) is very shallow
;

it is

bordered internally by a broad rounded ridge running up towards the lower end

of the oblique deltoid ridge above mentioned. The outer border is the inner edge

of the prominent supinator ridge (s.r.), which, though much less developed than in

Elephas, is much more so than in Uinfatherium. The outer condyle {o.c.) is large,

but does not project far posteriorly
;
the inner condyle {i.c.) also is very large, and is

produced backwards into a proniiiieut projecting flange. The olecranon fossa io.f.)

is broad and shallow, and the surface of the whole shaft above it is strongly concave

from side to side, owing to the backward projection of the condyles.

The trochlear surface for articulation with the bones of the forearm is divided by

a shallow depression into an outer and less convex portion [tr.o.) articulating with

the radius and ulna, and an inner more convex portion [tr.i.) articulating almost

entirely with the ulna, the inner surface of the radius being very small (sec radius).

The bones of the forearm are separate (text-fig. 19, p. 40); in their proportions

they are short and stout, and the ulna is very much larger than the radius, as in the

Proboscidea. In their general form these bones approach very nearly to those of

Elephas, and differ widely from those of the Dinocerata. Fortunately, in one

instance at least, an ulna and part of a radius were found associated with undoubted

Arsinoitherium remains, with no intermingling of Ealaeomasfodon bones, in such a

way as to leave no doubt as to the correctness of their reference to the present

genus. Moreover, the size and massiveness of some specimens, as well as the large

number found, point in the same direction.
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Text-lig. 16.

Left humerus of Arsinoitlierium zitteli : A, from front; B, from back ; C, proximal end
;
D, distal end.

h.g., bicipital groove; c.f., corouoid fossa
;

cl., deltoid process
;

g.t., greater tuberosity
;

h., head
;

i.c., inner

condyle ;
l.t., lesser tuberosity ; o.c., outer condyle

; o.f., olecranon fossa
;

«,r., supinator ridge

;

tr.i., inner trochlea
;

tr.o., outer trochlea. } nat. size.
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In its general form the radius (text-figs. 17, 18, 19) is much like that of Elephas,

hut is shorter and stouter. The proximal articulation is an elongated oval in

outline, its transverse diameter being to the antero-posterior diameter as 3 to 1. The

surface is slightly concave from before backwards, and for the outer two-thirds (o.),

which help to form the articulation for the outer half of the humeral trochlea, it is

(concave from side to side also. The inner third (/.), which forms a small part of the

surface for the inner half of the trochlea of the humerus, is nearly flat, and this

))ortion is bent downwards so as to look upwards and inwards. The articulation

Text-fig. 17.

A B
o.

Left radius of ArsinoiiJierium zitteli : A, from front
;
B, from bade.

a.^)., anterior prominence; 6.C, bicipital tuberosity
; 7, inner portion of proximal articulation

; 7, .articulation

for lunar; o., outer portion of proximal articuLation
;

posterior prominence; r., anterior ridge;

r.', posterior ridge; u.s., proximal surface for ulna; u.s.', dist.al surface for ulna. ^ mat. size.

of the radius with the humerus does not extend across the whole width of the ulnar

surface as in Uintatherium, but the relations of tlie two bones in this resjtcct arc

almost exactly as in Eleplias.

On the outer side of the posterior face of the bone, immediately beneath the

enter portion of the humeral surface, there is an elongated facet («.6'.) for articulation

with the ulna, and beneath this the surface of the bone is greatly roughened for

some centimetres down, showing that its union with the ulna was very close and
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rigid. Immediately beneath the antero-external angle of the upper end there is a

prominent bicipital tuberosity {h.t.). Beneatli this the sliaft contracts rapidly,

and its slenderest point is about one-third of its total length from the proximal

articulation. Here the anterior face is slightly concave from side to side, while

the posterior is convex with a median ridge (rJ). Distally a great expansion of the

bone occurs. The sharp antero-external border of the shaft is continued down

the outer face (r.) (that is, outer as regards the ulna) of the expansion, and terminates

in a large roughened prominence (p-p.) which is situated at the junction of the

shaft and epiphysis and is separated from the posterior portion of the articulation

by a well-marked depression. The inner edge of the shaft is continued down

as the posterior border of the distal expansion and becomes widened out into a

roughened surface. Lastly, the ridge {rJ) above mentioned as occurring in the

middle of the posterior surface, runs forwards and is prolonged into a great flange-like

expansion {a.p.), the anterior edge of which forms the front border of this part of

the hone, and is continued down to the distal articulation. The ulnar side of the

expanded portion of the bone is concave and was closely applied to the inner face

of the distal end of the ulna, for union with which there is also a narrow facet

along the lower edge of the bone (see figure, the lower of the two lines from u.s.').

The distal articulation, though much smaller than that of the ulna, is of

considerable antero-posterior extent
;

posteriorly it consists of a large rounded

head (1.) which passes anteriorly into a concave surface looking downwards and

somewhat outwards. The inner (preaxial) portion of the head is marked off from

the rest by a very faint ridge, and is the comparatively small surface for articulation

with the scaphoid. The remainder articulates with the inner portion of the lunar (1.).

The general form of this distal articulation is very similar to that of the radius of

Elephas, which differs only in the following points:—(1) the posterior portion of

the articulation is more cylindrical and less ball-like in form, owing to the lesser

degree of convexity in a transverse direction
; (2) the anterior part of the

articulation is smaller, less concave, and less clearly marked off from the posterior

part. The line of division between the scaphoid and lunar surfaces is the same

in both cases. In Elephas the radial articulation with the carpus is much larger

compared with the ulnar portion than in Arsinoitherium.

The distal end of the radius of Uintatherium is of very different form : it consists

of two concave surfaces, one for the scaphoid and the other for the pre-axial part of

the lunar, separated by a sharp ridge. The distal end of the radius of BarytlLerium

is almost identical with that of Uintatherium.

In the ulna (text-figs. 18, 19) the olecranon process {ol.) is very large and greatly

thickened posteriorly, so that its upper end forms a roughened mass of bone

which projects somewhat to the outer, but still more to the inner side, which is

also the higher. The articulation for the humerus is triradiate ;
the upper (olecranon)
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lobe is nearly vertical and does not extend so liigh np as tlie upper end of the

olecranon process. Of tlic two horizontal surfaces the inner [i.) is much the larger

and is oval in outline, its antero-posterior diameter being slightly greater than the

transverse
;

it is concave in all directions. The outer (o.) is the smaller and is

semicircular in outline, the diameter of the semicircle looking forwards and inwards

and marking the line of union with the radius, with which the bone unites in a

narrow vertical surface (r.5.). Immediately beneath the transverse articulation is

Text-fig. 18.

A X f B X 1- qI

Left ulna of Ay-sinoilherium zitteli : A, from front
;
B, from outer side

;
C, proximal end (with radius) ;

H, distal end (witli radius).

n«., surface for cuneiform ; e.p., external prominence
;

<7 ., groove above distal articular end
;

i., inner surface

for humerus; surface for lunar; e., outer surface for humerus; 0 /., olecranon yjrocess
;

r., radius
;

r.s., proximal surface for radius; r.s.', distal surface for radius; sc., surface for scaphoid; m., ulna.

I nat. size.

a deep fossa which receives the head of the radius. The shaft of the bone is

triangular in section, the posterior angle being continuous with the hinder border

of the olecranon process. The shaft is also curved somewhat backwards and

inwards. Towards the distal end, which is considerably enlarged, the inner border
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of the bone widens out to a broad surface, so that the lower end of the bone

immediately above the articulation is quadrate in section. The articular surface

is marked off from the shaft by a roughened groove {g.)

;

the surface itself is concave

both from before backwards and from side to side in front, but posteriorly it is

strongly convex from before backwards, and forms a sort of trochlear surface which

extends slightly on to the posterior face of the bone. Nearly the whole of this

articular surface (text-fig. 18, D) is for the cuneiform {cu.), with perhaps a slight

posterior contact with the pisiform
;
but adjoining it and on its inner side there

is another comparatively small surface [1.) looking inwards and downwards, which

articulates with a facet of the lunar. This distal articulation is much like that

of the elephant ulna, but, as in the case of the j’adius, it is more extended antero-

posteriorly, apparently indicating that the foot was more mobile in that direction

than in the modern Proboscidea. The radius is closely applied to the inner

face of the lower end of the ulna, which also bears a small facet (r.s/) for that

bone along its lower edge.

This nlna differs from that of Eleplias in being much shorter and stouter, in

having its distal articulation wider from before backwards, and in forming a larger

proportion of the carpal joint compared with the radius.

It differs from the ulna of Uintatheriuin in being stouter, in not articulating

with the radius across the whole width of the humeral joint, in having an olecranon

process which projects farther back but rises less above the articulation, in widening

towards the distal end, and in forming a very much larger share of the carpal

articulation.

The structure of the carpus (text-figs. 19-24) is very difficult to determine with

certainty, owing to the want of associated series of bones and the great variability in

size of the individuals to which isolated specimens belonged. Moreover, the similarity

of the feet to those of the Proboscidea introduces another element of doubt into the

determination of scattered carpal and tarsal bones ; at the same time the extreme

rarity of any bones that can be definitely referred to Palceomastodon (for instance,

only a single specimen of the calcaneum has yet been found) makes it highly probable

that by far the larger number of the carpals and tarsals found belong to Arsinoitherium,

and in any case the larger and more massive specimens may be referred to that animal

with a considerable degree of confidence. Further assistance is derived from the

fact that in a few cases carpals have been found under such circumstances as to

leave no doubt that they are those of Arsinoitherium. The best of these associated

series (M. 8470) is one which includes the distal epiphysis of the ulna, a scaphoid,

an unciform and a fourth metacarpal of the left side, and the distal half of the

radius and the os magnum from the right. These all show signs of having belonged

to a young animal, and were, in fact, found associated with portions of a young skull

with milk-teeth in situ, no remains of Palceomastodon occurring in the neighbourhood.
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Ill consequence of tliese difficulties the following account of the carpal structure

must be regarded as more or less provisional, but nevertheless, except in matters of

detail, it is jirobably fairly accurate.

Speaking generally the carpus (text-fig. 19) is very similar to that of Elephas,

Text-fig. 19.

Left forearm and manus of Arsinoitherium ziiteli : A, forearm and proximal row of carpal.s from front;

B, forearm, carpals, and metacarpals from outer side.

cn., cuneiform
;

lu., lunar
;
mag., magnum ; me. 9, me. 4, me. 9, third, fourtli, and fifth motacarpahs

;

ol., olecranon process
;
pi., pisiform

;
r., radius ; sc., scaphoid

;
u., ulna

;
unc., uuciform.
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which it reseinl)les for more closely than it does that of the lliiiocerata. The chief

differences from the carpus of Elei^has seem to be dependent on the circumstance,

that in Arsinoitherium the distal articulation of the ulna is still larger in proportion

to that of the radius. Weithofer (Morph. Jahrh. vol. xiv. p. 507) has shown that the

peculiar condition of the carpus of the Elephant, in which the lunar extends preaxially

so as to overlap the trapezoid, is due to the preponderance of the share taken by the

ulna in the formation of the wrist-joint. In ArsinoUkerium this is carried still farther,

so that the cuneiform extends inwards over the magnum. Whether or not as in

Elephas the lunar overlapped the trapezoid is uncertain, but probably it did so at

least anteriorly. In other Ungulates in which the radial portion of the articulation

becomes the larger, the direction in which the proximal row of carpals becomes displaced

upon the distal is the opposite one.

Text-fig. 20.

B.

1 .

Left scaphoid of Arsinoitherium zittcli : A, lunar face ; B, proximal end.

Z.', upper and lower facets for lunar ; mag., facet for magnum
;

r., surface for radius
;

tz., facet for (?) trapezoid. | nat. size.

The scaplio'id (text-fig. 20) is greatly compressed from side to side and widens out

considerably in a fore-and-aft direction from above downwards. The proximal end

is occupied by a concave surface (r.) for articulation with the postero-internal convex

portion of the end of the radius. This surface is roughly oval in outline, rather

broader posteriorly than anteriorly, and with a somewhat flattened outer (postaxial)

border, immediately beneath which there is a narrow surface [1.) for articulation with
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tlio upper e(l”o of the lunar. The distal end is occupied by a greatly elongated

articular surface {tz.), slightly convex in all directions, which probably articulated with

both the tra])eziutu and trapezoid, Anteriorly the outer (postaxial) border of this

surface is connected with two other facets, of which the anterior one (/.') is a flat

elongated surface looking outwards and downwards for union with the lower facet of

the lunar, while the other {mag.) lying iinniediately behind the last is triangular in

outline, and looks downwards and l)ackwards, and apparently united with the postero-

internal angle of the upper surface of the magnum, as is the case in Eleplias. Both the

outer and inner faces of the bone, where not occupied by articular facets, are greatly

roughened and pitted.

The form of scaphoid here described and figured is definitely known to be that

Right lunar of Arsiitoklterium zitteli: A, from above; B, from front
; C, scaphoid face,

mm/., facet for magnum ; r., surface for radius
;

sr., sc.', upper and lower .surfaces for siaiphoid
;

O'.?, facet for trapezoid ; a., surface for ulna. ^ uat. size.

of Arsmoitherium, but at the same time it is very like that of Elephas, and its

relations to the neighbouring bones, so far as determinable, are similar. This scaphoid

differs from that of Eleph.as in the following respects :

—

(1) its proximal articular

surface is concave, owing to the stronger convexity of the portion of the radial head

with wliich it articulates
; (2) the lower surface for the lunar is shorter from before

backwards and at the same time deeper
;
(d) the distal articulation is much longer from

before backwards, extending considerably behind the triangular surface for the magnum
;

the whole distal end of the bone is, in fact, much more expanded than in Elephas.

The lunar (text-fig. 21) here described is ])resumed to belong to Arslnoitherium,
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because its surfaces agree exactly with those of the radius and ulna of that animal and

also with those of the scaphoid just described. The proximal surface of the bone

is divided into two articular facets by an antero-posterior ridge. The smaller

(postaxial) surface (w.) is for the ulna: it is very slightly convex in front and gently

concave behind : its outline is roughly semicircular, the diameter of the circle being

represented by the straight postaxial border, beneath which there is a very narrow

facet for union with the upper edge of the cuneiform. The rest of the proximal

surface (r.) articulates with that part of the radial head that is not received by the

scaphoid
; it is roughly triangular and is concave posteriorly and internally, but convex

in front. The inner (preaxial) face of the bone bears two surfaces (sc., scJ) for union

with the scaphoid : one of these (sc.) along the upper border is long and narrow, while

the other (-sc.') on the lower side is shorter and broader, and the two are separated by

a deep groove. There is also a similar groove on the outer face, separating the

upper and lower facets for the cuneiform. The distal surface (wic/i!/.), which is triangular

in form, is gently convex from before backwards and articulates almost entirely with

the magnum, but there is some evidence that near its antero-external angle it slightly

overlapped the trapezoid (tr .

'?).

This bone differs from the lunar of Elephas to a considerable extent, mainly on

account of the larger portion of its upper surface that articulates with the ulna. In

Elephas the ulnar facet is quite small and is confined to the anterior half of the

bone, looking much more outwards than upwards, so that very little of the weight

transmitted to the foot through the ulna is borne by the lunar.

The cuneiform (text-fig. 22) is, on the whole, much like that of Elephas, but its

articulation with the ulna (ul.) is larger, extending farther outwards, and this surface

is gently convex internally, but concave externally, with a raised outer angle. The

surface for the pisiform (pi.) is nearer the inner (preaxial) side of the posterior face

of the bone than in Elephas. It is nearly quadrate in outline, and its upper edge

joins the posterior border of the ulnar surface : in Elephas this surface is triangular.

Fostero-externally the lower edge of the bone is produced downwards and

backwards into a strong hook-like process. Tlie distal articular surface is very

gently convex from before backwards and concave from side to side ; externally it

extends outwards for a considerable distance on the ventral face of the process just

described. A narrow strip of this surface occupying its inner (preaxial) side is

marked off from the rest by a very slight groove : this seems to have overlapped and

articulated with the magnum, as mentioned above in the general remarks on the

carpus. The remainder of the surface articulated with the unciform. On the inner

(lunar) side of the bone there are two facets for union with the lunar (/.)—

a

broader one along the upper edge and a narrower one along the lower, which projects

considerably beyond the upper, from which it is separated by a groove.

The pisiform (text-fig. 22, pi.) is tongue-shaped. Its free end is rounded and

G 2
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it bears on its n]i])er surface a prominent knob. The proximal end, winch is a

little wider than the distal, is entirely occupied by an oblong facet for articulation

with the cuneiform ;
connected with the upper edge of this surface there is another

very narrow facet extending across the whole width of the bone and marking its

point of contact with the ulna. Connected with tlie ventral border of the cuneiform

facet there is a rather irregular rounded surface, somewhat roughened and apparently

resulting from the occasional contact with the upper face of the posterior process of

the cuneiform.

Test-fig. 22.

Left cuneiform and pisiform of Arsinoitherium zitleJi: A, from above ; B, lunar face.

1., facets for lunar; pi., pisiform ; ul., surface for ulna. 4 nat. size.

The trapezium and trapezoid are not certaiidy known.

The magnum (text-fig. 23) is quadrate in section anteriorly, but posteriorly it

narrows considerably at least on its ventral side. 4'hc up])er surface is gently

concave in front, but ])osteriorly is raised into a considerable convexity, the ])ostero-

internal slope of wliicli supplied a surface for union with the scaphoid {sedj. Most
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of the rest of this surface articulated with the lunar (/%.), though, as above mentioned,

a narrow strip on the outer side was probably overlap])ed by the cuneiform ;
in no

specimen of the magnum, however, have actual traces of this overlap been observed.

The surfaces for the trapezoid on the one liand, and for the unciform [unc.) on the

other, are similar : each consists of a facet which extends the whole depth of the bone

in front, but is confined to the upper half posteriorly, the ventral portion of the

posterior part of the bone being pinched up into a rounded and backwardly

Text-fig. 23.

B., 2. C.

Left magnum of Arsinoitherium zitteli

:

A, unciform face
;
B, from above

; C, from below,

lu., facet for lunar
;
me. 2, me. 3, facets for the second and third metacarpals ; sc., facet for scaphoid

;

unc., facet for unciform. ^ nat. size.

projecting knob. The distal surface {inc. 2 and me. 3) is nearly triangular, the

posterior angle extending on to the narrowed posterior region just referred to. In

some specimens a small area at the antero-internal angle {me. 2) of this surface is

marked off from the rest, and indicates that the articulation of the second metacarpal,

in some cases at least, extended slightly on to the magnum.

The uneiform (text-fig. 24) is a wedge-shaped bone, the base of the wedge being the

inner surface articulating with the magnum [mag.), the facet for which is nearly

flat and extends the whole depth of the bone in front, but is confined to the upper



40 TICirriAllY VJiliTJiliRATA OF TILE FAYtjM.

luiir at tlic back. I'lic i)roximal surface for tlic cuneiform [cii.) is concave antero-

postciiorly and convex from side to side. Distally the bone bears two large surfaces

I'or tlic fourth and fifth metacarpals, and a much smaller inner surface for the outer

facet of the slightly displaced third metacarpal. The surface for the fourth

metacarpal is somewhat concave and looks directly downwards
;
that for the fifth is

convex and looks downwards and outwards, almost joining that for the cuneiform

externally, making with it the acute angle which is the thin edge of the wedge.

'I'he bone is deeper posteriorly than anteriorly.

d'hc metacarpals (text-fig. 10, ]x 4 0) were short and stout and much enlarged at their

articulations. The first is unknown, but, judging from the size of the distal articulation

of the scaphoid, probably little reduction had taken place on this side of the foot.

Text-fig. 24.

Left unciform of Arshwlther'nnn zitteli : A, from above
;
B, from below; C, inner (preaxial) face.

cu., facet for cuneiform
;
«no/., facet foi' magnum

;
me. 3, 'me. 4, me. facets for the tliird,

foarlli, and fifth metacarpals. 4 nat. size.

The second is likewise unknown, but it had on its postaxial side a small surface for

articulation with the magnum, as is shown by the presence of the corres])onding facet

on that bone. The third articulated mainly with the magnum, but had a slight

overlap on the vneiform at least anteriorly. The fourtli and fifth articulated with

the unciform, and in some cases [e. g., C. 7968) the fifth seems also to have iiad a

surface of contact with the cuneiform (text-fig. 25, cu.). The ])osterior free of the

upper end of the metacarpals seems in all cases to be ])roduccd backwards into a

strong roughened prominence.
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Uind Limh.—The best example of the pelvis is a complete specimen in the Cairo

iNIuseum (C. 8413), and it is npon this that the following description and figures

(text-figs. 27) are founded.

The ilia [il.) are immensely expanded hones, of which the gluteal surface is slightly

convex except towards the superior angle, which is somewhat everted so that the

outer surface there becomes concave. The pelvic (inner) surface is slightly concave,

except towards the upper border, where the everted portion just referred to bears

a deeply hollowed surface for union with the sacral vertebrae. The superior angle

formed by the meeting of the superior border [crista ilii, c.i.) with tlie posterior

is almost a right angle. In front the crista ilii sweeps round into the anterior

border, which is greatly thickened, broadly convex, and terminates below in tlie

prominent external angle (e.a.), which, like the superior angle, is capped by a

large rough epiphysis, that on the lower angle [e.a.) being the larger. The

acetabular border [a.b.) is concave, and just before reaching the acetabulum [a.)

Text-fig. 25.

Fifth left metacarpal of Arsi)ioitheriuni zitteli.

cu., surface of contact with cuneiform
;
me. 4, facet for fourth metacarpal ;

unc., facet for unciform.

2 nat. size.

it is interrupted by a roughened notch, probably for the attachment of the rectas

femoris muscle.

The inner border running down from the superior angle is conca m except in

its upper portion opposite the sacral facet, where it is stiaight; a little ab ve the

level of the glenoid cavity it divides into an anterior ridge continuous below with

the anterior edge of the pubis, and a posterior ischial ridge, v hich runs back to

the ischial tuberosities. The surface between these two ridges is deeply concave.

The acetabulum [a.) is oval, its long axis corresponding with the long axis of the

os innoniinaticm. The pit for the ligamentwn teres is very deep and extejids

upwards beyond the middle of the cavity; poslericrly the pit opens on the ischial

surface by a deep notch in the border of the glencid cavity.

The anterior border of the united pubes [p'U.) is slightly concave, while the posterior
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Text-fig. 26.

AT., acetabulum
; «.6., acetabular border ; c.?’., crista ilii

;
c.u., external angle of ilium

;
fs., ischium; is.t., ischial

tuberosity; o.f., obturator foramen
;
pu., pubis; sym., symphysis, t nat. size.

Text-fig. 27.

U., ilium
;
other lettering as in last figure. ~ nat. size.
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border of this bone runs up and becomes continuous with tlie inferior edge of the

cotylar notch, tlie other edge of wliich is continuous with tlie antero-inferior border

of the ischium, so that tlie notch actually opens into the upper end of the obturator

foramen. The angle of the ischial tuberosity {is.t.) is nearly right
;

the border

of the bone behind the angle and the angle itself are covered by a roughened

epiphysial cap. The hinder border of the united ischia is slightly concave, and the

bones themselves are flattened near the angle and rounded near the symphysis. The

pubis
{2>u.) is a broader thin bar of bone

;
it is slightly concave above and convex

below
; it widens out towards tlie symphysis (spn.). The obturator foramen (o.f.) is

an elongated oval, the outer end of which, as already noticed, is continuous with the

cotylar notch.

The pelvis of Uintatherium, ditfers from that just described in the following

points:— (1) the crista ilii is much more convex in outline; (2) the surfaces for

the sacral vertebrae are much more prominent and strongly marked; (3) the symphysis

is less massive and the obturator foramen is wider
; (4) the ischia and pubes are

rather stouter and the ischial tuberosities are more developed
; (5) there is a deep

fossa on the visceral surface nearly opposite the acetabulum, whereas in Acsinoitherium

this is only slightly marked.

In Elephas the form of the ilia is more like that described and figured, but the

pubes and iscliia, particularly the latter, are much wider, so that the symphysis

is much longer and consists of distinct pubic and ischial portions united by a

narrow bar. One result of this is, that the ischial portion of the pelvis projects

much farther behind the acetabulum tlian in Arsinoitherium. In Elephas also

the sacral surfaces are better marked and the ischial tuberosities more prominent.

The femur (text-fig. 28) is remarkable for the great antero-posterior compression

of the shaft and for the flatness of its posterior face, the outer border of which forms

a thin sharp edge.

The head {h.) is very large and nearly hemispherical
;

it looks upwards and

somewhat outwards, and its posterior border is crossed by a deep groove for

the ligamentinn teres [n.l.t.). The great trochanter {g.t.) is compressed antero-

posteriorly, and does not rise so high as the head
;

its posterior face is slightly

concave, while anteriorly it forms a considerable rugose prominence. The lesser

trochanter [l.t.) is inconspicuous and close beneath the head. The shaft, as

already mentioned, is extremely compressed from before backwards, and its posterior

surface is nearly flat. The anterior face is convex towards the inner side, but

externally it is nearly fiat and meets the posterior surface so as to form a thin

sharp outer border, which, near its middle point, is slightly convex, the convexity

being apparently the representative of the third trochanter : the inner border of

the shaft is rounded. The condyles {i.c., o.c.), which are relatively small, are

subequal and are separated by a narrow but deep fossa {i.n.). Above the condyles

H
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Text-fig. 28.

ofA

Right femur of Arsinoitherium zitteli : A, from front; B, from back; C, ui)[)er end
;
D, lower end.

greater trochanter; /o, head ; i.c., inner condyle; i.n., intercondylar notch; inner tuberosity;

lesser trochanter; notch for ligumenhim teres-, o.c. outer condyle; o.t., outer tuberosity;

tr., trochlear surface. \ nat. size.
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there is on either side of the bone a prominent tuberosity {i.t., o.t.). Tbe posterior

surface of the shaft immediately above the condyles is slightly concave from side

to side, the concavity being bordered by ridges running upwards and inwards from the

tuberosities. The lower end of the bone is much narrower than the upper end.

The femur of Uhitatheriuin differs in the following points:—(1) it is not so

much compressed from before backwards, and at the same time it is considerably

narrowed from side to side near its middle
; (2) there is a small but prominent

lesser trochanter
; (3) the hinder surface of the great trochanter is hollowed by a

digital fossa
; (4) the distal articular end is relatively larger.

The femur of Elejihas differs from that just described in the following points:

—

(1) the neck is much longer; (2) the great trochanter does not rise nearly so high

and its posterior face is excavated by a deep digital fossa
; (3) the shaft is not

compressed to anything like the same degree, and its posterior face is not so much

flattened
; (4) the distal articulation is relatively larger.

Text-fig. 29.

Right patella of Arsinoitherium zltteli : A, from inner side
;
B, from articular face.

i., inner surface for femur
;

o., outer surface for femur
;
pr., distal process, j nat. size.

The patella (text-fig. 29) is much like that of Uintatheriimi. The surface for

the outer condyle [o.) of the femur is smaller than that for the inner (i.); both are

gently concave from above downwards, and very nearly flat from side to side. Below

the articular surface the bone is produced downwards into a blunt triangular

process {pr.). The anterior face as usual consists of a greatly swollen and roughened

mass of bone.

The tibia (text-fig. 30) is a short stout bone considerably expanded towards

the articulations. The facets for the condyles of the femur are deeply concave. The

inner {i.) is much the larger and is oval in outline, the long axis being antero-

posterior. The outer (o.) is smaller and more nearly circular, and its long axis

is from within outwards : in front of it and to the outer side of the anterior

H 2
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portion of llio iniK'r facet tlie suiface of llio bone slo])CS strongly downwards

towards tlu^ not vc'ry jn’oniincnt but massive cnemial crest {cn.). Immediately

benea.Ili the ])ost('ro-external angle of the ])roximal end of the bone is a broad

lacet (/.) for union with the n])])er end of the fibula. Beneath the cnemial crest

tlu! shaft is trilu'dral ; its posterior face is nearly flat, the antero-external first

concaue, then towards the middle of the bone fiat, the antero-internal rounded.

'I'lie distal end of the bone is expanded laterally, so that it is nearly twice as wide

in that direction as from before backwards. The greater portion of the distal

Text-fig. 30.

((.sO, HUiTace for .a.«1r<ag;ilns
;

cn., ciKMiiial ore.st
; f., .surfnee for proximal end of fibula

: f.', surface for disfal

end of fibula; /., inner surfac(; for femur; i.in., internal malleolus; e., outer surface for femur.

]
nat . size.

('ltd is occupied by the slightly concave surface for the astragalus [ciHt.). 'I'his is

produced somewhat downwards into a point ])ostcriorly and much more strong!)

internally, where it runs down on to the face of the blunt internal malleolus {i.m.).

External to the astragalar stirface, and separated from it by a slight ridge, is a

roughly semicircular facet (/.') looking downwards and outwards, for union with the

('xpanded lower end of the fibula.

'I'lie tibia is extremely like that of the Diuocerata (exce])t that the femoral facets

are more unequal in size), and difl'ers from that of lUcjiha^ in being shorter and
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stouter, having a larger cnemial crest ami a more regularly concave astragalar

surface.

'V\\o, Jihiila (text-fig. 31) ])ossesses a slender strongly-curved shaft with expanded

articular ends. The up})er end bears on its tibial face it.') a flattened or even slightly

concave facet for union with the tibia
;
the outer face is swollen and roughened, and

is partly di^ided into two by a longitudinal groove. The shaft is slender and is

Text-fig. 31.

Left fibula of ArsinoilJierium zittdi : A, inner (tibial) face
;
B, outer face

;
C, distal end.

asf; surface for astragalus
; adc., surface for calcaneum

;
e.m,, external malleolus

;
t., distal tibial surface

;

t.', proximal tibial surface, f nat. size.

compressed from before backwards, bearing on its inner face a longitudinal ridge

;

it is strongly curved, the convexity being on the tibial side. The distal third of the

shaft is greatly expanded and deeply concave, being closely applied to the outer

side of the distal portion of the tibia. Distally this deep concavity is closed by
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a sli(']f-like ])rqiecti()n !)eariiif>; on its ni])])cr surface a facet (t.) for articulation

uitli tlie libnlar facet of the tibia above described. 14eueatli this facet tlie distal

portion of the fibula forming- the external malleolus projects considerably, and its outer

face is swollen and ronghcned, while its inner, nearly triangular surface bears two

facets almost iu the same ])lane. Of these facets the u])per (ast.) is the smaller and

articulates with the astragalus, so that when the tibia and fibula are iu their natural

position with regard to one another the astragalar facets of the two bones form a

continuous concave surfirce. The lower and larger facet {calc.) articulates with the

large fibular facet of the calcaneum, which lies immediately external to the ectal facet

for the astragalus. The astragalar and calcaneal facets of the fibula are only separated

by a slight ridge.

The fibula, particularly its distal portion, is extremely like that of Eleplias. In

both tliere is the same concavity of the inner face of the distal end, the prominent

facet for articulation with the tibia, and an almost identical arrangement of the

surfoces for the astragalus and calcaneum. The fibula of TJintafherhmi is different

in all these particulars, more especially in the very small size or even complete

absence of the calcaneal facet
;

it should, however, be remarked that in the earlier

Amblypoda, e. g. Conjphodon, the calcaneal articulation of the fibula is well

developed, and this is no doubt a primitive feature.

Examples of the astragalus (text-fig. 32, 2 a, 2 b, 2 c) are among the most numerous

of the bones found in these deposits, and it is remarkable that of the very large

number collected nearly all are of the form now described and referred to

Arsmoitherium on the followdng grounds :—(1) their large size and massive

structure; (2) the agreement of their articular surfaces with those of the tibia

above described and with the most common form of calcaneum
; (3) the presence

of articular surfaces for both cuboid and navicular excluding tlie possibility of this

type of astragalus belonging to PaUmmastodon, of which, moreover, the calcaneum

and probably the astragalus are known.

From these considerations it w'ill be seen that the astragalus now described may

be regarded with confidence as that of Arsiuoitherium. The ])roximal articulation

for the tibia (text-hg. 32, tih.) is gently convex from before backwards, and very

slightly concave from side to side. Posteriorly there is a notch [n.), but there is

no perforation as in some of the Dinocerata. The articulation does not extend

farther back on the inner than on the outer side. On the outer side is the fibular

surface {fid.) looking outwards and somewhat upwards, and passing above into the

tibial surface.

On the inner side the main tibial surfice is continuous with an inner face looking

inwards and upwards, and sn])])lying a surface for the articulation of the internal

malleolar process of the tibia. Eeneath and behind this surface the ])ostero-internal

angle of the bone forms a })rominent tuberosity. The surfaces for the calcaneum
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lire the ectal (ec.), 'whicli is the smaller and is convex from before backwards,

and the snstentacnlar (sus,), which is much larger, Hat anteriorly and concave behind.

Left calcaneum and astragalus of Arsmoitherium zitteli : 1 a, calcaneum from above
;

1 b, distal surface of

calcaneum
;

2 a, tibial surface of astragalus; 2 b, anterior view of astragalus; 2 c, distal surface

of astragalus.

cub., facet for cuboid
;

ec., ectal facet
;

Jib., fibular facet ; n., notch in liinder border of tibial surface
;

nav., navicular facet
; sus., sustentacular facet ;

? t., facet for tibiale
;

t.c., tuber calcis
;

tib., surface for

tibia. 2 nat. size.
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'J'hese two facets are separated from one anotlier posteriorly by a narrow groove,

and anteiiorly by a deep fossa. There is also a deep fossa lying to the inner

side of the anterior })ait of tlte sustentacnlar facet. Anteriorly tliis surface joins

that for the cuboid (cub.), making an angle of about 100° with it,

d'he cuboid surface (cub.) is about one-third of the wdiole distal articulation.

It is gently convex in all directions, and is separated from the navicular surface

l)y a slight obli(pie ridge. The navicular surface (uav.) occupies nearly all the

rest of the distal face of the bone
;

it is sti'ongly convex from side to side, and

slightly so from before backwards. Internally it is continuous wuth a small facet (^.t.),

which may indicate the existence of a distinct tibiale such as occurs in some

Amblypoda. On the anterior face of the bone the lower edge of the tibial surftce

is separated from the upper edge of the cuboid-navicular surface by an interval of

about 2 to d cm., in which the surface is concave from above downwards.

This astragalus, though superficially similar to that of £lephas, differs from it

fundamentally. Among the points of difference are ;—(1) articidation with cuboid

and consequent different form of the distal surface
; (2) much larger surface for

fibula
;

(d) presence of a large and somewdiat concave surface for the internal

malleolus (iu the early Proboscidea this seems to have been present, see below)

;

(4) wide difference in fbe form and proportions of the two calcaneal facets; in

Elepitas the ectal facet, in Arsinoitherium the sustentacnlar, is much the larger.

The likeness to the astragalus of the Amblypoda is somewhat greater, particularly

in the presence of both cuboid and navicular facets. But the form of the calcaneal

facets is different, and the posterior notch is slightly marked, while in the Amblypoda

it may even be converted into a foramen.

The calcaneuiii (text-fig. d2, 1 a, 1 b) is a very short stout bone somewhat like

that of the Diuoccrata. The tuber culcis (t.c.) is very short and thick, and terminates

posteriorly in a great rugose mass of bone. Tlie ventral surface is greatly swollen at

the sides, but in the middle line there is a deep concavity. There are two oval,

obliquely-arranged facets for articulation with the astragalus. Of these the ectal (ec.)

is concave from before back^vards, while the inner (sustentacnlar) facet (sus.), which

is much the larger, is flat in front and convex behind, owing to tin' deflection of its

hinder portion. The two surfaces are se[)arated posteriorly by a deep narrow cleft

which, towards the front, becomes wider and deeper. 4'he anterior edge of the sus-

tentacular surface forms the uj)per border of a small facet lying at right angles to

it (Vnav.), and ])robably indicating that there was a small articulation with the

navicular. The cuboid facet (cub.) is small and oval, its upper inner angle being-

continuous with the small navicular facet just described. Beneath the navicular

and cuboid articulations is a valley bounded below by a rugose and swollen border.

The fibular facet (fib.) is large
;

it looks outwards and u[)wards, and is convex

from before backwards, while its upper border meets the ectal facet in a sharp
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angle. When the astragalus and calcaneum are articulated their fibular facets form

an almost continuous convex surface.

The calcaneum differs from tliat of Elephas in (1) its much shorter and stouter

form, (2) the much smaller size of the cuboid surface, (3) in having the sustentacular

facet for the astragalus larger than the ectal. Probably the foot approached the

plantigrade condition more nearly than is the case in Elephas.

The calcaneum in the Dinocerata is somewhat more similar, but has the astragalar

facets more nearly equal in size and convex, and the sustentacular portion of the

bone is more prominent.

The navicular (text-fig. 33) is of great width and at the same time is very short.

Its proximal surface {ast.) for the astragalus is gently concave. The distal surface

is divided into three facets : of these the inner (c. 1) is slightly convex and extends

nearly to the hinder border of the bone ; the middle (c. 2) is depressed, slightly

Text-fig. 33.

Left navicular of Arsinoitherium ziiteli : A, from front ; B, from above
; C, from below.

ast., facet for astragalus
;

c. 1, c. 2, c. 3, surfaces for the cuneiforms;

cub., facets for cuboid. | nat. size.

concave from side to side, and is limited posteriorly by a deep pit
;
the outer (c. 3)

projects considerably below the others, so that this region of the bone is much

deeper than the rest, with the surface roughly triangular in outline. These three

facets must have articulated with the three cuneiforms, none of which are known :

the ectocuneiform must have been a very small clement. The outer (cuboid) face of

the bone bears along its upper edge a well-marked facet for the cuboid (cub.), and

there seems to have been a less distinct facet for the same bone on the lower

border.

I
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I'liis 1)0110 differs widely from the navicular of Elephas in articulating with the

cuboid by its outer face only, and not being interposed between that hone and the

astragalus. From the navicular of the Aml)ly[)oda it differs mainly in the depth

and prominence of the cctocuneiform region, which is such that the outer face of

the navicular articulates witli the cuboid by both its upper and lower edge. In

Uintathcrium and Conjphodou the navicular articulates with the upper edge of the

cuboid only and the lower portion of the inner side of that bone joins the

('ctocuneiform. It may be suggested that it is just possible that in the bone here

described and figured the ectocuneiform may be fused with the navicular, but there

is no actual trace of such a fusion having taken place in any specimen examined.

Text-fig. 34.

A.
ast.

Right cuboid of Arsinoitherium zitteli: A, navicular face; B, from above ; C, from below.

ast., facet for astragalus; calc., facet for calcaneura
;

nit., nit.-i, nit. 5, facets for the metatarsals
;

nav., facets for navicular. 4 nat. size.

The form of the bone which is regarded as the cuhoid of this animal is shown in

text-fig. 34. The proximal surface [atit.), which artievdates with the outer third of

the distal end ot the astragalus, is nearly fiat and almost circular in outline, only the

navicular border being somewhat flattened. (Connected with the postero-external

angle of the astragalar surface is a small fircet {calc.'), looking backwards, oiduvards,

and upwards, for articulation with the calcaneum. 'I'he inner face of the bone bears

two small facets {nav.) for union with the navicular, one on the uj)j)er border, the

other on the lower, the two being separated by a deep groove. The distal surface'

is gently convex
;

in front it is slightly bilobate [mi. 4, mt. 5) and clearl)

articulated with two metatarsals
;

and the postero-internal angle is [eroduced into a

blunt tuberosity.
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'I'liis bone is entirely unlike tlie Proboscidean cuboid. It is more like the cuboid

of U'intatherium, but differs from that in several respects

—

e. (j. in the much smaller

size of the calcaneal facet.

The metatarsals arc not definitely known, but the collections include a number of

short and very massive metapodials which probably belong to the hind foot of this

animal. Two of those are shown in text-fig. 35 Of these one (2 a, 2 c) probably

belongs to a middle digit. Its proximal articulation (2 a) is gently convex from

before backwards, but does not extend quite to the hinder surface of the bone, which

is produced posteriorly into a large tuberosity. In front the proximal articulation is

Metatarsals of Arsinoitherium zitteli

:

1 A, proximal end of lateral metatarsal
;

1 b, same specimen

from front
;
2 a, proximal end of middle metatarsal

;
2 c, same specimen from front.

mt., facet for adjacent metatarsal. | nat. size.

])roduced considerably to one side, probably the post-axial, and bears a facet for

articulation with the next metatarsal {mt.). The shaft of the bone is slightly

contracted. The distal articulation is wide and consists of two surfaces, both

convex from above downwards and concave from side to side and meeting at an

angle on the distal end of the bone. The anterior and larger of these surfaces

articulated with the first phalange and is limited above by a groove, above which is a

strong rugose ridge extending across the whole face of the bone and produced

laterally into tuberosities. The smaller posterior surface no doubt supported a

sesamoid or a pair of sesamoids.
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The other specimen (1 a, 1b) seems to bo a lateral metatarsal. It is shorter ami

stouter than the last, and is distinctly convex towards the median axis of the foot.

Its proximal surface is convex from before backwards and slightly concave from side

to side. Posteriorly it is produced backwards into a pair of blunt tuberosities. The

outer face is occupied by swollen roughened ridges. The distal articulation is similar

to that described on the other metatarsal, except that the posterior surface is distinctly

bilobate and no doubt bore a pair of sesamoids.

T\\q phalanges are unknown.

Text-fig. 37.

Pelvis and hind limbs of Arsinoitherium zitteli.

The first and second metacarpals and the phalanges are restored, nat. size.

From the large mass of material in London and Cairo it has been possible to

attempt a restoration of the entire skeleton, and the result is shown in text-fig. 36.

The chief parts of the skeleton remaining incompletely known are the sternum, ribs,

posterior caudals, and the phalanges ; these are distinguished in the figure by

being left without shading. With these exceptions it is probable that the figure

gives a fairly accurate idea of the general form and proportions of the whole skeleton
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of Arsinoiiherinm, tho»”-li in tlie absence of associated series tliere may be some

donbt about the exact ))roi)ortions of the limb-bones. Text-fig. o7 is a view of the

[)elvis and bind limb seen from the front, and shows the great width of the pelvis,

the ])r()])oi’ti(jns of the femnr and tibia, and the structure of the tarsus. Both the

figures an* about oiie-sixteenth natural size, the animal having stood about T70
metres (about b ft. 9 in.) at the withers and measured about 2‘96 metres (9 ft. 9 in.)

from the snout to rump.

The determination of the systematic position of the Barypoda is rendered specially

difficult from the circumstance that Arsinoitherium, the only member of the group

at present known, is a highly specialised terminal form of a series of which the

earlier terms are still undiscovered. Nevertheless some attempt may be made to refer

tills animal to its place in the system, for although in many respects so specialised, in

others it retains primitive characters, and even where the degree of specialisation

is great, as in the case of the teeth, it may still be possible to arrive at a fairly clear

idea of the conditions that must have existed in the earlier types.

From the account of the skeleton given above it will be seen that there is no doubt

that the Barypoda form a subdivision of the Ungulata, belonging to that section

of the order including the Elephants, Hyracoids, and Amblypoda, to which the

collective name Subungulates is sometimes applied. To determine the relations

of the Barypoda with the other Ungulates comparison must be made with (1) the

I’roboscidea, (2) the Amblypoda, (3) the llyracoidea, and (4) some of the Sonth-

American Ungulates. The last of these comparisons is necessary because Ameghino

has suggested that the Ethiopian and S.-American regions were closely connected

in the later Cretaceous and early Tertiary times, and he considers that many of the

main groups of Ungulates [e. (j. the Hyracoids and Proboscidea) originated in S. America

and subsequently migrated into Africa. It is not possible or desirable to discuss

these questions fully here, but some allusion must be made to them.

Comparison of Arsinoitherium with the Proboscidea shows that in the structure of

the skull, in the form of the molars, and in the persistence of the complete series

of teeth without diastemata it differs entirely from any member of that suborder.

In the skeleton, on the other hand, there are some similarities, but these seem to be

merely parallel modifications due to great size and weight in the two groups, while,

(Ml tlie other hand, differences of such fundamental importance exist {e.g.iw the

structure of the tarsus) that any possibility of close relationship may be excluded.

Comparison with the Amblypoda shows that many points of resemblance in the

skeleton exist, but, as in the case of the Proboscidea, these are probably nearly all

the results ofjiarallel evolution and are modifications depending mainly on increasing

bulk and weight. On the other hand, the great similarity of the structure of the

tarsus in the two cases cannot be so explained, but is jirobably a primitive character

derived from similar Condylarthrous ancestors in the two cases. In the skull the
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presence of horns in the two suborders does not seem to be a character of mucli

importance, for they differ both in situation and character and, moreover, are found

in many other groups. On the otlier hand, the skulls differ widely in the form

of the occi])ital surface, the arrangement of the external auditory meatus, the form of

the premaxilloe and of the anterior palatine foramina. The mandible is very unlike

in the two groups, particularly in the form of the angular region.

In the dentition of the Amblypoda the following im])ortant differences may be

noticed :—(1) the upper incisors are small and weak and the canines large and

tusk-like; (2) there is a diastema behind the canine in both jaws; (3) the cheek-

teeth are relatively small and are brachyodont
; (4) in wear the upper teeth tend to

give V-shaped surfaces. In a former paper (Geol. Mag. [5] vol. i. 1904, p. 158) the

present writer suggested that possibly the hypsodont molars of Arsinoitherium might

have been derived from some form of Amblypod tooth, but further consideration has

shown that this is almost impossible. Moreover, the great differences above referred

to show that the two groups are very widely separated.

Comparison with the Hyracoidea is very difficult on account of the small size of

the modern representatives of the group and our complete ignorance of the

skeleton of the large extinct forms. In the early Hyracoidea there is a tendency for

the anterior teeth (incisors, canine, and premolars) to form a continuous series, the

anterior pair of incisors being more or less enlarged and separated from one another

in the middle line by a short interval, as in Arsinoitherium. The molars arc

brachyodont, but their pattern is such that if there were an increase in height

accompanied by an increasing infolding of the outer wall, they might give rise to a

type of tooth very similar to the molars of Arsinoitherium, as was explained above.

Since, however, these early brachyodont Hyraces are contemporaries of Arsinoitherium,

it is not suggested that they are closely related
;
but the circumstance that they

both seem to have originated in the same region lends some probability to the

belief that they may have had a common ancestry in the late Secondary or earliest

Tertiary period.

Dr. Ameghino has suggested in a letter that Arsinoitherium may be related to

the Toxodontia, but in spite of some superficial resemblances such a relationship

does not seem at all probable. We may mention only two of the many important

differences between the two types
: (1) the structure of the molars seems to be

totally dissimilar, and it is very difficult to see how the two types can be connected

with one another; (2) the structure of the tarsus is very different in the two cases,

that of the Toxodontia apparently showing the cuboid in articulation exclusively with

the calcaneum.

It is to be hoped that remains of earlier members of the Barypoda may be found in

the Lower Eocene beds of Egypt, and that by these the question of the affinities

of the group may be definitely settled.
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Arsiiioitlierium zitteli, Beadnell.

[Frontispiece
;
Plates I.-V.

;
text-figs. 1-37.]

1902. Arsinoitherium zitteli, TI. J. L. Beadnell, op. cit. pis. i.-v.

1903. ,, „ figs, of skull, Geol. Mag. [4] vol. x. pis. xxiii., xxiv.

1904. „ „ C. W. Andrews, Geol. Mag. [5] vol. i. p. 157.

Type Specimen.— Skull, three-parts grown, probably of male (PI. III. figs. 1, 1 a)
;

Geological Museum, Cairo.

The type species, with mandible attaining a length of about 55 cm.
;
the length of

the three upper posterior premolars and the molars together about 25*5 cm.

This is a species of very variable proportions, known by several skulls and

numerous other parts of the skeleton, nearly all found isolated. Its remains are

only distinguishable from those of the larger species, A. andrewsi, by their size, and

it is possible that some of the specimens catalogued here {e.g. the pelvis no. C. 8413)

may really belong to the latter form. Among the adult skulls there are two

types distinguished by the form of the great nasal horns, namely, (i) those in which

the horns are very large, trihedral, and sharply pointed, probably referable to males

(PL I.)
;
and (ii) those in which the horns are much shorter, somewhat rounded, and

irregularly ossified at their tips, probably referable to females (Beadnell, op. cit.

pis. hi., V.).

Foryn. & Log.—Fluvio-marine beds (Upper Eocene) : north and north-west of

Birket-el-Qurun.

C. 8130 *. Skull of a tliree-parts-grown animal : the type specimen figured by Beadnell in ‘ A
Preliminary Note on Arsinoitherium zitteli, Beadn., from the Upper Eocene Strata of

Egypt,’ pis. i., ii., vi. (Cairo, 1902) ;
also on PI. III. figs. 1, 1 a. The dimensions are

given on pp. G9, 70. The age of the animal is indicated by (1) the rounded horn-tips,

(2) absence of prenasal bar, (3) anterior lobe of »/. 3 only just coming into wear.

M. 8463*. Skull and mandible together with a rib of an adult animal, probably a male. The skull

is figured in the Geol. Mag. [4] vol. x. pis. xxiii., xxiv., also on Pis. I., II., with the

ends of the horns and part of the right side of the skull restored in
2
)laster, the restored

portions being indicated by dotted lines : i. 1, i. 3, r., and /nn. 1 are wanting on both sides;

the last molar is moderately worn. The mandible is figured on PI. IV. figs. 1, 1 a,

and was found in actual contact with the skull : i. 1, i.o, and pm. 1 are wanting on

the left side, i. 1, i. 2, i. 3, c., and pm. 1 on the right. The dimensions of this skull and

mandible are given on pp. (19, 70. 1‘resented hy IP. K. de Winton, Esq., 1903.

* The numbers with C prefixed are those of specimens in the Geological Museum, Cairo
;
numbers with

any other letter indicate that the specimen is in the British Museum.
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C. 8128.

M. 8407.

C. 9363.

M. 8379.

C. 8256.

M. 8830.

C. 8794.

C. 7805.

M. 8800.

M. 8470.

Skull of iiu adult auiuial, ])rol)al)ly a undo, very similar to last, but with horns and most of

rest of skull complete; teeth anterior to pm. 2 wautino-. On the whole this is the most

nearly complete skull at present known. The dimensions are given on j)p. 69-70.

Figured in Frontispiece.

Posterior portion of an adult skull wanting whole of left side in front of occipital region
;

the right side is well preserved as far forwards as tlie base of the large horn.

Upper portion of a skull in which the anterior horns curve away from one another at a

wider angle than usual, and have more sharply angulate upper inner borders. The

distance between the horn-tips is 42 cm. Other dimensions of this skull are : width

above auditory meatus 31’3 cm.
;
length from condyles to tips of horns 80 cm. ;

width

of skull-roof 10’4 cm.

Anterior portion of an adult skull, probably of a female. Figured by Beadnell, op. cit.

pis. iii., iv., V. The horns are much smaller and straighter than in M. 8463 or C. 8128,

and are irregularly ossified at the summit. The last molar is well worn and the

prenasal bar fully ossified. Of the teeth, i. 1, i. 2, i. 3, c., pm. 1, and jom. 2 are wanting

on the left side
;
on the right pm. 3 also is missing. The height from the tip of the

snout to the summit of the horns is 55 cm.
;
length of molar series, 19 *5 cm.

;
length

of prn. 3-4 together, 6’5 cm. The whole of the skull behind a vertical plane passing

in front of the right frontal horn and behind the left is wanting.

Presented hy the Egyptian Government, 1903.

Portion of the nasals forming posterior side of horn at fork. This specimen shows the

median longitudinal buttress and the smaller transversely arranged ridges running at

right angles to it.

A similar specimen to the last. Presented hy the Egyptian Government, 1904.

Posterior portion of skull. From the cranial cavity of this specimen the cast numbered

M. 9087 was made.

Skull of a young individual, figured on PI. III. figs. 2, 2 a, 2 b. Most of the sutures

remain open and are shown in the figures. The ends of the front horns are rounded,

the prenasid bar is uuossified, the posterior molar is uncut, and the much-worn

molariform last milk-molar is still in place. This tooth is 4’9 cm. long (outside

measure)
;
m. 1 is 5'5 cm. long : the germ of the last molar is still quite imperfect.

Dimensions given on pp. 69-70.

Skull of a young individual somewhat smaller, but at the same time older than last

(C. 7805). On the left side, the zygomatic arch, the maxilla, and the teeth have been

restored, likewise the tip of the left nasal horn. The last milk-molar seems to have

been replaced, and the last molar, though in a much more advanced condition than in

C. 7805, was still uncut. The prenasal bar is absent. The sutures are obscure, owing

to the condition of preservation. Dimensions given on pp. 69-70.

Presented hy the Egyptian Government, 1904,

Numerous portions of a young skull associated with a portion of a mandible with m. 1 and

m. 2 and some well-preserved upper and lower teeth. Of these an upper incisor is

figured on PI. V. figs. 1, 1 A ;
an anterior left upper pm. {1pm. 2), figs. 3, 3 a

;
a

right upper pm. (? pm. 3), fig. 2 ;
a left upper m. 3, figs. 6, 6 a, 6 b

; also a left lower

K
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niolnr, (l^s. 4, 4 a. With tlioso tliom woi-e also associated llie distal epiphysis of a left

ulna, tlie distal half of a right radius, a left scaphoid, a left unciform, a left fourth

iu('lacai-i)al, and a right inagnuni. Presented Inj IF. E. de Winton, Esq., IhOd.

M. 8475. Upper portion of skull of very young animal showing parieto- frontal suture and anterior

horder of the frontals. This s|)ecimen also shows that the great frontal sinus is

contiiuK'd into the frontal (posteriorj horn. There is no trace of the occipito-parietal

or inter-parietal sutures. Presented hj TF. E. de Wintoji, Esq., 1903.

M. 8462 a. Right maxilla with the molars and last two premolars preserved : m. 3 is well worn, the

animal being old. The base of the zygomatic process is preserved
; the antorbital

foramen is smaller than in most specimens. The length of the molars is 18‘2 cm., that

of the two premolars 7’5 cm. This maxilla may belong to the same individual as the

mandihle M. 84G2 b. Presented by TF. E. de Winton, Esq., 1903.

C. 7843. Palate and cheek-teeth of a young individual in which pm. 4 is just being cut and pm. 3

is slightly worn
;

m. 3 and one of the anterior incisors of the right side are just

ajipearing. The base of the zygomatic process and the antorbital foramen are

preserved.

C 7912. Left maxilla of a young individual in which pm. 4 and the hinder column of m. 2 are

slightly worn. The length of m. 1 and m. 2 together is 10-2 cm.
;

length of

2>m. 2-qmi. 4, 8‘4 cm.

C. 7844. Right maxilla with pm. 2-p)». 4 and m. l-??i. 3. Last molar just cut, hut not in wear.

Length of m. 1-m. 2 is 10‘2 cm.
;
length of pm. 2-pm. 4 is 8'4 cm.

C. 8253. Left maxilla rather older than the last, m. 2 being more worn. The posterior column of

?». 3 is missing. The length of m. 1-m. 2 is ILG cm.
;
length of pm. 2-pm. 4 is 8'G cm.

M. 8801. Portion of left maxilla with the molars and qim. 4 in situ. The posterior column of m. 3

not yet in wear. Length of molar series about 15’5 cm.

I’resented by the Egyptian Government, PJ04.

1)1. 8802. Portion of right maxilla with m. 2 and m. 3, the posterior lobe of the latter just coming

into wear. Presented by the EgyjPian Government, 1904.

H. 8472. Portion of left maxilla and anterior end of jugal
;
the antorbital foramen is preserved.

One tooth, [)robably the last milk-molar, is in situ
;
above and a little in front of this is

the fossa, in which lay the germ of qmi. 4 or pm. 3. The milk-molar is entirely

molariform
;
the length of the inner side of the crowm is 4‘2 cm.

P resented by IF. E. de Winton, Esq., 1903.

M. 8471. Portion of left maxilla with three teeth in situ, ])robably )nm. 2, ))iin. 3, and mm. 4 :

turn. 1 and a milk-incisor are also ])reserved. Mm. 4 is mui'li less w'oim than in

the last s[)ecimen
;
both it and mm.'o are molariform. Mm.2 consists of an outer wadi,

two transverse crests, and a w'cll-developed cingulum on the aidcro-intci nal border
;

nitn. 1 consists of an outer W'all composed of two elements and united anteriorly by a

slight transverse crest with the strongly developed cingulum. The incisor is a small,

cylindrical, slightly spatulate tooth without a cingulum. The lengths of the milk-molars

are -mm.], 1’9 cm.; mm.2, 2’3 cm.
;
mm.'o, 3’3 cm.; mm.l, 4H cm. P lii'ureU on

FI. V. tigs. 5, 5 a, and text-tig. 7. Presented by IF. E. de Winton, Esiq., 1903.
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C. 8252. Portion of right niiixilla with the four inilk-molarsiw situ. Tliis .spocinicii is slightly larger

than the last, hnt otherwise closely similar.

C. 9436. Portion of right maxilla similar in age to the last, with mni. 2 and inm. ?> in ntu.

M. 8826. Portion of left maxilla somewhat younger than M. 8472, with mm. 4 and m.rn.?y in situ,

and the pards of the germ of the premolar rejdacing the latter. If this interpretation he

correct, the height of the crown of mm. 4 is very remarkable, the hypsodont condition

being quite as pronounced as in the permanent molars. Thus the width of the posterior

column of mm. 4, which is already somewhat wmrn, is about 3 cm., its height in a straight

line 1‘1 cm. Presented by the Egyj)tian Government, 1904.

M. 8474. Left 2)remaxilla of young individual showing the germs of i. 1 and i. 2.

Presented by W. E. de Winton, Esq., 190.3.

M. 8539. Plaster cast of the cranial cavity of the skull numbered M. 846.3 (text-fig. 5).

Made in the British Museum.

M. 8540. Plaster casts of two cranial cavities of skulls in the Cairo Museum.

Made in the Geological Museum, Cairo.

M. 9087. Plaster cast of cranial cavity of an imperfect skull numbered C. 8794.

Made in the British Museum.

C. 8802. Nearly complete adult mandible in which the posterior column of m. 3 is considerably

worn. The anterior premolar, canine, and incisors are wanting, and the front of the

symphysial region is incomplete. The posterior end of symphysis is beneath anterior

column of m. 2. The ventral border of the horizontal ramus is strongly convex. Length

about .51 cm., height to top of coronoid process 32 cm., length of molar series 18 cm.,

united length of last three premolars 8'1 cm.

C. 8129. Nearly complete adult mandible. This specimen is mounted with the nearly complete

skull C. 8128, the posterior portion of the left ramus being restored. All the teeth in

front of pm. 2 are wanting. Length 55‘5 cm., height to top of coronoid 36'5 cm.
;
depth

of ramus beneath last molar 9’3 cm.
;
length of molar series about 18 cm.; length of last

three premolars about 10 cm. Figured in Frontispiece.

M. 8408. Left ramus of mandible, symphysial region much worn, and all teeth except m. 3 lost.

Length 55 cm., height to top of coronoid process 29'7 cm.

M. 8462 b. Left ramus of mandible with symphysis : premolars and molars in situ.

Presented by W. E. de Winton, Esq., 1903.

M. 8821. Right ramus of mandible of a rather old individual, m. 3 being much worn. Anterior

end of symphysial region imperfect, and all teeth in front of pm. 2 wanting. Length

of ramus about 50 cm., height to top of coronoid 33 cm.; depth of ramus beneath

m.3, 9 cm. (approx.); length of molar series 16'8 cm.; length of the three posterior

premolars 8'5 cm. Presented by the Egyptian Government, 1904.

C. 8904. Imperfect ramus of mandible in which the last molar has just been cut. Teeth anterior

to pm. 3 wanting. The symphysis extended back to the level of the posterior lobe of

pm. 4. Length of m. 1 and m. 2 together about 10 cm.

K 2
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C. 8906.

C. 8240.

M. 8803.

M. 8409.

M. 8380.

C. 8923.

C. 7891.

C. 9254.

C. 9255.

M. 8824.

M. 8381.

C. 9241.

Loft ramus of itiandililo with the symjdiysis, hut iiicom])leto posteriorly; m. 3 has just

1)0011 cut. Oil the loft side the first incisor is present; this is a one-rooted, laterally

coin[)ressod toolli, the crown of which wears to a Hat, somewhat crescent-shajied

surface, behind which there is a large shelf-like pit bordered posteriorly by the

ciiigulmn. On the right side of the syni[)hysis, /. 2, /. 3, c., and jnn.l are present:

they are all laterally compressed, single-rooted teeth, each with a ciiigular ridge on the

inner face, and all wearing to one height. The symphysis extends to beneath posterior

end of /)«!. 4. Length of m. 1 and m. 2 together about 10'8 cm.
;
length of three posterior

premolars 8 5 cm.

Imperfect left ramus of mandible with anterior column of in. 3 just appearing. Length

of w. 1 and m. 2 together is 1()’8 cm.

Portion of left mandibular ramus with pm. 4: and the molars, the last column of m.3

appearing. Basal length of m. 1 and ni. 2 together 12 cm.

[^resented Inj the E(jyptian Government., 1904.

Portion of a right ramus of mandible.

Imperfect right ramus of mandible with symphysis. Teeth in front of pm. 2 wanting.

Length of molar series lt!‘5 cm.
;
length of three posterior premolars 9 cm. Symphysis

extends back to beneath anterior end of m. 1.

Presented hy the Egyptian Government, 1902.

Right and left I’ami of mandible crushed together and w'anting the hinder portion : m. 3

fully cut and its anterior column in w'ear. On the right side the teeth in front of jmi. 2

are wanting; on the left ni. 3 is also missing. Length of the molar series 10 cm.,

length of the three posterior premolars 7'G cm.

Right and left rami of mandible, similar to last but uncrushed. Length of molar series

18'2 cm., length of last three premolars 8’5 cm.

Imperfect mandible of a rather old individual, wanting the hinder portion of the right

ramus : m. 3 is greatly wmrn
;
pnn. 1, c., and i. 1, i. 2, i. 3 are wanting. Length of the

molar series 15 cm.
;
length of pnn. 3 and pm. 4, 0 cm. The symphysis extends back to

beneath the anterior column of m. 2.

Imperfect mandible, rather younger than last. The ascending ramus is wanting on botli

sides : m. 3 just coming into wear. Length of the molar series 10 cm.; length of /an. 3

and 4, 0 cm. The symphysis extends back to beneath the posterior column of m. 1.

Portion of mandible of a young individual with remains of teeth, jirobably the two

posterior milk-molars, beneath which, however, there are no traces of replacing teeth.

Presented by the Egyptian Glovcrnmeyit, 1904.

Right ramus of a young mandible with two teeth.

Presented by the Egyptian Government

,

1!K)3.

Portion of young mandible with (?)mm. 3, mm. 4, m. 1, but, as in last, no trace of replacing

teeth beneath the milk-teeth. The lengths of the teeth are; mm. 3, 2'2 cm.; mm. 4,

2‘8 cm. ; m. 1, 4'1 cm. The posterior jiortion of this jaw, including the coronoid, is

nearly complete ; height at coronoid 18'2 cm.
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C. 8288. Sjniplijsis and front of rami of a young inandildo al)out the same age as last, and

witli tlie same teeth in situ. The lengths of (lie teeth are : rnm. 3, 2‘S cm.
;
mm. 4,

3’3 cm.; /)). 1, 3'8 cm. The symphysis extends to bcTieath the front of mm. 4 ;
its length

is about 8 cm.

M. 8822. Fragment of right ramus of mandible with mm. 3 and portions of m?u. 4 in situ
;
mm. 2 is

represented by its broken roots, and in front of it the crown of pm. 1 is just appearing.

This tooth is placed very obliquely in the jaw, and must gradually rotate into its

normal position as the growth of the mandible allows it room to do so.

Presented hy the J^Hgyptian Government, 1904.

M. 8823. Anterior portion of right ramus of very young individual similar to M. 8822. In this

also the crown oi pm. 1 is just appearing, and is here placed almost transversely. In

front of it are the alveoli of the canine and three incisors. Behind is the broken ba.se

of mm. 2. The symphysis extended back as far as the posterior end of mm. 2, and the

mental foramen is beneath the anterior column of the same tooth.

Presented by the Egyptian Government, 1904.

M. 8410. Left upper molars.

M. 8825. Nearly unworn upper m. 3. Presented by the Egyptian Government, 1904.

C. 8942. Upper m. 3 slightly worn.

C. 8943. Upper m. 2 with inner wall just formed, showing the roots.

M. 8382. Eight upper molar, much worn, showing roots.

Presented by the Egyptian Government, 1902.

M. 8804 a. Right upper molar, much worn, showing roots. Figured on PI, V. figs. 8, 8 A.

Presented by the Egyptian Government, 1904.

M. 8804. Right upper molar, rather less worn than last. Figured on PI. V. fig. 7. This specimen

and the last are veiy large, and may belong to Arsinoitherium andrewsi.

Presented by the Egyptian Government, 1904.

C. 9236. Two well-preserved right upper molars.

C. 8291. Two upper molars considerably smaller than usual, possibly indicating the existence of a

smaller species.

C. 7921. Right upper premolar.

Dimensions (in centimetres) of skulls of Arsinoitherium zitteli :

—

1. 2. 3 (type). 4. 5.

C.8128. M. 8403. C. 8130. 0. 7805. M. 8800.

Length from condyles to tip of snout 80 77 74 .... 65-0

j) 1 )
bom 109-4 100 78-4 73-4 64

„ „ „ small horn . . . 42 38 38-9 36 32-7

Width of roof at narrowest (between temporal fossje) 11-4 13 9-7 10-4 12

„ at zygomatic arch 35-6 33-5 31-6 28-3 31 app,

Greatest width of occipital surface 25-7 app. 26 app. 24-6 21 20

„ „ between tips of sm.all horns . 25-4 app. 21-5 23-2 17-1 17 app.

„ „ of the combined bases of the large

horns 24-5 27 24-6 21 16-8

„ of each horn at base (autero-

posterior) 18 22 15-2 14 app. 13-4
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DiiiK'iisions [coiifiiniit/) :

—

1. 2. 3 (ly])e). 4. 5.

C.8128. M.84G3. C. 8130. 0.7805. M.8800.

(irealcsl, width of ('acli lioni at base (side to side) . HI 14-5 11-5 10-3 8-2

,, ,, above auditory opening .... 33 31 28 27 app.

la-ngth IVoin basion to jiosterior border of palate . 3G-h 36 34 31'4 30

„ ,, tip of snout 74 70 68-5 9 61

Eeiigth from border of ])alate to tij) of snout . . 38-5 3o 33-3 9 33

Height from tip of snout to end of large liorns . . 78 72 59 9 39

„ angle of ptervgoiils to roof of skull

between small horns 38-5 app . 34 32-7 api n 30-3 23’3

Width l)etween outer angles of condyles .... 23-9 24 21 app. 20-6 16

„ of foramen magnum 7 10 8 7‘3 6-6

Height of foramen magnum 4-5 5*5 5o 4-7 4-6

Distance between tips of large horns 32 37 23 18-3

(restored).

19'3app.

Length from fork to tip of large horns 39 40-3 21 15-0 130

„ upper edge of nasal opening to tips of

large horns 60 33 35‘7 20-2 19-4

The dimensions (in centimetres) of the teeth in these skulls are

C. 8130
C.8128. M. 84G3.

(type)-
0. 7805. M. 8800.

Ijength of molar series (outside of crown) . . . 16-8 16-3 16-7

,,
2-j)m. 4 ,, ,, ... 8-6 9-3 8-6 8-7

2>m. 2-m. 3 „ „ ... 25-4 23-7 23-5

„ „ (basal length) 28 28-5 ?

„ «i. 3 in mid-line 4 + 4-4 9 uncut.

m.2 6-7 5-8 44- 6‘5 5-4

,, «i. 1 5-2 5-3 5-2 5-2 5‘5

.. 3-1 3 2 mm. 4, 4'9 3-2

,,
^)ai.3 2-5 2-8 2-8

,, inn. 2 2-4 2-6 2-6 2-6

The dimensions (in centimetres) of the mandible .s mounted with C. 8128 and M. 8463 re.spectively

are :

—

0.8129.
M. 8-11)3

.

(associated).

Total length 53’3 32-3

Height at coronoid 3()-3 31-3

Width of condyles IHO 10-2

„ ascending ramus .... 21-7 17

Depth of ramus at m. 3 9-3 8-2

Total width between posterior angles . 29-3

Length of symphysis 18

"Width between upper ends of coronoid ])rocesses . . 17-3

Antero-posterior length of crown of «i. 3 3-2

>9 5? „ »»• ^ ()-3 6-2

91 11 „ w- 1 3-3 3

11 11 „ jmi. 4 .... 3-9 3

11 '1 ,, pm, n .... 3-2 2-8

11 11 „ pm. 2 ... . 2-7 2-6
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C. 8060. Atlas vertebra associated witli tlie type skull. In this specimen the lateral snrlaces tor

the axis are roughly triangular, their inner sides hounding the broad notch tor the

odontoid being straight and nearly vertical. Condylar cups broad and deeply concave,

extending u[) to the level ol: the neural arch and down to the ventral bar.

M. 8387. Atlas. Presented by the Eyyptian Government, 1902.

C. 8064, C. 8262, C. 8973, C. 9087. Four specimens of the atlas.

C. 8077. Atlas with incomplete transverse processes.

M. 8816. Atlas with right transverse process imperfect. Figured, with process restored, text-fig. 8.

Presented by the Eyyptian Government, 1904.

M. 8460, M. 8494. Two specimens of the atlas. Presented by IF. E. de Winton, Esq., 1903.

M. 8816 a. Atlas of small individual. Lateral facets for axis more quadrate than nsnal.

Presented by the Egyp>tian Government, 1904.

The dimensions (in centimetres) of some of the above specimens are given in the following

table :

—

C. 8060. M. 8387. C. 8262. C. 8077. M. 8816. C. 9087.

Width at transverse processes . 31-H 43-6 47-4 42 39 -.5

,, condylar cups . 23 24 app. 20-2 19 21-5 23-7

„ sui'faces for axis . 18-7 19 17 16 16-0 18-3

Extreme height . 15-8 18 15-7 12-6 16-7 15-8

Antero-posterior width of trans\'erse processes 5-8 8 8*5 5-2 7-3 7-7

Length of neural arch • 6’5 8-4 7-7 5 6-1 8-3

C. 7888. Large and nearly perfect axis. The odontoid is very short and stout. Transverse process

perforated by large vertebrarterial canal
;
paired bypapophysial tuberosities on postero-

ventral boi’der of centrum.

M. 8815. Axis, large specimen with broken transverse process.

Presented by the Eyyptian Government, 1904.

M. 8388. Axis, rather smaller than last. Presented by the Eyyptian Government, 1902.

M. 8839. Axis of small individual. Presented by the Eyyptian Government, 1904.

M. 8411. Axis wanting transverse processes. Figured in text-fig. 9.

Presented by IF. E. de Winton, Esq., 1903.

C. 7810, C. 8086, C. 8990. Three specimens of the axis.

C. 8072. Axis, a small specimen with a relatively smaller and less massive odontoid process.

The dimensions (in centimetres) of some of the above axes are given in the following table :

—

C. 7888. C. 7810. C. 8086. M. 8815. M. 8388. M. 8411.

Height to summit of arch 21-3 18-5 181 18 17-5 17-3

Width of anterior end 20 app. 19-9 19-5 18 17 17-5

„ of posterior end 14 14-5 13-1 13 13 13-5

„ at ti’ansverse processes 32 . . 26

Length (along ventral surface to tip of odontoid

process) 1.5 14-8 14-1 15-5 14-8 13-7

In addition to the atlas and axis numbered C. 8004 and C. 7888, the following series of vertebra?
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lias boon soloclod rrom t.lio collection at Cairo as forming an approximately complete vertebral

column. Owing, bo\ve\(‘r, to the great variation in size in individuals of the iiresent species it Mas

impossible to make a very satisfactory set, and it is not even certain that some of the smaller

vertebric may not bcdtiiig to Paliroinaalodon. Only the discovery of an associated series can make
it possible to settle didinitidy the structure of the vertebral column and tbe numlier of vertebrre

composing its difterent regions. The description given above (pp. 27-82) is founded on this series,

and the ligures also are, for the most part, taken from vertebroe composing it. The numbers of

the vertebnc bidiind the cervical region are only approximate.

C. 8303. Third cervical vertebra (text-fig. 10, A).

C. 9097. Fourth cervical vertidjra.

C. 8294. Fifth cervical vertebra (text-tig. 10, B).

C. 9083. Sixth cervical vertebra.

C 9082. Seventh cervical vertebra (text-fig. 10, E). No vertebrarterial canal. Rib-facets on

hinder face at ventral outer angle of centrum.

The dimensions (in centimetres) of these cervicals are given in the following table :

—

C. 8.303. C. 0097. 0. 8294. C. 9083. C 9082.

Greatest Midth of centrum .... . . . 13-6 14-5 13 13 135

„ heiglit „ .... ... 11 11 11-3 11 11

Length of centrum (in middle) . ... 3-3 4-7 4-7 6 5

Height to lop of arch ... 18 17T 17-5 18-7

Width at transverse processes . . . ... 29 21-5 23-5

Height of neural canal ... 4 4 4-3 5

C. 9089. Anterior thoracic vertebra. Spine higher than in last cervical.

C. 8270. Anterior thoracic vertebra. At this jioint there is probably a gap in the series.

C. 7806. Thoracic vertebra (text-fig. 11). Sjduo very high, broad.

C. 8316. Thoracic vertebra belonging to a smaller individual than the last.

C. 9215. Thoracic vertebra of a small individual. Neural sjiine shorter than in last.

C. 9091. Thoracic vertidira (text-fig. 12). Centrum is somewhat narrowed ventrally. Broad,

flattened, transvei'se process(*s, with oval fiat rib-facets (/./’.) towards the front of their

outer ends. Neural spine {n.sj).) strongly inclined backwards, upper end slightly bifid.

The dimensions (in centimetres) of the last six vertebiic are given in th(“ following table:

—

C. 90S9. C. 8270.
"

C 780t‘). C.S.'tU). C 9215. C. 9091.

Height of centrum ]() 10-2 10-5 8-2 8'2 i
'

i

Width ,,
13-7 13-5 12-5 1 i 10 l()-3

Length (on ventral side) (r5 7-4 6-8 () 0-5

Height to top of muiral spine . . . 22 -p 27 24 2(r2 19-7

Width at transverse processes . . . 24 2()-7 20 25-6

Behind C. 9091 there seems to be a gap in the series, in which the neural s[)incs shortened, the

capitular rib-facets moved higher up, and the zygapoiihyses became cylindroid. This type ol

vertebra is shown in text-lig. J3,
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C. 8096. Thoracic vertehra (text-fig. 13).

C. 8097, C. 9085. ? Thoracic vertebrao.

C. 7886, C. 8277, C. 8286, C. 9077, C. 9106. Thoracic vertebr;o.

C. 9228. Thoracic vertebra (? last).

The dimensions (in centimetres) of the thoracic vertebras enumerated above are :

—

C. 8096. C.8286. C.9077. C. 8277. C. 8097. 0.9085. C.7886. C.9228.

Width of anterior face of centrum . 11 10-8 11-4 10 11 10 11 11-6

Height 6-() G-7 6-4 7-5 9 8 7-7 7-4

Length of ventral border of centrum

.

7 8-5 7-7 7-2? 8-3 8-2 7 7

Height to top of neural arch . . . 17*4 18-2 16-1? 9 18-2 18 18’2 18-2

C. 8776, C. 9036, C. 9100. Lumbar vertebra?.

C . 9220. ? Sacral vertebra.

C. 9092. ? Anterior sacral vertebra (text-fig. 14).

C. 9093. Second sacral vertebra.

The dimensions (in centimetres) of these lumbar and sacral vertebrae are :

—

0. 9100. C.8776. C. 9036. 0. 9220. C.9092. C. 9093.

Width of anterior face of centrum . . 12-4 11 12-7 11-3 12-2 11-4

Height „ „ . . 7-5 7-5 6-7 G G-7 5-2

Ventral length of centrum . . . 7-8 8-8 8 7T 7-5 8-4

Height to top of neural arch . . . . 20 13-5 13-4 13 app. 10

AVidth at transverse processes . . . . 23-6 25-5 30 app. 3G 35 36

C. 7881. Anterior caudal vertebra.

C. 7887. Caudal vertebra.

C. 9109. Posterior caudal vertebra.

The dimensions (in centimetres) of these caudal vertebrae are :

—

0. 7881. 0. 7887. C. 9109.

AVidth of front of centrum ... 6-3 4? 3-3

Height „ „ ... 3-5 3? 3

Height to top of neural arch ... 5 . .

Width at transverse processes . . . . ... 16-p G

Length of centrum ... 6-2 5-5 4-3

Other vertebrae in the Cairo Museum are :

—

C. 8309. Cervical vertebra, probably the third. AVidth of centrum 12*5 cm., length 4*9 cm.

C. 7811. Cervical vertebra, probably the fourth. Width of centrum 11*3 cm., length 4*(1 cm.

C. 8302. Cervical vertebra, probably the fifth. Width of centrum 11*6 cm., length 4 cm.

These three vertebrae, C. 8309, C. 7811, and C. 8302, have been placed with the atlas and axis

numbered C. 8990 and C. 8973 respectively.

L
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Jn addil ion to tlio atlas('3 and axes above enumerated, the following vertebrae are in the British

Mnsonm ;

—

M. 8840. T1 iree s])eciniens ol' a cervical vertebra, probably the third.

Pi'esented hy the Egyptian Government, 1904.

M. 8817. (’ervical vc'rtebra, probably the fourth (text-fig. 10, C, D).

Presented hy the Egyptian Government, 1904.

M. 8495. Ce rvical vertebra, probahly the fifth. Wanting part of the neural arch and the

transverse process on one side. Presented hy W. E. de Winton, Esq., 1903.

M. 8495 a. Imperfect cervical vertebra. Presented hy W. E. de Winton, Esq., 1903.

M. 8389. Last cervical vertebra, wanting neural arch.

Presented hy the Egyptian Government, 1902.

M. 8841. Anterior thoracic vertebra. Presented hy the Egyptian Government, 1902.

M. 8841a. Anterior thoracic vertebra, wanting neural s{)ine.

Presented hy the Egypitian Government, 1902.

M. 8496. Thoracic vertebra, posterior to last. Neural spine imperfect.

Presented hy W. E. de Winton, Esq., 1903.

M. 8841b. Thoracic vertebra, posterior to last. Neural spine imperfect.

Presented hy the Egyptian Government, 1904.

M. 8841c. Imperfect thoracic vertebra, posterior to the last.

Presented hy the Egyptian Government, 1904.

M.8841d. Thoracic vertebra, posterior to the last. Presented hy the Egyptian Government, 1904.

M. 8818. Thoracic vertebra, posterior to the last. Presented hy the Egyptian Government, 1904.

C. 8433. Nearly perfect left scapula (text-fig. 15).

M. 8874. Plaster cast of the last specimen. Made in the British Museum.

C. 8434. Left scapula.

M. 8469. Left scapula, wanting antero-superior portion.

Presented, hy IP. E. de Winton, Esq., 1903.

M. 8391. Glenoid portion of scapula. Presented hy the Egyptian Government, 1902.

The dimensions (in centimetre.s) of these specimens are given below :

—

Length of suprascapular border

0. 8433.

50-2

C. 8434.

54-3

M.84G9. M. 8391

from antero-superior angle to end of coracoid

40-7 44-.3 a])p.

„ from posterior angle to glenoid cavity . . 30 37 37

Height of spine ri-r> 1 1-5

Length of glenoid cavity 14-4 15 IG 14-2

Width of glenoid cavity 8 9'2 app. 9 7 7

„ neck of scapula 20-2 20-4 20-5 19-5
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C. 8150, C. 8155, C. 8855, C. 9243. Rif^ht luimeri.

M. 8819, M. 8820. Left humeri. Presented Jnj the Kgyptian Government, 1904.

M. 8392 a, M. 8392 b. L(4’t humeri. Presented by the Egyptian Government, 1902.

C. 8159, C. 8841, C. 8852, C. 9202. Left humeri.

'Phe dimensions (in centimetres) of some of the humeri enumerated above are :

—

C. 815.5. C. 9243. C. 8150. C.8855. 0. 8841. C.8852. M.8819. M.8820. M. 8392 a. M. 8.392 4.

Extreme length 57-8 57-5 54-2 53 61-5 55 53-8 52 52-5 50

Width of head 14 12-8 12-4 12-5 app. 14-9 li-8 12-3 11-5 12+ 11-4

,,
distal articulation . 15-5 16-4 15-1 13-8 16-9 13-7 14+ 14-2 14-3 13-6

„ middle of shaft . . 13 12-4 12 12-3 13-3 1L5 10-6 9-9 9-8 10-1

(Ireatest width at distal end

(with supinator ridge) , . 21-3 23-2 23-5 22-2 24-1 21-5 21-0 18-1 18-6 19-5

C. 8891. Right radius.

C. 7812, C. 8175, C. 8177, C. 8882, C. 8888. Left radii.

M. 8393. Left radius and distal half of another specimen.

Presented by the Egyptian Government, 1902,

M. 8805-06. Left radii. Presented by the Egyptian Government, 1904.

The dimensions (in centimetres) of the radii enumerated above are :

—

C. 8891. C. 7812. 0. 8882. M. 8806. M. 8393. C. 8177. M. 8805. C.8175. 0. 8883.

Length 38-5 41 40-2 37‘5 36-8 36-5 36 33-3 30

Width of proximal articulation . 8-7 10 9-3 9-9 8-3 8-5 8-8 8'5 app. 7'3

„ distal articulation ,
11-6 9-5 11-0 11-4 10-8 10-3 10-2 9-5 7-9

M. 8807-8. Right ulnae. Presented by the Egyptian Government, 1904.

M. 8394 a, M. 8394 b. Right ulnae. Presented by the Egyptian Government, 1902.

C. 8186, C. 8863. Right ulus.

M. 8458. Cast of left ulna (C. 8864 a).

C. 8066, C. 8179, C. 8183, C. 8861, C. 8864, C. 8864 a. Left ulnae.

M. 8809. Left ulna. Presented by the Egyptian Government, 1904.

C. 8148. Young right ulna, wanting distal epij)hysis.

M. 8824. Young right ulna, wanting distal epiphysis.

Presented by the Egyptian Government, 1904.
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The dimensions (in centimetres) of some of tlie ulna3 enumerated above are :

—

0. 8SG;5. M. 8394 1. M. 8808. M. 8394 a. 0.8186. C. 8801. 0. 8006. 0.8183. M. 8809.

Total length iiieliuling olecranon 49-1 44-3 42-0 44-3 37 50-5 48-3 44-1 44

Length from proximal articu-

lation to distal end . . . ,36-5 34-2 31-8 34-2 28 37-3 30 33 33-3

Width of proxim.al articulation 18 14-5 145 14-5 13-7 14-8 ?16-7 12-3 1,5-5

„ distal articulation 11-4 10-2 9-5 10-2 9-5 10-3 11 12-1

„ middle of shaft (side

to side) .... 10-3 7-4 8-1 7-4 7-2 8-2 9-5 7-2 7-7

M. 8470. Left scaphoid, associated with the skull &c. of the same number (see above) (text-fig. 20).

Presented hy W. E. de Winton, Es(]., 1902.

M. 8836. Left scaphoid. Presented hy the Egyptian Government, 1904.

C. 7944, C. 9003, C. 9013. Left scaphoids.

The dimensions (in centimetres) of the above scaphoids are :

—

M. 8470. M. 8836. 0. 7944. 0. 9013. 0. <.)003.

Length of posterior border 10 7 8-6 8-6

,. proximal articulation . . . . ... 5 6 4-7 5-1 5-5

„ distal articulation ... 8-5 8-5 6-7 7 app. 7-5

C. 8936. Right lunar (text-fig. 21).

C. 8390. Eight lunar.

M. 8404. Left cuneiform (text-fig. 22).

M. 9095. Imperfect right and left cuneiforms.

M. 9096. Small left cuneiform.

C. 9012, .Right cuneiform.

C. 8106, C. 9037, C. 7955. Cuneiforms.

M. 9097. Left pisiform.

C. 7948, C. 7991, C. 8370, C. 9310. Pisiforms.

M. 8470. Right magnum, associated with jiortions

M. 9098. Right magnum of larger individual.O O o

C. 9435. Left magnum of very large individual (t

M. 8421. Right magnum.

M. 8405. Left magnum.

C. 8093, C. 8406. Two specimens of the magnum.

M. 8470. Left unciform a.ssociated with portions

fig. 24).

lit. 9099. Left unciform.

M. 9100. Two right unciforms.

Presented hy the Egyptian Government, 1902.

Presented by the Egyptian Government, 1904.

Presented by the Egyptian Government, 1904.

Presented hy the Egyptian Government, 1904.

f skull of the .same number (see above).

Presented by IP. 7f. de Winton, Esq., 1!)0.3.

Presented hy the Egyptian Government, ]!)04.

:t-fig. 23).

of skull of the same number (see above) (text-

Presented hy IF. E. de Winton, Esq., Ht03.

Presented hy the Egyptian Government, 19t)4.

Same history.
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C. 7943, C. 9031, C. 9048. Unciforins.

M. 8421, M. 8837. ? Trapezoids.

C. 7946, C. 7981, C. 8397, C. 9040, C. 9431. ? Trapezoids.

M. 8470. Fourth metacarpal, associated with the skull &c. of the same number (text-fig. 19).

Presented by W. E. de Winton, Esq., 1903.

M. 9101. Fil'tli metacarpal (text-fig. 19).

C. 7968. Fifth metacarpal (text-fig. 25).

M. 9102. Two fifth metacarpals.

M. 8403. ? Third metacarpal.

C. 7947, C. 7974, C. 7978, C. 8343, C. 8407, C. 9063, C. 9274. ? Third metacarpals.

C. 8405, C. 9237. ? Second metacarpals.

The collection in Cairo also includes numerous other specimens of metacarpals.

C. 8413. Pelvis of very large individual (? A. midrewsi). This specimen is quite complete and is

figured (text-figs. 26, 27) and described (pp. 47-49).

M. 8812. Pelvis of a smaller individual. Presented by the Egyptian Government, 1904.

M. 8395. Right os innominatum. Presented by the Egyptian Government, 1903.

M. 8492. Right ilium. Presented by the Egyptian Government, 1903.

The Cairo Museum also contains several other more or less nearly perfect pelves of this species.

The dimensions (in centimetres) of the two most nearly complete pelves are

Greatest width between outer angles of ilia

„ „ of ilium (from upper to outer angle of crista)

Width between upper (sacral) angles of ilia

„ of pelvic opening

Length of ischio-pubic symphysis

Long diameter of obturator foramen

Short „ „ ,,
_

Length from symphysis to ischial tuberosity

Long diameter of acetabulum

Short „ ,,

Distance between the centres of the acetabula

Width of ilium immediately above acetabulum

„ pubis at middle of obturator foramen

„ ischium „ „ „

Length from posterior end of symphysis to upper angle of ilium

Distance between ends of the ischial tuberosities

C. 8413. M. 8812.

127-7 Ill

74-5 60-5

16 10

48 41-5

16-7 11-5

15-2 14-7

7-5 6-2

24 23-5

12-4 11-4

9-6 9-9

61 50

16-9 15-1

7-4 4-7

5-8 5-5

67 57

37-3 29

C. 8859. Right femur (text-fig. 28).

M. 8810, M. 8811. Right femora.

C. 8146, C. 8149. Right femora.

C. 7928, C. 7933, C. 8148. Left femora.

Presented by the Egyptian Government, 1904.
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M. 8466. Left, femur. Presented by W. E. de Winion, Esq., 1903.

M. 8396. Small femur and upper half of another .specimen.

Presented by the Egyptian Government, 1902.

The dimensions (in centimetres) of the above femora are :

—

0. 8859. M.8811. C. 8149. M. 8810. C. 8140. C.8148. M. 8400. C. 7933. C. 7928.

Length 75 68 59 57-8 53-3 75-8 71-9 66'3 58-5

Diameter of head .... 12'2 11-5 10-8 9 9-2 12 13-4 12 10-7

Width of middle of shaft . 13-7 11-4 10-2 9-6 8-7 13-2 13-6 11 10

,, ])roximal eud of

hone .... 25 21-5 19-7 15-5 17 22-5 23-3 21 21

,, distal articulation 13-7 14-5 12-5 11 10-6 14 15-1 12-7

supracondylar ex-

])ansion . 18 17 15-5 14-2 13-1 17-5 18'8 16-5 16

M. 8400, M. 9106. Right })atelf8e.

C. 9006, C. 9022, C. 9030, C. 9244. Right patellae.

M. 8400 a, M. 8488, M. 8838. Left patellae. Presented by the Egyptian Government, 1903.

C. 7960, C. 8373, C. 9025. Left patellae.

The dimensions (in centimetres) of some of these patellae are ;

—

M. 9100. C. 9000. 0. 9030. M. 8400 a. C. 902c

Length 19-8 17-2 16-5 17-3 15-5

., of articular surface 10-4 8 9-1 9 7-6

Width 10-5 10-4 10-0 10-4 9-7

K. 8397 a. Right tibia. Presented by the Egyptian Government, 1902.

C. 8171, C. 8874, C. 8878, C. 8880. Right tibiae.

C. 8165, C. 8876-7. Left tibiae.

M. 8397 b. Left tibia. Presented by the Egyptian Government, 1902.

M. 8813-14. Left tibiae. Presented by the Egyptian Government, 1904-

The dimensions (in centimetres) of the above tibiae are :

—

C. 8874. C. 8878. C.8171. C. 8880. C. 8877. C. 8105. M. 8813. M.8814. 0. 8870.

Length 39-9 37-7 32-9 28-6 42 41-5 38-7 33-8 33

Width of proximal end . 15 14-3 11-5 11-9 16-3 15-7 15’5 14-9 18

„ distal end . . 14 1 L8 app . 9-2 9’5 app,. 9 (?) 13-3 13-5 13 11-7

,,
middle of shaft . 7-9 7T 5*5 5-8 8-5 8-5 6-6 6-5 6-9j

M. 9107. Left fibula. Length 41 cm., width of distal end 9-3 cm.

J*resented by the Egyqitian Government, 1904.

C. 8889. Right fibula. Length 37‘7 cm., width of distal end 7'5 cm.



AKSINOlTIIEJilUM ZlTTELl. 79

M. 9108. (Jast of tho above specimen.

M. 8859. Distal ends of two fibiiloe. Presented hy the Egyptian Government, 1904.

M. 8402, M. 8844(2), M. 9103. Right astragali. Presented by the Egyptian Government, 1904.

C. 8398, C. 8403, C. 9027, C. 9054. Right astragali.

M. 8402 a, M. 8488, M. 8844 a, M. 9104. Left astragali, the first figured in text-fig. 32, 2.

Presented by the Egyptian Government, 1904.

C. 8382, C. 9016, C. 9029. Left astragali.

The dimensions (in centimetres) of some of the above astragali

C.8398. C. 9027.

are :

—

M. 8402 a. M. 8844. M. 9104. C. 9054.

Greatest width of tibio-fibular surface . . . . . 11-8 11-4 10-5 10 9-2 8-G

„ „ naviculo-cuboid surface . . . . 12-4 ? 10-6 10-5 8-8 9

„ „ calcaneal surfaces . . . . . . 10-4 10-2 9-4 9-5 8-2 8

„ „ the bone as a whole . . . . . 13-4 11-2 10-5 11-5 10 10

Thickness from middle of tibial surface to middle of

calcaneal surface 6 6'6 6-1 6 4-8 0-4

JI. 8843. Left calcaneum of very large size. Presented hy the Egyptian Government, 1904.

C. 9041, C. 9062. Left calcanea of very large size.

C. 9033, C. 9267. Left calcanea.

M. 8843 a, M. 9105. Left calcanea, the second figured in text-fig. 32, 1.

C. 9267. Left calcaneum.

C. 7949. Right calcaneum of large size.

C. 7980, C. 7994, C. 9266. Right calcanea.

The dimensions (in centimetres) of some of the above calcanea are :

—

M. 8843. C.9041. C. 9062. C. 9267. M. 9105. M. 8843

Extreme length . 15 14-7 14-1 11-2 11 8-9

Width of astragalo-fibular surface . 13-5 12-5 12-9 10(?) 13 11-5

„ cuboid surface 3-8 3-7 3-6 3

Height to top of astragalar surface . 10 10 9-8 G 9-2 8

It is probable that some of the largest of these calcanea belong to A. andreiosi.

M. 8421. Left navicular (text-fig. 33).

C. 9017. Left navicular.

C. 7969. Right navicular.

The dimensions (in centimetres) of two of these naviculars are :

—

Width of astragalar surface

Greatest depth ....
Width of distal surface .

M. 8421. C. 7969.

8-0 5-5

4-0 3-5

10-8 8-5
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M. 8405. Ei^lil, cuboid (text-fig. 34).

C. 8327. Eight culwid.

M. 8834. Left cuboid.

C. 9024. Led't cuboid.

C. 7971, C. 9036, C. 9059. Cuboids.

The dimensions (in centimetres) of some of these

Width of astragalar surface

„ distal end of bone

Greatest depth

C. 9051. (?) Middle metatarsal (text-fig. 35, 2).

C. 9273. Lateral metatarsal (text-fig. 35, 1).

M. 8413. Middle metatarsal.

M. 8403 (2), Middle metatarsals.

M. 8403 a. Lateral metatarsal.

C. 9061. ? Metatarsal.

Presented hy the Egyptian Government, 1904.

Presented hy the Egyptian Government, 1904.

cuboids are :

—

C. 8337. C. 7971. M. 8405. M. 8834.

5-2 4-7 4-5 4-3

6-6 5-2 6-5 5-8

4-0 4-3 3-7

Presented hy the Egyptian Government, 1902.

Presented by the Egyptian Government, 1902.

Arsinoitherium andrewsi, Lankester.

[Plate IV. figs. 2, 3 ;
text-fig. 38.]

1903. Arsinoitherium andrewsi, E. R. Lankester, The Sphere, Sept. 1903, quoted in Geol. Mag.

[4] vol. X. p. 531.

1904. „ ,, C. W. Andrews, Geol. Mag. [5] vol. i. pi. vi. figs. 1-3.

Type Specimen .—A left maxilla with pm. 2-m. 3 and the associated mandible with

i. 2-m. 3, three cervical vertebrse, the distal half of a left humerus (text-fig. 38), and a

right ulna
;
British Museum.

This species is distinguished from A. zitteli by its much greater size, its dimensions

being nearly half as large again. The mandible attains a length of about 73 cm.
;

the length of the three posterior upper premolars and the molars taken together

is 34 ’5 cm. The lower premolars appear to have their crowns somewhat more

compressed from within outwards than is the case in the type species, otherwise the

dentition is closely similar in the two forms. The enormously massive humerus has

its condyles rather more strongly developed than in the other s])ecies, and the

flattening of the posterior face of the lemur seems to be even more strongly

marked.

Form. & Log.—FI uvio -marine beds (Upper Eocene) : north of Birket-el-Qurun.
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Text-fig. 38.

r:

Left humerus of Arsinoitlierium andrewsi

:

A, from beliind
;
B, from front.

d., deltoid crest
;

i.c., inner condyle
; o.c., outer condyle

;
o./., olecranon fossa ;

s.r., supinator ridge ;

tr.f., inner trochlea
; outer trochlea. | uat. size. (Cf. text-%. 16 of the humerus ol A. zitteli

drawn on the same scale.)

!

M. 8461. The left maxilla, mandible, middle cervical, posterior thoracic, and lumoar vertebrae,

distal half of left humerus, and imperfect right ulna
;
the type specimens, described by

Lankester, loc. cit. supra. The teeth were figured in the Geol. Mag. [5] vol. i. pi. vi.

figs. 1-3
;
see also PI. IV. figs. 2, 3, and text-fig. 6. The dimensions (in centimetres)

I •
.

of the teeth are :

—

Upper. Lower.

m.3 7+ 8-2

,
7+ 7-8

I

m.l 7-2 6-9

jpm. 4 4'1 4-1

V pm.^ 3-7 3-6

pm. 2 3-5 3-4

ft - pm. 1 ? 2-5
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Tlio length ol’ tlie upper teeth from pm. 2 to m. 3 is tlierefore about 34'5 cm. against

about 2(3 cm. in A. zilleli. The lengtli of tlie lower molar series is 23*5 cm., that of

the lower prcmolars 14 cm. The total length of the mandible is 73 cm., its height at

coronoid 43‘5 cm.; width of the condyle 12’1 cm.; width of ascending ramus 22‘5 cm.;

depth of ramus behind m. 3, 1 1'2 cm.; length of symphysis 21’5 cm.

The almost complete cervical vertebra has a centrum which is very short in

proportion to its other dimensions. Its measurements are : width of centrum

18'.') cm.
;

height of ditto 1,5’2 cm.; length of ditto 4'8 cm. The posterior thoracic

and lumbar vertebra? have both lost their anterior epiphyses, indicating that the

animal was comparatively young, an Inference that is confirmed by the slight degree

of wear of the third molar in both jaws. The dimensions (in centimetres) of the

thoracic vertebra are: width of centrum lt3’2
;
height of centrum 10‘5

;
length of

centrum without anterior epiphyses 8‘2
;
height to ti]) of neural spine 24+ ;

width at

transverse processes 37. The same measurements in the case of the lumbar vertebra

are 15'6, 1()'8, '.)'4, 30, 31‘8. The dimensions of the enormously massive humerus

are : width of shaft at narrowest 18
;

greatest width of distal expansion 34‘5
;
width

of distal articulation 23. In form this humerus (text-fig. 38) differs very little from

that of the smaller species, except that the condyles are somewhat more prominent.

The length of the rdna is GO cm. Its inner face is imperfect.

Presented by IF. E. de Winton, Esg., 1003.

M. 8462. Back of skull and axis vertebra found in association. The dimensions (in centimetres)

of the skull are : width above auditory opening 41 ;
width of roof lietween temporal

fossae 18'5; width between outer angles of occij)ital condyles 24 +; width of Ibramen

macrnum 9‘5
; height of ditto G'5.

A maxilla and mandible (M. 84G2 n, b) found near this skull seem to be too small

to belong to the same species ;
thus in the maxilla the length of the molar series is

only 17 cm., about the same as in A. zitteli.

The dimensions (in centimetres) of the axis are : length along ventral surface to

tip of odontoid 17’8
;
width of proximal end 20'3

;
width of posterior face 16.

Presented by IF. E. de Winton, Esg., 1903.

M. 8467. Left femur. The dimensions (in centimetres) of this specimen are : length 80 ;
greatest

width of upper end 28 ;
diameter of the head 13'5

;
width of middle of shaft IG'3

;

greatest width of distal end 20‘3
;
width of distal articulation 1,5'7.

Presented by Hk E. de Wuiton, Esg., 1903.

As above remarked, it is jtrobable that bones of this species may be included amongst those

referred to si. zitteli : e. y. the large pelvis ((1 8413) described and figured above may belong
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Suborder UYRACOIDEA.

Ungulates with plantigrade feet and a centrale in the carpus. The axis of the limb

passing through the third digit
;
the first and fifth digits reduced in varying degrees.

The radius and ulna complete and separate, at least in the young. No entepi-

condylar foramen in the humerus, and no clavicle. The femur w'ith a small third

trochanter; tibia and fibula complete and separate, at least in the young; fibula

articulating with astragalus. The dentition heterodont and diphyodont. In the

earlier forms here described the full eutherian dentition is present, and the premolars

are simpler than the molars
;
in the later forms the dentition is more or less reduced

by the loss of the canines and some of the incisors, and the posterior premolars

at least are molariform. In all the anterior pair of upper incisors are enlarged and

grow from a persistent pulp.

Till within the last few years this remarkable and very isolated group of Ungulate

mammals was quite unknown in the fossil state. In 1898, at the Cambridge Meeting

of the International Zoological Congress, Professor H. F. Osborn read a short paper on

a skull from the Lower Pliocene of Samos in the Stuttgart Museum, which he showed

to have belonged undoubtedly to a large Hyracoid, to which he gave the .name

Pliohyrax kruppi. This paper, illustrated by a plate, was subsequently published

in the Proceedings of the Congress. Osborn regarded Pliohyrax as being an

aquatic or semi-aquatic form. It possesses three pairs of upper incisors, the first

being large trihedral teeth, much as in the later forms. The others are in contact

with one another and with the canine, so that the molars, premolars, canine, and the

two incisors on either side form a continuous series. Meanwhile Schlosser * pointed

out that a mandible with the cheek-teeth from the Lower Pliocene of Pikermi, described

by Gaudry under the name of Leptodon grcecus, is in fact also a Hyracoid, and he

drew attention to an almost complete lower jaw from Samos preserved in the

Palaeontological Museum at Munich. This specimen Schlosser considered to belong

to the same species and possibly even to the same individual as the Stuttgart skull

described by Osborn. Still later. Dr. Forsyth Major f described another skull from

Samos, preserved in the British Museum, regarding this as also belonging to Gaudry’s

species, which he showed must be called Pliohyrax graecus, the name Leptodon graecus

having the priority, but the generic term Leptodon having been previously employed.

* Schlosser, “TTeber neue Funde von Leptodon groecus, Gaudry, und die systematische Stellung dieses

Saugethieres,” Zool. Anzeig. xxii. (1899) pp. 378 and 385 ; A. Gaudry, ‘ Animaux Fossiles et Geologie de

I’Attique,’ 1862, p. 215, pi. xxxiv. figs. 1, 2.

t Forsyth Major, “The Hyracoid, Pliohyrax groecus (Gaudry), from the Upper Miocene of Samos and

Pikermi,” Geol. Mag. [4] vol. vi. 1 899, p. 547.

M 2
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The occurrence of Ilyracoids in Samos and Pikermi, associated with an African type

of fauna including such forms as Orjjcteropus and giraffe-like animals, pointed strongly

to Africa as the early home of these animals, as was suggested by Osborn, Stehlin,

and others. The correctness of this view is now amply proved by the discovery in

the Up])er Eocene beds of Egypt of a number of Hyracoids, some of them of

considerable size. Unfortunately, at present only the teeth and portions of the skull

are known, and these throw little or no light on the vexed question of the affinities of

this most peculiar group of mammals
;
in fact, it is most remarkable that at a period

so remote as the Upper Eocene so little difference from the modern types existed

that, so far as can be seen, the Plyraces were almost as distinct from other groups

of mammals as they are at the present day. The only point of importance in which

these earlier forms are more primitive, is in the possession of premolars which are all

simpler than the molars. The presence of a talon in the posterior upper and lower

molars seems to be of no special significance, since its absence in the later forms is a

recently-acquired character, the roots that supported this posterior lobe still remaining

and in some cases traces of the talon itself of the last lower molar being preserved.

It is to be hoped that remains of members of the order may be found in the Middle

Eocene beds, so that some light may be thrown on the relationship of this with other

groups. All that can be said at present is, that in Upper Eocene times in the Ethiopian

Region the Hyracoidea formed a very important factor in the fauna.

Eamily SAGHATHERIID^.

Hy racoids which possess the full eutherian dentition in the upper jaw. The

anterior incisors modified to form trihedral rootless tusks; i. 1 and i. 2 separated from

one another and from the teeth in front by diastemata. Canines premolariform and

in contact with the anterior premolar. Cheek-teeth brachyodont
;
premolars simpler

than the molars
;
a talon to the last lower molar.

Genus SAGHATHERIUM, Andrews & Eeadnell.

[Prelim. Note on .some new Mammats from the Upper Eocene of Efrypt, p. .'i (Survey Department,

Cairo, U)U2).]

Hyracoids of small and medium size. Postero-internal cusp scarcely at all developed

in the premolars, even in pm. 4. Incisors with only one root.



SAGIIATIIERIUM ANTJQUUM. 8r,

Saghatherium antiquum, Andrews & Beadnell.

[Plate VI. fig. G ;
Plate VIT. figs. 4, 5.]

1902. Sagliatherium antiquum, Andrews & Beadnell, loc. cit., fig. 4.

Type Specimen.—Portions of a sknll, including a considerable part of the roof

and the maxillre, that of the right side containing the molar and premolar series

(PI. VII. figs. 4, 5) ;
Geological Museum, Cairo.

The type species, with molar-premolar series measuring 5'7 cm. in length.

Form. & Loc.—Fluvio-marine beds (Upper Eocene) : north of I3irket-el-Qurun.

Skull (PI. VII. figs. 4, 5).—From the portion of the skull-roof preserved, it can be

seen that there was a well-marked sagittal crest which bifurcated some distance behind

the orbits, the strong temporal ridges thus constituted running outwards and becoming

continuous with the hinder border of the very prominent supraorbital processes {so.p.).

The temporal ridges are borne on the parietals {pet.), the suture between those bones

and the frontals running in front of the ridges on the roof of the skull, and only

crossing them at the base of the supraorbital processes. In modern Hyraces this

suture is usually situated still more anteriorly, so that the whole or part of the supra-

orbital processes is formed by the parietals, a most unusual condition, towards which,

however, these Eocene forms thus show a distinct tendency. In the fossil the end

of the postorbital process is broken away on either side, so that it is not possible

to determine with certainty whether the orbit was closed behind or not; but the

probability is that it was, for not only is the broken end of the process of considerable

thickness, but there is on the jugal also the broken end of a postorbital process of

considerable size. The supraorbital region of the frontals is very broad and flat
;

it overhangs the orbit to a great extent as in Hyrax [Procaida).

The floor of the orbit is formed mainly by the maxilla, but the stout jugal

extends forwards, forming its inferior border, and, as already mentioned, bore a

postorbital process, here broken away. The posterior border of the zygomatic process

of the maxilla arises just opposite the hinder lobe of the last molar. In Hyrax it is

further forwards, about opposite the front of the second molar. The hard palate

seems to have extended further back than in the recent forms, and reached the level

of the posterior end of the last molar
;
in Hyrax it terminates about opposite the

end of the second molar. The palatine forms a considerable part of the hinder region

of the palate, and there is a pair of small posterior palatine foramina. The rest of

the skull is too fragmentary for description.

Dentition (PI. VII. fig. 4).—The molars and premolars of the right side are in an

excellent state of preservation. Immediately in front oipm. I is the broken base of a

two-rooted tooth, the canine {c.), which, judging from other specimens, must have

been premolariform. Its hinder root is large and transversely elongated, the anterior
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small and circular in section. 'I’lic clieck-tcetli are somewhat more brachyodont than

in the recent Ilyraces, even than in Procavia ilJcndrohyrax) dorsalis. In general

structure the molars are very similar to those of the species just referred to
;

but, on

the other hand, the jiremolars are widely different from those of all recent forms in

being much simpler than the molars. In the following description, when comparison

is made wuth recent forms, the brachyodont types like Lendrohyrax are intended unless

it is otherwuse stated.

The upper molars (PL VI. fig. 6 ; PI. VII. fig. 4) consist essentially of a complexly-

folded ectoloph and a pair of internal pyramidal cusps, from the antero-external

angles of which ridges run towards the parastyle and mesostyle respectively. These

ridges may include rudimentary intermediate cusps, the protoconule and metaconule.

In an advanced state of rvear these ridges become continuous with the wear-surface of

tlie ectoloph. The ectoloph is composed of five elements, the styles, especially the

))arastyle {l^s.), being well developed. The main outer cusps (antero-external and

postero-external, a.e. andy;.e.) form projections both internally and also on the outer

face of the ectoloph in the valleys between the styles. There is just a trace of the

cingulum on the outer face of the tooth
; it is more pronounced on the inner half of

the anterior face and is also present on the inner face between the antero-internal

and postero-internal {a.i. and^.L) cusps. The last molar is the largest, its size being

increased by the presence of a small posterior lobe formed by the metastyle (mts.)

and a ridge forming the hinder border of the tooth, and probably including the

hypostyle (hs.). Both the metastyle and this ridge are supported by separate roots.

In recent Hyracoids the last molar is smaller than m. 2, owing mainly to the absence

of this posterior lobe; but it is interesting to notice that in most of the last upper

molars of recent forms examined by me the hinder border of the tooth is supported

by two or more small and evidently degenerating roots, which seem to have persisted

after the elements they originally supported have disappeared. It w'ill be showui

below that the same thing has happened even more clearly in the case of the last lower

molar, the talon of which has disappeared in recent forms, though the root persists.

In the first and second molars the metastyle is small and is crowuled against the middle

of the anterior face of the tooth behind, but there are still traces of the hypostyle

ridge. Owing to the large size of the parastyle the molars imbricate slightly on their

outer side.

The upper premolars (/wi. 1-4) are ail simpler than the molars
;
in recent forms

the three posterior at least are molariform, and in the Pliocene Plioliyrax the last

at least is so. It is difficult to correlate the cusps in these rather })eculiar jircmolars

with those of the molars. Their ectolojih is composed of three elements, of which

that occupying the extreme antero-external angle of the tooth seems to belong to

the cingulum, and is equivalent to the parastyle. Behind this arc two other cusps

separated from the parastyle and from one another by furrows
;
of these the anterior
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is tlic lavger; they seem to be the protocone and tritocone of Scott’s nomenclature.

Tlie most peculiar feature of these teeth is, that from the postero-exteriial cusp a ridge

runs along the posterior border of the tooth, and when worn gives rise to a surface

continuous with the ectoloph. It seems probable that this posterior ridge belongs to

the cingulum, and may include elements equivalent to the metastyle and hypostyle
;

it

does not seem to be comparable to the metaloph of tlie molars. The antero-internal

cusp is large and V-shaped, the anterior arm of the V running forwards and outwards

towards the ])arastyle, while the posterior arm extends outwards and backwards to the

})ostero-external cusp, and seems to include a distinct element. It is probably from

the increase in size of the latter, and of a minute cusp here situated immediately behind

the inner end of the antero-internal cusp, that the metaloph of the molariform premolar

of the later forms has arisen. At the same time it should be observed that in

Megalohyrax the premolars are much more nearly similar in plan to the molars than

in Saghatherimn, and the change there required to convert the posterior premolar into

a tooth similar to the anterior molar would be a slight one. The minute postero-

internal cusp above referred to can be seen in the second, third, and fourth premolars,

but is largest in the last. The anterior premolar differs somewhat from the others.

Its outer wall, as in them, consists of three elements, viz. a large parastyle forming the

anterior angle of the tooth, and behind this a protocone and tritocone. From the last-'

named a ridge, apparently composed of two cusps (? metastyle and hypostyle), forms

the posterior border of the tooth. The antero-internal angle of the tooth is occupied

by a large cusp (deuterocone) borne on a separate root. In the type specimen, in

front of the anterior premolar are the broken roots of the canines (c.) ;
the larger

posterior root is oval in section, the anterior nearly circular. The series of cheek-

teeth, as a whole, forms a curved line. The two last premolars are wider from within

outwards than from before backwards
;
the second is nearly square.

No specimen of the mandible in which the teeth of the symphysial region are

preserved is known
;

but in one in which the symphysis is present the roots or

the alveoli of these teeth can be seen, and from these it appears that there were

probably three pairs of procumbent incisors, of which ^. I and ^. 2 were larger

than i. 3. All form a closed series and were not separated by any interval from those

of the opposite side. The canine was a one-rooted tooth separated by a very short

diastema from the anterior premolars. The two anterior premolars are each borne by

two transversely oval roots
;
the third and fourth by three roots, of which two are

anterior, while the third or posterior one is transversely elongated. In no specimen is

the crown of the first premolar preserved. The other premolars each consist of a

pair of V-shaped columns, the anterior arms of the V’s being much the longer
;

the posterior arms are placed almost transversely across the crown. At the anterior

end of the anterior V there is a small tubercle which projects backwards and partly

closes the opening of the V. This seems to be the parastylid of Osborn’s



88 TERTIARY YERTEBRATA OF THE FAYRM.

nomenclature. There is also a larger tubercle at the })osteiior end of the anterior V,

which likewise ])rojects backwards
;

tins is the metastylid. There is a slightly

develoj)ed cingulum on the two ])osterior prcmolars.

'fhe lower molars are very similar to the premolars, but tlie column developed at the

inner end of the hinder arm of the posterior V (the entoconid) is larger, as also is the

metastylid. The third molar has a large talon with a sharp raised edge surrounding a

deep fossa
;

this is supported by a large root. In the recent Ilyracoids the talon has

disappeared or is represented by a mere rudiment, but the root seems to be always

present though of very small size, its function having been lost.

C. 8635. Right and left maxillfe and portions of skull. The type described and figured in ‘A

Preliminary Note on some new Mammals from the Upper Eocene of Egypt,’ p. 5,

fig. 4; also on PI. VII. figs. 4, 5. The dimensions (in centimetres) of these specimens

are :

—

Width of skull-roof at the supraorbital processes 56'0

Length of tooth-series (molars, premolars, and canine) . . . 6’2

„ molar and premolar series 5'7

„ molar series 3'4

„ preinolar series 2-5

Greatest width of m. 3 P4

,, length „ 1'5

M. 8378. Plaster casts of the above specimens. Made in the British Masenrn.

C. 10057. Two right upper molars, m. 2 and m. 3, the latter only slightly worn. Figured on

PI. VI. fig. (J. The width of m. 3 is 1'2 cm., its length 1'4 cm.

M. 9221. Plaster cast of the above specimen. Made in the British Musexun.

C. 8631. Fragment of maxilla with ?xi. 1, ?n. 2, and part of m. 3.

3C. 8869. Three left u])per molars. The width of m. 3 is IT cm., its length l’3cm.; length of molar

series 2'9 cm. Presented hj the Egyptian Government, 1904.

C. 8819. Portion of the base of a skull probably referable to this species or to N. magnum. This

specimen includes the cra/m, together with the glenoid region of the squamosal;

the tym{)anic has been lost.

C. 8106 b. Right ramus of mandible with molars and premolars. The lengths of the teeth (in

millimetres) in this specimen are: m. 3, 14 ;
m. 2, 10; m. 1, 8 ;

pxn. 4, 7 ;
pm. 3, G; pm. 2, G ;

pm. 1, 5.

C. 8106 a. Portion of left ramus of mandible with inn. 4 and m. 1-3. The lengths of these teeth (in

millimetres) are : m.3, 15 ;
m. 2, 10 ;

m. 1, 9 ;
pm. 4, 7.

M. 8868a. Right ramus of mandible with m. 1-3 and |n». 2-4. The lengths of these teeth (in

millimetres) are : jn.3, 15 ;
m. 2, 11 ; m. 1, 9 ;

pxn. 4, 7 ;
pxn. 3, G

;
pm. 2, 5.

Presexited by the Egyptian Goxxexmxxient, 1904.

K 8399. Left ramus of mandible of a slightly smaller individual with xn. 1-3 and pxn. 4.

Presexited by the Egypt iaxi Govexmxnent, 1902.
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Saghatherium minus, Andrews & Beadncll.

1902. Saghatherium minus, Andrews & Beadnell, Prelim. Note on some new Mammals from the

Upper Eocene of Egypt, p. 7.

Type Specimen.—A right maxilla with the molars ; Geological Museum, Cairo.

This species, which is known only from an imperfect right maxilla with the mohns

in situ, is much smaller than S. antiquum, but in the structure of the molars it is

apparently identical with the larger form. The length of the molar series is about

20 mm. as compared with 34 mm. in S. antiquum.

Form. & Loc.—Fluvio-marine beds (Upper Eocene) ; north of Birket-el-Qurun.

C. 10011. Right maxilla with teeth. Type specimen. The dimensions (in millimetres) of tln!

teeth are :

—

Length. Width.

»n. 1 f)

m. 2 ... 7-5 6-5

?M. 3 ... 9 7

Length of the molar series 20 mm.
-

M. 8582. Plaster cast of the above specimen. Made in the British Museum.

Saghatherium magnum, Andrews.

[Plate VI. figs. 3, 4.]

1904. Saghatherium magnum, C. W. Andrews, Geol. Mag. [5] vol. i. p. 214.

Type Specimen.—Right maxilla containing all the cheek-teeth (PI. VI. fig. 3)

;

British Museum.

A species in some respects intermediate between S. antiquum and Megalohyrax

minor, not only in size but also in some points in the structure of the teeth.

The length of the molar and premolar series together is 7T cm., that of the molar

series alone 3'9 cm.

Form. & Loc.—Fluvio-marine beds (Upper Eocenh) ; north of Birket-el-Qurun.

The last molar of this species difiers from that of S. antiquum in having a less

developed metastyle and consequently a less prominent posterior lobe. The other

molars do not differ notably from those of the smaller species, except that the

cingulum is rather more strongly developed. The premolars, which are greatly

worn, do not seem to differ from those of S. antiquum except that pm. 1 is more

quadrate in outline. The canine succeeds the anterior premolar without any interval,

and consists of a small anterior cusp (parastyle) and a triangular blade which, from

the presence of a slight vertical fold in the outer wall of the tooth, may perhaps

N
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1)0 regarded as consisting of two elements {a.e. and j).c.) im])erfectly divided
;

the

])ostero-intcrna] angle of the tooth forms a greatly worn shelf-like projection. In this

tooth, as in the premolars, the enamel of the ectoloph is very thick, so that in wear it

forms a ])romineut cutting-edge. The suture between the maxilla and premaxilla

crosses the outer edge of the alveolar border immediately in front of the canine and

runs on to the face—at tirst upwards, then backwards. On the inner side of the

alveolar border the suture runs forwards, the maxilla apparently sending a process

foi’wards beneath the preniaxilla, somewhat like that described in Mceritherium. As in

tlu' latter genus, this peculiarity is probably correlated with the presence of enlarged

tusk-like incisors. Immediately in front of the suture is the alveolus of a single-

rooted third incisor, the crown of which must have been in contact with that of the

canine, so that it actually formed one of the series of cheek-teeth, which thus consists

of three molars, four premolars, a canine, and the last incisor. About 4 ram. in front

of this is a smaller alveolus for the second incisor. Anterior to this the alveolar

border becomes concave and widens out to the socket of the great trihedral first

incisor. Of this tooth, unfortunately, only the base is preserved : it is triangular in

section and probably grew from a persistent pulp. The convexity on the side of the

face caused by its alveolus can be traced back to the level of the first premolar. The

antero-external and antero-internal faces are covered with enamel, but this is absent

from the posterior face. In short, it may fairly be said that, except for the j)resence

of the two small posterior incisors, the premaxilla and its tusk-like tooth are

juactically identical in form with those of the modern Hyrax, and there is no clue

t<» the manner in which this curious modification arose.

The lower teeth are similar to those of S. antiquum^ except that the meta- and

ento-stylids are more strongly developed (see PI. VI. figs. 4, 4 a).

K. 8398. liiglit maxilla and premaxilla with molars, promolars, canine, and the base o£ the first

incisor : i. 2 and i. 3 are represented only by their alveoli. The type specimen

(h'scribed in Geol. Mag. [.5] vol. i. p. 214; figured in Geol. Mag. [4] vol. x. p. 340,

tig. 2, as /S', atdiqiiinn
;

also on PI. VI. figs. 3, 3 A. The dimensions (in centimetres)

of this specimen are :

—

Length of tooth-series (moLars, preinolars, canine)

„ premolar series .......
„ molar series

„ pm- 4

„ //?». 3

,,
pm. 2

» 1

Total length of the specimen is lO’l cm.

7-8

:}-2

3-i)

1-7

lo
1-0

1-0

•9

•8

•8
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M. 8868. Povtion of riohf nuiiu.s of iiiMiuliblo with tlio molars ami throe posterior promolars.

Fio'urod I’l. V!. fi^s. 4,4 a. The dimoiisioiis of the specimen (in centimetres) are :

length of m. 3, ;
in. 2, I'l

;
in. 1, ’05

;
pm. 4, ’1

;
pm. 3, '7

;
^nn. 2, ’55.

C. 8057. Portion of right ramus of mandihle with the [)remolars (/?/a. 2, and pm. '5 incomplete),

m. 1, m. 2, and part of m. 3. Jjongth of premolar series 2d) cm. Jjongth of rn. 2, 4‘2 cm.
;

m. 1, •!) cm.
;
pm. 4, '8 cm. Depth of mandibidar ramus heneath front of to. 3, 4 cm.

C. 8106. Portion of a mandihular ramus of an old individual : m. 3 has a large ci’cscentic talmi

and is much worn. The lengths (in centimetres) of the teeth are: to. 3, 1‘8
;
m. 2, P2

;

m. 1, 1'9
;
pm. 4, '8.

Saghatherium majus, sp. nov.

[Plate VI. fig. 5.]

Type Specimen.—Portion of right maxilla containing the canine, the first premolar,

and the greater part of the second premolar
;
British Museum.

An imperfectly known species provisionally referred to this genus, intermediate in

size between Saghatherium magnum and Megalohyrax minor. Length of c. + pm. 1, 2,

4 cm. (in S. magnum, 2‘2 cm.); oi ptm. 1, 2, 2*7 cm. (in M. minor, 3 cm.). Teeth

considerably narrower than in M. minor, owing to the slight development of the inner

cusp and of the postero-internal shelf.

Form. & Loc.—Fluvio-marine beds (Upper Eocene): north of Birket-el-Qurun.

M. 8434. Anterior portion of right maxilla with the canine, first premolar, and the greater part of

the second premolar. Type specimen. The canine is almost unworn
;

it consists of a

fairly high sharp main cusp, and a small anterior cusp, from which the cingulum,

which is strongly developed, runs round the inner face of the tooth to its posterior

angle. The outer half of pm. 1 is similar, but here there is a strongly developed

antero-internal cusp and a postero-internal heel. Pm. 2 is incomplete, but it can be

seen that it had a large antero-internal cusp and a postero-internal cusp on the

cingulum. The lengths of the three teeth (in centimetres) are : c. 1'3
;
pm. 1, IT ;

pm. 2, IT. Total length of the three, 4 cm.

C. 10010. Right up{)er to. 2, ])robably of this species, figured on PI. VI. fig. 5. This molar is

very like that of Megalohyrax minor, but is smaller and has the outer main cusps

forming slightly greater projections on the ectoloph. The length of the ectoloph is

1'85 cm., in M. minor 2'6 cm., and in Saghatherium magnum IT era., so that there can

be no doubt that this, like the other specimen, indicates the existence of another

species intermediate in size between S. magnum and AI. minor, and to this the name

Saghatherium majus may also be applied. Length 1’9 cm., width 1'9 cm.

M. 8453. Plaster cast of the above specimen. ATade in the British Aluseum.

M. 8879. Posterior portion of right ramus of mandible with the greatly worn m. 2 and to. 3 in situ.

The length of m.2 is 1'3 cm., that of to. 3, 1'7 cm.
;
the depth of the ramus beneath

TO. 3 is 4 cm.
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Genus MEGALOHYRAX, Andrews.

[G(‘o]. Mag. [4] vol. X. (1903), p. 340.]

Ilyraeoids of large size. I'lie postero-internal cusp of the posterior premolars

well (h'veloped, at least in jmi. 4. In some s])ecies the two posterior incisors have

! wo roots.

Megaloliyrax eocasnus, Andrews.

[Plate VI. hgs. 1, 2; text-fig. 39.]

1903. Meaalohyra.r coccenus, C. W. Andrews, Geol. Mag. [4] vol. x. p. 340, fig. 1.

Type Specimen .—Right maxilla with the canine, premolars, and molars (PI. VI.

fig. 2) ; Rritish Museum.

The type species, in which the length of the molar and premolar series together is

IG'2 cm., that of the molars alone 8’6 cm.

Form. & hoc.—P’luvio-marine beds (Upper Eocene) : north of Birket-el-Qurun.

iJevtition (PI. VI. fig. 2).—The teeth are brachyodont and form a slightly curved

series, which, so far as the molars and premolars are concerned, is traversed from end

to end by a well-marked valley lying between the ectolophs of the teeth on the one

hand and the inner cusps on the other.

In the upper molars the ectoloph is W-shaped, the parastyle and mesostyle being

strongly developed, while the metastyle seems to have been wanting except in the

last molar. In this tooth there is a small posterior lobe formed by the metastyle [mt.s.)

and hypostyle (Ji.s.), but it is much smaller than in Sayhatherinm and the tooth is

consequently more quadrate in outline. Behind the parastyle and mesostyle in m. 3

and behind the mesostyle at least in m. 2 there are small accessory styles [ac.s.)

on the cingulum ; these have been observed in this species only. The main cusps of

the ectoloph {a.e. and p.e.) are V-shaped and form no projection on the outer wall

of the tooth. The inner cusps are large and wear to a V-shaped surface, the anterior

arms of the V’s running outwards and forwards to the parastyle and anterior end of

the postero-external cusp respectively. The cingulum is slightly developed on the

inner half of the anterior face and on the anterior half of the inner side of the tooth.

The premolars are all simpler than the molars. 'Phe outer half of pm. 4 is

wanting, but pm. 3 is complete. Its ectolojih is com[)osed of three elements, an

anterior parastyle {ps.) and a pair of subequal cusps separated externally by a slight

fold. On the outer side of the tooth there is a small tubercle on the cingulum, most

j>robal)ly the mesostyle [ms.). 'I'he inner half of the tooth consists of a large antero-

iiiterna] cusp exactly similar to the antero-internal cusp of the molars and like it

giving a V-shaped surface in wear. Behind this on the extreme edge of the postero-
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internal angle of tlie tooth is a small element, which is larger m pm. 4 than m pm. 3,

and absent in the other premolars, in which the postero-internal angle of the tooth

forms a shelf-like surface bordered by the cingulum.

The canine is much worn, but seems to consist of a single blunt cusp borne on two

roots. Its posterior border is in contact with the anterior premolar. In front of the

canine the edentulous alveolar border of the maxilla extended for some distance.

The width of the ])alatc between the last premolars is G'4 cm., and anteriorly

it must have been very concave from side to side.

Shill (PI. VI. tig. 1 ;
text-tig. 39).—A premaxilla (C. 10009) of extraordinary form

(PI. VI. tigs. 1, 1 a), bearing a large tusk-like anterior incisor and the alveoli of two

other teeth, may be ascribed with considerable confidence to the present species. This

specimen was originally referred provisionally to the problematical Phiomia *, but

subsequently it was placed in its present position and a figure showing its probable

relationship with the maxilla of M. eocoenus was given f. The bone consists mainly of

a socket for the great rootless incisor-tusk (^. 1) which curves round almost in an arc

of a circle. The anterior border of the bone immediately above the base of the tooth

is rounded and continues so for some distance up : it then becomes sharp-edged and

the inner face is marked by a rough surface for union with another bone—the nasal.

The actual hinder border is broken away. The outer face is rendered strongly convex

in its upper portion by the socket of the great tusk-like incisor, but beneath this it

is concave from above downwards, the bone thinning suddenly towards the alveolar

border. The inner face beneath the surface for the nasal is marked by two broad

shallow grooves and its lower edge is roughened for union with the overlapping maxilla.

The palatine process [pl-p.) is a short stout projection which united in the middle

line with its fellow of the opposite side ; the sutural surface is deepest behind
;

it

does not extend quite so far forwards as the anterior border of the tooth, but projects

some distance behind its posterior angle.

The great first incisor (?'. 1) is a rootless tooth, the socket of which perhaps extended

even into the maxilla. It is triangular in section, one angle being anterior but

rather nearer to the outer than the inner side, the outer face being narrower than

the inner. The anterior faces of the tooth are both enamel-covered, the enamel

being marked by slight longitudinal striae. Both these faces are convex on the whole,

but are marked by a slight longitudinal groove in the middle, that on the antero-

external face being the best marked. The posterior face is without enamel ; its

wear-surface extends from the sharp tip of the tooth to within a short distance of the

alveolar border. Immediately behind the socket of this tooth there is a deep

depression formed by the converging edges of the alveolus which meet and form the

* Andrews and Beadnell, ‘A Preliminary Note on some new Mammals from the Upper Eocene of Egypt ’

(Cairo, 1902).

t Geol. Mag. [4] vol. x. 1903, p. 340, fig. 2.
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tliin alveolar border. About 2’5 centimetres behind tlie large tooth are two small

alveoli for a double-rooted incisor (?'. 2), and behind this again the remains of another

double-rooted tooth, the third incisor (i. 3). The presence of these peculiar double-

rooted incisor-teeth seems to show that the same causes, whatever they may be, which

gave rise to a double-rooted premolariform canine also affect the two posterior incisors,

so that all the teeth behind the first incisor practically form a series of cheek-teeth.

Comparison of this premaxilla and its contained tusk with the premaxilla and

incisor of a recent Ilyracoid show that, as in Saqhatherimn magnum^ the two are

closely similar in most respects. The presence of the two posterior incisors is just

what might be expected in this early form, the remarkable thing being not the

difference between the Eocene forms and recent types but their great resemblance,

which shows that, so far as the front of the skull is concerned, the older forms were

almost as peculiar as the modern ones.

Among the specimens collected by Mr. Beadnell in 1903 is the cranial portion of

a skull (text-fig. 39) which, from its resemblance to the corresponding part of the skull

of Saghatherium antigumn, may reasonably be referred to a Ilyracoid, and from its

size most probably belongs to the present species.

The occipital condyles (coiid.) are large and sharply truncated at their upper border.

The foramen magnum [f.m.) is roughly quadrate in outline. Above and external to

the condyles there is on either side a deep depression separating them from the

strongly developed paroccipital processes which project below their level. The

occipital surface widens out a little above the condyles and its up[)er border forms

the middle portion of a high prominent lambdoiclal crest, which is continued

downwards and outwards on to the squamosal and is continuous with the upper edge

of the zygomatic process of that bone. Just below the lambdoidal crest the occipital

surface bears in the middle line a roughened ridge flanked by two smaller lateral

ones
;

this portion of the surface slopes somewhat backwards. Between the upper

edge of the paroccipital process and the squamosal there is a slit-like foramen lying

immediately beneath the lambdoidal crest
;

laterally and external to the slit the

anterior face of the ])aroccipital region of the exoccipital is closely apposed to the

posterior face of a nearly vertical ridge of the squamosal, the two limiting a

w'ell-markcd groove. Between the just-mentioned vertical ridge and the upper

border of the zygomatic process is a triangular area, at the bottom (d* which the

auditory opening must have been
;
the anterior border of this de[)ression is formed by

a prominent postgieuoid process (pgl.).

There is a strong sagittal crest (s.c.) running forwards from the lambdoidal ridge till

it bifurcates. The temporal ridges (iKOt'b.) thus formed run out on to the ])ostorior

borders of the supraorbital processes. The lu'ain-case is strongly rounded and slightly

contracted a little behind the orbits. The frontal region
(fr.) is very broad and flat, and

closely resembles the same ])ortion of the skull of iSaghalheriuni and IJgrax (rrocavin).
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The basal portion of the skull is greatly crushed, but it can be seen that the

condyles nearly meet below in the middle line ; in front of them the basioccipital bears

on either side a sharp ridge
;
anteriorly the basicranial axis is much contracted. The

glenoid surface, formed entirely by the squamosal, is very broad and flat.

Text-fig. 39.

soc.

Posterior portion of skull of ? Megalohyrax eoccenus

:

A, from above
;
B, from behind.

concL, occipital condyles
; f.m., foramen magnum

; fr., frontals
;
j^a., parietals

;
postglenoid process

;

p.orh., temporal (postorbital) ridge
; p.p., paroccipital process ; s.c,, sagittal crest

; soc., supraoccipital

;

»(/., squamosal. J nat. size.

Comparison of this skull with recent forms shows that, not only in the shape

of the frontal region but also in that of the paroccipital processes and their relations

to the squamosal, as well as in the structure of the glenoid surface, it is very like the

skull of Ilyrax (Procavia) validus.

M. 8502. Eight maxilla with canine, preinolars, and molars. The type specimen described and

figured in the Geol. Mag. [4] vol. x. (1903), pp. 339-341, fig. 1, and also on PI. VI. fig. 2.

On the whole the teeth are in a good state of preservation, but portions of the ectoloph
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ol’ pvi. 4, m. 1, and m. 2 liave hecMi In’okcn away, and m. 3 is not quite complete

posteriorly. The dimensions (in centimetres) of this specimen are :

—

Length of tootli-series (canine, premolars, and molars) . . . ]7'8

,, molar series 8’

6

,, premolar series 7'C

Length. Width.

w. 3 3-7 3-5

»/). 2 3‘7 app. 3'2

m. 1 3-0 2-5

pm. 4 . . 1-9

pm. 3 2‘5 2'1

pm. 2 2-3 1-8

pm. 1 1-8 1‘8

r 1-8 1-2

C. 10009. Left premaxilla with 1 and the sockets of i. 2 and i. 3. Described and figured by Andrews

and Beadnell in ‘Prelim. Note on some new Mammals from the Upper Eocene of

Egypt/ pp. 4-5, fig. 3, where it was provisionally referred to Pldornia ser7idens.

Also figured on PI. VI. fig. 1. The dimensions (in centimetres) of this specimen are :

—

Length of premaxilla, so far as preserved 12'0

Depth of premaxilla beneath i.2 5-0

Length of palatine process 2*8

Length of Lisk (incomplete posteriorly) in straight line . . . 14'0

„ ,,
projecting from alveolus 5'0

Antero-posterior diameter of tusk at alveolus 2-2

Lateral diameter of tusk at alveolus 1’4

M. 8144. Plaster cast of the last specimen. Made in the British Museum.

C. 8801. Posterior portion of greatly cru.shed skull, probably belonging to this species or to

M. minor (text-fig. 39). The dimensions (in centimetres) are :

—

AVidth of condyles 4-9

„ at base of zygomatic process of squamosal .... 15‘0

,, (greatest) of brain-case 7'0

Approximate width between supraorbital processes .... 1(5

M. 8872. Plaster cast of the above specimen. Made in the British Museum.

Megalohyrax minor, Andrews.

[Plate VIT. figs. 1, 2, 3.]

1904. Meijalohjrax minor, C. AV. Andrews, Geol. Mag. [5] vol. i. p. 213.

Tijpe SpeciitiOi .—Left maxilla witli the molar and premolar series preserved

(PL Vll. fig. 1) ; Geological Museum, Cairo.

The length of the molar and premolar series together is 13 cm., that of the molars

alone 7 '5 cm.
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Form. & TjOC.—Fluvio-marine beds (Upper Eocene) : north of Birket-el-(inrnn.

VPiter Dentiiion (PI, VII. fig. 1).
—Except in their smaller size the np])er rnolarS'

of this species closely resemhle those of M. eoemms, the only notable differences being

the absence of the small accessory styles of the outer face of m. 1 and m. ‘J, and the fact

that the main outer cusps form slight projections on the ectolopli. The premolars, on

the other hand, differ more considerably from those of the larger species, the chief point

of difference being that they are more simple. Thus in pm. 4 there is a fairly well-

developed postero-internal cusp, but it is smaller than in the corresponding tootli of

M. eoccemus, and the tooth is less quadrate in outline. In pm. 8 the postero-internal

cusp is practically absent and its position is occupied by a shelf-like projection ; the

same is the case with the other premolars. In I the antero-internal cusp also is

much smaller than in M. eoccenus, and approximates in form to the canine of that

species. In fact, each of the premolar teeth of the present species resembles the next

tooth in front of it in M. eoccenus, rather than the corresponding tooth.

It can be seen that the posterior border of the zygomatic process of the maxilla is

about opposite the hinder lobe of m. 3.

Lower Dentition (PL VII. figs. 2, 3).—The collection at Cairo includes portions of

the right and left rami of a mandible which probably belongs to this species and

possibly to the same individual as the type specimen. The portion of the left ramus

preserved contains the two anterior incisors (fig. 3, ^. I, i. 2), the third and fourth

premolars, and the first and second molars. The right half (figs. 2, 2 a) includes

the three posterior premolars and the molars. Unfortunately, the two rami do not

join, some fragments of bone being wanting, and in the left ramus the alveolar

border is incomplete between the second incisor and the third premolar, so that the

exact dental formula cannot be determined. The incisors (fig. 3), of which, probably,

only two pairs were present, are of somewhat peculiar form, and in the present

specimen they are considerably worn. The crowns are broad and spatulate, and

in the case of the anterior one [i. I) somewhat flattened on the anterior face.

The wear-surface in each forms a narrow band along the whole of their upper

edge. They show no trace of the peculiar pectinate form seen in the incisors of

the recent Hyraces, but it is by no means impossible that this may have existed in the

unworn tooth.

The cheek-teeth (fig. 2), so far as known, form a closed series. The molars consist

of two crescents : the postero-internal end of the anterior crescent terminates in a

cusp [ai.) which is joined posteriorly with another small cusp, which partly closes

the opening of the posterior crescent. This cusp is the metastylid [msd.), and is

strongly developed in all the teeth from the third premolar back. In pt^n. 2 it is not

present. The third molar has a small talon (^.) giving a crescentic surface in wear.

The cingulum is fairly w’ell developed on the outer side of the last premolar and

in the molars.

0
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'rile mandibular rarnus is massive and does not deepen so rapidly from before

liackwards as in the other members of the "roup, 'fhe symphysis is short and

extends to tlie level of the posterior lobe of j)m. 2. Its ventral surface is marked

by a sli"]it prominence, behind wliich, and forming the ventral border of the mandible

for a sliort distance, is a strong ridge for the attachment of a powerful muscle

(1 the mandibular): the same arrangement is very Avell marked in llyrax [Procavia).

'file ascending ramus is broad
;

its inner border is formed by a ridge continuous with

the alveolar border, while the outer rises on the outer face of the ramus beneath m. 3,

'fhe inner border, about 3 cm. above the talon of m. 3, turns sharply outwards and

joins the outer border to form the thin anterior edge of the coronoid process : exactly

the same arrangement may be seen in the mandible of llyrax [Procavia). At

the bottom of the fossa thus formed behind the last molar, a foramen opens into a

passage, the other aperture of which is on the inner face of the posterior portion

of the jaw.

C. 8818. Left maxilla with molars and premolars. Type specimen described in the Geol. Mag.

[5] vol. i. (1904) p. 213. Figured on PI. VTT. fig. 1. The dimensions (in centi-

metres) of the specimen are : length of m. 3, 2'9
;
m. 2, 2'G

;
m. 1, 2'1

;
prn. 4, 1'7

;

pm. 3, 1*5; pm. 2, 1’4
;
pm. 1, I'.'i. The total length of the molar-premolar series is

13, that of the molar series alone T'h.

M. 8870. Plaster cast of the above specimen.

C. 8822-3. Portions of a mandible including the greater part of the right ramus with 2-4 and

m. 1-3, and the anterior ])ortion of the left ramus with part of the symphysis

containing pm. 3-4, m. 1-2, and in front two incisors, probably i. 1 and i. 2.

Figured on PI. VII. figs. 2, 3. The dimensions (in centimetres) of the teeth are :

—

Length. Width.

VI. 3 3-3 2

m.2 2-3 1-8

m. 1 1-9 1-6

pm. 4 1‘8 TO

pm.

3

I'G 1'4

2mi.2 1-7 1-1

Length of series irom pm. 2-m. 3 inclusive, 12-7 cm. The widths

of the crowns of the incisors are : i. 1, 1’4 cm.
;

i. 2, ]-6 cm.

M. 8871. Plaster casts of the above .specimens.

M. 9220. Left ramus of mandible with m. 2-3, pm. 3, and part of pm. 4.
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Suborder PROBOSCILEA.

Bones of skull, particularly those of the cranial region, with a strong tendency to

the great development of the diploe
;
an alisphenoid canal

;
no condylar foramen.

Molars lophodont, passing from a bilophodont, brachyodont type in the earliest forms

to a very hypsodont condition with numerous transverse crests in the later. Second

upper incisors enlarged to form tusks. Feet, where known, pentadactyl and digiti-

grade with taxeopod structure; a centrale in the carpus, at least in the young. No
entepicondylar foramen in the humerus. Radius and ulna, tibia and fibula complete

and separate from oue another. No third trochanter in the femur. Astragalus

articulating distally with the navicular only. Calcaneum with large fibular facet.

Family MCERITHERIID.E.

Comparatively small animals about as large as the Tapir. Skull with greatly

elongated cranial region, the orbits being placed far forwards and the nares nearly

terminal
;
probably a small proboscis was present. More than one pair of incisors

in upper and lower jaws : molars quadritubercular and bilophodont.

Genus M(ERITHERIUM, Andrews.

[Tageblatt des V. Internationalen Zoologen-Congresses, No. 6, p. 4, Berlin, 1901

(Verhandliingen, p. 528).]

Dental formula :

—

i. | ;
c. ^ ;

])m. | ; m. |.

The second incisors in both jaws greatly enlarged and tusk-like. The last premolar

not bilophodont
;
molars bilophodont.

This genus is represented by several species, of which Mceritherium lyonsi is the

type. It is found in both the Middle and Upper Eocene deposits of the Fayum.

Skull (PL VIII.
;
PL IX. fig. I

; PL X. figs. 3, 4 ;
text-fig. 40).—The following

description of the skull is founded mainly upon a nearly complete specimen (PL VIII.

;

PL IX. fig. 1) belonging to a yonng individual, in which the second incisors and third

molars are still uncut. This skull (C. 78G7) is from the Upper Eocene beds, but does

not seem to differ in structure from the less nearly perfect specimens from the Qasr-el-

Sagha beds (Middle Eocene), In some cases references will be made to some of

these other specimens when they supply more satisfactory information on any point.

In its general form the skull is long and somewhat depressed, with very strong and

o2
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prominent zygomatic arches. The cranial region is nearly twice as long as the facial

region. Tlic dorsal surface is straight or very slightly concave from before backwards,

the highest portions of the skull-roof being the point of junction of the lambdoidal

and sagittal ridges posteriorly and the nasals anteriorly. The anterior prominence is

jn'obably due to tlie deepening of the promaxilla3 and maxillm, resulting from the great

enlargement of the second pair of incisors. The orbit is very small and is open

Text-fig, 40.

Restored skull and mandible of Maritherium lijonst : A, from above
; 13, from left side.

ant.orh., antorbital foramen
;

ex.oc., exoccipital
;

frontal
;

ja., jugal ;
mx., maxilla : n., nasal

;

p<i., parietal; p.mx., premaxilla; post-tympanic process of squamosal; s.oc., su])raoccipltal

;

sq., squamosal, i. 1, i. 2, i. 3, incisors; c., canine; q»ii. 2, qmi. 3, 4, premolars
; m. \, m. 2, in. 3,

molars. About 4 nat. size.

posteriorly; the ])ostorbital process of the jugal is fairly well marked, but that of tlie

frontal is practically obsolete. The large anterior nasal opening is situated near the

end of the snout, but is widely separated from the alveolar border, the premaxillm

being greatly deepened to carry the large incisors (PI, IX. fig. 1 and PL X. fig. 3).

The internal narial opening in this specimen is opposite the front of the still uncut
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third molar, but in older skulls in which this tooth has come into wear the opening

is opposite its hinder end. The palate is narrow and the cheek-teeth are arranged in

straight and ]')arallel series.

I'he hasioccipital (PI. VlTl. fig. 1 a, ho.) is broad and regularly eonvex from side to

side, at least posteriorly. Anteriorly the crushing that has been undergone obscures

both the form of the bone and its relations to the hasisphenoul, nor are these ])oints

better seen in other specimens. Posteriorly it is deeply notched by the ventral border

of the foramen magnum, and laterally it forms the lower ends of the occipital

condyles. External to the basioccipital is a large foramen, in part no doubt the

foramen lacerum jwsterius {f.l.p.) ;
the postero-internal angle of this opening forms

a notch at the point of union of the basioccipital and exoccipital bones, probably

representing the condylar foramen.

The exoccipitaJs (exo.) are very large, and the condyles are strongly convex from

above downwards, but less so from side to side. Above the condyles and over the

foramen magnum the bones rise nearly vertically, meeting in the middle line in a

suture about 3 em. long, thus excluding the supraoccipital from the foramen. Laterally

and ventrally the exoccipital forms the inner and lower portion of a great flange of

bone, of which the outer part is formed by the squamosal. This plate of bone adds

greatly to the width and depth of the occipital surface of the skull, and its ventral

angle is the equivalent of the paroccipital process of the exoccipital (p.p.). In the

later type, Palceomastodon (PI. XII. fig. 1), the exoccipital region is drawn out in such

a way that the condylps project to a much greater degree behind the occipital surface,

which slopes forwards instead of being nearly vertical. At the same time the flange

of bone just described is, as it were, pulled out to form the surface lying between

the hinder border of the glenoid cavity and the occipital condyles, which surface is

likewise constituted by the squamosal and the paroccipital portion of the exoccipital

(see PI. XII. fig. p.p.). In fact, the differences between this region of the skull in

Meeritherium and Palceomastodon are just such as would be produced, if the skull of

the former consisted of a plastic material and the condyles were pulled backwards so

as to lengthen the interval between them and the glenoid surface. As will be pointed

out in the description of the skull of Palceomastodon, the paroccipital process is there

represented by a blunt tuberosity only.

The supraoccipital (soc.) is a large somewhat shield-shajied bone. Its upper

border, forming the upper portion of the lambdoidal crest, is nearly semicircular in

outline. At its summit the bone is greatly thickened (PI. VIII. fig. I), and sends

forwards a triangular process between the hinder ends of the parietals, but there does

not appear to be any separate interparietal. The occipital surface is raised in the

middle line into a vertical ridge, on either side of which there is first a slight concavity

and then a convexity : this median ridge with its accompanying lateral depressions is

the predecessor of the great depression and ridge for muscle-attachment found in
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Palceomasiodon and the later Proboscidea. The supraoccipital, together with that

portion of tlie exocci])itals above the joramen magnum, forms a sort of escutcheon-

shaped area, which ])rojects a little behind the rest of the occipital surface formed by

the exoccipital-squamosal plate above referred to. One peculiar feature is, that

between the lower end of the lambdoidal border of the su])raoccipital and the occipital

ri'gion of the s(piamosal, a small triangular })rocess of the ])arietal is interposed, this

l)one thus assisting in the formation of the occipital surface (PI. VIII. fig. 1 b, and

PI. X. fig. 4 A, pa.).

The sqiunnosal [.sq.) is a very large and massively constructed bone, in which it

appears tliat the development of the diploe, carried to such a higli pitch in later types,

has already begun
;
and on the upper surface of the bone above the auditory opening

there are several foramina (PI. VIII. fig. I, /or.) communicating with the interior, just

as in Pahvomastodon : this inflation of the squamosal is especially well shown in the

type skull of M. gracile (PI. XVII. fig. 2). The posterior portion of the bone forms

the outer part of the occipital surface : internally it unites with the exoccipital, but it

is excluded from contact with the supraoccipital by the process of the parietal above

referred to. This post-tympanic region of the squamosal forms the posterior wall of

the external auditory meatus (Pis. VIII., IX. fig. 1, e.a.m.), and closes it ventrally by

uniting with the posteiior edge of the glenoid surhice, just as in Palccomastodon and

the later Proboscidea. The lower border of the post-t\ mpanic process {ptg.) extends

considerably below the glenoid surface and forms a sort of spurious postglenoid

process
;
internally it is wedged between the glenoid surface and the paroccipital

process of the exoccipital. Superiorly the squamosal unites with the parietal, the

suture with which runs down to about the middle of the temporal fossa, but, owing

to the condition of that part of the skull, cannot be traced further. The zygomatic

process is large and projects strongly on the side of the skull. It is triangular in

section : the upper edge is continued upwards on to the side of the skull, forming the

lower portion of the lambdoidal ridge
;
the outer edge turns inwards and forms the

posterior border of the glenoid surface. This surface is very large, extending from

the outer edge of the zygomatic process inwards almost to the level of the pterygoid

processes. It is concave from side to side and strongly convex from before backwards,

particularly anteriorly. A portion of its antero-external border is formed by the binder

end of the jugal. The posterior portion of the glenoid surface is borne upon the shelf-

like projection, of which the upper surface forms the floor of the auditory opening.

The tympanic is so much crushed and obscured by matrix that neither it nor the

foramina in its neighbourhood can be described.

The gtariedah {pa-), as already described, send back a short process on to the

occipital surface on either side. Above they unite with the supraoccipital, wdiich

sends a process between them for some distance. In front of this they meet one

another in the middle line and form a not very prominent sagittal crest for some
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distance
;
but towards their anterior end they again diverge, and tlie sagittal crest also

divides into the feebly marked snpratemporal ridges, which are continued forwards on

the frontals, terminating in the neighbourhood of tlic orbits. Ventrally the parictals

unite behind with tlie scpiamosals and probably witii the alisphenoid; farther forwards

with the frontals, which they overlap anteriorly to, a considerable extent in a sort of

squamous suture.

The frontals f/r.) are large bones which meet in the middle line, forming the flat

roof of the skull between the obscure snpratemporal ridges, which terminate over

the small orbits, though there are no distinct postorbital processes. Anteriorly the

frontals are separated by the nasals, which run back for some distance between them

;

they end in front in a rounded point about on a level with the anterior border of the

orbits, and are separated from the premaxillae by a short interval, owing to the fact

that the nasal sends down a process which joins the maxilla. The lachrymal cannot

be made out in any specimen examined, this region being usually very badly preserved.

In one case there is on the edge of the orbit a small tubercle presumably borne on

the lachrymal, but there is no evidence of a lachrymal foramen.

The nasals [na.) are fairly large bones, which run back some distance between the

frontals. As they pass forwards they widen out, till at their widest point they form

a short suture with the maxillae. In front of this they again narrow between the

upper ends of the premaxillae. Anteriorly they terminate in bluntly rounded ends,

which slightly (about 7 mm.) overhang the anterior narial opening. The difference

between this region of the skull in Palceomastodon and Mceritheriiiin seems to be due

to the shifting back of the nares (consequent on the development of the proboscis) in

the former, which leads to the reduction of the nasals and the carrying back of the

facial processes of the premaxillae till their upper ends meet the frontals and exclude

the nasals from contact with the maxillae.

The premaxilloe (pmx.), which together form the broad blunt snout, are chiefly

remarkable for the depth and solidity of their alveolar region, resulting from the

great enlargement of the tusk-like second incisors. The chief consequence of this

modification is, that the floor of the narial cavity is raised much higher above the level

of the alveolar border than usual, and the distance between it and the palate is

greater. In the skull figured in PI. VIII., a portion of the anterior region of these

bones overlying the median pair of incisors is broken away, but in another specimen

the upper surface of this anterior region is seen to be deeply grooved in the middle

line, the depth of the groove being increased by the presence of prominent ridges on

either side of it ; outside these again, and separated from them by slight depressions,

are the prominences formed by the large alveoli of ^. 2. The upper surface of the

bones forms the floor of the nasal cavity, which, owing to the shortness of the nasals,

is exposed for some distance. The presence of the ridges and grooves on the front of

the snout may indicate that there was a mobile upper lip or short proboscis requiring
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extoiisivo inuscle-atia,cliincuts. The facial processes of the prema.\illa3 form the lateral

borders of the nasal opening
;
above they expand slightly and unite in suture with the

nasals. The sutui-e with the maxilla runs downwards and forwards and crosses the

alveolar border immediately behind i. 3. The palatal region is almost completely

concealed by the forward prolongations of the maxilhe, which -will be referred to

below.

The 'iiiaxillw {mx.) are very large and greatly elongated elements; their palatine

plates are narrovv and their alveolar borders are straight and parallel wdth one another.

Posteriorly the palatine ])lates are separated by the palatines, which, in the specimen

hgured on PI. VIII., extend forwards as far as the level of the anterior crest of m. 1.

It appears, however, that some change in the relative position of the palatines and the

molar series takes place as the hinder molars come into position, for in another

specimen, in which the last molar is in wear, the anterior end of the palatines is

opposite 7n.‘l, and the posterior border of the palate opposite the hind lobe, of m. 3.

Anteriorly the maxillae send forwards plates of bone beneath the palatine surface of

the premaxilloe, extending almost up to the sockets of the anterior incisors. This same

peculiarity may be seen in the later Proboscideans, in which the anterior prolongations

of the maxillae may actually help to form part of tlie hinder border of the alveoli of

the tusks, to the support of which they greatly contribute. There seems to be a

single elongated anterior palatine vacuity, lying between the premaxilhe and the

slightly divergent anterior prolongations of the maxillae. The facial portion of the

maxilla meets the nasal above, thus cutting off the frontal from the premaxilla by a

short interval. The relations with the lachrymal cannot be made out, but the union

with the frontals forms a long straight suture running downwards and backwards
;

its posterior end is obscure in all specimens. The zygomatic process arises considerably

above the alveolar border
;

its base is very long, its anterior end being considerably in

front of the anterior premolar (imi. 2), the posterior opposite the hinder border of

pm. 4. Anteriorly the process is jierforated by a large antorbital foramen (PI. IX.

tig. 1, «.o./.), which opens on the face immediately over the anterior end oi pm. ‘1.

Above it forms the floor of the orbit in front, and behind it is overlapped by the jugal.

The free portion of the zygomatic process is short and stout.

The jugal {ju.) is large and forms the greater part of the zygomatic arch.

Posteriorly it runs back beneath the zygomatic process of the squamosal as far as the

uleiioid cavity, in the formation of which it takes a small share. In front of this

the bone curves gently downwards, and anteriorly it overlaps the zygomatic process

ol' the maxilla, with which it unites in a long suture, nearly straight externally,

but >-shaped on the inner face of the arch. The anterior extremity of the bone,

together with the underlying maxilla, forms a small ])ostorbital projection, which

marks the posterior limit of tlie orbit, which was very small.

The palatines {plj, ^ts above described, form the hinder portion of the hard
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palate, and extend forwards in the specimen fignred in PI. VIII. as far as the front

of 1. At their anterior end there is a pair of small posterior palatine foramina

(not shown in the figure). The hinder edge of the ])alate is greatly thickened ; so

also are the vertical plates, which, with the pterygoids, bound the mesopterygoid

fossa. It seems possible that these bones helped to form the inner wall of the cavity

in wliich the uncut germ of m.2) lies in the specimen figured in PI. VIII. The

internal narial opening is about as deep as wide, and in its roof the vomer can be seen

extending back to about the level of the hinder border of the palate. The

are too much crushed and broken for description ; it appears that their thickened

posterior angle w’as about opposite the anterior edge of the glenoid cavity.

Several casts of the cranial cavity have been obtained. The best of these, taken

from a skull (M. 8898) wdiich lacks most of the facial region, is figured (text-fig. 41).

The brain is much larger in proportion to the bulk of the animal than is usually the

case in the Eocene Mammalia, e. g. the Amblypoda
;
and it is possible that the early

tendency towards a considerable cerebral development shown in these primitive

Proboscidea is one of the causes why the group has survived and flourished through

so long a period.

The olfactory lobes [o.l.) are large and pedunculate. They project forw^ards entirely

in advance of the cerebral hemispheres, wTich are divided into anterior and posterior

portions by a broad lateral groove (the pseudosylvian of Elliott Smith), wdiich runs

dowmwmrds and forwmrds {p). The anterior (frontal) lobes {f.l.) are broad, rounded

externally, and somewhat compressed from above downwards. The posterior

(temporal) lobes {t.l.) project considerably beyond the frontal lobes both laterally and

ventrally
;

they are comparatively narrow from before backwards. Posteriorly the

temporal lobes are separated (in the cast) from the cerebellum by a deep fossa. In

the Mastodons and Elephants there is the same division of the hemisphere into

anterior and posterior lobes by a deep depression (text-fig. 42), but in these later

forms the temporal lobes have become greatly enlarged and project much more both

ventrally and laterally, while the frontal portions of the hemispheres are more bent

dowm and the olfactory lobes to a great extent lie beneath them. These changes seem

to be correlated, at least in part, wdth the general shortening-up of the skull.

The cerebellum [ch.) is comparatively small and narrow from before backwards
;

it

is entirely uncovered by the hemispheres. The ventral surface of the brain is not w'ell

shown in the cast, but the position of the pituitary body and the bases of the fifth

pair of nerves can be made out.

A^arious other details of less importance can be observed, but these need not be

referred to fully here, as I)r. Elliott Smith is preparing a memoir on this brain-cast.

In the section relating to the Sirenia, some account will be given of the remarkable

likeness betw^een the brain now described and that of Eosiren, another piece of

evidence of the close relationship of the Sirenia wdth the Proboscidea.

I’



TERTIARY VERTEBRATA OF THE FAYCM.:i0()

Ujt])er Dentition .

—
'riierc are tliree pairs of incisors. The first, pair (PI, X. fig. 3, i. 1)

are in close contiict in the middle line ; they are comparatively small, downwardly

directed, ))rismatic teeth, each implanted in the premaxilla by a long backwardly

curved root. Their transverse diameter is ronghly -8 cm. The second incisors (?. 2)

form great downwardly directed tusks. Their anterior face is strongly convex, the

posterior slightly flattened
;

the tooth as a whole is strongly curved and tapers

somewhat towards the root, which, in the adult at least, is closed. There is an oblique

B.
z

X 5.

Cast of the cranial cavity of Mceritherium hjonsi: A, from above
;
B, from right side.

c?;., cerebellum
;

frontal lobe
; mf., pituitary body

; y)., pseiidosylvian depression
; o.Z., olfactory lobe;

t.l., temporal lobe
;
V., base of fifth nerve. | nat. size.

wear-surface on the posterior side of the crown. No sufficiently well-preserved

specimen has been found to show whether the enamel-covering was complete or not.

In one skull these tusks project some 4’8 cm. from the jaw, but as their ends are

broken off above the commencement of the wear-surface, it is probable that when

complete they protruded at least half as far again
;

in this specimen the antero-
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posterior diameter of the base of the tusk is about 2*8 cm., the lateral diameter the

same. The third incisor (^. 3) was a small tooth, nearly circular in section, and

situated immediately beliind the tusk, just internal to its outer angle. This tooth is

represented by its alveolus only in all specimens examined
;

the antero-posterior

Cast of the cranial cavity of Mastodon americanus : A, from above
;
B, from right side.

(•6., cerebellum ; f.l., frontal lobe
; p., pseudosylvian depression

;
o.l., olfactory lobe ;

t.l., temporal lobe.
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diarnotor was aLout 1’3 cm. The canine (PI. VIII. fig. 1 a,c.) is also knovvn only from

its alveolus, which is situated immediately behind and a little to the inner side of the

socket of i. 3, which it resembles both in shape and size.

Behind the canine there is a short diastema (about 2’5 cm.). The next tooth, /n/i. 2

(PI. IX. tig. 4), is roughly triangular in outline with one angle directed forwards.

The crown consists of an outer row of cusps and a postero-internal shelf-like

projection. The blade consists of two main cusps {a.e., p-G-) closely united and

placed somewhat obliquely : of these the anterior (a.e.) is continued inwards as a

transverse ridge to the inner border of the crown, where it passes into the cingulum.

In front of these main cusps, and forming the anterior angle of the tooth, is a small

hut prominent cusp, apparently the parastyle (^xs.). Behind tlie main cusps also

there is a small accessory cusp. The postero-internal portion of the tooth forms a

broad slightly concave shelf with a raised border formed by the cingulum, which is

well developed and crimped along the whole of the inner side of the tooth.

The next premolar {'pm. 3) differs mainly from that just described in the presence

of a large antero-internal cusp (deuterocone), which («.?’.), together with the autero-

external cusp [a.e.)^ forms a transverse ridge. The parastyle (p.s.) is present, as

also is the posterior accessory cusp. In the specimen figured in PI. IX. fig. 4 the

postero-internal shelf is much abraded, the enamel being completely worn through.

The last premolar [pm. 4) is similar, but of somewhat smaller size than pm. 3.

The molars are bilophodont, each transverse crest consisting of a higher and

somewhat pointed outer cusp and a lower, blunter and more worn, inner cusp. 4'he

postero-iuternal cusp has a tendency to be prolonged backwards into a small blunt

lobe, wdiich in wear gives rise to the pattern shown in m. 1 (Pis. VIII. fig. 1 a, X. fig. 2).

This seems to be the beginning of the gradual addition of successive transverse ridges

to the posterior end of the tooth so characteristic of the suborder. The cingulum is

very well developed on the anterior and internal faces of the teeth. The enamel is

marked by a sculpture consisting of numerous irregular grooves : these are especially

marked on the cingulum, to which, in some cases, they give a beaded appearance.

This sculpture is best developed in the molars of M. gracile, in which also the

cingulum is especially well marked (PI. XVII. fig. 3).

Mandible .—The horizontal rami of the mandible (PI. X. figs. 1, 1 a) are very

stout and massively constructed. The outer face is strongly convex from above

downwards, the inner face nearly flat. The spout-like symphysis is long and broad
;

its ventral surface is evenly convex from side to side, while the upper surface is

concave in the same direction and was continuous anteriorly with the upper surface

of the procumbent incisors. The mental foramen [m.f.) is situated beneath pm. 3

and somewhat nearer the ventral than the dorsal border. The thickened anterior

edge of the very wide ascending ramus arises on the outer side of the jaw about

op[)osite the anterior lobe of m. 3. It slopes somewhat forwards, and from its upper
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end the superior border runs upwards and backwards at right angles to it, so

that the very sliort coronoid process [cor.) does not rise above the articulation. The

condyle itself [cond.) is elongated from within outwards and short from before

backwards ; it is convex in both directions and is wider on the outer than on the

inner side, which is supported on a flange or buttress of bone arising from the inner

face of the ascending ramus. From tlie condyle the posterior border runs down-

wards and backwards in a wide sweeping curve, forming the broadly rounded

angular region which projects somewhat below the ventral border of the horizontal

ramus. The outer face of the ascending ramus between the thickened anterior

border and the buttress which bears the condyle is deeply concave, the bone being

very thin.

Lower Dentition .—There are two pairs of incisors (PI. X. figs. 1, 1 a, i. 1, i. 2).

These teeth are procumbent and directed forwards, their upper surface forming a

continuation of the spout-like upper face of the symphysial region of the mandible.

The first incisors are much the smaller, and are closely crowded together between

the second pair. They seem to have been prismatic teeth with very long crowns and

roots ;
their transverse width would be about 2'5 cm. The second incisors are a pair

of large tusks, which seem to have been more or less triangular in section near the

top of the crown, but ovate further down. No well-preserved examples have been

found in situ in the jaw, but two specimens which may be regarded as these teeth

are here noticed. One of them is a young tooth in which Avear has just commenced
;

the upper face of its crown is concave from side to side, the inner face fiat, while the

ventral face is convex and meets the upper face externally in an angle forming the

sharp outer edge of the crown, which is chisel-shaped, but thicker internally than at

its outer side. The wear-surface is nearly at right angles to the long axis of the

tooth
;

it is narrow, but as wear proceeded would increase in depth till towards the

base of the crown it Avould be such as is found in the second older tooth referred to

below. The crown is covered with enamel, of which the surface is finely sculptured

with vermiculate markings below and irregular longitudinal ridges above. The

enamel extends much further down the upper and lower faces of the crown than on

the sides. In the older tooth the wear-surface is broad, flat, and oval in outline
;

it

is slightly inclined to the long axis of the tooth, and on the inner and outer sides

has already passed below the level of the enamel-covered surface, so that the enamel

forms two separate bands, one on the upper, the other on the lower face. The root

is very long and slightly curved, Avith a longitudinal groove on the concave side. At

this stage, at any rate, the root was closed.

The third incisor, canine, and first premolar are Avanting in the mandible.

The anterior premolar (PI. IX. figs. 3, 3 a, pm. 2) is comparatively small, and narroAV

from side to side. It consists of a large main cusp, in front of Avhich there is a small

tubercle Avhich may belong to the cingulum. Behind there is a large talon rising in



110 TEliTIART VEllTEBKATA OF THE FATtM.

llio middle into a longitudinal ridge, such that when the tooth is worn the resulting

wear-surfane of the main cusp is continued back on this median elevation of the talon.

'I'he next tooth 3) is larger and especially wider; it also consists of a high

anterior ])ortion and a posterior talon. The anterior part is composed of tliree cusps,

one of which forms the antero-internal angle of the tooth, Avhile behind this the

other two imperfectly separated cusps form a transverse ridge. In wear, the abraded

surface of the antero-internal cusp is continuous with that of the outer one of the

transverse pair, and this again unites with the surface of the talon, which has a ridge

towards its outer side, rising into a tubercle posteriorly.

The last premolar [pm. 4) is wider, and its anterior cusp is less distinctly developed

than in pm. 3. On the other hand, the inner cusp of the transverse pair is much

larger and more prominent. The talon also bears a more distinct postero-external

cusp. In the third and fourth premolars the cingulum is slightly developed on the

outer and posterior sides
;
on the latter it forms the raised edge of the talon.

The first molar (PI. IX. fig. 2, m. 1) consists essentially of a pair of transverse ridges,

each composed of a pair of tubercles and a small talon. The inner tubercles are

somewhat higher and sharper than the outer, which are the most worn. There

is a tendency to form small tubercles in the valley between the two main ridges,

connecting the inner ends of the outer tubercles. The talon consists of a blunt

tubercle nearly in the middle line, and a smaller, often obscure, ensp on the inner

side. In the third molar [m. 3) the talon is much larger, the main cusp being larger

and tending to become subdivided into two, while the inner cusp also is prominent,

so that in this tooth the talon forms a third transverse ridge. This third molar

is extremely similar to the corresponding tooth in some mandibles of Palceomastodon,

while m. 1 and m. 2 differ considerably, owing to the small development of the third

lobe
;
but at the same time the differences are merely of degree and not of structure.

The cingulum is well developed on the outer side of the lower molars.

Of the milk-dentition only the last lower milk-molar is known. This is well shown

in a portion of the right ramus of a young mandible (text-fig. 43), in which

mm. 4 and m. 1 are well preserved, and beneath the former the crown of 4 is

present. Mm. 4 is much like the permanent molars
;

it is bilophodont with a small

talon forming the rudiment of a third ridge.

Vertehral Column.—The vertebral column of Moeritherium is fairly completely

known. In several cases vertebrae have been discovered associated with portions of

skulls and teeth that can be definitely determined as belonging to M. lyonsi
;
and in

addition to these an almost complete vertebral column has been found associated with

a very imperfect skull which is undoubtedly that of a species of Mairltheriuni^ though

whether of M. lyond or not is uncertain. The vertebrae known to belong to M. lyonsi

will be described first.

In the atlas (PI. XI. fig. 1) the deep cups for the occij)ital condyles [cond.) in correlation
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with tlie form of the latter are narrower from side to side than is generally the case,

so that the outline of the articulation with the skull is more nearly circular than usual,

dhe condylar cups are separated above by a slight emargination of the anterior

border of the massive neural arch and ventrally by a somewhat smaller emargination

of the ventral bar. The neural arch at about the middle of its length is raised

into a very prominent transverse ridge, from the anterior border of which smaller

and less prominent ridges run outwards and forwards to the upper angles of the

condylar cups. Behind the ridge the surface of the arch slopes smoothly down to its

concave posterior border. Externally to the outer ends of the above-mentioned

Text-fig. 43.

Part of right ramus of au immature mandible of Moeritherkm lyonsi, showing pm. 4 in situ beneath mm. 4.

f nat. size.

lateral ridges the arch is perforated obliquely by the foramen for the first spinal nerve.

The transverse processes are rather small and are directed upwards and backwards

at their outer ends ; they do not appear to be perforated by the vertebrarterial canal.

Anteriorly the base of the transverse process is separated from the neural arch by a

notch. The nearly flat surfaces for the axis {a.t.) form an angle of about 45° with

the axis of the vertebral column
;
dorsally they are widely separated by the neural

arch, and ventrally by a much shorter interval occupied by the ventral bar, which is
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produced backwards in tlie middle line into a blunt liypapophysis and bears on its

up.per surface a fairly well-defined surface for the odontoid process.

In the (ixis (PI. XI. fig. 2) the neural spine [n.si).) is high and directed backwards ;

its sliarj) anterior border is convex and the thickened posterior border bears a deep

fossa for the attachment of ligaments. The neural canal is high and its floor broad

n ith a median elevation, which is continuous anteriorly with the upper surface of the

odontoid. This process {o.d.) is relatively large, somewhat laterally compressed, and

bears on its ventral surface a well-defined surface for articulation with the atlas. From

the hinder border of the odontoid a luemal ridge runs back along the centrum and deepens

and widens considerably posteriorly, so that the hinder articular surface of the centrum

is much deeper than broad and is ])roduced downwards into a sort of haemapophysis.

The slightly convex surfaces for articulation with the atlas project laterally beyond

the rest of the centrum to a considerable extent. Near the posterior border of the

centrum there is a small transverse process perforated by the vertebrarterial canal

;

the small upper pedicle rises from the base of the neural arch, the larger ventral one

from the centrum. The posterior zygapophyses {p.z.) are oval in outline.

The rest of the cervical series is not completely known. In the middle cervicals

(? 3rd or 4th, PI. XI. fig. 3) the centrum is relatively short; its articular ends are

slightly concave in the middle, with a broad thickened border ; and the concavity

is greatest on the posterior surface. There is a slight haemal ridge which deepens

somewhat behind. The neural spines [n.s]).) are short, pointed, and backvvardly

directed processes. The large transverse processes are perforated at their base by a

canal {v.c.) and are bifid at their extremities, the upper process being very small

and directed upwards, the lower forming a large downwardly directed flange. The

zygapophyses are very large. The posterior cervical differs from that just noticed

in the fact that the spine is higher, while the downwardly directed flange is greatly

enlarged and has a thickened ventral border. In the anterior dorsals (PI. XI. fig. 4)

the centrum is short, the anterior articular surface is oval and concave in the middle,

while the posterior surface is also oval and slightly concave
;

externally it passes into

a pair of facets [c.f.) for the heads of the ribs. There is a haemal ridge. The

transverse processes [t.]).) are short and stout : on their outer ends there is a deeply

concave facet {t.f.) looking outwards and downwards for the tubercle of the rih. The

nenral spine is a high, pointed, and backwardly directed ])rocess.

A nearly complete vert(‘bral column (C. lOOUo), associated with a very imperfect

skull, was collected from the Middle Eocene beds, and has already been mentioned as

undoubtedly belonging to a species oi lllmitJierinm, jiossibly even to a large individual

of M. Iij0 )isi. (’onsidering both the size and some diherences in details of structure

in such vertebi'ie as can be compared, it seems advisable to refer to this sjiecimen

as Mmritlicrhuti S]). until suflicient evidence is available either to justify regarding it as

belonging to a new species or definitely rck'gating it to J/. hjond. 'I'he vertebrx*
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of this column are:—the atlas, the last cervical, nineteen thoracic (in this series there is

a gap, one vertebra at least being missing), four lumbars, and four sacrals.

On the whole, the atlas is like tliat of M. hjonsi described above, but differs in several

minor points. Thus the transverse spinous ridge of the neural arch is wider
;
the

anterior border of the arch is less concave
;
the transverse processes differ slightly in

form and are more upturned
;

the surfaces for the axis are deeper from above

downwards and less extended from side to side. Some of these differences may be

merely apparent and the result of abrasion or distortion.

In the last cervical the centrum bears a fairly well-marked hypapophysial ridge
;

its articular ends are oval in outline, the long axis being transverse, and are slightly

concave in the middle. The transverse processes are large, rising partly from the

centrum and partly from the arch
;
they are stout, and somewhat thickened at the

obliquely truncated end. The arch is high and is prolonged upwards into a

prominent neural spine. There is no trace of an articular surface for the head of the

first rib.

In the first thoracic vertebra the centrum is of much the same shape as the last

cervical, but the broad blunt hypapophysial ridge is almost restricted to the anterior

end. The transverse processes are stout and short, terminating in a deeply concave

rib-facet, looking downwards and forwards. The anterior edge of the transverse process

is produced into a shelf-like projection of bone, which is continuous internally with

the anterior edge of the neural arch and bears on its upper surface the broad and flat

anterior zygapophyses. The neural arch is broader than in the last vertebra and the

pointed neural spine slopes strongly backwards*. There is a slight cup for a rib-head

on the upper angle of the anterior face of the centrum, and a much deeper and more

sharply defined cup on the upper angle of the posterior face.

The second thoracic is closely similar, but the tubercular facet of the transverse

process looks directly downwards instead of downwards and forwards. At the same

time the anterior shelf-like projection becomes smaller, and there is the first trace of a

tuberosity on the upper side of the end of the process, which becomes larger till about

the eighth thoracic. In this vertebra, owing to shortening, the trans’srerse process

seems to pass into the metapophysis which is largely developed in the following

thoracic vertebrae.

The following five vertebrae (text-fig. 44) are generally similar, but the transverse

processes become shortened and the haemal ridge is wanting. Furthermore, in 4-7 the

oval posterior capitular facet {c.f.) becomes very strongly concave and bordered by a

prominent rim. In these first seven dorsals the neural spines {n.sp.) are comparatively

slender, terminate in a point, and slope strongly backwards. In the eighth dorsal the

form of the spine is transitional to the short broad type found in the posterior thoracic

region. In this vertebra also the anterior capitular facet is merely a shallow concavity

lying beneath and in front of the very short transverse process, which bears a small

Q
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slightly convex facet {t.f.) for the tubercle of the rib. The posterior capitular facets,

as in the vertebrae in front, are deeply concave and sharply defined. The metapophysial

])rocess [m.) above referred to is large, and in the following two (9 and 10) vertebrae

forms a prominent forwardly-projecting point which overhangs the anterior zygapo-

physes (a.z.). The eleventh thoracic is very similar, but the transverse process merely

Anterior dorsal vertebra of Mcerithermm : A, from front
;
B, from left side.

flf.z., anterior zygapopbysis
;

r./., capitular facet
;
m., metapopbysis

;
n.sp., neural spine; p.z., posterior

zygapopbysis
; t.f., tubercular facet, g uat. size.

Middle dorsal vertebra of Mairltherium

:

A, from front; B, from left side.

Letters as in last figure. | nat. size.

forms a blunt prominence ;
the posterior capitular facet is extremely small, and looks

almost directly backwards, while the anterior is more distinct, and forms a shallow

concavity below and in front of the transverse process.
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111 the succeeding- thoracic vcrtehrin (text-fig. 45) the head of each rib articulates with

one vertebra only, by a deeply concave surface {cf.) situated on the side of the centrum

immediately below and in front of the short blunt transverse process {t.f.), on to the

base of which the facet may be continued, at least in 12-13. It is doubtful whether

the ribs of this region had any tubercular articulation with the transverse processes.

In this region also (12-19) the centrum is considerably wider than high, while the

neural spine [n.sp.) becomes gradually wider and shorter, and is only slightly inclined

backwards. The metapophyses (m.) form quite prominent pointed processes.

The lumbar vertebrae (text-fig. 4G) are four in number. Their centra become still

wider in proportion to their height and have a nearly straight upper border. The

transverse processes {t.p.) are again large, and arise on a level with the top of the

centrum
;

in the two posterior lumbars they seem to have been pointed at their

extremities. In the form of the neural spine (n.sp.) and the metapophyses (m.) these

vertebrae are much like the posterior thoracic. i

Lumbar vertebra of Moeritherium : A, from front; B, from right side.

t.p., transverse process
;
other letters as in text-tig. 44. | nat. size.

The sacrum (text-fig. 47) consists of three fused vertebrae, the centra of which are

low and broad, the shape of their articular ends being a transversely elongated oval.

The metapophyses, forming prominent forwardly directed processes, are well developed

on the anterior zygapophyses {a.z.). The neural spines {n.sp.) are low and broad. The

pleurapophyses are broad and stout
;
they unite at their outer ends, being separated

only by nearly circular interosseous foramina {io.f.). On their fused outer ends they

bear a long iliac surface {il.s.) which looks obliquely upwards in front and directly

outwards posteriorly. The ventral surface of the sacrum is nearly flat, except near the

edges of the iliac surfaces, where it is somewhat deflected. The posterior surface of

the last of the fused sacrals is deeply concave. The following vertebra should perhaps

Q 2
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Text-fig. 47.

anterior zygapopliysis
; io.f., interosseous foramen

;
U.s., iliae surface; n.$p., neural spine;

p.z., posterior zygapopliysis. \ nat. size.
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be regarded as a free sacral rather tlian as a caudal. The centrum is depressed, and its

ventral face only slightly convex from side to side, passing externally into the broad

transverse processes. The anterior end of the centrum is convex, and slopes somewhat

forwards
;
the posterior end is much higher in proportion to its width : this vertebra

is, in fact, intermediate in form between the sacrals and caudals. These latter are not

known in the present specimen, but in another, much less nearly complete, column

several arc preserved. Their centra are laterally compressed, particularly behind, so

that while the anterior face of the centrum is nearly circular, the posterior is a vertically

elongated oval. The neural arch seems to have been confined to the posterior half of

the centrum. There are short downwardly directed transverse processes towards the

anterior end. Posteriorly the ventral border bears facets for chevrons, which, in some

cases at least, were V-shaped.

Fore Limb .—The scapula, the humerus, and the proximal portion of the ulna only

are known. No complete specimen of the sca^mla has yet been found. The best

example (from the left side) is figured in PI. XI. fig. 5. The glenoid cavity {(J.c.) is

oval in outline, and the articular surface is continued forwards on to the posterior

surface of the large and prominent coracoid process (c.). Anteriorly this process bears

a rough ridge, which passes above into the coracoid border {c.h.). This border is

concave below, but is incomplete above; it seems, however, to have curved forwards so

that the upper part of the blade was wide. The glenoid border {g.b.) is gently curved

backwards
;

the suprascapular region is broken away. The spine
(
5 .) originates

about 2 ’5 cm. from the glenoid cavity
;

it forms a prominent backwardly inclined

flange, parallel with the glenoid border
;

it cannot be seen whether or not there

was an acromion. The postscapular fossa is narrow but deep, and overhung by the

spine
;
the prescapular fossa is wider and more open. This scapula, in the backward

sweep of its blade, presents some approach to the Sirenian type, and in the large

size of the coracoid process and the form of its coracoid border is similar to the

scapula of Barytheriwn described below.

In the himm'us (PI. XL fig. 6} the head (fi.) projects strongly backwards and inwards ;

it is much more strongly convex from before backwards than from side to side. The

greater tuberosity is large and rises to about the same level as the head. Externally

it is flattened, internally it forms the outer border of a broad bicipital groove, the inner

side of which is formed by the small but still well-defined lesser tuberosity. The

shaft is chiefly remarkable for its extreme lateral compression. The narrow flat anterior

surface is continuous above with the flattened face of the greater tuberosity
; lower

down it passes into the inner face of the bone, its prominent outer border forming the

deltoid crest [d.], from which a rounded ridge runs obliquely across the anterior face of

the bone to the inner end of the distal articular surface, so that the whole bone when

seen from the front appears to have a slight spiral twist. The inner condyle {i.c.) is very

large and projects below the rest of the bone
;

it is not perforated by an entepicondylar
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foramen, 1)ut tlierc is a dec]) fossa lying between the condyle and the olecranon fossa [o.f.),

which also is very deej). The outer condyle is comparatively small
;
from it the edge

of the hone is continued up as a narrow hackwardly directed flange, wliicli dies away

just below the niiddlc of the shaft; distally this ridge forms the outer border of the

oh'cranon fossa, and higher up the sharp outer border of the expanded distal end of

the hone, which above the olecranon fossa is strongly concave from side to side. The

edge also is in ])art the equivalent of the supinator ridge, and the large development

of this and of the inner condyle indicates that the limb was capable of extensive

movements of pronation and su])ination not found in the more specialised Ungulates.

The distal articulation is divided into an outer and an inner lobe by a shallow

depression; above the outer trochlea the front of the bone is occupied by a well-

marked coronoid fossa (c./‘.).

The proximal end only of the ulna is known (PI. XI. fig. 7). The olecranon process

[ol.) is large, thickened at the extremity, and rises high above the articulation
;

it is not

directed backwards to any great extent, but merely continues upwards the long axis

of the shaft. The sigmoid notch is deejfly concave, the upper part of the articulation

being considerably prolonged forwards. The lower portion of the humeral surface is

deeply bilohate
;
the radius seems to have been in contact with the outer lobe only.

Beneath the articulation on the anterior face of the bone towards the outer side there

is a deep depression (r.) for the radius.

Iliiid Limh.—'i'he pehh (PI. XI. tigs. 9, 9 a ;
text-fig. 68, D) differs widely from

that of the later Prohoscidea, owing mainly to the narrowness of the ilium. The

crista i/ii {c.i.) is short and almost at right angles to the sacral and acetabular

borders, which are parallel with one another. The outer angle of the crista forms a

blunt projection. The sacral surface is very long, extending over the anterior three-

fourths of the sacral border ; it is gently convex from above downwards, and from its

position and autero-posterior extent it shows that the long axis of the ilium is nearly

parallel with that of the vertebral column. The acetabular border is gently concave

in its anterior two-thirds
;

])osteriorly it seems to divide on either side a strongly

marked pit t^for the rectus fonoris muscle) lying immediately above and in front

of the rim of the acetabulum. The gluteal surface is slightly concave from

side to side
;
the pelvic (inner) surface is nearly flat. On the ventro-internal face

of the ilium is a prominence (ileo-pectineal), from which there runs back a ridge

continuous with the anterior border of the pubis The acetabulum («.) is

horseshoe-shaped, the very prominent raised rim being interrupted postero-inferiorly

by a wide notch, which leads into the large pit for the ligament, and opens

externally on the surface of the ischium. ’VXm jnihis (pu.) is for the most |)art broken

away in all the specimens examined : this seems to be the consequence of the

slenderness of the free portion of this bone. The ischium {is,) is much stouter and
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continues back the long axis of the ilium. Where this bone forms the outer

boundary of the obturator foramen it is trihedral, but ])osteriorly it flattens out into

a broad and comparatively thin plate, of which the upper outer angle [tuber ifichii)

is very prominent (-is-t.). The posterior border is somewhat convex. Internally the

bone is produced into a process forming the posterior boundary of the obturator

foramen, and so thin that in no specimen does it remain unbroken, so that nothing

is known as to the form and extent of the symphysis.

The peculiar interest of this pelvis lies in its great resemblance to that recently

figured by Abel * as belonging to the Sirenian, Eotherium cegyptiacum, Owen

(text-fig. 68, C), a species occurring in the somewhat earlier white limestone of the

Mokattam Hills. In this pelvis there is the same straight and narrow ilium, the

same greatly expanded ischium, and an acetabulum of almost exactly similar form.

Unfortunately, in no specimen of the pelvis of Moeritherium is the pubis well

preserved, but it was clearly comparatively thin and weak. The chief differences

between the two pelves seem to be
: (1) so far as can be ascertained from Abel’s

figure and description, the sacral surface is less distinctly developed in Eotherium ;

(2) the position of the fossa for the attachment of the rectus femoris muscle is a

little different
; (3) the obturator foramen is rounder in Eotherium. Nevertheless, the

similarity of the two pelves is such that if that described by Abel is without doubt

Sirenian (and it seems highly improbable that it is anything else), then it may

fairly be suggested that Moi^'itherium and Eotherium, both occurring in the same

region (the one the most primitive Proboscidean, the other occupying the same position

with regard to the Sirenia), are in fact closely related, and had a common ancestor

in early Tertiary times, probably in the Lower Eocene. It is interesting to note

that the acetabulum of Eotherium indicates the presence of a large functional femur,

so that the animal must have been less exclusively aquatic than the later Sirenia.

Furthermore, in the rather later beds in which the remains of Moeritherium are

found there is a Sirenian Eosiren, in which the pelvis (text-fig. 68, B) is already

almost as much reduced as in the later Ilalitherium (text-fig. 68, A); the adoption

of a completely aquatic life having apparently led to a very rapid reduction of the

pelvis and hind limb through disuse, while the terrestrial, probably swamp-loving,

Moeritherium retains the more primitive type of pelvis, which, by the widening of the

gluteal and pelvic surfaces, and the consequent lengthening of the crista ilii, became

the broad pelvis of the larger Proboscideans.

The head of the femur (PI. XI. fig. 8, h.) is large, rounded, and pedunculate
;

its posterior surface bears a deep pit for the ligamentum teres [l.t.) ;
it is separated

* O. Abel, “ Die Sirenea der mediterranen Tertiarbildungen Oesterreicbs,” Abbandlungen der k.-k.

geologischen Keichsanstalt, vol. xix. pt. 2, pi. vii. fig. 1 (Vienna, 1904).
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from tlio groat trocliaiitcr {(j-tr.), wliich rises sliglitly above it, by a shallow rounded

notch, 'fhe lesser trochanter {l.tr.) is a very prominent ridge of bone forming the

inner border of the large digital fossa. From the most prominent point of the inner

trochanter a slight ridge runs obliquely to the base of the great trochanter, dividing

the fossa into an u])])er and lower section. The middle portion of the shaft is roughly

triangular in section, the outer angle forming a roughened ridge, which is the only

re|)resentative of the third trochanter. Below this point the shaft is oval in section,

the flattening being antcro-posterior. The trochlear surface is small, and the ridge

forming its outer border somewhat the more prominent. Both condyles are small

;

the outer is somewhat the larger, though at the same time the inner projects a little

beyond it. Posteriorly the condyles are separated by a deep and narrow intercondylar

fossa. The posterior surface of the shaft immediately above the condyles is slightly

concave from side to side.

In its straightness, in the relatively small size of its articular ends, and in the

absence of an inner trochanter, this femur is not unlike that of the later Proboscidea
;

and while the presence of a depression for the insertion of the ligamentiim teres is a

point of difference between it and most of the later members of the group, a deep and

similarly situated pit occurs on the head of the femur of Palceomastodon.

Moeritherium lyonsi, Andrews.

[Plates VIII.-XI. ; text-figs. 40-47.]

1901. Mceritlierium hjonsi, ('. W. Andrews, Tagetdatt des V. Intornationaleu Zoologon-Congresses

Berlin, No. (I, p. 4 (Verhandlungen, p. 528, 1902) ;
(leol. Mag. [4]

vol. viii. pp. 40;5-40G, fig. 2.

1903. „ ,, C. W. Andrews, Phil. Trans, vol. 19G n, pp. 113-117, figs. 14-17.

1904. „ ,, (1. W. Andrews, Geol. Mag. [5] vol. i. pp. 109-112, fig. 1.

Type Specimen .—Mandible associated with upper molars and a dorsal vertebra

(PI. X. figs. 1, 1 a); Geological Museum, Cairo.

The type species, in which the length of the mandible is about 32 cm., and that of

the molar and premolar series 17‘2 cm.

Form. & Loc.—Qasr-el-Sagha beds (Middle Eocene) and Fluvio-niarine beds

(Upper Eocene) : north of Birket-cl-Qurun.

C. 10000. Upper molars, inamlihle, and a dorsal vertebra. The mandible is the type of the species

described in the ‘ Tageblatt des V. Internationalen Zoologen-Congresses,'’ no. fi, p. 4

(Berlin, 1901); also described and figured in Geol. Mag. [4] vol. viii. (1901) pp. 403-5,
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fio-. 2 c
;
also PI. X. 1. Tlio vertcLra is figured on PI. Xl. fig. 4. Middle Eocene.

The dimensions (in centimetres) ol.’ the mandible and lower teeth are :
—

Total length 32

lleiglit of condyle above inferior border 15 3

Length of molar and premolar series 17’2

Jji'iiKtli. WicUli.

2JM.2 2-2 l-G

pm. 3 2-3 21

pm. 4 2-5 2-3

w. 1 2'G5 2-45

m.2 3o 3

m. 3 4 2 3

M. 8146.

C. 7867.

Plaster cast of the above specimen. Made in the British Museum.

Nearly complete skull of a young individual in which the second incisor and last molar

are not yet cut. The description of the skull given in this volume is founded mainly

upon this specimen, which is figured on PI. VIII. and PI. IX. fig. 1. Upper Eocene.

The approximate dimensions (in centimetres) of this skull are:

Greatest length from end of condyles to tip of snout ... 35

Length from hinder border of palate to tip of snout .... 21

„ summit of occiput to tip of snout 32

Greatest width at zygomatic processes of squamosal .... 22-7

,, of occipital surface 17 4

„ of supraoccipital escutcheon t)’7

Height of occipital surface above /or«>w«w mupHHni .... 8'7

"Width between outer angles of condyles 9'3

,, of skull-roof at temporal fossa G

„ „ orbits G’G

,, of glenoid surface 7'3

„ of palate between jn. 1 3-3

„ of foramen magnum 4-2

Length of premolar series 7‘3

The dimensions (in centimetres) of the teeth are :

—

Lengtli. Width.

2^1.

2

2*7 2

2jm. 3 2’.5 2'8

yjm.4 2-1 2-8

m. 1 3 2'G

m. 2 3 2 2-9

It. 8875. Plaster cast of the above specimen. Made in the British Museinn.

M. 9225. Skull, very slightly crushed and nearly complete, with the exception of the zygomatic

arches : the nasals are well preserved and terminate anteriorly in points which overhang

the narial opening. The vertical plates of the pterygoids are thick and appear to have

a descending plate of the alisphenoid fused on their outer face
;
there is an alisphenoid

canal opening anteriorly into a groove running upwards and forwards, as in Falao-

It
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maslodon.

I'iOccnio.

The t.celli are for the most part represented l)y their l)ases onl}’,

The (liniensions (in centinietros) of this specimen are :

—

Middle

Greatest length from end of condvles to tip of snout ... 37

Lengtli from liinder border of palate to tip of snout ... 23

„ summit of occiput to tip of snout 34-7

Greatest width of occipital surface 15‘5

1 1 eight of occipital surface above /orrmiea ?a«r//oo;i, .... 7‘5

Width of skull-roof at temporal fossa? 6'5 app.

Length of molar and premolar series 15'2

„ ])remolar series 6‘7

,, molar series 8‘5

Presented hy Baron Franz Fopesa, IhOd.

C. 10002. Portions of large skull. Described and figured in Geol. Mag. [4] vohviii. (1901) p. 404,

figs. 2 A, 2 B
;
also PI. X. figs. 3,4 Middle Eocene. The dimensions (in centimetres)

of this specimen are :

—

Greatest width at zygomatic processes 27

„ of occipital surface 19‘4

Height of occipital surface rCoo\e foramen maynum .... 7’7

Width between orbits G'o

Length of broken tusk (7 2) 4'G-f

Madtli of broken tusk (t. 2), side to side 2-8

„ „ before backwards 2-8

Length of premolar series 6'8 app.

M. 8192. Plaster casts of the above specimen. Made in the British Mnseuni.

M. 8905. Portion of skull, including the right maxilla. Middle Eocene.

Presented hi/ the Eijyption Government, 1904.

M. 8904. Anterior jmrtion of skull, showing the sockets of the incisors. Middle Eocene.

J’resented hy the Egyptian Government, 1904.

M. 8906. I mperfect skull, teeth not preserved. The length from the summit of the occiput to the

tip of the snout is 32 cm., that from the hinder border of the palate to the same point

aliout 21'5 cm. Aliddle Eocene. Presented hy the Egyptian Government, 1904.

W. 8884. Palatal region of skull with molars and jiremohirs. Upper Eocene. The dimensions (in

centimetres) are :

—

Length of premolar series 7

Mhdth of palate op[)osite in. 1 ... .

Len';lh.

3-G

Width.

.... 2-5 2

.... 2-5 2-8

2-7

.... 2-9 2-5

.... 3-3 2-8

Presented, hy the Bgyptiw/i Gorei nmenI, 1901.

C. 8847. Portion of the palatal region of ihe skull with pm. 3, pin. 4, in. 1, and in. 2 widl preserved

on the right side. The base of the zygomatic jiroccss ol' the maxilla is over the premolars.

Upper Eocene. The dimensions (in centimetres) arc :
—



JNKKRITI I RRIUM LTONSI. 123

M. 8898.

M. 9116.

M. 9117.

C. 8831.

C. 8832.

C. 7910.

M. 8500.

C. 10001.

M. 8147.

C. 8112.

M. 8907.

Length of m. 2 3'2

„ on. 1 2-0

,,
pm. 4 2’1

„ 2>m.3 2-6

Posterior ]iortion of skull froni which tlie cast of ilic hrain-case M. 911G was inado.

IMiddle Eocene.

Cast of cranial cavity of last specimen (text-fig. 41). Made in the JJritish Museum.

Plaster cast of the cranial cavity of the imperfect skull C. 10002.

Made in the British Museum-

(?) ]\Iuch-worn lower tusk (second incisor), showing the w’ear-surface truncating the

summit nearly at right angles and the very long but closed root, grooved above.

Total length 13 cm. ;
width of ci’own 2‘8. Upper Eocene.

(?) Crown of a similar but much less worn tooth. The crown is covered with a thick

enamel which extends furthest down on the upper and lower faces
;
wear-surface at

present a narrow band at right angles to long axis. Width of crown 2 cm. Upper

Eocene.

(?) Upper tusk (second incisor), greatly curved
;
root closed

;
wear-surface on posterior

side of crown. Length in straight line 12’5 cm.
;
width of crown 2'G cm. Upper Eocene.

Eight upper premolars and m. 1 of a large individual. The size of the teeth is somewhat

exaggerated by the cracking and slight displacement of the enamel (not shown in

figure). The premolars are figured in PI. IX. fig. 4. Upper Eocene. The dimensions

(in centimetres) of the teeth are :

—

Length. Width.

pm. 2 2' 6 2-2

pm. 3 2'G 3'2

pm. 4 2'2 2'9

m.\ 3T 2'7

Length of tlie preniolar series 7’5.

Presented hy TT'. E. de Winton, Esq., 1903.

Upper molars and premolars found close to type. Described and figured in Geol. Mag.

[4] vol. viii. (1901) p. 404, fig. 2 A
;

also PI. X. fig. 2. Middle Eocene. The

dimensions (in centimetres) of these teeth are :
—

Length. Width.

pm. 2 2-7 2-3 app

qnn. 3 2-65 2-95

pm. 4 2-3 2-75

m.\ 2-9 2-7

2 2-6 (?) 2-35

Plaster cast of the above specimen. Made in the British Museum.

Right upper premolar. Upper Eocene.

Portions of upper and lower jaws with imperfect teeth, axis, and two other cervical

vertebra?, some imperfect dorsals, and a fragment of a pelvis. IMiddle Eocene.

Presented by the Eqypitian Government, 1904.

E 2
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M. 9114.

M. 8902.

C. 8808.

M. 8885.

M. 8898.

M. 8894.

M. 8901.

M. 8895.

C. 8127.

C. 7838.

M. 9233.

Two posicrioi lofi upper molars. Middle Eocene. The dimensions (in centimetres) of

these teeth are :

—

Leiigll). Width.

VI. 2 2 2-b

711.3 3-2 2-8

Third upper molar. Figured FI. X. fig. 5. Middle Eocene.

rresented hij the E(jyptian Government, l'J04.

Nearly complete mtindible, incisors and pm. 2 broken away. Upper Eocene. Tlie

dimensions (in centimetres) of this specimen are :

—

Total length (not including incisors) 32'8

Horizontal width of ascending ramus KJA

J.eugtli of molar series Od)

„ premolar series 7'1

Anterior portion of mandible, showing symphysis and right ramus with 3—1 and

in. 1-2. U})p)er Eocene. The dimensions (in centimetres) of this specimen are ;
—

Length of sympli ysis 9'5 app.

Length. Width.

pm. 3 2'8 1’8

jnn. 4 2'5 2T
in. 1 2-S 2-1

in. 2 3-4 2-7

Presented hy the Egyptian Government, 1904.

Portion of mandible. Middle Eocene. Presented by the Egyptian Government, 1904-

Portions of mandibles. Middle Eocene. Presented by the Egyptian Government, 1904.

Portion of left ramus of mandible with premolars. Middle Eocene.

Presented by the Egyptian Government, 1904.

Fragment of skull and anterior portion of mandible with much weathered incisors.

Middle Eocene. Presented by the Egyptian Government, 1904.

Portion of right ramus of mandible with ptn. 2-4 in perfect ju'cservation. Figured

on PI. IX. tig. 3. Upper Eocene. The dimensions (in centimetres) of the teeth are:—
Length. Width.

pm. 2 2-3 1-1

pm. 3 2-5 ]-7

pnn. 4 2-4 2

Length of premolar series 7.

Posterior portion of the left ramus of the mandible, .^bowing the last milk-molar with

the germ of ^u//. 4 beneath it
;
m. 1 is just in wear. M. 2 and m. 3 are rej)resented by the

alveoli onl}^, and probably ?n. 3 had not yet emerged (text-fig. 43). Upj)er Eocene.

The dimensions (in centimetres) of the teeth are :

—

Length. Width.

inm.\ 2'G L8

jnn. 4 2’2

in. 1 2-7 2-1

Plaster cast of the above specimen. Made in the British Mnsenm.
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C. 8832. Crown of second lower incisor.

C. 8801. IVorn second lower incisor.

M. 8501. Right and loft lower molars and premolars in nearly perfect preservation. The t(‘eth

of the right side are figured on PI. JX. fig. 2. Upper Eocene. The dimensions

(in centimetres) of the teeth are :

—

Length. Width.

pm. 2 2-G 1-4

pm. 3 2-7 1-9

pm. 4 2-4 2-1

3 2-2

3-2 2-6

Lengtli of premolar series 7‘3.

4

Length of molar series 9-9.

2-8

Presented Inj W. E. de Winfon, Esq., 1903.

M. 9118. Lower molars and premolars. Middle Eocene.

M. 8900. Portions of upper and lower dentition greatly worn. Middle Eocene.

Presented hy the EgyiJtian Government, 1904.

M. 8914. Skull and vertebral column, incomplete and badly preserved.

Presented hy the Egyptian Government, 1904.

M. 8909. Atlas vertebra. Figured PI. XI. fig. 1. Middle Eocene.

Presented hy the Egyptian Government. 1904.

M. 8909 a. Atlas vertebra. Middle Eocene. Presented hy the Egyptian Government, 1904.

C. 9073. Atlas vertebra. Upper Eocene.

C. 10059. A xis vertebra. Figured PI. XI. fig. 2. Middle Eocene.

M. 8915. Three imperfect axis vertebiae. Middle Eocene.

Presented hy the EgyqPian Government, 1904.

M. 8899. Cervical vertebra and fragments of .skull. Vertebra figured PI. XI. fig. 3. Middle

Eocene. Presented hy the Egyptian Government, 1904.

M. 9227. Imperfect cervical vertebra. Middle Eocene. Presented hy Baron Franz Nopcsa, 1905.

M. 8903. Two imperfect dorsal vertebrae. Middle Eocene.

Presented hy the Egyptian Government, 1904.

M. 8908. Two imperfect dorsal vertebrae. Middle Eocene.

Presented hy the Egyptian Government, 1904.

M. 8921. Imperfect dorsal vertebrae. Middle Eocene.

Presented hy the Egyptian Government, 1904.

M. 9226. Dorsal vertebrae. Middle Eocene. Presented hy Baron Franz Nopcsa, 1905.

M. 9228. Dorsal vertebra. Upper Eocene. Presented hy Baron Franz Nopcsa, 1905.

M. 8917. Dorsal and sacral vertebrae, much weathered. Middle Eocene.

Presented hy the Egyptian Government, 1904.

C. 10053. Lumbar vertebra. Middle Eocene.

C. 10035. Imperfect sacrum. Middle Eocene.
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C. 10020. Dorsal vortoljrao, sca])nla (PI. XI. finj. 5), portions of femur, and pelvis. Middle Eocene.

Tli(' dimensions (in centimetres) of ihe scapula so far as ])re,served are:

—

Jjenglli from coracoid process to posiero-.superior angle . . 21

,, of glenoid surface in straight line 5-8

AVidth of glenoid surface iji straight line 4

M. 8918. Fragments of scajmhe. Aliddle Eocene. Presented hj/ the P</i/j)tiaii (government

,

1(104.

C. 7962-3. Pair of \vell-])reserved liumeri. Upper Eocene. The dimensions (in centimetres) are :

—

Tjength . 26

A\Tdth of head 4-2

Antero-posterior width at tleltoid crest 5'2

AVidth of distal articular surface 4‘5

„ distal end at condyles 7 6

H. 8910. Portions of two humeri. Middle Eocene. Presented Ay the Juiuptian Government, 1904.

K. 8916, M. 9115. Imperfect humeri. Middle Eocene.

M. 8861. Distal portion of humerus. Upper Eocene. Presented hi/ the Egyptian (dovernment, 1904.

M. 8931. Left humerus. Figured PL XI. fig. fi. Middle Eocene. The dimensions (in centi-

metres) of this specimen are :

—

Length 24

Antero-posterior width at deltoid crest 5

Lateral width at same point 2'4

AVidth of distal articular surface 4‘6

„ distal end at condyles 7’2

Presented hy the Egyptian Government, 1904.

M. 8911. Proximal end of ulna. Figured PI. XL fig. 7. Aliddle Eocene.

M. 8911a. Proximal ends of two ulme. Middle Eocene.

M. 8920. Portions of })elves. Middle Eocene.

M. 8932. Light femur. Figured PI. XL fig. 8. Middle Eocene. The dimensions (in centi-

metres) of this sp(«imen are :
—

Length 27

Width of pi'oximal end 7*5

Diameter of hcarl 3-5

AVTdth of middle of shaft 3'3

,, distal eird 5'2

C. 10004. Left femur. Middle Eocene. The a[i[iroximate dimensions (in centimetres) are :

—

Length 26’8

W'idlh of jrroximal end 7

Diameter of head 3'5

AVidth of middle of shaft 3'2

distal end ?

M. 8920 a. Upper end of tihia. Middle Eoceinn
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Moeritherium gracile, Andrews.

[Plate XVir. tigs. 1-3.]

1902. Mopritherium gracile, C. W. Andrews, Geol. Mag. [4] vol. ix. p. 292.

Type Specimen.—An imperfect skull (PL XVII. figs. 1, 2), including the palatal

region, associated with cervical, dorsal, and lumbar vertebrae
;

Geological Museum,

Cairo.

This species is distinguished from M. Iponsi by its comparative lightness of structure,

the narrowness of the palate, the smaller size of the upper molars and premolars,

particularly of m. 3, the strong development of the cingulum in these teeth, and by

the considerable inflation of the cranial region of the squamosal, which apparently

contains extensive air-sinuses.

Form, cf- Loc.—Qasr-el-Sagha beds (Middle Eocene) : north of Birket-el-Qurun.

C. 10003. Cranial and palatal regions of skull with some vertebrte. Type specimen described in

Geol. ]\Iag. [4] vol. ix. p. 292. Figured on PI. XVII. figs. 1, 2. The palatal portion

(fig. 1) shows very well the great enlargement of i. 2, the extension forwards of the

maxilla (m.r.) beneath the premaxilla (pm.r.), the presence of a median anterior palatine

vacuity, the relatively small size of the teeth, })articularly of the third molar (m. 3).

The cranial region (fig. 2) shows the comparative narrowness of the supraoccipital

escutcheon (soc.) (c.f. PI. X. fig. 4 a) and the inflation of the upper part of the

squamosal (sy.). The dimensions (in centimetres) of this sj)ecimen are :

—

Distance from anterior end of snout to hinder border of palate . 21

Width of palate opposite m. 2 2-8

Approximate width of supraoccipital escutcheon 8-6

Total width of occipital surface 18-G

The dimensions of the teeth are :

—

Length. Width.

pm. 2 2-2 1-8

pm. 3 2 2'3

pm. 4 2 2-1 (?)

m. 1 2-3 2-3

m. 2 2-4 2-0

m. 3 2-8 2-4

Length of molar and premolar series 13'7.

Length of molar series 7’5. Length of premolar series 6’2.

The vertebrae belonging: to this skull include the centra of the axis and the fiveo o
posterior cervicals (two having part of the arch preserved), an anterior dorsal with part

of the arch, also five other dorsal and two lumbar centra.

The form of the axis, so far as it is preserved, is similar to that of the axis of

J/. lyonsi. The centra of the posterior cervicals are oval in outline and slightly
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coiicavc! at both onds. Tlic transverse processes of all except the seventh are perforated

hv a vertohrarterial canal, and on the anterior ones there is a strong hyj)apophysial

i’idg(^ on the hinder end of the c(Mitrnm.

'I'ho antenaor dorsal has an oval biconcave centrum
;
the external angles of the

posterior face hear concave facets for the capitulnm of the rib
;
the transverse process

is stout and short and bears a largo downwardly- directed tubercular facet, strongly

concaA^e from before backwards. The other dorsal centra liaA^e a straight neural border

and are strongly convex below. The lumbar centra are similar, and bear on their

sides strong flattened transverse processes.

Ileiglit of Width of Length of

anterior face. clHtto. centrum.

Atlas 7'5 G'o (with odontoid).

Last cervical . . . . . . .
9 -3 3-5 2-G

Anterior dorsal ... 3-3 3-8 2-8

Posterior dorsal . . . . . . 3-8 5'5 app. 3-8

Lumbar ... 3-8 4-7 3-8

M. 8191. Plaster cast of {)alatal region of type skull. Made in the British Museum.

M. 8912. Left upper molars. Figured on PI. XVIT. fig. .3. These teeth show the well-developed

cingulum and the peculiar sculpturing of the enamel. The dimensions (in centimetres)

are :
—

•

Leiigtli. Widtl

2-5 2-1

B), 2-3

7)1,
o 2-8 2-5

Bresented h>j the Egijptian Government, 1904.

M. 9229. Centrum of axis with odontoid. Presented by Baron Franz Xopesa, 1905.

Moeritlierium trigonodon, Andrews.

[Plate IX. fig. 5.]

191)1. Mu'ritl(erium triyodon, C. AV. Andrews, Geol. Mag. [5] vol. i. p. 112.

Type Specimen .—Posterior portion of right ramus of mandible (PI. IX. fig. 5);

Pritish Museum.

This species is distinguished by the form of the posterior lower molar, which narrows

])(;steriorly, the talon consisting almost entirely of one large tubercle
;
also by the

rapidity with which the teeth decrease in size from behind forwards.

Form. & Loc.—Fluvio-marine beds (Upper Eocene) : north of Pii ket-el-Quruu.
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M. 8499. Posteriof portion ot‘ rioht minus of mandible with the molars. Type specimen describeil

in Geol. Mag. [5] vol. i. p. 112. Figured PI. IX. fig. .5.

The characters of the teeth are as follows :

—

M. 1 is a bilophodont tooth with a small posterior lobe
;

each transverse crest

consists of two tubercles. Most of the outer half of the tooth is wanting
;
the inner

half consists of a high anterior cusp and a somewhat lower posterior one, separated by

a deep valley.

]\[. 2 also wants a great part of its inner half. It is similar to m. 1 except that there

is a posterior lobe consisting of a large blunt tubercle, which lies immediately behind

the outer tubercle of the posterior crest. These two teeth are much like the

corresponding ones of M. lyonsi
;
but m. 1 is smaller in proportion to m. 2, and similarly

m. 2 is smaller in proportion to m. 3.

M. 3 is quite unworn
;

it differs considerably from ??i. 3 of AI. lyonsi. Like the

other molars, it consists of two transverse ridges with a talon. The transverse ridges

are placed somewhat obliquely
;

the anterior one consists of a' high pointed outer

tubercle and an inner one which is partially divided into two. In the posterior crest

the outer half again consists of a high pointed tubercle, but the inner half here consists

of two subequal tubercles. The talon is composed of a large tubercle lying in the

same line as the outer tubercles of the crests, and on its inner side there are several

small tubercles
; on its outer side the cingulum is well developed. The talon as a

whole is triangular in outline, its posterior angle being on the outer side of the tooth.

In AI. lyonsi (PI. IX. fig. 2 ;
PI. X. fig. 1), on the other hand, the talon is much wider

and consists of an outer and inner tubercle which form a broad crest, thus converting

the tooth into a trilophodont one. This difference in the talons appears to justify the

separation of the present form as a distinct species at least, and not improbably further

material will show that a new genus must be established. The enamel of the whole

tooth is raised into irregular ridges and small tuberosities. The dimensions (in

centimetres) of the teeth are :

—

Length. Width.

m. \ 2' 6 ?

m. 2 3-2 ?

w. 3 4 2'4

The length of the molar series is 9’8 cm.

Moeritherium sp.

C. 10005. Nearly complete vertebral column with very imperfect skull. Vertebrse described above

(pp. 112-117), and some of them figured (text-figs. 44-47). This specimen may be

merely a large individual of AI. lyonsi. Middle Eocene.

S
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Family PAL^OMASTODONTIDaE.

In the skull the nasals shortened and the external nares somewhat shifted back

from the end of the snout. Mandible with elongated spout-like symphysis, projecting

beyond the skull. A single pair of large incisors (i. 2) in both upper and lower jaws.

Up))er incisors in form of downwardly-directed tusks, with a band of enamel on their

outer side
;
lower incisors procumbent and continuing forwards the upper surface of

the s])out-like symphysis. Premolars replacing milk-molars in both upper and lower

jaws
;
molars with not less than three transverse ridges.

This family includes the Eocene genus Palwomastodon and the Miocene Tetrahelodon,

possibly also the problematical Phiomia. The species range in size from little larger

than Mcentherium to nearly as large as the existing Indian Elephant.

Genus PAL.ffiOMASTODON, Andrews.

[Tageblatt des V. Internationalen Zoologen-Congresses, No. G, p. 4, Berlin, 1901

(Verhandlungen, p. 528, 1902).]

Skull with sagittal crest
; nares just in front of orbit. Dental formula :

—

i.
^

;
c. m. g. Last premolar bilophodont ;

molars trilophodont. Neck

more elongated than in Plephas-, limb-bones, so far as known, much like those ot the

later Proboscidea.

This genus is at present known only from the Upper Eocene Eluvio-marine beds of

the Faydm, where it is represented by several species, the type being Paloeomastodon

headnelli. The several species are distinguished by (1) difference of size
; (2) the

form of the symphysis and its position with regard to the anterior premolars
; (3) the

degree of development in the last lower molar
; (4) the degree of development of

secondary tubercles in the molars.

The Skull (Pis. XII., XIII. ;
text-figs. 48, 49 A).—Though differing widely in general

appearance and in many details from that of the later Elephants, the skull is

nevertheless typically Proboscidean in all essential points of structure, and may be

described in short as that of a very dolichocephalic Elephant. Some of the more

obvious differences between it and the skull of Elephns are :—(1) the relatively small

though still considerable development of the bone cells and sinuses in the upper

and hinder region of the cranium
; (2) in correlation with the last character the

presence of a sagittal crest, which extends to a ))oint about over the middle of the

temporal fossa, where it divides into two supratem])oral ridges, which run forwards

and outwards and probably terminated in the postorbital i)rocesses of the frontal;

(3) the elongation of the lasis cranii and particularly also of the palatal region,
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this latter, of course, being connected with the persistence through life of most of the

molar and premolar series (viz.,^jwi. 2, 3, 4, and m. 1, 2, 3), which are brachyodont and

exhibit the mode of succession common in the more generalised Ungulates. Other

points will be referred to in the detailed account of the structure of the skull.

The specimen now described (PI. XII.
;

text-figs. 48, 49 A) is fully adult, the last

Text-fig. 48.

Semi-diagrammatic figure of the skull and mandible of Palceomastodon :

A, skull from above
;
B, skull and mandible from side.

ant.orb., antorbital foramina
;

e.a.m., external auditory meatus
; exo., exoccipital

; fr., frontal
;
jv., jugal

;

lac.f lachrymal
;

l.i., lower incisor ;
mx., maxilla ;

n., nasal
;
nar., external nares

;
pa., parietal

;

par., paroccipital process
;

premaxilla; s.oc., supraoccipital
;

sq., squamosal; u.i., upper incisor.

About g nat. size.

molar being already considerably worn, and the sutures in some cases closed, so tliat it

is difficult or impossible to determine their position.

The hasioccijiital (text-fig. 49 A, hoc.) is fused with the exoccipitals, so that its exact

limits cannot be made out. It is deeply notched behind by the lower border of the

foramen magnum, and probably formed a small part of the inner ends of the occipital

s 2
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condyles. Its body is keeled ventrally and it unites with the basisphenoid at about

tli(' level of the glenoid cavity for the mandible : the line of union with the hdsi-

tiphenoid {hsp.) is marked by a fairly prominent trans\ erso ridge. The lateral border of

lli(' median limb is separated from the anterior border of the lateral portion by a

sbarj) notch, through which the hypoglossal nerve probably passed, there being, as

in the later Troboscidea, no condylar foramen.

With the possible exce])tion of a small portion of their inner ends, the whole of the

occipital condyles are formed by the exoccipitals [exo.). The condyles themselves are

much larger and project furtlier behind the skull than iii Elephas, in which their

articular surface seems to look mainly downwards and to project very little beyond

the rest of the exoccipital bones. Here, on the other hand, the condyles are so

sharply marked off from the rest of the bone as to be almost pedunculate. Their

articular surface extends far on to the dorsal surface, and they are very strongly convex

from above downwards—in fact, roughly speaking, they may be said to form about

twm-thirds of the surface of a cylinder—and at the same time they are slightly convex

Irom side to side. From the form of the condyles, therefore, it would appear that the

range of movement allowed to the skull in an up-and-down direction must have been

very great, while that from side to side was comparatively restricted.

The foramen magnum (fm.) is oval in outline and does not look downwards so

much as in Ehphas, mainly owing to the fact that the posterior border of the basi-

occipital is less deeply notched. Ventrally and laterally the surface of the exoccipitals

runs forwards in a gentle curve to join the ])ost-tympanic flange {ptg.) of the squamosal.

On the ventral surface near the union with the squamosal the exoccipital bears a blunt

prominence {pp.), which is the only re[)reseutative of the paroccipital process, and is

therefore homologous with the thin plate-like ventral process of the bone described

in the skull of Moexitherium. The upper portion of the bone above the condyles and

the foramen magnum slopes forwards, and the two elements meet in the middle

line, separating the supraoccipital from the foramen magnum by a distance of about

5 centimetres.

The precise boundaries of the supraoccipital [soc.) are indistinct. In the middle

line it, like the upper j)ortion of the exoccipitals, is inclined forwards
; above it is

hollowed out by a great median fossa, the floor of which is greatly rougliened and is

obscurely divided into halves by a sliglit median ridge. This fossa is one of the most

characteristic peculiarities of the skull of the later Ele[)hants, but in l^alccom.astodon

it is far more sharply defined, probably, for the most part, on account of the smaller

development of the cellular tissue of the rest of the bone, d’he sides of the fossa are

formed by broadly rounded vertical ridges. The superior and su[)ero-lateral portions

of the bone occu[)ying the position of the lambdoidal crest are unfortunately broken

away, but it can be seen that in conjunction with the neighbouring scpiamosals and

parietals the body of tlie bone is excavated by a series of large cellnlar cavities,
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resulting from the great clevelopineiit of the diploe. These cavities cointmiuicate with

the exterior by perforations of the outer table of the bone
{ for.). One of tlie largest

of the openings is in the parietal, close to its junction with the S(p,iamosal and in tlic

same vertical plane as the auditory meatus : the occurrence of similar openings in

the skull of Mairitherium has been referred to.

The squamosal (sq.) is a very large bone and forms the whole of the lateral

prominence at the posterior part of the skull. Posteriorly it unites with the exoccipital

and above with the supraoccipital and parietal. In the specimen upon which tliis

description is founded the upper portion is broken away, but it can be seen that it

helped to form the lower part of the massive lambdoidal crest which runs down from

the top of the skull to just above the auditory meatus, and that it is greatly thickened

by the development of extensive air-sinuses. The posterior part of the bone which

unites with the exoccipital behind forms a broad and deep post-tympanic flange {pty.),

which, by meeting the posterior border of the glenoid surface, closes the external

auditory meatus {e.a.m.) below. Externally the inferior edge of this post-tympanic

process projects a little below the glenoid surface, forming a sort of false postglenoid

process, but internally the border of the articular surface is more prominent and projects

below it. In this inner portion it is possible that a narrow wedge of the tympanic bone

may be interposed between the post-tympanic flange and the glenoid surface. This

latter is very large and extends very high up in front
;

it is gently concave from side

to side and broadly convex from before backwards. This region differs considerably

from that found in the later Elephants, in that the convexity of the glenoid surface

continues up to the post-tympanic ^^rocess, so that there is not, as in Elephas, a deeply

concave area beneath the auditory meatus and behind the glenoid convexity (see text-

fig. 49). The inner end of the articular surface forms a large prominence, to the inner

side of which there is a deep fossa mainly excavated in the tympanic and referred to

more fully in the account of that element. The outer side of the lateral prominence

was prolonged forwards into a stout zygomatic process articulating with the jugal,

which apparently extended beneath it nearly as far back as the hinder edge of the

articular surface, of which it probably formed the outer part. In the later Elephants,

owing to the great development of air-cells both in the squamosal itself and more

especially in the surrounding bones, the zygomatic prominence is much less marked,

and, in fact, the whole zygomatic arch is of much less importance. From the inner

end of the glenoid surface the suture between the squamosal and the alisphenoid runs

forwards for some distance, the squamosal having a somewhat greater extension on the

side of the skull than in the recent Elephants. Anteriorly the squamosal joins the

frontal lor a short distance, and superiorly it meets the parietal in a nearly straight

suture running downwards and forwards.

The tympanic (text-fig. 49, ty.) is much less swollen than in Elephas and is a

compressed mass of bone bounded posteriorly by i\\e foramen lacermn posterms{j.l.p.)
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'J’he base of the skull and part of the palate of : A, Fala’omastodon
;
B, Elejdias.

alisphenoid canal
;

«7s., alisphenoid
; a.o.f., antorhital foramen; 7;oc., basiocci])ital

;
fop., basisphenoid;

rit., eustachian opening; exo., exoccipital ; foramen lacerum medium;/.?.^)., foramen lacerum

poster! us
;
y.o., foramen ovale

; r/h, glenoid surface for mandible; i.c.c., foramen for inteiaial common

carotid
; internal nares

;
ju., jugal ; m. 2, m. 2, second and third molars

;
ph, palatine

; p.p-f.,

I)ostei'ior palatine foramen
; p>P; paroccipital process

:
pt., pterygoid

;
ptij., post-tympanic process of

squamosal
;

st.wf., stylo-mastoid foramen
;

fp./i., tym])auo-hyal ;
ti/., tympanic ;

v., vomer. nat. size.

form the floor of the inner end of the external auditory meatus. In front of this the

bone is excavated by the deep fossa referred to above
;

this seems to have opened into

and tlie cxocci])ital, internally by the basioccipital and basisphenoid, and anteriorly by

the alisphenoid, the foramen lacermn mediam [f.l.m.), and perhaps the pterygoid.

f'iXternally the bone seems to send a narrow wedge-shaped process between the

])o.st-tympanic process and the inner end of the glenoid surface, thus helping to

Text-fig. 49.

eu

I[I .h

.

Pl^-

tn
1

hoc.
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the skull and has in its posterior wall a foramen, the stylomastoid {st.mf.) ;
in front of and

internal to this foramen the tympano-hyal {fpJi.) seems to have been situated. Between

this fossa and the basioccii)ital the bone is perforated by a large foramen for the

internal common carotid (i.c.c.). In front the bone is produced forwards and inwards

into a sharp-pointed process lying along the basisphenoid and having on its inner side

the opening of the custachian canal [eu.). The anterior end of this process is

continuous with the ridge formed by the posterior end of the pterygoid. The antero-

external face forms the hinder border of i\ie foramen lacerum medium and unites with

the alisphenoid.

The parietals {pa.) are unfortunately incomplete posteriorly, where, however, they

must have united with the supraoccipital above and with the squamosal below

;

they helped to form the thick lambdoidal ridge, in which, as above described,

large air-sinuses communicating with the exterior by means of several foramina {for.)

were developed. The parietals are only slightly convex from above downwards and

incline towards one another at an angle of about 77°, meeting in a strong sagittal

crest {s.c.), of which there is no trace in the modern Elephants. This peculiarity

emphasises the primitive character of this skull compared with that of Elephas, in

which the temporal fossae are separated by a broad expanse of skull-roof, flat or slightly

convex, but with no trace of sagittal crest : the difference being in the main due to the

fact that the development of the spongy diploe, carried to such an enormous extent in

Elephas, is here only beginning and does not yet extend much beyond the occipital

region. About opposite the anterior angle of the squamosal the sagittal crest divides

into the supratemporal ridges, which diverge and no doubt terminated on the post-

orbital processes, but unfortunately the whole of the upper part of the skull from

about 7 centimetres in front of the origin of the supratemporal ridges is broken away in

the specimen here described, and in the young example from which the account of the

front of the skull is taken these ridges are scarcely at all developed. Anteriorly

the parietals unite with the frontals, but in the present specimen only the lower

portion of the suture can be observed
;
from this it appears that the frontals meet the

squamosals, so that the parietals are excluded from contact with the alisphenoid.

T\\q frontals, nasals, dradi premaxillcB are wanting in the specimen upon which this

description is based and will be described below from another example.

The alisphenoid (text-fig. 49, als.) may be described as a triradiate bone. Its posterior

portion forins the anterior boundary of the foramen lacerum medium, on either side of

which it unites with the tympanic : externally it joins the squamosal, the suture with

which runs just internal to the inner edge of the glenoid surface. This posterior portion

is perforated by the large foramen ovale {f-O.) and further forw’ards by the posterior

opening of the alisphenoid canal {al.c.). The upper limb of the bone unites

posteriorly with the squamosal, and for a short distance above with the frontals. Its

anterior border, together with that of the lower limb, forms the prominent crest-like
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outer wall of the deep groove, at the bottom of which the foramen lacenim anterius

{fl.a.), i\\o foramen rotnndnm, and the optic foramen open. This groove is continued

downwards and forwards almost to the angle of the pterygoids and upwards on the

frontals, ])rol)al)ly terminating, as in Elepl/as, at the postorbital process: in the recent

form the u])])er limb of the alis[)houoid is relatively small, while the ventral or

])terygoid wing is greatly expanded, owing to the great size of the molar sockets, which

it, together with the pterygoid with which it is fused, embraces. In Palwomastodon

the ])terygoid wing of the alisphenoid is a comparatively narrow tongue of bone closely

a])])lied to and, in the adult, fused with the outer face of the pterygoid, and perhaps to

a small extent in front with the palatine (PI. XII. tig. 1, ctL). The upper end of this

j)ortion of the alisphenoid is perforated by the alisphenoid canal [al.c.), the posterior

opening of which, as already described, lies a little below and in front of i\iQ foramen

ocale
;
while the anterior opening is at the bottom of the deep groove above referred

to, and beneath the foramen lacenim anterius, with which probably the foramen

rotundum also opened. The boundaries between the alisphenoid and orbitosphenoid

cannot be determined. The optic foramen, which no doubt perforated the orbito-

sphenoid as usual, lies at the bottom of the groove some distance above and in front of

the foramen lacerum anterius, and a shallow groove marking the course of the optic

nerve runs forwards from it to the orbit. The lower limit of the orbitosphenoid is

obscure, but it appears to have united with the upper edge of the orbital plate of the

palatine and perhaps also with the maxilla.

The exact form of the pterygoid [pt.) is difiicult to make out. As usual it forms

the posterior part of the lateral wall of the mesopterygoid fossa, embracing the

basisphenoid above and dying away as a ridge which is continuous posteriorly with

the anterior end of the tympanic ; its outer face is for the most part concealed by the

adherent pterygoid plate of the alisphenoid, but on the inner side the suture with

the palatine can be seen to run upwards and backwards from the posterior angle of the

vertical palatine plates to the basis})henoid.

The posterior vertical ])ortion of the palatine (pi.) forming the side of the meso-

pterygoid fossa is considerably thickened; posteriorly it joins the ])terygoid in the

manner already described, above it meets the vomer which extends back considerably

behind the level of the hard palate, and together the two bones conceal the anterior

])art of the basis])henoid and the rest of the anterior part of the basis cranii. In front

the bone becomes still more thickened, so that where its horizontal ])late meets its fellow

of the opposite side they together form not only a strong backwardly-directed ])rocess,

hut also a largo paired downwardly-projecting tuberosity, and from this the line of

union of the bones is continued forwards as a strong cristiform ridge which extends

throughout their whole length and on to the maxilla in front. 'The anterior end of

the palatine plates is about opposite the hinder lobe of the second molar. The suture

with the maxillee is transverse in front, then it runs backwards and outwards, beiiig
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interrupted opposite the front lobe of the last molars by a pair of elongated apertures,

the posterior palatine foramina {p-P-f-)- The upper edge of the palatine seems to

extend up into the side of the skull above the maxilla, where it joins the lower edge of

the orhitosphenoid.

'I'he vomer (text-fig. 49, v.), as already remarked, extends backwards considerably

behind the level of the posterior border of the hard palate and forms a long V-shaped

crest along the roof of the nasal canal.

In this specimen the upper portion of the maxilla {mx.) is broken away in front, so

that its relations in that direction cannot be determined. The alveolar region is very

long and almost straight, there being only a very slight outward convexity
;

it bears

six cheek-teeth (three premolars and three molars). The base of the zygomatic

process is long and nearly parallel with the alveolar border, from which it is separated

by an interval of about 3 cm. : the anterior end is about opposite the front of m. 3.

The upper surface is concave and forms the lower border and floor of the orbit.

Anteriorly it is perforated by the antorbital foramen, which, judging from the young

skull described below, had two openings on the face— a lower larger one preserved

in the present specimen, and a smaller upper one here broken away. The much

smaller size of the antorbital foramen in Palceomastodon compared with that seen in

Elephas, is no doubt due to the fact that in the older form the proboscis was still

comparatively small.

Behind the orbit there is a small upwardly directed process of the zygoma,

marking the anterior limit of the jugal, which sends forwards a long process

overlapping the maxilla and helping to bound the orbit. The form of the suture

between the jugal (ju.) and the maxilla [mx.) will be best understood by examination

of the figure (PI. XII. fig. I). The palatine plates of the maxilla are rather narrow

and together form a palate which is gently arched from side to side
;
posteriorly they

are separated by the palatines as above described. Behind the last molar the bone

is greatly thickened by sinuses, so that, although the dentition is still of a perfectly

normal type, the increase in the size of the hinder part of the maxilla, which is

carried to such an enormous extent in the later forms, in which the teeth are

greatly enlarged, has already begun to manifest itself. Superiorly the bone appears

to unite with the orhitosphenoid in a straight suture running forwards and downwards.

The anterior portion of the orbital region is wanting. The maxilla, as might be

expected from the character of the dentition, differs widely from that seen in

the Elephants. The chief differences are
:

(I) the much greater relative length

of the bone
; (2) its smaller depth consequent upon the brachyodont character of

the teeth. These features are especially noticeable posteriorly, where, except for the

development of the sinuses in the bone behind m. 3, there is no trace of the enormous

increase in size in all dimensions, but especially in depth, which has taken place in

Elephas in consequence of the immense size of the posterior molars and their mode of
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succession. Tlic (lifFercuces between the palatines and pterygoids in the earlier and

later types are of course dependent on the same causes..

'I'he anterior ])ortiou of the skull, particularly the upper portion, is completely

wanting in the large specimen on wliich the above description is for the most part

founded
;

but another specimen (PI. XIII.) supplies the necessary information

concerning this region. It is the anterior portion of a skull of a very young

individual in which the milk-teeth are still in use ; it includes the whole of the

frontals as far back as considerably behind the postorbital processes, the nasals,

premaxillaries, lachrymals, and most of the maxillae, including the zygomatic

process, also the palate as far back as the level of the middle of the zygoma.

There are two teeth in situ on one side and three on the other
; they are probably

mm. 2, 3, 4, and will be described below. The crushed base of one of the milk-

tusks is preserved in the socket. As will be shown below, this specimen in the

shortening of the nasals and the shifting backwards of the narial opening supplies

a beautiful illustration of the approximation towards the later Proboscidean type found

in this genus. In the relations of the bones to one another it precisely resembles

Elcphas.

I'he right frontal (Jr.) is mostly broken away, but the left is better preserved, and

although its actual junction with the parietal cannot be observed, nevertheless

little can be wanting from its hinder border. Together the upper part of the

combined frontals in the interorbital and part of the postorbital regions forms the

gently convex skull-roof. In this young specimen scarcely any trace of the supra-

temporal ridges (the divided sagittal crest) can be seen, but it is evident that they

ran on to the postorbital processes. External to these ridges in the postorbital

region the frontals run down into the temporal fossm, and are strongly convex from

above downw'ards. The postorbital processes are blunt prominences, from each

of wdiich a ridge runs downwards and backw’ards, separating the orbit from the

temporal fossa. Ventrally this ridge must have been continuous wdth that formed

by the free edge of the alisjdienoid described above. In front of the postorbital

processes the frontals form a w’ell-defined upper rim to the orbit, and anteriorly

they unite in suture with the maxillm, lachrymals, premaxillae, and nasals, their

general relationshi])s to the neighbouring bones being exactly as in Elephas.

The lachrymal (Jac.) is a small bone wedged beUveen the frontal and maxilla,

and grooved below by the upper surface of the antorbital canal. It is ])erforatcd

by a large foramen w-hich lies 'within the border of tlie orbit ; above the foramen

and on the rim of the orbit there is a small but prominent tubercle.

The nasals {na.) are short bones wliich already a])proxiniate very nearly in form to

those of Elephas. Together they ])roject in a blunt point over tlie nasal aperture.

Posteriorly they are together roughly semicircular in outline and unite for the greater

part of their width w'ith the frontals, but externally to these with the jiremaxillai.
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The 'premaxillce {pmx.) send up a loii^ tongue of bone along the sides of the nasal

opening, thus completely shutting out the maxillm from any share in its border.

Anteriorly tlicy are prolonged forwards, forming a projecting snout, on either side

of which are the alveoli of the large incisor tusks, which must have projected

forwards and somewhat downwards. Here the only trace of teeth is a portion of

the crushed base of one of the tusks (^.), probably of the milk-series
;
this tooth seems

to have been enamel-clad on the outer side only. On the palate the premaxillae

seem to have appeared to a very small extent only, but the precise division

between them and the maxillae cannot be made out. The upper surface of the

conjoined bones is slightly concave from side to side, the first indication of the

form so characteristic of the later Proboscidea. Posteriorly their median suture

opens for a short distance in a sort of cleft (Hor the mesethmoid cartilage), on

either side of which they are perforated by a small foramen. The floor of the nasal

cavity is much more in the same straight line with the upper surface of the anterior

part of the premaxillse than in Elephas, and the premaxillary portion of the snout,

as a whole, is relatively much longer and narrower. The nasal opening [nar.), looked at

from the front, is quadrate in outline
;

its upper posterior angle lies considerably in

front of the orbit and only a little behind the level of the facial opening of the

antorbital foramen. In EIep)lias, on the other hand, the great difference is that

the nasal opening is largely behind the anterior border of the orbit, and the whole

facial region is much shortened up.

The maxillce [mx.) are not completely preserved posteriorly. In front the facial

portion extends up the side of the face to the level of the top of the nasal opening,

and helps to form the anterior border of the orbit. The base of the zygomatic

process is perforated by a large antorbital canal, which opens on the face by

two foramina {a.o.f.)—the upper small, the lower much larger. The process itself is

stout ;
it forms the lower border of the orbit, but posteriorly the postorbital process

is actually formed by the anterior end of the overlapping jugal (ju.) above described.

The palate is fairly broad and is slightly arched
;

it narrows in front, where the

maxillse seem to run forwards beneath the premaxillae, as in other Proboscideans.

A restoration of the whole skull founded upon the two specimens above

described is given in text-fig. 48 (p. 131).

Upper Dentition (PL XII. figs. 1, 1a; PL XIV. fig. 2).—In the upper jaw there

are seven teeth on each side : viz., an incisor {i. 2), three premolars, and three molars.

The first molar is always mucli smaller than the others.

The incisor is a large, laterally compressed, downwardly directed tusk, sometimes

with a slight spiral twist
; the anterior edge is rounded, the posterior sharper.

There is a broad band of enamel on the outer face. One nearly complete

specimen measures 25'3 cm. long in a straight line. Behind the tusk there is a

diastema of at least 9-10 cm.
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'J’ho anterior ])rcmoIar {pm. 2) is a simple, blunt, somewhat laterally compressed

cone, of wliicli the anterior slope is much shorter than the posterior. This latter is

worn into a broad flat surface looking slightly inwards. There are no accessory cusps,

hut the cingulum is fairly well developed, especially on the inner side, where it is

often somewhat crenulated or divided into small separate prominences. The next

tooth {pm. d) consists of a larger outer and a somewhat smaller inner cusj) arranged

transversely. There is a small postero-internal cusp, lying behind and closely

connected with the inner main cusp : this posterior cusp may sometimes he nearly

absent. The cingulum is well developed, especially on the anterior and posterior

faces of the tooth, where it forms small projections. The last premolar [pm. 4)

is a hilophodont tooth, each crest consisting of a pair of cusps—the outer higher

and more compressed, the inner more rounded and coming into wear first. The

inner cusps in this premolar already show a tendency towards a V -shape, the

point of the V being turned inwards
;

this form is the consequence of the presence

of obscure and imperfectly separated tubercles on the antero- and postero-external

sides of the inner tubercles. The anterior accessory tubercle of the front V and

the posterior accessory tubercle of the posterior V become fused Avith the cingulum

of the anterior and posterior ends of the tooth respectively. The other accessory

tubercles form a bridge across the main transverse valley. The cingulum is Avell

developed on the ends and outer side of the tooth, where it is strongly crenulated.

The molars m. 1 and m. 2 are trilophodont, each ridge being composed of a pair

of cusps similar to those described as occurring in inn. 4, the chief difference

being that in m. 1 and m. 2 the posterior accessory tubercle of the last inner cusp

is larger and, by its union with the posterior border of the tooth, forms the first trace

of a fourth transverse ridge. The cingulum is well developed, particularly on the

inner side of m. 2. The last molar may be said to consist of two transverse crests

and a talon. The anterior accessory tubercles of the inner cusps are especially

well developed. The talon consists of three tubercles, of which the innermost

is much the largest, and the outer two are sometimes imperfectly divided. The

crenulated cingulum is well developed, particularly on the anterior and inner

faces.

The above account of the upper teeth applies to specimens referred provisionally to

P. headnelli, but Avhich may probably belong to P. wmto7u : tins applies to both

the skull figured on PL XII. and to the upper teeth figured on PL XIV. fig. 2.

The species being founded mainly on the form of the mandible and of the last lower

molar, it will not be possible, in most cases, to determine the skulls and upper teeth

with certainty till specimens have been found associated with the mandibles.

Upper MiUc-dentUion (PL XIII.).—The ujiper milk-teeth are preserved in the

specimen upon Avhich the account of the front of the skull is founded. In this, in

addition to remnants of the base of the milk-incisor, there are on the left side three
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other teeth (PI. XIII. fig. 1 b), which are regarded as being mm. 2, o, 4, while on

tlie right only the two anterior ones are ]n-eserved.

Mm. 2 consists of a large main cnsp, laterally coin])ressed and having a small

accessory cusp on its posterior edge. The cingulum is well developed on the front

of the tooth, where it forms a small cusp
; it is also present on the inner side, and

forms the edge of the ])rominent postero-internal angle of the tooth.

Mm. 3 is a somewhat elongated tooth, wider behind than in front. Its anterior

angle is formed by a cusp of the cingulum. The rest of the tooth is bilophodont,

each transverse ridge consisting of a pointed outer cusp (scarcely at all worn in the

present specimen) and a rounded lower inner cusp (here much worn). There seems

also to have been a posterior cusp forming a sort of small talon and becoming

continuous in w'ear with the postero-internal main cusp. The cingulum is present on

the front of the tooth, at the inner end of the transverse valley, and on the outer side

of the posterior half of the tooth.

Mm. 4 is trilophodont : the anterior ridge is composed of an outer sharper cusp

and a blunter inner one ; the other ridges are similar, except that the outer cusp

is somewhat compressed from before backwards. The anterior angle of the tooth is

formed by a projection of the cingulum, Avhich also appears at the inner ends of the

transverse valleys and on the hinder end and the posterior half of the outer side.

Mandible (PI. XIV. fig. 3 ;
text-figs. 48, 53, 54).—The mandible is very long and

must have projected a considerable distance in advance of the skull.

The symphysis (PI. XIV. fig. 3, S7jm.) is greatly elongated and somewhat decurved :

its upper surface forms a spout-like groove bordered by the sharp edentulous alveolar

border; the groove is deepest in the middle, but Avith the rest of the symphysis

Avidens out tovvards the sockets of the incisors, the upper faces of Avhich continue

the spout-like surface forAvards. Ventrally the symphysis is deeply channelled in the

middle line between the alveoli of the incisors.

Immediately beneath the third premolar (the first here present), Avhich is situated

at a varying distance behind the posterior end of the symphysis in the different

species, the horizontal ramus deepens considerably
; it is flat on the inner face and

strongly convex from above doAVUAvards externally. The ascending ramus arises

from the outer face of the jaAV, its anterior border being opposite the anterior lobe of

the last molar. This anterior border slopes slightly backwards and terminates above

in a very small backAvardly curved coronoid process (text-figs. 53, 54, cor.). Behind

this the upper border of the ascending ramus is gently concave as far as the con-

dyle (cond.), which is rather higher than the coronoid process and is slightly convex

from side to side and very strongly so from before backAvards. From it a broad

rounded thickening runs doAAm to the posterior end of the alveolar border, and this ridge

is most strongly marked on the inner face, Avhere immediately beneath it, and midAvay

betAveen the end of the molar series and the hinder border of the jaAV, there is the very
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large round o])ciiing of the dental canal. Beneath this ridge the angular region is

thin, concave on tlie inner face, and convex externally
;
the angle itself is broadly

rounded. On the outer face of tlie jaw, a little below and in front of the condyle,

there is a ])roniinent rounded surface for the attachment of a powerful muscle. The

ascending ramus, as a whole, is slightly inclined backwards.

Lower Dentition (PI. XIV. figs. 1, 3, PI. XV. fig. 1 ; text-figs. 50, 53, 54).—The

lower incisors (PL XIV. fig. 3) are straight procumbent teeth, probably representing

i. 2 of the full series. Veutrally they are convex from side to side, dorsally concave
;

the outer and inner borders are nearly straight and parallel in the unworn portion.

4'he anterior end is worn above, so as to produce a chisel-shaped surface convex in

outline
;
the enamel covering the ventral face is comparatively thick, while on the dorsal

face it is very thin and in some cases perhaps wanting. The outer edge of the tooth

is comparatively thin, the inner much thicker. The two teeth are in close contact in

the middle line and their concave upper surfaces together form a forward continuation

of the spout-like symphysis. The ventral face is usually marked by a series of broad

shallow longitudinal grooves.

Only two premolars (text-figs. 53, 54) are present in the lower jaw. Of these

ym. 3 is a comparatively small laterally compressed tooth consisting of a large

])ointed main cusp, which in some cases gives some indication of comprising two

united elements : behind this there is a small obscure cusp and on the anterior and

posterior ends of the tooth the cingulum forms slight projections. In the type

specimen of P. headnelli this tooth is missing. Pm. 4 is much more complex, being

a bilophodont tooth, each crest consisting of a pair of subequal cusps. There is also a

small but distinct intermediate cusp lying between and uniting the inner ends of the

two outer main cusps. On the middle of the anterior end of the tooth is a closely

adpressed cusp belonging to the cingulum, and towards the outer side of the posterior

end a similar but much smaller element. The peculiarities of these premolars and

their differences from the corresponding teeth of Mocritherimn seem to be the

consequence of two distinct influences—one the tendency to the reduction and loss

of the anterior members of the series, the other the tendency to the increasing

complication of the posterior ones. The consequence of these influences is that^>ni. 2

has disappeared altogether, pm. 3 is reduced in relative size and simpler than the

corresponding tooth in Moeritherium, while pm. 4 is bilophodont and much more

molariform than in the earlier genus.

The molars (PI. XV. fig. I
;

text-figs. 50, 53, 54) are all trilophodont, differing only

in the several species in the degree to which the main cusps become subdivided

and in the complication of the talon of m. 3. The anterior molar is much smaller

than those behind. The following description refers especially to the type sj)ecies,

P. headnelti, the differences in the other species being noted below.

The molars are trilophodont, each crest consisting of a pair of tubercles, of which
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the outer one is the more rounded and always much more worn than the inner, which

is higher and somewhat compressed from before backwards. The outer cusps,

particularly the anterior ones, often give a roughly V-shaped surface in wear, the

point of the V being turned outwards : this results from the presence of small and

slightly developed accessory tubercles connected with the inner side of the main

outer cusps. In the case of the anterior cusp the front accessory tubercle is fused

with the cingulum, while the posterior one partly fills the valley between the first

and second ridges. In the last molar the posterior accessory tubercle of the last

outer main cusp is larger and is connected with the cingulum, forming a small and

slightly developed talon. In some other species this is much larger, and the

Text-fig. 50.

A. C.

m.5.

The second and third lower molars of : A, Palamnastodon headnelU (left side) ; B, P. wintoni

(left side)
;
C, P. parvus (right side) ; D, P. minor (right side). All § nat. size.

accessory tubercles are better developed. The cingulum is only slightly developed : in

some cases it forms small blunt tubercles opposite the inner ends of the transverse

valleys (see PI. XV. fig. I, m. 2).

Vertebral Column .—The vertebral column in the present genus is not well known,

because the absence of specimens occurring definitely associated with portions of the

skull and mandible, together with the intermingling of vertebrse of other Ungulates of

similar size, makes it almost impossible to determine isolated vertebrse. In the case,

however, of highly characteristic vertebrse like the atlas and axis, some degree of

certainty may be attained. These two vertebrse are here described from specimens
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found in llic immediate neighbourliood of the type mandible of 1\ headnelli, and

from their size probably referable to that species. Other specimens differing only

in their smaller dimensions will be found mentioned in the Catalogue, where they

are referred provisionally to other s])ecies.

'fhe alias of P. headnelli (PI. XV. fig. 3) is of very large size, equalling the same

\ ertebra in a small Indian Elephant. The condylar cups {cond.) for the occipital condyles

are deep ; they are wide dorsally, but narrow considerably towards their lower end. The

articular surface for the skull is rather wider and lower than in Mastodon or Ele'phas, in

which the long axis of the condylar cups is nearly vertical. The arch forms a low nearly

straight bar, which bears on its dorsal surface a median transverse ridge [n.sp.) separating

an anterior rugose surface for the attachment of muscles from a nearly smooth posterior

one. Anteriorly the base of the arch is perforated by a foramen for the transmission of

the first spinal nerve. In Elephas and Mastodon the arch is more elevated and shorter

from side to side. The ventral bar is likewise longer and straighter than in those genera,

though some species of Mastodon (e. g., M. americanus) approach the present form

in this respect. The notch for the odontoid process (orf.) is broader and shallower than

\\\ Mastodon, Elephas jjmnif/enius, and P. niaxinius, in which it is comparatively narrow

and dee])
;
E. africanns resembles EaUmmastodon most nearly in this respect. The

distinct separation of the odontoid notch from the neural canal distinguishes the atlas

in this genus from that of Arsinoitherlimi. The posterior surface for union with the

axis differs widely from the form seen in the atlas of other Proboscidea. In these

the lateral surfaces for articulation with the centrum of the axis are continuous both

with that for the lower surface of the short blunt odontoid process and with one

another beneath it. In Falceoinastodon, on the other hand, the two lateral surfaces,

which make only a small angle with the transverse plane, are distinct from one

another and are not continuous with the odontoid facet, which is a cylindrical surface

on the upper face of the ventral bar
;

this latter bears on its postero-ventral border

a blunt hypapophysial ])rocess. The transverse processes {t-i).) are about the same

size as in the Indian Elephant
; they are perforated at their base by a foramen (c.c.)

which is much smaller than that found in the atlas of Mastodon and Elephas. The

upper pedicle of the transverse process is much wider than the ventral one
;

the

anterior face of the transverse process looks downwards and forwards. On the whole,

this vertebra approaches very nearly to the atlas of the Elephant, differing from it

mainly in (I) the form and relations of the surfaces for articulation with the axis
;

(2) the smaller size of the vertebrarterial canal
; (3) the more oval outline of the

surface for articulation with the skull.

The axis (PI. XVI. figs. I, I a) differs much more widely from the modern Pro-

boscidean type than does the atlas, and at the sanu! time approximates more nearly to

the form seen in some Ungulates (e. g., iripiwjmtanins) with necks of moderate length.

The odontoid process (od.) is large and somewhat compressed laterally
;

its ventral
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border is in the same line with the hypapophysial ridge on the centrum : on its

lower surfiice it bears an oval facet for articulation with the ventral bar of the atlas,

this facet being sharply defined and separated from the lateral articular surfaces, which

arc oval in outline and make an angle of about 115° with the long axis of the odontoid

process. The centrum is very long compared with that of the later Proboscidean axis
;

it bears a median hypapophysial ridge, which deepens posteriorly in such a way that

the posterior articular surface is greatly deepened ventrally. There are small transverse

processes {t.p.) perforated at their base by a large vertebrarterial foramen. The neural

arch is very high, but the precise outline of the spine [n.sp.) cannot be determined,

owing to the imperfection of the specimens
;

it can be seen, however, that it was high

and broad, and overhung the arch both before and behind. A smaller axis vertebra, in

which the neural spine is nearly complete, shows that it consisted of two plates meeting

in front at an acute angle and enclosing posteriorly a deep fossa for the insertion of

muscles or ligaments. This axis differs from the ordinary Proboscidean type in the

following points :— (1) the large size of the odontoid process, which in the later forms

is reduced to a mere knob with its articular surface continuous with that of the

centrum which extends beneath it
; (2) the much greater length of the centrum

;

(3) the less massive, but much higher, neural spine. On the other hand, it is

very similar to that of Moeritherium. The neck in Falceomastodon was probably

considerably longer and more mobile than in the later Proboscidea.

Fore Limb.—An incomplete left scapula collected in the same locality as the type

mandible is the only evidence of that bone yet discovered. It is very closely similar

to the scapula of Elephas, differing only in the rather slighter prominence of the

coracoid process and in widening out less rapidly posteriorly above the glenoid cavity,

the whole blade being probably rather less expanded above than in Elephas. The

glenoid cavity is an elongated oval, the prescapular fossa is extremely narrow, and

the process projecting backwards from the middle of the spine in Elephas here seems

to be situated a little nearer the glenoid end.

In the case of the humerus (PI. XVI. figs. 2, 2 a) also the only specimen that

can be definitely determined as belonging to Palceomastodon headnelli, was collected

near the type mandible. In its general character this bone is like that of the later

Proboscideans, but is somewhat stouter and broader in proportion to its length, and

approaches more nearly some specimens of the humerus of Mastodon with which

it has been compared. It is also very similar to the humerus figured by de Blainville

(‘ Ostcographie,’ Atlas, vol. v. pi. xiii., Elephas) as that of Tetrahelodon angustidens.

The deltoid crest {d.) is greatly developed and strongly bent over to the outer side

of the bone. The very prominent and well-marked supinator ridge (sj^.r.) is shorter

than in the Elephants, though still very large
;

its flat outer surface is slightly

inclined to the long axis of the shaft. The inner trochlea is much larger than the

outer, and, in fact, seems to be larger proportionately than in the Elephants
;
but in
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this respect also it :i,p[)roxiniates to a humerus of Mantodon with wliich it has been

compared. The olecranon fossa {o.f.) is just as in Elcphas, and the distal view of

the lower end of tlie humerus is almost precisely like that of a humerus of Elcphas

Dieridumalis figured by Adams (‘ llritish Fossil Elephants,’ pi. xvi. fig. 3).

Hind Limb.—In the same locality was found a portion of a right os innominatum

consisting of the acetal)ulum and the acetabular ends of the pelvic bones. This

sjjecimen differs in no important respect from the same region of the pelvis of the later

Froboscidea, Avhile, on the otlier hand, it is very unlike what is seen in the pelvis of

ylrsinoithcrium, the only other animal with which confusion would be likely. The very

large acetabulum is perhaps a little more circular in outline than in Elephas, and at the

same time the cotylar notch is wider and the pit for the lujamentum teres is deeper.

'I’he ischinm is mnch more flattened and thinner than in Elephas and its postero-

superior border forms a prominent crest-like ridge. The pubis is like that of Elephas.

'The upper end of the obturatorforamen is like that of the African Elephant and is not,

as in the Indian Elephant and the Mammoth, marked off into a sort of notch by a

projecting point of bone. This specimen differs from tlie pelvis of Arsinoitherlum in

file following points :— (1) the acetabnlum is nearly circular in outline, in Arsinoitherium

it is oval
; (2) the cotylar notch is much broader and the pit for the ligament larger

and deeper; (3) the obturator foramen seems to have been relatively much larger;

(4) the ischium is broader, thinner, and flatter. In short, it may bo said that this

specimen differs from the ])elvis of Arsinoitherium in almost exactly the same respects

as docs the pelvis of Elephas.

A femur (PL XVI. figs. 3, 3 a) from the same locality is the only specimen of that

bone in the collections of Cairo and London that is definitely Proboscidean in

character and can be referred to Palwomastodon—a circumstance which still further

emphasises the extraordinary rarity of bones of the skeleton of that animal. The

head is nearly hemispherical
;

it rises considerably above the great trochanter and

bears a deep pit for the liijamendum teres (not shown in figure) in the middle of its

posterior half. The neck, which is directed obliquely upwards, is greatly compressed

from before backwards. The head ili.) rises less above the great trochanter than

in E. africanus, but more than in E. maxinms. The great trochanter {g.t.) is

developed to about the same extent as in the femur of j\lastodon
;

the smaller is

represented by a slight ridge. The digital fossa is merely a shallow concavity, dying

away distally on the flat posterior surface of the u])])er half of the shaft. In its

middle portion the hinder face of the shaft is convex and is ])roduced outwards

into a prominent ridge {t.t.), which seems to represent the third trochanter ; this is

also developed to some extent in the Mammoth femur, but scarcely at all in the

recent Elephants. In a femur of Tetrabelodon angustidens tigured by de Plainville

(• Osteographie,’ Atlas, vol. v. ])1. xiii., Elephas) this ridge is well developed, but is

rather lower down the shaft than in Ealwomastodon. At the distal end of the bone
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the condyles {i.c., o.c.) are subcqual, as in E. maxim,us
;

tliey are separated by a deej)

intercondylar fossa, which extends into the inner face of the condyles and is crossed

obliquely by a ridge running down from the upper inner end of the outer condyle,

'file trochlear surface is too much broken in this specimen for description.

A left tibia (PI. XVI. figs. 4, 4 a) from the same locality is, on the whole, like tliat

of the Elephant. It is, however, rather more slender in the shaft, and the distal

articulation differs in several important points. At the proximal end the articular

surfaces are somewhat more obliquely placed than in Elephas, the inner facet (i.) being

somewhat more elevated with regard to the outer (o.) ; the two facets are of nearly equal

size. The upper end of the cnemial crest {cn.) is slightly more prominent in proportion

to the thickness of the shaft than in the Elephant, and both in this and in the other

points mentioned there seems to be a greater likeness to the tibia of Tetrabelodon.

On the middle of the front of the shaft there is a vertical groove-like depression for

the insertion of a muscle. The distal end differs from that of the tibia of Elephas in

the following points:—(1) the internal malleolus [i.m.) is much more prominent and

is sharply bounded on its astragalar side by a well-defined groove
; (2) the astragalar

surface is more strongly concave from before backwards and posteriorly is produced

downwards into a prominent point near its inner side
; (3) the surface for the fibula is

smaller and situated further back. The whole surface indicates that the tibial face of

the astragalus was narrower and more convex from before backwards and interlocked

much more closely with the tibia than in Elephas
;
the broad, gently convex, tibial

surface of the astragalus in the later Proboscidea not being a primitive character of

the group. Immediately above the internal malleolus there is on the postero-internal

face of the shaft a short deep groove, bounded internally by a strong ridge : this is

wanting in the tibia of Elephas.

No bones of the foot were found with the limb-bones just described, but a single

calcaneum (text-fig. 51), from some distance off, so nearly resembles in essential

characters the calcaneum of the later Proboscideans, more particularly of the Lower

Miocene Tetrabelodon angustidens, that it may be safely referred to Palceomastodon,

and from its large size probably belongs to P. beadnelli.

As might be expected in an animal considerably more lightly built than Elephas., the

calcaneum is more elongated, the tuber calcis {t.c.) especially being less short and stout.

In its general proportions this calcaneum more nearly resembles that of Tetrabelodon

angustidens
;
but even in this Lower Miocene form the bone is already considerably

shorter and stouter. There is a large fibular facet much like that seen in the

calcaneum of Elephas, except that, instead of narrowing gradually from before

backwards, it terminates posteriorly abruptly in a nearly vertical border
; it is convex

from before backwards and looks upwards and outwards. Of the two surfaces for the

astragalus the ectal (ec.) is the larger
;

it is nearly flat, only rising a little towards the

anterior part of its outer border, where it meets the upper edge of the fibular surface.

u 2
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'I'lio sustontacular facet (sus.) is separated from the ectal posteriorly by a deep groove

wliich eidarges anteriorly into a deep fossa
;
this surface is convex from before back-

wards and anteriorly it is continued forwards and outwards as a narrow strip along the

to]) of the anterior edge of the above-mentioned fossa, and in front of this it is continuous

witli tlie small surface for the navicular which meets it at about a riaht anale. The

sustentaculum, as a whole, is prominent and sharply defined. The cuboid surface (cuh.)

Text-fig. 51.

Left calcaneum of Palceomastodon headnelU : A, from above
; B, distal end.

cub., facet for cuboid
;

ec., ectal facet ;
sus., susteutacular facet; t.c., tuber calcis.

The fibular facet lies immediately outside the ectal facet. | iiat. size.

is much like that seen in Elej)has, but is narrower and does not extend so far towards

the inner side of the bone
;

it is gently concave. Beneath and to tlie inner side of it

there is a roughened surface which ventral ly passes into a prominent tuberosity. The

outer face of the calcaneum is concave from above downwards, while the inner side of

the tvler calcis is slightly convex, the whole tuber being much more compressed

laterally than in Elcphas, though perhaps not more so than in Tetrahelodon angnstidens.

iSo astragalus large enough to have belonged to E. headnelU has been found; but a
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number of smaller ones, which appear to have belonged to Proboscideans, occur in the

collections. The largest of these is shown in text-figure 62, and may be referred pro-

visionally to F. wintoni. The tibial surface (tih.) is comparatively narrow from before

backwards and is strongly and evenly convex in the same direction
;
at its outer edge

it is continuous with the nearly vertical surface for the fibula {fih.), and on its inner

side it is cut into by a deep rounded concavity (^^w.) looking upwards and inwards,

evidently for the reception of a large internal malleolus such as has been described

as occurring in the tibia of Palwomastodon (see above, p. 147). Behind this the

postero-internal angle of the bone is produced into a strong tuberosity which in some

of the smaller specimens forms a pedunculate knob. In front of the tibial sirrface the

anterior face of the bone is concave and forms a short neck for the prominent rounded

Text-fig. .52.

Eight astragalus of Palceomastodon : A, from above
;
B, from below.

€ct., ectal facet
; fib., fibular facet

;
i.m., surface for internal malleolus of tibia

; nav., navicular facet

;

sits., sustentacular facet
;

tib., tibial facet. | nat. size.

navicular facet {nav.), which is almost precisely as in the astragalus of Tetralelodon

angustidens. There are two calcaneal surfaces : of these the ectal {ect.) is flat and

nearly triangular in outline, the apex being anterior, while the sustentacular {siis.)

is an elongated oval facet with the long axis antero-posterior, in which direction it is

deeply concave. The anterior edge of the sustentacular joins the lower edge of the

navicular facet. The two surfaces are separated posteriorly by a deep groove, which

widens out in front into a broad fossa, the anterior border of which is formed by the

lower edge of the navicular surface. The chief differences between this astragalus

and those of the later Proboscidea are
: (1) the tibial surface is narrower and at the

same time more strongly convex
; (2) there is a large internal malleolus in the tibia

involving the presence of a deep concavity in the astragalus for its reception
; (3) the

neck is somewhat better developed, at least in the smaller species; (4) the postero-

internal angle of the bone is very prominent.
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PalaBomastodon beadnelli, Andrews.

[Plates XII.-XVI.
;

text-tigs. 50 A, 51.]

1901. Paloiomastodon beadnelli, (t W. Andrews, Tageblatt des V. Internationalen Zoologen-Con-

gresses Berlin, No. G, p. 4 (Verhandlnngen, p. .528, 1902)

;

Zoologist, [4] vol. V. p. 319 ;
Geol. Mag. [4] vol. viii.

pp. 401-403, Hg. 1 (mandible).

1903. ,, ,, C. W. Andrews, Phil. Trans, vol. 19G b, pp. 110-113, figs. 10-1.3

(skull and mandible).

1904. „ ,,
C. Andrews, Geol. Mag. [5] vol. i. pp. 112-115, fig. 2 (skull).

Type Specimen.—Left ramus of mandible with pm. 4 (broken) and m. 1-3 (PI. XV.
figs. 1, 1 a); Geological Museum, Cairo.

The type species and the largest yet known. The length of the molar and premolar

series in the lower jaw is 28 cm. The molars are distinguished by the comparatively

small development of the accessory and intermediate cusps and the antero-postevior com-

pression of the main cusps, the consequence of these peculiarities being that the teeth

are more distinctly lophodont than in the other species, with the exception of the small

P. minor. The last lower molar has no talon beyond a slight ridge of the cingulum,

which is almost as strongly developed in m. 2. The molars also differ from those of

P. wintoni and P. minor in being wider in proportion to their length
;

in this respect

they resemble the molars of P. parvus. The elongation of the mandibular ramus

between the anterior end of the cheek-teeth and the symphysis also distinguishes

P. beadnelli from P. wintoni and P. minor, in which the posterior end of the symphysis

is very little in front of the anterior premolar [pm. 3) : in P. beadnelli the interval is

about 12 cm. The degree to which the symphysis is prolonged in the present s[)ecies

is uncertain. The mental foramen opens almost immediately beneath the anterior end

of pm. 3, and therefore some distance behind the symphysis.

Form. A Loc.—Fluvio-mariue beds (Upper Eocene) : north of Birket-el-Qurun.

C. 10014 . Iniperfoct left ramus of mandible with pm. 4 and m. 1-3. The typo specimen noticed

in ‘Tageblatt des V. luternalionalen Zoologon-Congresses,’ No. G, p. 4 (Berlin, 1901) ;

also described and figured in Geol. Mag. [4] vol. viii. (1901) p. 401 ;
also PI. XV.

figs. 1, 1 A. The dimensions (in centimetres) of this specimen arc :

—

Total length of specimen 61

l)e])th of ramus in middle of diastema 9*(>

,, „ immediately in front of pm. 15 l()-5

„ „ „ beneath pm. 4 12
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Tlie dimensions (in centimetres) of the teetli are :

—

Lenglh. Width.

pm. 3 (alveolus only) 4-1

pm .4 4-8 3‘3 app

4-8 3'7 app,

6-.5 5-1

7-8 5-3

Approximate leugtli of molar and premolar series 28-5.

M. 8059. Plaster cast of the above specimen. Made in the British Museum.

I'lie following specimens were collected in the immediate neighbourhood of the type specimen

;

i'rom this circumstance, together with their large size, they may be referred to the present species

with reasonable certainty :

—

C. 10014 a. Portion of left maxilla with greatly worn ?n. 2 and »i. 3. This specimen is figured on

PI. XV. fig. 2. The approximate dimensions (in centimetres) of the teeth are :

—

Length. Width.

m. 2 5-6 4-8

m. 3 6’5 o'2

M. 9234. Plaster cast of the above specimen. Made in the British Museum.

C. 10060. Atlas vertebra from same locality. Figured (partly restored from another specimen)

PI. XV. fig. 3. Width between outer edges of condylar cups 24'5 cm.
;
total height

14’ 7 cm.

M. 9120. Imperfect atlas vertebra from same locality.

Presented ly the Egyptian Government^ 1904.

C. 10061. Atlas vertebra from same locality. Figured on PI. XVI. figs. 1, 1 A. Total length from

end of odontoid to postero-iuferior point of centrum (approx.) 17 cm.; width of anterior

end of centrum (approx.) 20 cm.
;
height 20 +

.

M. 9121. Imperfect axis from same locality. Presented by the Egyptian Government, 1904.

C. 10016. Left scapula from same locality. Suprascapular and much of postscapular region broken

away. Length of glenoid surface (approx.) 13 cm., width (approx.) 8 cm.

M. 9235. Plaster cast of the above specimen. Made in the British Museum.

C. 10013. Right humerus, wanting the proximal portion, from the same locality. Figured on

PI. XVI. figs. 2, 2 A. The dimensions (in centimetres) of this specimen are;

—

Length (so far as preserved) 01

Width of shaft at narrowest point 10

,, distal ai-ticidar surface 19

,, distal end at condyles 21 app.

Length of supinator ridge 18'5 app.

M. 8060. Plaster cast of above specimen. Made in the British Aluseum.

C. 10062. Portions of right os innominatum from same locality, including the acetabulum and the

acetabular ends of the pelvic bones. Longest diameter of the acetabulum 13 cm.
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C. 10017.

M. 8061.

C. 10015.

Iviglit femur from same locality. Figured on PI. XVI. fig-s. 3, 3 a. The dimensions (in

centimetres) of this specimen are :

—

Lengtii 87'5

Longest diameter of head 12-3

Widtli of proximal end . 28

,, middle of shaft above third trochanter 12

„ distal articulation 17'2

,, distal end at widest point 19'7

Plaster cast of the above specimen. Made in the British Musenm.

Left tibia from same locality. Figured on PI. XVI. figs. 4, 4 A. The dimensions (in

centimetres) of this sjjecimen are :

—

Length 33-u

Width of proximal end 20

„ distal end 13-5

„ shaft at narrowest point 8

M. 9236. I’laster cast of above specimen. Made in the British Museum.

M. 9231. Imperfect left tibia. Presented hy the Egyptian Government, 1904.

M. 8484. Left calcaneum, probably of the present species. Text-fig. 51. The dimensions (in

centimetres) are :

—

Extreme length 19

„ depth of anterior end 9'8

AVidth of astragalar surface 9'5

„ cuboid surface 6'3

Presented hy TF. E. de Winton, Esq., 1903.

The following specimens may be provisionally referred to P. beadnelli, for, in the absence of

associated series of bones, especially of upper and lower jaws, it is impossible in many cases to

be certain of the specific determination. Since, however, many of these specimens have been

found in the immediate neighbourhood of mandibles similar to that upon which P. uintoni has

been founded (see l)elow', p. 15G), and since that species ap])ears to have been the commonest in

the.se beds, some at least will no doubt eventually be referred to it.

M. 8464. Skull, wanting paid of the supraoccipital and most of the facial regions
;
the cheek-teeth

are preserved on the left side. Figured PI. XII. and text-lig. 49 A. The description of

the skull in this genus given above is founded so far as possible on this specimen. The

dimensions (in centimetres) of this specimen are :

—

Greate.st length (,so far as preserved, see PI. XII.) .... 63'5

Width at zygomatic arch 42

„ external auditory opening 32'2

Height from junction of basioccipital and basisphenoid to

sagittal crest 22

Width of palate between m. 2 7

„ foramen magnum 0-3

Height of foramen magnum 3‘7

Width between outer angles of occipital condyles .... IG'2

„ of glenoid surface 9'2

„ between inner ends of glenoid surfaces 14

Height of opening of inteimal nares 5 o
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Tlie (liiiu'iisioiis (in ceiitiinctres) of the teeth are :
—

/)»!.

pin. 4

1

771.2

m.li

lAMigtli of molar series 15'5.

Length. Width.

3

3 3

3-9 3*1

5*5 3-9

6-2 4-4

liength of premolar series 10 (app.).

Presented by W. E. de Winton, Esq.., 190A.

C. 8458. Base and palatal portion of skull. The left maxilla, pai’t of right maxilla, and left

zygomatic arch preserved. The figure of the skull given in Phil. Trans, vol. 19(5 n,

1903, p. 110, figs. 10, 11, was founded upon this skull. The dimensions (in centimetres)

of this specimen are :

—

C. 9225.

C. 9354.

Width of skull at zygomatic processes 38

„ palate between »i. 2 5’G

„ foramen magnum 7

Height of foramen magnam 4’5 app.

Width between outer angles of occipital condyles .... 17

„ of glenoid surface 9'1

Length from ventral edge of foramen magnum to posterior

border of hard palate 23' 1

'The dimensions (in centimetres) of the teeth are :

—

Length. Width.

Jim. 2 4 2’3

pm. 3 3'8 2-9

pm. 4 3-8 3-5

m. 1 4 5 3-4

m.2 G-1 4-7

m.'i GT 5‘ 1

Length of molar series 17.

Length of molar and premolar series 28’4.

Ptdatal ])ortion of skull with prn. 3, 4 and m. 1-3 on left side : on right pm.

wanting. Length of molar .series 15‘7 cm. The last molar just come into wear.

Lower portion of skull. The dimensions (in centimetres) of this specimen are :

—

Length from condyles to tip of snout 60 -5

„ „ hinder border of palate 26

The lengths (in centimetres) of the teeth are :

—

pm. 3

pmi. 4

m. 1

m. 3

Length of molar series 15-6.

3

3-

1

4-

4

5-

4

6

-

1

is

X
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M, 8383.

M. 8852.

I’alafal jiortioii of skull willi ni. 1-!), pni. .4, I, and broken base 2 on one side. The

dimensions (in c(mtiinetres) ol' the teeth are :

—

2 (ba.se ou9y) . . . .

Length.

3-7

Whlth.

jmi. 2-8

]i»i. 4 . . .
3-4 3-2

m. 1 . . . 34
•an 2. . . ,

0-3 4-3

tn. 3 . 44
Length of mol ar series 15 o. Length of premolar series 10.

I’-resented hij the Efjuptian Government, 1902.

Palatal j)ortion ol skull with m. 1-3 and p»). 3-4 on left side, m. 2, 3 on right.

Length of molar series 14‘5 cm. Presented hy the Egyptian Government, 1904.

C. 8111. Palatal region and basis of skull : the right zygomatic arch also ])resent. The form of

the ])alate is well shown in this specimen; it is slightly concave from side to .‘ide and

is Avidest opposite m. 1, where its width is 7'5 cm. The maxillse diverge slightly from

one another in the middle line and end in a point anteriorly : at the upper and outer

side of this ant(‘rior region there is a d('ep concavity running forwards and downwards

and marking the [)Osition of the alveolus of the tusk, so that, as in 3Ia;ritheri(tm and

1‘lephas, the maxilla seems to have extended forwards beneath the premaxillte and

helped to snj)port the tusk.s, and may even have formed part of the hinder border

of their alveoli. Ijcngth from occi[)ital condyle to ends of maxilhe GO cm. The

dimensions (in centimetres) of the teeth are :

—

Lensitli. AVidth.

inn. 2 2-1

inn. 3 2-0

inn. 4 3-2 3-1

4-2 2-0

4

Length of molar series 1 7. Length of premolar series 10-2.

4-7

C. 9398. Palatal portion of skull of a young individual in which ni. 3 is not yet cut and pm. 4 has

just apjieared. The ])osterior end of m. 2 is opjiosite the hinder border of the [)alate.

This specimen also shows the orbit, portions of the jtremaxilhe, and the nasal opening.

The hmgths of the teeth (in centimetres) are :

—

m. 2, 5’9
;

ni. 1, 4’5
;
jnn. 4, 3‘5

;

pm. 3, 3'2
;
p>m. 2, 3’4.

C. 8116. Anterior ])ortion of skull of a young individual with tlu* milk-molars 2-4 (?) in sitn.

This specimen shows the form and position of the nasal o[)ening. J'dgured on 1*1. XI41.

The dimensions (in centimetres) of this specimen are:

—

Total length of specimen 2d-,5

Lengtli from tip of nasals to end of snout 13-4

„ „ anterior rim of orliit to (>n<l of snout .... 13

Distance between the poslorbital jirocesses of the jugal and

frontal 4-5

Widtli of skull-roof at postorbital |)rocosses 14

(Ireatest width of nasals (rd
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The (liniensions (in enniimetros) of the teetli ai-e :
—

Longlli. Width.

mm. 2 4 1-1

mm. 3 2-9 2

mm. 4 4 2-3

M. 8542. Plaster cast of tlie above speciaion. j\l(ide in the Jirltixh Museuni.

C. 7890. Piolit maxilla with base of zv^oma. Cbiotly remarkable for the largo size of jym. 3. The

lengths of the teeth are :

—

pm. 3, 3'7 cm.
;
pm. 4, 3'5 cm.

;
m. 1,4 8 cm.

;
m. 2, G‘2 cm.

C. 9296. Pigbt maxilla with the molars; ?n. 3 greatly worn. Lengths:— ?». 1, 3'7 cm.; m. 2,

4’7 cm.
;
m. 3, 5‘3 cm.

C. 7837. Portion of an upper incisor tusk of large size. At base the long diameter is G cm., the

short 3'9 cm.

C. 8981. Upper incisor tusk with a slight spiral twist and a band of enamel on outer face. This

specimen is nearly complete. Length in straight line 25’3 cm.
;
length along curve

28 cm.

C. 8467. Upi)er incisor tusk : slight spiral twist, enamel lost. Imperfect, length preserved 18 3 cm.

in straight line.

M. 8417. Ujjjier incisor tusk with a slight spiral twist and a band of enamel on outer face. Length

(so far as preserved) IG’5 cm.
;
long diameter near base 4’7 cm., short diameter near

base 2'G cm.

M. 8417a. Terminal portion of large upper tusk. Enamel band on outer side, wear-surface on

lower side of tip. Length 15 cm.
;
long diameter at wide.st part 5'2 cm., short

diameter at widest part 3'5 cm.

M. 8483. Portion of base of lower incisor, cut to show internal structure.

Presented Inj IP. E. de Winton, Esq., 1903.

C. 9305, C. 9307. Two right upper premolars.

C. 8488. Left upper premolar.

M. 8845. Two right upper second premolars. Presented In/ the Egyptian Government, 1904.

M. 8419. Left upper second premolar.

C. 8479. llight uj)per third premolar. Length 3'G cm.

C. 8964. llight upper third premolar. Length 3'1 cm.

M. 8419 a. Left upper third })remolar.

C. 8101, C. 8474, C. 8487. Three right upper fourth premolars.

M. 8419 b, M. 8845 a (two). Three left uj)per fourth premolars.

M.8850. Fragment of left maxilla with pm. 3 and qnn. 4. The lengths of the teeth are 3'3 cm.

and 3'5 cm. respectively. Presented by the Egyptian Government, 1904.

M. 8851 . F ragment of right maxilla with pm. 4 and m. 1. Lengths 3'3 cm. and 4’4 cm. respectively.

Presented by the Egyptian Government, 1904.

M. 8480. Fragment of right maxilla with m. 1 and /». 2. Lengths 4'1 cm. and 5'8 cm. respectively.

I'resented by IF. E. de Winton, Esq., 1903.

x2
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C. 8954. Loft upper first molar, mncli worn.

C. 8101. Two riolit iipi )er second molars.

M.8481. L(>rt np])or second molar. Presented Inj IE. E. de Winton, Esij.. lOOd.

M. 8418 a. Ri^flit and left np])er second molars.

M. 8418. Three upper third molars.

C. 8965. Left ii{)per third molar.

C. 8489, C. 9291. Right np[)er third molars.

M. 8420. ? Upper third molars.

M. 8847. Left upper third molar. Presented Inj the Egyptian Government, 1904.

M. 8418 b. Portion of maxilla with m. 3 and part of /?i. 2.

M. 9122. Posterior portion of right ramus of mandible with m. 3. The dimensions (in centimetres)

are :

—

Height at coronoid process

,, condyle . . .

"Widtli of ascending ramus

Length of jh. 3 . . .

Width of w. 3 ....

21-5

23

19-.')

8-7

5-2

]*resented hy lU. E. de ]\"mton, Esq., 1903.
M. 8494. Atlas vertebra.

Width of articulation for skull 17 cm., app.

„ „ a.xis 14‘4 cm.

Presented by TU. E. de Winton, Esq., 1903.

The following vertelu’ae may belong to Palceomastodon

M. 8840. (Jervical vertebra.

M. 8389. Cervical vertebra.

M. 8390. Lumbar vertebra.

M. 8842. Lumbar vertebra.

C. 9115. Pirst thoracic vertebra.

C. 9235. Anterior thoracic vertel)ra.

C. 8084. Anterior thoracic vertebra.

C. 8275. Centrum of lumbar vertebra.

Presented by the Egyptian Gorernment

,

1904.

Presented hy the Egyptian Gorernment, 1902.

J’resented by the Egyptian Government

,

1902.

Presented hy the Egyqitian Government, 1904.

Palaeomastodoii wintoni, Andrews.

[T'ext-figs. 50 R, 53, 54.]

190.5. Paheomastodon ivintoni, (h W. Andrews, (icol. IMag. [.5] vol. ii. |). .5()3.

Type Sjiecwien .—A tnaiidible wanting the angular region and the anterior cheek-

teeth (text-fig. 53) ;
British Museum. A fine mandible in Cairo, in which tln^
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incisors arc wanting but which is otherwise nearly complete (text-fig. 54), may he

regarded as a co-type.

'I'liis species differs from P. headnelU in (1) its somewhat smaller size; (2) the

extension backwards of the symphysis so that its posterior border is only just in front

of^wi. 3; (3) the position of the mental foramen on the side of the symphysis instead

of behind it
; (4) the greater complication of the molars and their greater length in

proportion to the width, the last lower molar (text-fig. 50 B) consisting of tliree

transverse crests and a distinct talon. From P. minor and P. ^^arviis this species is

easily distinguished by its larger size and the difference of its last lower molar (see

text-fig. 50).

P. wintoni seems to he by far the commonest species, and probably the greater

number of specimens above referred provisionally to P. headneUi belong here. This

Text-fig. 53.

Mandible of Paloeomasiodon wintoni, type specimen, from abo\ e.

cond., condyle ; cor., coronoid process
;

d.c., dental canal ; incisor. The prernolars and first molar

on the left side have been restored from another specimen, i nat. size.

remark particularly applies to the skulls and upper teeth, which, in the absence of

associated skulls and mandibles, cannot be determined with certainty
;
though the

absence of any mandibles of the type of P. headnelU from the pits in which most

of these specimens were collected is strong presumptive evidence that they do not

belong to that species, but to the present one, to which all or nearly all the mandibles

and lower teeth are referable.

Form, dr Loc.—Fluvio-marine beds (Upper Eocene) : north of Birket-el-Qurun.

M. 8414. Mandible wanting the angular region and the cheek-teeth in front of m. 2. Type

specimen figured (text-figs. 50 B, 53). The incisors are preserved
;
they are procumbent

and spatulate teeth terminating in a point
;
their width at the base is 5‘2 cm., the length
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C. 8456.

:ilon^ their median horcier is 8 cm. The dimensions (in centimetr(>s) of this sjKK'imen

are :

—

Length from condyle to tip of symphysis

„ ])osterior end of m. 3 to tip of syin])hysis .

Width of syinpliysis at narrowest

Length of sympliysis

Tlie dimensions (in centimetres) of tlie teeth are :

—

Len^tli.

m. 2 O'o

m. 3 7’4

74

r)4-5

<S ajrp.

21 -5

Width.

3-

7)

4-

4

Nearly perfect mandihle wanting the incisors. Figured in text-fig. 54. May he regarded

as a co-type. Tlu^ characters of the species, viz. the symphysis extending hack nearly

to the level of the anterior iiremolar and the comparatively long and narrow trilophodont

molars, are w'ell shown. The dimensions (in centimetres) of this s|)ecimen are :

—

Length from condyle to tip of symphysis G7’2

„ angle to tip of sympliysis 64-2

„ posterior end of m. 3 to tip of symphysis ... 49

Width of symphysis at narrowest 8

Length of symphysis 24’.5

Height at coronoid process ISa'i apji.

„ condyle 23

The dimensions (in centimetres) of the teeth are :

—

Length. Width.

pm. 3 2'7 1'7

pan 4 3-7 2-4

m.l 3-.') 2'.'^

Hi. 2 5-7 3'5

Hi. 3 7 4-1

C. 8457.

M. 8384.

Nearly perfect mandihle of a somewhat smtdler individual than either i\I. 8414 or (ih 8l5(),

the whole jtiw being rather more slender. The dimensions (in centimetres) are :

—

Length from condyle to tip of symphysis 94

„ from angle to tip of symphysis (ih

„ of symphysis 22-(;

„ of jiosterior end of m. 3 to tip of symphysis .... 47’5

AVidth of symphysial region at mtrrowi'st o--')

The dimensions (in centimetres) of the teeth art';

—

Lengtli. Width,

pm. ‘6 2-9 1-4

j>m. 4 3‘5 2

HI. 1 3-S 2-0

m. 2 ,9-1 3-1

Hi. 3 (i-t; ,3-,5

Mandihle of smtdl individutd. The tingidar rt'gion is imperfect, ;md tlu' symphvsis is

much hroken. The dimensions (in et'ntimetres) are:

—

Apjiroximate length from condyle to tij) of symphysis ... (i4

„ „ of .symphysis 22
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The (liiuonsions (in centiiuetros) of the teeth :ire :

—

Lcngfli. Width.

pm. 3 3 1-8

pm. 4 3’9 24)

m. 1 4-1 2-8

ni. 2 54; 3'3

m. 3 G4) 4

Presented hjj the E(jyj>ti(in Government, 1902.

Text-fig. 54.

Mandible of Pcdceomastodon luintoni

:

A, from above
;
B, from left side.

cond., condyle ; cor., coronoid process
;

i., alveolus of incisor ; 7n.f., mental foramen. 4 nat. size.

M. 8415. Portions of right and left rami of mandible of a young individual in which /n. 3 had not

been cut. The dimensions (in centimetres) of the teeth present are :

—

Length. Width.

pm. 3 3-7

pm. 4 4'6

m. 1 5 3

m. 2 6-5 4-2

M. 8853. Portion of left ramus of mandible with the cheek-teeth in excellent preservation.
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I he posterior 011(1 ot ilio sympliysis is l)et\v(!en 2 and d cm. in I’ront of’ the anterior

end ol tlie tootli-.«ori(^s. The diimmsions (in centimetres) of the teeth are:—
Longth. Width.

:?•] 1-7

;y4 2-4

i/I. I 4-1 2-8

ii'. 2 5-5 ;3.5

d 7-;3 4-1

Prei^ented by the Egyptian Government, 1!K)4.

M. 8854. Portion ot right ramus of mandible with pm. 3-4 and »i.l-2 in excellent preserv;ition.

The dimensions {in centimetres) of these teeth are :

—

Length. Width.

/<)».•“') ;3-3 ]'7

pm. 4 3-7 2- .5

m. 1 4T 2-S

2.. 0*0 3*4

Presented by the Egyptian Government, ltt04.

M. 8464. Portion of right ramus of mandible with pm. 4 and m. 1. The lengths of these teeth are

o'8 cm. and 4*3 cm. respectively. J'resented by TT''. E. de Winton, Esq., 1903.

M. 8416. Left lower molars and premolars. Length of 7n. 3, 7*5 cm.

M. 8420. Eight lower third molar. Length 6*9 cm.

M. 8481. Eight lower third molar. Length 7*,5 cm. Presented by IP. E. de Winton, Esq., 1903.

M. 8849a. Left lower third molar. Length (;*5 cm. Presented by the PJgyptian Government, 1904.

M. 8849b. A lai*ge lower third molar of peculiar type. The whole tooth is broad ;
the intermediate

tubercles are well developed and each of the main cusps forming the two hinder crests

is partly divided into two tubercles. This specimen may indicate the existence of

another as yet undescribed species. Length 8'2 cm., width 4*8 cm.

I^resented by the Pdgyptian Government, 1904.

The following may be referred to the present sjiecies, but possibly some may lielong to

P. beadnelli :

—

C 7841. Eight ramus of mandible, complete posteriorly. The lengths of the teeth are: pnn.'.^,

3‘3cm.; pm.‘i, 4*2 cm.
;
m. 1, 4*0 cm. (?); m.2, G*1 cm.; v/i. 3, 7*3 cm.

C. 7839. Left ramus of mandible. The lengths of the teeth are : pm. 3, 3*1 cm.
;
p?/i.4, 3*4 cm.;

m. 1, ;5*9 cm. ;
m. 2, 5*3 cm.

;
m. 3, 7*3 cm.

C. 9294. Left ramus of immature mandible. 4Tie lengths of the teeth are
:

p/i). 3, 2*9 cm.
;
pm. \,

3*3 cm.; m. 1, 3*7 cm.
;
m. 2, ,t 4 cm.

C. 7848. Left ramus of immature mandible with pm. 3-4 and m. 1-2.

C. 7835. Left ramus of immature mandible with in. 1-2, the latter just cut. M. 1, 5*0 cm. long.

C. 7833. Eight ramus of an immature individual with pm. 3-4 and m. 1-2 in sitn, m. 3 as germ at

ba(dv of jaw. The lengths of the teeth are: pm. 3, 3*3 cm.
;
pm.\, 4*0 cm.; m. 1,

5*1 cm.; m. 2, 4M) cm.
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C. 8914. Anterior portion of mandibular symphysis with incisors in situ.

Greatest wicltli between the outer edges of tlie alveoli ... 10 cm.

Width of each incisor 4'5 „

Length protruded from alveolus G‘2 „

M. 8478. Symphysial region of mandible with incisors of a large individual. Figured on PI. XIV.

fig. .3 as P. headnelli.

Length of symphysis 27 cm.

Width of symphysis at narrowest 8'5 ,, app.

,, the two incisors 11‘5 „

Length of outer side of incisors 20 „

,, inner side of incisors 14 „

Presented hy W. E. de Wmton, Esg., 1903.

C. 8468. Right low'er incisor. The wear-surface extends both on the upper and lower side of the

tooth for about 5 cm. The ventral face is enamel-covered; the surface of the dentine

is marked by straight longitudinal grooves. Width 4*3 cm.
;
length (so far as pre-

served) 17’0 cm.

C. 9214. Large left lower incisor. Ventral face covered with enamel
;
also a very thin covering on

upper surface. The dentine core is marked by broad, shallow', longitudinal grooves.

Width 7’5 cm.

M. 8385. Imperfect left incisor, showing wear-surface. Width 4'5 cm.

Presented hy the Egyptian Government, 1902.

M. 8848 a. Left low'er third premolar. Presented hy the Egyptian Government, 1904.

C. 8470, C. 8963, C. 8971, C. 9304. Lower third premolars.

M. 8848b. Left lower fourth premolar. Presented hy the Egyptian Government, 1904.

C. 8472, C. 8492, C. 9279, C. 9303. Lower fourth premolars.

C. 9301-2. Right and left lower first molars. Length 4‘2 cm.

C. 9289. Right lower first molar. Length 4 cm.

M. 8846. Left lower second molar. Length 5'8 cm. Presented hy the Egyptian Government, 1904.

M. 8420, M. 8481. Low'er second molars. Presented hy W. E. de Winton, Esq., 1903.

M. 8479 a. Portion of mandible with second molar. Presented hy W. E. de Winton, Esg., 1903.

C. 9292. Left lower second molar. Length 5‘7 cm.

C. 9298. Right lower second molar. Length 6*0 cm.

C. 9299, C. 9300. Right and left low'er third molars. Length 7‘2 cm.

M. 8482. Last lower milk-molar. Length 4'2 cm.
;
wddth 1*9 cm.

Presented hy W. E. de Wmton, Esq., 1903.

The follow'ing vertebrae may be referred provisionally to P. wintoni :

—

C. 9094. Atlas vertebra.

C. 9074. Atlas vertebra.

C. 8261, C. 8266, C. 8315. Atlas vertebras.

M. 8856 a, b. Two atlas vertebrae. Presented hy the Egyptian Government, 1904.
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The dimensions (in centimetres) of some of the above specimens are :

—

C. 9094.

Wicltli between outer edges of articulation

for skull 15-5

of siu-faces for axis 13-5

to ends of transverse processes . . 25-7

C. 9074. C. 82G1. C. 831.'). M.8856 a. M. 885Gi.

15-5 16 15-7 15-3 15

12 13 12 12 12

25 app. 26-4 25-4

C. 8079. Nearly complete axis vertebra. This specimen shows the large peg-like, somewhat

compressed odontoid with distinct ventral facet, the strong hypapophysial ridge, the

very high neural arch with the neural spine deeply hollowed out posteriorly by a deep

fossa for the attachment of ligaments.

M. 9123. Atlas vertebra similar to last, but less nearly complete.

M. 8857. Imperfect centrum of smaller axis. Presented hy the Egyptian Government, 1901.

The dimensions (in centimetres) of the above axis vertebrae are :

—

0. 8079. M. 9123. M. 8857.

licngth of centrum with odontoid . 12-5 12 app. 9-5

AVidth of surface for atlas .... 11 app. 11 app. 10

„ posterior face of centrum . 7‘5 app. 8

Height to top of neural spine . . . 14+ 15-5

„ of neural canal 3 3'5 app.

M. 8513. Right astragalus. Figured in text-fig. 52. The dimensions (in centimetres) are ;

—

Width of tibial surface, including facet for internal malleolus .... 8

,, calcaneal surfaces 8

„ navicular surface 7‘7

Presented hy IF. E. de Winton, Esq., 1903.

C. 8355. Portion of left astragalus.

C. 10063. Imperfect left calcaneum.

PalSBOmastodoil parvus, Andrews.

[Text-figs. 50 C, 55-59.]

1905. Palccomastodon parvus, C. W. Andrews, Geol. Mag. [5] vol. ii. p. 5G2.

Type Specimen .—Imperfect right ramus of mandible, with pm. 3-4 and m. 1-3 in

mtn (text-fig. 55)

;

British Museum.

This species is distinguished from P. headnelli by its small size, but at the same

time it approaches that species very nearly in the comparative simplicity of its teeth,

])articularly in the form of 7n. 3, and in having the posterior end of the mandibular

symphysis some distance in advance of the anterior ])remolar, a character whicli at

once distinguishes it from P. wintoni. Tire third molar (text-figs. 50 C, 55) consists of

two transverse ridges, each composed of two tubercles, and a small third ridge consisting
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of a larger outer and a smaller inner tubercle; there is a small intermediate tubercle

in the anterior valley, but otherwise accessory tubercles are wanting
;
the enamel is

very smooth and the cingidum practically absent. M. 2 is trilophodont, but the last

ridge is much smaller than the others
;

it consists of an outer larger and a smaller

inner cusp. So far as their molar pattern is concerned, both this species and P. headnelli

seem to be more primitive than P. wintoni
;
but, on the other hand, P. headnelli by its

larger size, and both it and the present species in the elongation of the mandibular

rami, seem to be somewhat more specialized. This intermingling of primitive and

more specialized characters is to be expected in a group represented by several

Text-fig. 55.

contemporary species and undergoing rapid change in a given direction, the final

product, in this instance Tetrahelodon or some closely similar form, being the resultant

of the various modifications, and in this case combining increased length of the

mandible with more complicated molar structure.

Form. & Loc.—Fluvio-marine beds (Upper Eocene) : north of Birket-el-Qurun.

M. 8479 a. Right mandibular ramus, imperfect at both ends: pn. 3 & 4 are greatly crushed and

7n. 1-3 much worn. TyjDe specimen figured (text-figs. 50 C, 55) . The mental foramen is

beneath the anterior end of pm. 3, and the posterior end of the symphysis is about 5’5 cm.

in front of that point. The dimensions of the teeth are given in the table on page 1G9.

The depth of the mandibular ramus beneath m. 2 is 7‘2 cm., in front of pm. 3 G'Gcm.

Pi'esented hy W. E. de Winton, Esq., 1903.

M. 8847. Almost un'worn third lower molar. Presented hy tlie Egyptian Goveimment, 1904.

M. 8846. Eight upper molar (? second) almost certainly belonging to this species.

Presented hy the Egyptian Government, 1904.

Probably several of the smaller teeth and jaws in Cairo may belong to this species, but further

examination of the material there would be necessary to determine this.

Y 2
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The liumerus, ulna, and tibia enumerated below, together with some small astragali similar to that

described above (p. 149) and figured in text-fig. 52, probably belong to this species or to P. minor.

C. 8881. iliglit humerus with its upper part much crushed (text-fig. 5G). This specimen differs

more from the humerus of the later Proboscideans than does the humerus of P. bcadnelli

described above. The large rounded head (/i.) is abruptly truncated on the inner side by

the flat inner face of the upper part of the shaft. Anteriorly it bears a small “ lesser
”

Text-fig. 56.

Eight humerus of Palaomastodon {"i) parvus : A, from front; B, from inner side.

h.g., bicipital groove ; c.f., coronoid fossa
;

d., deltoid crest
;

rj.t., greater tuberosity
;

/<., head
;

hr., inner

condyle ; l.t., lesser tuberosity
;

o.c., outer condyle
;

s.r., supinator ridge
;

tr.i., inner part of trochlea
;

tr.o., outer part of trochlea. 5 nat. size.

tuberosity (/.<.), which is soparateil by a deeply concave bicipital groove (A.y.) from

the greater tuberosity (y.h), which is vei-y large and rises considerably above the head
;

from it a ridge forming the outer edge of the bicipital groove runs down the anterior

face of the upper third of tho shaft. It is dillicult to determine the exact form of

the upper portion of the shaft owing to the crushing it has undergone, but it can be
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seen that tlic deltoid ridge (d.) formed a prominent oblique crest continued up to the

greater tuberosity. The coronoid fossa (c.f.) is wide and moderately deeply concaves;

the olecranon fossa is large and deep, particular!)’ on the outer side. The outer and

inner (i.e, and o.c.) condyles are both fairly prominent, the latter projecting considerably

backwards. The supinator ridge (s.r.) is short, much shorter relatively than in the

humerus of I\ headnelli described above. The articular surface is divided by a broad

groove into an inner larger (tr.id) and an outer smaller portion (tr.o,). The former

bears a slight ridge which marks the separation of the surface for the radius from

that for the inner portion of the ulna. The bone, as a whole, is very thin-walled and

lightly built—a circumstance that may account for the extreme rarity of bones of

Palceomastodon. The chief points by which this humerus differs from that of Elephas

are : (1) the greater tuberosity is larger and rises more above the head
; (2) the

supinator ridge is very much smaller, so that the distal portion of the bone is less

expanded.

M. 8889. Plaster cast of the above specimen. Made in the British Mnseurn.

C. 8063. A similar right humerus wanting the proximal end.

M. 8890. Plaster cast of the above specimen. Made in the British Buseujn.

The dimensions (in centimetres) of the above humeri are:—
0 . 8881 .

Length 45’2

Width of bead 9

,, of shaft at narrowest 5'7

,, lower end at widest 13‘8

„ distal articulation 9'8

0 . 8063 .

43-3+

5‘4

13+
10

C. 8028. Nearly complete right ulna (text-fig. 57). The olecranon (o/. ) is large, greatly expanded

at the end, and projecting strongly towards the inner side
;

it does not rise above the

upper angle of the articulation. This latter is triradiate in form
;

the upper lobe

projects strongly forwards, while of the lower two, the outer has a straight anterior

border, beneath which is the elongated facet (r.s.) for the upper end of the radius;

the inner is oval in outline and seems to have little or no contact with the radius.

The whole shaft of the bone is curved backwards
; it is triangular in section, the anterior

face being deeply concave from side to side near its upper end (r.g.) Distally it

widens out somewhat, but the epiphysis having been lost, the distal articulation cannot

be described. The whole ulna is practically that of a miniature elephant. The

dimensions (in centimetres) of the specimen are :

—

Length (without epiphysis) 38

Width of articulation for humerus 9 3

„ middle of shaft 4-8

M. 8891. Plaster cast of the above specimen. Made in the British Mnseiirn.

M. 8858. Upper end of left ulna. Presented by the Egyptian Government

,

1904.

C. 8883. Right tibia (text-fig. 58). In form this bone is almost exactly similar to the tibia of

P. headnelli figured on PI. XVI. fig. 4. In the proximal articulation the inner facet (i.)
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is the larger and is widest from before backwards
;
at its antero-external angle it runs up

on to the prominent intercondylar process (ic.p.), on the outer side of which there is a

dee]) fossa for the atiachment of ligament. The outer facet (o.) is widest from side to

side, and beneath its outer edge there is a flattened surface, apparently for the u])per end

of the fibula. The upper part of the not very prominent cnemial crest {cn.) is divided

into two by a deep depression, the outer portion being the largest. The middle portion

of the shaft is flattened behind and convex in front; towards the distal articulation it

widens out and hears on its postero-internal surface a prominence (p.) forming the outer

siile of a groove, ])recisely similar to that seen in the tibia of P. headnelli. The distal

articulation is also like that found in the large species : there is a prominent internal

malleolus {i.m.) bearing an astragalar facet looking outwards and forwards
;
external to

Text-fig. 57.

Right ulna of Palcfomastodon parvus: A, from front; B, from inner side.

oJ., olecranon process
;
rp., radial groove ;

r.s., radial surface, j nat. size.

this is the main surface for the astragalus strongly concave from before backward.'),

and is })roduccd downwards into a blunt point both before and behind. External to this

surface there is a roughened facet (/.) looking downwards and outwards, a})j>arently for

articulation with the tibula. The chief difference between this tibia and that of PUphas

is in the form of the distal articulation. In tlu' recent form, probably owing to tlu'

increasing size and weight, the astragalar surface is much broader and more gently

concave, and this increase of width has led to the reduction of the internal malleolus to

a mere blunt ])oiut. Otherwise the two tibias are very similar even in small ])oints.
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These remarks apply likewise to the tibia of P. headnellt. The dimensions (in centimetres)

of this bone are :

—

Extreme length 38'8

Width of proximal articulation (for astragalus only).... 11'5

„ middle of shaft 5’3

„ distal articulation 6

The length of the tibia of P. beadnelli is 63'5.

Eight tibia of Palceomastodon {‘!)parvm : A, from front
;
B, proximal end

;
C, distal end.

as., surface for astragalus ; cn., cnemial crest
; /., /.', surfaces for fibula ; surface for inner condyle of femur

;

intercondylar process ; i.m., internal malleolus ; o., surface for outer condyle of femur
; p., internal

distal prominence. | nat. size.

Text-fig. 59.

Left astragalus of Palceomastodon (2) parvus : A, from above
;
B, from below.

ect., ectal facet
;

i.m., surface for internal malleolus of tibia ; nav., navicular facet ; sus., sustentaeular facet

;

tib.j tibial facet. |- nat. size.
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M. 8892. I’histor cast of the above specimen. Made in the British Museuin.

C. 8016. Immature left til)ia, imperfect at ends.

C. 9221. Immature right tilua, rather .^mailer than last, imperfect at ends.

C. 8334. Left astragalus, the ])roximal articulation of which agrees with the distal articulation of

the tibia just described. This bone is figured (text-fig. 59) and is very similar to

that described above (p. 149) and figured (text-fig. 52). It is chiefly rematd<.able

for file prominence of the knob forming its postero-internal angle. The dimensions

(in centimetres) are :

—

AVddtli of tibial surface, including facet for internal malleolus .
5‘8

„ calcaneal surfaces 5'G

„ navicular surface 5

M. 9237. Plaster cast of the above specimen. Made in the British Museum.

C. 8636. Left astragalus, similar to last.

M. 8406. Left astragalus, similar to last.

PalaBomastodon minor, Andrews.

[Plate XIV. figs. 1, 1 a; and text-fig. 50 D.]

1904. PalcEomastodon minor, C. W. Andrews, Geol. Mag. [5] vol. i. p. 115.

Type Specimen .—Portion of the right ramus of the mandible of a young individual

(PI. XIV. figs. I, 1 a); British Museum.

This species is not only much smaller than P. headnelli and P. wintoni, but differs

in the structure of its molars, particularly of m. 3. This tooth is long in proportion

to its width
;

it consists of three complete transverse main crests and a small talon-

like fourth ridge consisting of several small cusps, 'fhe anterior crest is composed

of two large cusps, the outer of which is connected with a small accessory tubercle

partly filling the first valley. The second and third crests consist of two main cusps,

each partly divided into two transversely arranged tubercles ; there is no tubercle in

the posterior main valley ; the whole tooth is more clearly lophodout than in the

other s])ecies. This tooth is easily distinguishable from the last molar of 1\ parvus,

which consists of only two crests and a talon, which is composed of two large cusps

(see text-fig. 50 C).

J/. I and ni. 2 are both trilophodont
;
the autero-external cusp in each is connected

posteriorly with a small cusp in the anterior valley
;

the second outer cusp is

distinctly divided into two tubercles, especially in m. 2.

Pm. 4 is bilo])hodont, ynn. 3 a simple compressed cone with small anterior and

])OSterior cingular ridges. The length of the symphysis is uidcnown.

1^'urm. ct’ hoc.—Tluvio-mariue beds (Upper Eocene) : north of Birket-el-Qurun.
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M. 8479b. Right ramus of maiuliblc, imperfect at both ends. Pm. 3, fm. 4, m. 1-3 are present, m. 3

as an uncut germ
;
pm. 4-//?. 2 are somewhat imperfect on the inner side. d’ypo

specimen described in Geol. Mag. [.O] vol. i. (1904) p. 115. Figured on PI. XIV.

figs. 1, 1 a; also the second and third molars in text-fig. 50, D. The dimensions (in

centimetres) of the teeth are :

—

Length. Width.

pm. 3 2'8 1’6

pm. A . . : 2-6 2 app.

m.l 3-2 2T app.

m. 2 4-5 2-9 app.

m.3 4-8 2-9

The lengths (in centimetres) of the teeth compared with those of the other species

are shown in the following table :

—

P. minor. P. parvus. P. wintoni. P. beadnelli.

pm. 3 2-8 3 5 app. 3 4'1 app.

2-6 3-5 app. 3-5 4-8

m.l 3-2 3-8 4-3 4-8

m. 2 4-5 4-5 5-7 6-5

4-8 4-6 7-3 7-8

Length of molar series 12-6 13 17-2 19-4

„ premolar series . . . . 5-7 7 app. 63 9-2 app.

„ molar and premolar series . 18 19-7 23 28-5

Presented hy W. E. de Winton, Esq., 1903.

The following specimens may be referred provisionally to this species :

—

C. 8110. Two trilophodont upper molars. These teeth are of the size and type that might be

expected in the upper jaw of this species. Length 4‘5 cm.
;
width 3'1 cm.

M. 8860. Atlas vertebra.

Width of articulation for skull

axis

12-8 cm.

10

Genus PHIOMIA, Andrews & Eeadnell.

[A Preliminary Note on some new Mammals from the Upper Eocene of Egypt,

pp. 1-5, figs. 1, 2 (Survey Department, Cairo, 1902).]

Known only from an imperfect mandibular ramus, in which the single spatulate

incisor is serrated on its outer margin.

It was originally suggested that this mandible might represent a very aberrant

type of Creodont, but this determination is certainly wrong. Schlosser * has

suggested that the specimen in question is the anterior portion of the mandible of

a very young Palceomastodon, a supposition which not impossibly may be correct,

though since this is by no means certain it seems preferable to keep the genus

Fhiomia for the present and place it in its present position.

* Neues Jahrb. f. Mia. Geol. u. Palffiont. 1905, vol. i. pt. i. (Eeferate) p. 157-

z
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Plliomia serridens, Andrews Sc Beadnell.

[Plate XVIII. figs. 4, 4 a.]

1002. Phiomia serridens, Andrews & Beadnell, A Preliminary Note on some new Mammals from

the Uj)per Eocene of Egypt, p[). 1-5, figs. 1, 2 (Survey Dept., Cairo).

1005. PaUromaslodon, juv., Sclilosser, Neues Jalirb. £. Mineralogie, etc. vol. i. pt. i. (Referate)

p. 157.

Type Sj^echnen .—Anterior portion of left ramns of mandible Avith incisor and two

cheek-teeth, figured and described loc. cit. siqjra, also PI. XVIII. figs. 4, 4 a,*

Geological Museum, Cairo.

The type and only known species, with mandibular symphysis 6*5 cm. in length.

Form. & Loc.—Fluvio-marine beds (Upper Eocene): north of Birket-el-Qurun.

The mandibular ramus (PI. XVIII. figs. 4, 4 a) upon which the species is founded is

incomplete posteriorly. The symphysial region {sym.) is very long and deepens consider-

ably from before backwards ; the upper surface Avith its felloAvof the opposite side must

have formed a spout-like groove, Avhile the ventral surface is strongly convex from side

to side and to some extent also from before baclcAA'ards. Behind the symphysis the

ramus of the jaAv arches outAvards, its outer surface being convex from before back-

wards and also from above doAviiAvards
;
the inner surface is concave in the former

direction and neatly flat in the latter. There are tAvo foramina on the outer face

;

one, the larger of the tAvo, is just behind the socket of the incisor; the other is beneath

the anterior end of the second of the cheek-teeth in situ. The bone shoAvs traces of

the peculiar fibrous appearance characteristic of many young bones, a circumstance

Avhich tends to support Schlosser’s vieAv as to the nature of the specimen.

The incisor (i. I) is of very peculiar form. Its inner border, Avhere it is in contact

Avith its felloAv of the opposite side, is straight. The outer edge is convex in front and

is marked by a series of crenulations (about five in number). The upper face of the

tooth is concave from side to side, the ventral convex Avith tAvo or three slight

longitudinal ridges. The tooth thickens rapidly toAvards its base. The enamel

covering is confined to the end of the croAvn
;

it is found on both the upper ami

lower suifacc
;
on the outer side it extends back as far as the last of the denticulations,

and on the inner not quite so far. The incisors must have formed a spout-like

continuation of the symphysis, much as in Falcvomastodon. The great size and increase

in thickness of these teeth towards their base make it difficult to regard them as

belonging to the milk-series
;
on the other hand, if they are the permanent incisors,

they could never have attained the size of those of PaUvomastodon beadnelli or

wintoni, so that if this animal Avas a Paleeomastodun it must have been quite a small

species.
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Behind the incisors there is a long sharp-edged diastema about 5'5 cm. in length.

The first cheek-tooth is small and laterally compressed, with a high anterior cusp,

slightly bifid at the summit, and a smaller posterior one, which seems to belong to the

cingulum
; there is also a slight cingular prominence on the front of the tooth. The

next tooth is large and complex. The anterior half consists of three cusps : one

anterior, with a small stylid closely united to it in front
;

the other two arranged

transversely. There is a small accessory tubercle on the posterior slope of the outer of

the two cusps. This anterior portion of the tooth is separated from the wider posterior

part by a deep valley, behind which there are two large and closely united cusps

arranged transversely and a small accessory posterior tubercle. The nature of

these two cheek-teeth is open to some doubt
;
probably they are deciduous molars,

though this is not absolutely certain, and although the jaw has been carefully cut

away beneath the larger tooth no trace of any germ of the replacing tooth can be seen.

On the whole, it seems that Schlosser is possibly right in his surmise as to the nature

of this specimen, and it may be considered as having belonged to a young individual

perhaps of one of the smaller species of Palceomastodon
;
but since it is very small

and there is some doubt as to the nature of the teeth, the generic name Phiomia may

be retained till further material is available.

C. 10007. Anterior portion of left mandibular ramus, with incisor and two cheek-teeth. Type

specimen described and figured, loc. cit.
;

also PI. XVIII. figs. 4, 4 A. The dimensions

(in centimetres) of this specimen are :

—

Extreme length of specimen, so far as preserved 14‘2

Length of protruded portion of incisor, measured along median

border 3 app.

AVidth of incisor at alveolus 1'6

Length of symphysis 6'5

Greatest depth of symphysis 2

Length of diastema between incisor and first cheek-tooth . . 6 app.

Depth of ramus beneath second cheek-tooth 3'5

Length of first cheek-tooth 1’2

Width of first cheek-tooth ‘5

Length of second cheek-tooth 2'7

Width of second cheek-tooth 1'3

Made in the British Museum.

z2

M. 8193. Plaster cast of the above specimen.



172 TERTIAEY VERTEBRATA OF THE FAYtlM.

I N c; E K T a: S E D I s.

Family FARYTHERIIDvE.

Fills family is known only from a single genus, Barytherium, the characters of

which are given below. Its systematic position is still very doubtful and it does not

fall within the limits of any of the suborders as at present defined. In a former

jiaper * it was suggested that possibly it may be found to constitute a subdivision

of the Amblypoda, which would be of the same rank as the Dinocerata and might be

called the Barythevia.

Genus BARYTHERIUM, Andrews.

[‘ Nature,'’ Oct. lOtli, 1901, vol. Ixiv. p. 577; also Geol. Mag. [4] vol. viii.(1901) p. 528.]

1901. Bi'adythenum, C. W. Andrews, Tageblatt des V. Internationalen Zoologen- Congresses Berlin.

No. 6, p. 4 ;
also Geol. Mag. [4] vol. viii. pp. 407-8, figs. 3-4 (September)

; also the

‘ Zoologist,’ p. 319. [Name preoccupied in IMarch 1901 by G. Grandidier for a genus

of extinct Edentates from Madagascar (Bull. Mus. d’Hist. Nat. Paris, vol. vii. p. 55.]

1902. Barytherium, C. W. Andrews, Verhandhmgen des V. Internationalen Zoologen-Congresses

Berlin, p. 528.

The dental formula, so far as known, is: i. c. pm. ^ m.
3 . The first lower

incisor is a large procumbent tusk in contact with its fellow in the middle line, and

separated from the anterior premolar by a long diastema
;
the molars of both jaws are

bilophodont, the last lower molar having a talon. The mandible is extraordinarily

massive, the symphysis being very long and deep
;
on its ventral border there is a pair

of blunt tuberosities. The anterior border of the ascending ramus rises on the side of

the jaw beneath m. 2. The humerus is very massive, with greatly expanded distal end,

in which all the muscle-ridges are strongly developed.

Skull (PI. XVII. fig. 4).—The only portions of the skull at present known are parts

of the right and left maxillae bearing the cheek-teeth. On the left side the zygomatic

process {zf/g.) is preserved: it is of great width, its base extending from above the

anterior lobe of m. I to the middle of pm. 2, a distance of about 13 cm.
;

its ventral

edge is nearly parallel to the alveolar border and very little above it; its upper surface

is completely cut away by sand-drift, and, the anterior edge being somewhat im[)erfect,

it may have been considerably wider even than is shown in the figure.

Upper Dentition fig. 4).—Of the up))er teeth pin.'"!-^ and 1-3 are

present on the left side
;
the premolars, es])ecially pm. 2 ,

are itn))crfect on their inner

side and the crowns of all the teeth are greatly worn. Bm. 2 seems to have been more

* “Note oil the Barypoda, a new Order of Ungulate IMainnials,’’ Geol. Mag. [5] vol. i. fOOl, p. 482.



BAKYTIIERIUM. 173

or less triangular in outline and was borne on three roots. Pm. 3 had a rectangular

crown and was widest from side to side. Pm. 4 was also widest transversely; its crown

seems to have consisted of a hroad anterior ridge (now greatly abraded) connected

})osteriorly at its outer and inner ends with the hinder border of the tooth. M. 1 is

greatly worn, but seems to have been bilophodont. M. '1 was bilophodont, the crests

being widest at their inner ends. The inner half of the posterior crest was connected

with the cingulum towards the middle of the })osterior border. M. 3 is also bilopho-

dont
;
the anterior crest is somewhat S-shaped, its inner end turning forwards on to

the antero-internal angle of the crown. The posterior crest is curved with the

concavity posterior. The dimensions of these teeth are given below.

Mandible (PI. XVII. fig. 5).—The mandible, wanting much of the posterior region,

was found associated with the above-described maxillae. It is chiefly remarkable for

its extraordinarily massive construction, shown in the length of the symphysis and

the depth of the rami. The symphysis is very long, extending back to the level of

the hinder end of ni. 1 ;
its upper surface is spout-like and in front it carried a pair

of large procumbent tusk-like incisors, and there may also have been a pair of small

second incisors above and behind these, but this is doubtful. The ventral surface

of the symphysis is broad and convex, at least posteriorly
;

at about its middle and

a little in front of the level of the anterior premolars the ventral border bears

on either side a large blunt process {p\), which projects forwards, outwards, and

downwards. There is a large mental foramen (ni.f.) on the middle of the outer

face of the jaw above the base of this process, and a groove runs downwards

and forwards from this opening
; there is also a second smaller opening above that

just referred to. Beneath the cheek-teeth the ramus is very deep and its outer face

nearly flat, while behind the symphysis the ventral border is convex from before

backwards. The ascending ramus arises on the outer face of the horizontal ramus

about midway between the ventral and alveolar borders ; it arches strongly outwards,

and the anterior end of its base is beneath m. 2. From this point its anterior border,

which is greatly thickened, slopes a little forwards, rising into the massive coronoid

process (cor.), the horizontal upper edge of which is about II cm. above the level of

the crowns of the teeth : the whole of the condyle and the angular region of the

mandible are wanting.

Lower Pentition (PI. XVII. figs. 5, G).—Behind the incisors, to which reference has

already been made, there is a long diastema (13 cm.}, the next tooth being the second

premolar. The portion of the alveolar border of the jaw bearing the cheek-teeth seems

to be raised considerably above the anterior edentulous portion. The anterior premolar

(pm. 2) has a triangular crown and appears to have been supported on three roots,

of which one is anterior, the other two arranged transversely posteriorly. Pm. 3 and

pm. 4 have each four roots and a nearly square crown, apparently bilophodont, at

least in ^u?i. 4. M.\ is greatly broken, the crown being almost entirely wanting;
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it lias four roots. M. 2 is Bilojihodoiit
;

it is somewhat longer than broad. M. 3

(IM. XVII. iig. 0) is also bilo])hodout, with a talon; the anterior crest is slightly

concave forwards, the shorter jiosterior one nearly straight. There seems to have

been a small accessory cusp in the valley between the main crests, and another on

the antc'i'ior border of the tooth
;
in wear these become united with the inner ends

of the ))osterior and anterior crests respectively. 4'here are only four roots to this

tooth, the ]iostero-internal one being enlarged to support the talon.

Fore Limb .—The scapula (PI. XVII. figs. 9, 9 a) is not completely known, the best

specimen wanting the upper portion. The prescapular fossa is very small, the post-

scapular large and regularly concave from side to side. The spine (s.) commences

some distance above tlie glenoid surface and rises very rapidly
;

its greatest height, so

far as preserved in the specimen here described and figured, is about 7 '5 cm. The

coracoid border (c.b.) is thin and sharp above, but thickens rapidly below, where it

passes into the great tuberous coracoid process (cor.). This seems to be larger than

in any other mammal, forming a massive hook-like process overhanging the glenoid

cavity, the articular surface of which appears to have been continued for a short

distance on its posterior face. On its inner side it is raised into a prominent ridge,

sepaj'ated fj om the border of the glenoid cavity by a groove. The glenoid border

is marked off from the actual edge of the glenoid cavity by a slight notch, above

which it is thickened and rounded, thinning, however, very rapidly upwards. The

large glenoid cavity proper (f/.c.) is nearly circular in outline, but, as already mentioned,

the articular surface is continued forwards on the coracoid process
;

the articular

surface (fig. 9 a) is nearly fiat from side to side and concave from before backwards.

4'he dimensions of this scapula are given below.

Two specimens of the humerus are known, one, though otherwise imperfect, exhi-

biting the whole length, while the other (PI. XVII. figs. 7, 7 a) includes the distal

three-quarters of the bone in almost perfect condition with exception of the

articular surface. The chief peculiarity of this humerus is the enormously massive

distal extremity, the condyles especially being greatly developed. The trochlear

surface is divided into two nearly equal portions by a comparatively shallow groove

which runs obliquely outwards and forwards, so that the articulation a])]icars some-

what oblique. There is a very large and deep coronoid fossa (c.f.) and a deep though

much smaller and more sharply defined olecranon fossa (oLf.), but the two do not

appear to have communicated with each other. The outer condyle (o.c.) is a great

mass of bone, of which the posterior flattened surface forms the outer wall of

the olecranon fossa. The outer face is also flattened and looks outwards and

downwards. From its upper end the siqiinator ridge (s.r.), forming a prominent crest,

runs upwards and backwards. The inner condyle (i.c.) is also very prominent ; below

it seems to be separated from the trochlea by a dec}) notch
;
anteriorly it is hollowed

into a pocket-like fossa which is sharply defined by a ])rominent ridge below, hut above

passes gradually into the antero-iiiternal face of the shaft. The deltoid crest {(/.)
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arises from the union of the two rounded ridges which form the outer and inner

borders of the coronoid fossa
;

it runs outwards and u})wards, forming a crest which

projects strongly outwards and then a little backwards. There is also a ridge running

up the front of the shaft from the lower end of the deltoid ridge. The head of the

bone seems to have been large and rounded, but in no specimen is the upper end

sufficiently w^ell preserved for descri[)tion.

The groat expansion of the distal end of this humerus, arising from the large size

of the condyles and the strong development of all the ridges and processes for the

attachment of muscles, seems to indicate that the fore limb was employed for some

other purpose than mere progression on land, possibly for digging or scraping up

the ground. Ajiart from this great distal expansion the humerus is somewhat

similar to that of Uintatherhim, resembling it in the small and deep olecranon

fossa, the presence of the ridge running up the shaft from the lower end of the

deltoid crest. At least, it may be said that this humerus is much more similar to

that of the Dinocerata than it is to that of any Proboscidean. The differences from

the humerus of Arsinoitherium are very considerable [cf. text-fig. 16) ;
in that genus

the form of the deltoid crest is different, there is no anterior ridge running up the

shaft, while the form of the outer condyle and supinator ridge is dissimilar and

approaches rather the Proboscidean type.

A nearly complete specimen of the left radius (PI. XVII. figs. 8, 8 a, 8 b) was found

in association with the upper and lower jaws above described. In general form it

greatly resembles the radius of Uintatherium. The upper articulation for the humerus

is very wide and consists of two parts, a much larger outer portion (o.), oval in outline

with its long axis transverse and nearly twice the length ot the antero-posterior axis ;

this surface is slightly concave in all directions. The other portion (7.) is very small

and bent down at an angle with that just described
;

it helped to form the articulation

for the inner portion of the trochlear surface of the humerus. Beneath the expanded

proximal portion, the shaft becomes trihedral, one angle being anterior while the flat

posterior face appears to be roughened for union with the ulna. Towards the distal

end the bone expands enormously : its posterior or postero-external face is deeply

concave and must have fitted closely against the inner side of the ulna
;
the antero-

internal surface is convex. The very large distal articulation is incomplete on the

outer side, and consists of two facets separated by a prominent ridge. Of these facets

the smaller (sc.) for the scaphoid on the inner side is triangular in outline and

concave from before backwards. The larger facet {lu.) for the lunar is concave in front

and slightly convex posteriorly. It will be seen that this form of distal articulation

is quite different from that found in the radius of Arsinoitherium (see text-fig. 17)

or in Elephas, and that the structure of the carpus must also have been different, the

scaphoid forming a relatively large share in the carpal joint compared to what it doe.s

in the two genera referred to. In fact, both in its distal articulation and in its general

form the radius here described resembles that of JJintatherium fairly closely.
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'Die vIna is known only from an imperfect upper half. The olecranon process is

hiri>je, hut rises very little above the level of the sigmoid notch, which is deep ; the

shaft narrows considerably beneath the articulation, and its anterior face is crossed

ol)li(piely by a flat surface which united with the posterior face of the radius.

JUnd lAruh .—The upper portion of a femur shows that the head is rounded,

somewhat pedunmdate, and directed upwards. The greater trochanter is comparatively

small and does not rise to the level of the head.

No hones of either the fore or the hind foot are known.

Barytlierium grave, Andrews.

[Plate XV IL figs. 4-9.]

1901. Bradijtherivm grave, C. W. Andrews, Tageblatt des V. Internationalen Zoologen-Conoresses

Berlin, No. G, p. 4 ; Geol. Mag. [4J vol. viii. pp. 407-8, figs. 3-4.

1901. Barytheriicm grave, C. W. Andrews, ‘Nature,’ Oct. 10th, vol. Ixiv. p. 577.

1902. Bargtherhun grave, C. W. Andrews, Verhandl. d. V. Internationalen Zoologen-Congresses

Berlin, p. 528.

Type Specimen .—Portions of a skeleton including upper and lower jaw's with teeth,

scapula, humerus, and radius (PI. XVII. figs. 4-9); Geological Museum, Cairo.

This species is the only one at present known. It appears to have been fairly

common, traces of several skeletons having been observed, but unfortunately in nearly

all cases the bones are completely broken up and only recognisable with difficulty.

They occur in the same beds as Moeritherimn lyonsi and Eosiren lihyca, with remains

of reptiles and fishes. Probably this animal lived in swampy country and perhaps was

semi-aquatic. In any case the form of the fore limb is such that it was almost

certainly used for something besides mere progression on firm ground, possibly, as

already suggested, for digging or scraping away the surface of the soil or for forcing

the animal through soft swampy ground.

Form. & Loc.—Qasr-el-Sagha beds (Middle Eocene) : north of Birket-el-Qurun.

C. 10012. Maxillae and mandible with teeth, portions of scapulae, imperfect left humerus, left radius,

and upper portion of ulna. Type specimens found in association. Figured in Geol.

Mag. [4] vol. viii. pp. 407-8, tigs. 3-4
;
and on PI. XVII. Ggs. 4-9. These specimens

have been described above. Their dimensions (in centimetres) are:

—

Upper teeth (PL XYH. fig. 4): Lengih. Width.

vm.2 5-7 5-7

'pm. 3 3'!) 6‘5

pm. 4 5 8

,H. I 5-9 8-4

m. 2 7-5 8-6

m. 3 8'3 8'

7
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Lower toetli (El. XVII. figs. 5, G): Length. Width.

pm. 2 5’1 3‘5app.

2»n.'6 4'3 4'7

Jim. 4 5'7 5'5

wi. 1 5-7

»)(. 2 8'() G’4

m.‘A 10-5 7

Total length of upper molar and premolar series 3G'5

„ „ lower molar and premolar series 38 5 app.

Alandible (PI. XVII. fig. 5):

Length of mandible so far as preserved GG

Depth of ramus beneath pm. 4 25'5

Length of symphysis 38'4

Height to top of coronoid process 36

Scapula (PI. XVII. figs. 9, 9 a) :

Length so far as preserved 48

^Vidth of glenoid cavity 13

Distance in straight line between posterior edge of glenoid

cavity and end of coracoid process 18

AV idth of neck of bone 17

Humerus

:

Length 60'4app.

AVidth of distal articular surface 16‘5

Radius (PI. XAHI. figs. 8, 8 a) :

Length 42'5

AVidth of proximal articulation (side to side) 11'5

„ „ „ (before backwards) .... G

„ shaft at narrowest point 5'5

„ distal end 11 app.

M. 8054. Plaster cast of left maxilla and teeth described above. Made in the British Museum.

M. 8055. Plaster cast of mandible and teeth described above. iMade in the British Jifasenm.

M. 8057-8. Plaster casts of the radius and scapula described above. Made in the British d/a.woH.

C. 10012 a. Left humerus, wanting proximal end. This specimen is described above and figured

on PI. XVII. figs. 7, 7 A. The dimensions (in centimetres) are :

—

Length so far as preserved 56

Extreme width at condyles 29

AV idth of distal articulation 14 app.

„ shaft at narrowest point 11 '2

„ „ deltoid crest 17‘7

M. 8056. Plaster cast of the above.

M. 9125. Proximal end of a right femur.O

Diameter of head . . , .

Greatest width of upper end

Made hi the British Museum.

. . 10'2 cm. app.

. . 22 cm.

2a
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Suborder ART10DACTYL A.

Family ANTI I UACOTIIEIIIID.F:.

Genus ANCODON, Pomel.

[Arcliiv. Soi. Phys. et Nat., Geneve, [4] vol. v. p. 207 (June 1847) (as a subgenus

of Palaotlierium.A

1818*'. Bothriodon., Aymanl, Ann. Soc. Agric. Sci., Arts, et Coinni. du Pny, vol. xii. pp. 239,

24()-247, foohiote (as a sul)genus ot' AnllLracotheriuin').

1848. 7A/opot(Z»n/5 1, Owen, Quart. Journ. Geol. Soc. vol. iv. p. 103.

1848. Ancodutf, l^oniel, op. cit. xupva, [4] vol. viii. pp. 324-.') (raised to generic rank, and

unnecessarily emended from Ancodon).

At least two species referable to this genus occur in the Upper Eocene beds of the

Eayiim, and from the comparative abundance of their remains these animals seem to

liave been very common in the later Eocene period. As might be expected from their

somewhat earlier date, the species here desciibed are rather more primitive in their

tooth-structure than are the forms from the Oligocene of Europe and America. This

is especially noticeable in the more brachyodont and less selenodont character of the

molars, which resemble to some extent those of Anthracotherium, but are still more

like those of the much later (L. Miocene) genus Brachyodus, remains of which, it

is interesting to note, have been found at Moghara, to the north-west of the Fayum.

It may eventually be necessary to separate the present species from Ancodon, but on

account of the great general resemblance of the lower jaw of yl. to that ot‘

some of the European forms such as A. velannus, it seems desirable, until a more

distinctive character than the slight ditl'ereuces in the teeth above referred to has

been found, to retain the same generic name for both.

The skeleton in this genus has been described in detail by KowalevskyJ, Filhol §,

Scott
II ,

and others, so that here it will only be necessary to give a short account of

the various specimens in the collection under their several numbers in the list below.

* There i.s some doubt about tins date, since while tlie tillepage of the volume is dated 1843, the cover

has 1848. In s[)ite of the fact that it has been authoritatively stated (see Bush, Aiiiei'. Journ. 8ci. [4J

vol. xvi. (1903) pp. 97-98) that this volume was printed in 1847, it seems probable that the date on the

(;over represents the date of issue (i. e. of publication), particularly as the autbor’.s se])arate co[)ies are

known to have been dated 1848 also. This being the case, it seems desirable to adopt I’omel’s name Ancydon

of 1847 for Hie genus.

t Preoccupied in 1814 by Kaup for a genus of 41 ijiiiopotamidac.

X “()n the Cl.steology of the llyojiotamidai,” Phil. 'I'l'ans. 1873, j). lit.

^ Ptudes des Mammiferes fo.ssiles de Ronzon,” Annalo.s des Sciences (Icologicpies, vol. xii. (1882).

II
“Structure and RelaHon.shiiis of Ancodus,'’ Journ. Acad. Nat. Sci. Phibulel[)hia, [2] vol. ix. (1884-93)

p. 1<)1.
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Ancodon gorringei, Andrews & Beadnell.

[Plato XVIII. figs. 1, 2, 3; text-figs. GO, 61.]

1002. Ancodus gorringei, Andrews & Beadnell, A Preliminary Note on some new IMammals from

the Upper Eocene of Egypt (Survey Dept., Cairo), p. 7.

Tgpe Specimen.— A mandible wanting the ascending ramus of the left side

(PI. XVIII. figs. 1, 1 a); Geological Museum, Cairo.

Tins is the larger of the two species found in these beds. The extreme length

of the jaw exceeded 34 cm.
;
the length of the symphysis 9 cm. ; length of the molar

series 7'2 cm. Remains are fairly common, and, in addition to the lower jaw and

dentition, the upper molars and premolars, some vertebrae, limb-bones, and tarsals

are known.

Form. ^ Log.—Fluvio-marine beds (Upper Eocene)
;
north of Birket-el-Qurun.

C. 8629. Mandible, wanting ascending ramus on left side. On the left side only the molar.s are

preserved, but on the right there are also i. 1, i. 3, pm. 2, pm. 3, and ynn, 4 ;
i. 2 and c.

are represented by their alveoli only, pm. 1 by its broken base. Type specimen

described by Andrews and Beadnell, loc. cit. Figured on PI. XVIII. figs. 1, 1 A.

This mandible is very long, owing mainly to the great elongation of the spout-like

symphysis (sym.), the upper surface of which is gently concave from side to side, white

the ventral surface is convex in the same dii’ection with a slight median ridge, which

forms a small projection ])osteriorly. This form of the ventral surface of the symphysis

differs considerably from that seen in A. velaunus, in which not only is this region

somewhat shorter, but the ])Osterior portion of the veutral surface is flattened in front

and concave behind. The horizontal ramus is slender
;

its ventral border, which is

thickened and rounded from side to side, is nearly .straight from before backwards

beneath the premolars and slightly convex beneath the molars. Behind this the ventral

edge thins and is slightly concave, and then passes down into the rounded angle of

the jaw, which does not form a vertical process projecting considerably below the

rest of the mandible as in some species, e. g. .^1. hovinus and A. ayrnardi. The outer

face of the horizontal ramus beneath the premolars is concave from above downwards,

beneath the molars it is flat or slightly convex ; its greatest depth is beneath the last

molar. Behind the last molar the rami diverge rapidly. The anterior border of the

ascending ramus is convex and slopes back to the summit of the coronoid process (cw.),

the posterior border of which is slightly concave
;

it rises considerably above the level

of the condyle (cond.\ which is transversely elongated and is convex from before

backwards and nearly flat from side to side. The posterior region of this mandible is

imperfectly preserved.

The incisors are procumbent: i. 1 is the smallest; 7 2, here wanting, was probably

the largest
; i. 3 has a small hastate crown, the lower face of which is strongly convex,

the upper flat or gently concave; the root is relatively very large. The canine

(represented by the alveolus only) is separated in iront from i. 3 by a short diastema

(’8 cm.) and behind from pm. 1 by a longer interval (2'2 cm.). Fm. 1 is represented
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M. 8881.

only by ;i singlo-rooted stump, and between it and pn. 2 is a space of 2'5 cm. Pm. 2

is a two-rooted tooth with a compressed conical crown, the anterior and posterior

borders of which form sharp edges. A ridge runs down from the summit on the

postcro-internal surface, dividing the inner face into a larger anterior fossa and

a smaller {)Osterior rugose fossa, which looks inwards and backwards. The cingulum is

develo])ed on the inner side of the tooth, particularly towards the posterior end, and it

is also present for a short distance on the postero-external side. The third ])remolar is,

on the whole, similar to pm. 2, from which it is separated by a short interval. The

cingulum, however, is better developed, and forms a sort of small talon posteriorly.

The postero-internal ridge is also more strongly developed. The fourth premolar is larger

and is much wider posteriorly, where the cingulum forms a well-marked prominence
;

the postero-internal ridge is still more strongly developed, its lower end almost forming

a tul)ercle, though it cannot be said that, even in this tooth, there is any distinct inner

cusp. The molars consist of two jtairs of cusps, the outer being crescentoid, the inner

pyramidal
;
both are much lower than in the typical Oligocene species of the genus,

and approximate closely to the type seen in Bracliyodus, so that if it were not for the

greatly elongated symphysis this animal might perhaps have been referred to that

genus. In wear, the anterior limb of the postero-external crescent is seen to be divided

into two ridges, one running forwards and inwards across the main transverse valley to

the base of the antero-internal cusp, the other running inwards and joining a ridge

running forwards from the postero-internal cusp, thus forming the anterior boundary of

a fossa lying between the outer and inner posterior cusps. In Bmcliyodus and the later

forms of Ancodon the same fossa is present, but its anterior border is formed by the

main anterior arm of the postero-external crescent. The talon of m. 3 consists of a

large crescent forming its outer side and a prominent ridge forming its inner edge, the

two enclosing a well-defined fossa. The talon, as a whole, is broader and more massive

than in the later forms of Ancodon, and is much like that found in Brachyodus.

The dimensions (in centimetres) of this, the type specimen, are:

—

Approximate length of mandible 34

„ „ symphysis 9

Depth of ramus behind m. 3 4‘5

Height at coronoid 11 app.

The dimensions (in centimetres) of the teeth are :

—

Length. Width.

2)1)1.

2

I'o '9

Jim. '3 1’3 1‘1

jmi.-i 1'3 1'2

m.l 1-7 1-2

m. 2 2 1 •()

m.3 3'3 1-8

jjength of molar series 7‘2. Lengtii of premolar series (including

Jim. 1) 8'ti.

The diastema between the canine and j>m. 1 is 2'2, that between />»/. 1 and jnn. 2

is 2‘.5.

ria.ster exist of the above sjiecimen. Made in the British Museum.
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M. 8424. Paliital region of skull with teeth. On the right side pm. 4 and »?. l-?t are preserved, on

the left ?«. 8 is wanting. Right side figured PI. XVllI. fig. 8. In the figure pm.‘.\ is

drawn in outline from another s])ecimen (M. 8425).

The fourth premolar consists of an outer crescentic cusp and a large inner rouiuhal

tubercle
; the cingulum is well developed on the inner side. This tooth resembles th<^

fourth ))remolar of the other species of Ancodon and differs from that of Jiracltj/odu.s in

the al>sence of a postero-internal cusp. The molars increase regularly in size from

before backwards. They are quadrate in outline, and as in the other members of tlui

family are composed of five main cus})s, three anterior and two posterior. These cusps

are lower and much less distinctly selenodont than in the other s{)ecies of Ancodon

except .^1. porcinus, Gerv., a species which Lydekker * has shown to be intermediate in

molar structure between the typical species of A7icodon and Anthracothenuni. Tin;

outer wall is strongly folded into a W-shaped ectoloph, the parastyle and mcsostyhi

being very prominent in all the molars, while in m. 8 there is a large metastyle also.

The cingulum is strongly developed and continuous round the anterior and inner sides

of the teeth. This also seems to be the case in A. por'cinus and in Braclujodus, while in

the more hypsodont species of Ancodoji the cingulum is almost wanting on the inner

side of the teeth, and in Antliracotherium it is absent on the inner side of the inner

main cusps. The dimensions (in centimetres) of the teeth are :

—

Length. Breadth.

pm. 4: 1'2 1'6

m . 1 1'6 1‘8

m.2 2-2 2-2

W.3 2-5 2-5

Length of molar series 5'8.

M. 8425. Right maxilla with jam. 3-4 and m. 1-3. The first and second molars are incomplete on

the outer side. Pm. 8 consists of a long trenchant outer cusp rising to a sharp point
;

internally the cingulum is well developed and forms a sort of shelf-like projection on

the postero-internal face of the tooth, which is therefore triangular in outline. This

tooth is borne on three roots, one beneath the anterior angle, the others arranged

transversely beneath the wider posterior portion. This tooth is shown in outline on

n. XVIII. fig. 3. {pm. 8), The dimensions (in centimetres) of the teeth are :

—

Length. Breadth.

pm.

3

1'6 1'4

pm. 4 1-4 1-7

m. 1

m. 2 2-2 app.

m.3 2’6 .

.

Length of molar series approximately 6’1 cm.

M. 8423. Portion of palatal region of skull with pm. 3-4, m. 1-3 on the right side, and m. 3 on left.

The length of the molar series is 6 cm.

“ Note on the AnthracotheriidiJe of the Isle of Wight,” Geol. Mag. [3] vol. i. (1884) pp. 547-8.
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ight upper molars and ])remolars. In this specimen pni. 3 has a small postero-int(‘rnal

cusj), a])parently belonging to the cingulum. The dimensions (in centimetres) of the

teeth are :

—

Length. Breadth.

3 l-O

jnn. 4 1-5 1-7

7?l . 1 1-7 1-7

7;! . 2 2-1 2-3

???. 3 2-7

Length of molar series 0'2 cm.

C. 8630. Portion of left maxilla with much broken m. 2 and ni. 3 ;
similar to C. 8814.

C. 8983. Nearly complete right ramus of mandible with p/a. 2-4 and m. 1-3. Lenoth of molar

serie.s 7'2 cm.

M. 8505a. Portion of right ramus of mandible with pm. 4 and ??i. 1-3. Length of molar series

7 cm.

M. 8505b. Portion of left ramus of mandible of a smaller individual with 4 and /?i. 2-3. The

enamel shows the jieculiar scul])turiug consisting of fine irregular ridges. Length of

molar series G’4 cm.

M. 8428. Portion of right ramus of mandible of a young individual with unworn ?a. 2-3. Figured

on Plate XVIII. fig. 2. Length of m.2, 1’8 cm.
;
length of 7a. 3, 3'0 cm.

C. 9295. Portion of right ramus of mandible with the molars. Length of molar series 7'~> cm.G G

(app.).

C. 8623. Portion of right ramus of mandible with pa?. 2-4 and ???. 1-3. Length of molar seri(‘s

G t) cm.

C. 8975. Portion of mandil)le of a much older individual. Much more massive than C. 8983.

Length of molar series 7'G cm.

C. 8825. Fragment of right raTiius of young mandible with ?a. 2 and 7?i. 3 ;
the latter is just being

cut
;

its length is 3' 2 cm.

M. 8427. Portion of left ramus of mandible with jn)i. 3-4 and ?a. 1-2.

M. 8506a. Posterior portion of right ramus of mandible. Length of ?a.3, 3‘4 cm.

M. 8506b. Fragment of left ramus of mandible. Length of ?a. 3, 3’1 cm.

C. 8827. Left ramus of mandible with ???. 2 and m. 3. Length of ?a.3, 3*2 cm.

C. 8615. Portion of left ramus of young individual with 7a.2 and ???. 3 ;
the talon of //?. 3 is smalhu-

than usual. Length of ???.3, 2'8 cm.

The following specimens arci provisionally rd'erred to this species :

—

C. 9232. Post('rior cervical vei tcFra, wanting jiosterior e[)iphysis. 4’he arch is very broad and

massive, th<' zvgapoi)hyscs being exceptionally largo
;

there is no neural spine
;

a

vert(4)rarterial c.anal is picscuit, but the transverse process is broken away. Witlth of

centrum 8 cm. (app.)
;
height of ditto G'5 cm.

;
height to top of arch 10'.') cm.
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C. 9233. Anterior dorsal vertebra, wantiii/*; tlie epiphysis. In this the centrum is sliglitly opistlio-

cadons
;
the neural spine is lar^e, hackwardly directed, and narrowing to a point

;

strong transverse processes directed upwards and outwards
;

posterior zygapo[)hyses

Hat and looking nearly directly downwards. Large concave surfaces for the heads of

ribs at upper angles of [)Osterior face of centrum. Width of centrum 7'5 cm. (a[)p.)

;

height of ditto G‘5 cm.
;
height to top of neural spine 14 -f cm.

;
width between ends

of transverse processes 14‘G cm.

M. 8867. Posterior dorsal vertebra of a smaller animal. CJentrinn wanting epiphyses
;
deeper than

wide and v\ith a strong hypapophysial ridge : shallow facet for rib-head about the

middle of the pedicle of the neural arch
; neural sfiine sloping strongly backwards.

Width of centrum 5 cm.; height of ditto 4'5 cm.; height to top of neural spine 13 -f cm.

Presented by the Eyyjjtian Government, 1904.

C. 7884. Nearlv complete lumbar vertebra, wanting posterior epiphysis. The centrum is a little

higher than wide, at least posteriorly
;

it has a strong hy|)apophysial ridge, and its

neural surface is strongly concave from side to side. The neural arch is high and the

neural spine is a broad thin plate of bone abruptly truncated at its upper end and

sloping very little backwards. The posterior zygapophyses are large and overhang the

hinder border of the centrum
;
the anterior zygapophysial surfaces are slightly concave

from side to side
;
the transverse jirocess is broken away.

M. 8867 a. Imperfect lumbar vertebra, similar to last, but of a larger individual.

Presented by the Egyptian Government, 1904.

C. 8637. Glenoid end of right scapula. The glenoid cavity is nearly circular in outline, ami

sej)arated from it by a notch is the strongly recurved coracoid process, which does not

(piite reach the level of its margin. The glenoid border in the region of the neck is

flattened and bears a small but well-defined pit. This bone differs from that of

Diplopus in the relatively smaller size of the much more recurved coracoid process,

in the absence of a deep fossa on the glenoid border of the neck, and in the more

nearly circular outline of the glenoid cavity itself. Fragments of scapulaj from

Hamstead Cliff, referred to Ancodon, differ in having no distinct coracoid notch, a

larger coracoid process, and a more oval glenoid cavity.

Antero-posterior diameter of glenoid cavity 4-8 cm.

Total vvidtli with coracoid process 6'5 „

Width of neck 4-1 „

M. 8510. Glenoid end of right scapula, similar to last specimen.

Presented by W. E. de Winton, Esg., 1903.

C. 8655. Distal end of left humerus. This resembles very nearly the distal ends of some humeri

from Hamstead, presumably belonging to Ancodon. The inner 2:)ortion of the trochlea

is larger than in Diplopus, and is not produced down into a thin Hange-like edge. The

intertrochlear ridge is much narrower and sharper than in that genus. There is a

small supratrochlear perforation. The inner condyle forms a large blunt prominence

on its inner side and is produced backwards into a posterior })rojection, the distal border

of which is at right angles to the posterior border. The shaft was comparatively

slender. The dimensions (in centimetres) of this specimen are :—Width of shaft 3;

greatest width of distal end 5'2
;
width of distal articulation 3‘8.
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M. 8509. Disiul (Muls of tliree humeri of similar form to 0.

M. 8430. Distal (aids of two right humeri.

C. 8652. Dislal end of right humerus of a similar form, hut considerably larger size, the width of

its distal articular surface being 4'7 cm. against 3‘8 cm. in C. yG.'iS.

M. 8862. Distal part of right humerus. In this specimen there is a supratrochlear perforation.

The dimensions (in centimetres) are:—Width of shaft 3; width of distal end G; width

of distal articulation 4‘5. Presented hy the Eyyjitian Government

,

1904.

C. 8124. Left radius. This hone is comparatively long and slender, but it widens out considerably

tow'ards the distal end. The anterior face of the shaft is convex, the posterior (ulnar)

surface llattened. The proximal articular surface consists of a larger outer portion,

deeply grooved towards its inner side for the intertrochlear ridge of the humerus, and

a smaller inner portion only very slightly concave from before backwards and looking

upwards and iinvards : this, with the large inner portion of the sigmoid surface of the

ulna, articulates with the inner portion of the distal articulation of the humerus. About

the middle of the posterior face there is a prominent facet for articulation with the

ulna, but in addition to this the whole posterior surface seems to have been ridged

and roughened, showing that the union between the two bones was a very close

one. The distal articulation is unknowm. The dimensions (in centimetres) of this

specimen are :

—

AV' idth of proximal articular surface 4'7

„ middle of shaft 2-4

„ distal end 5'3

Length (without distal epiphysis) 31'4

M. 9124. Incomplete left radius similar to last.

M, 8863. Upper portion of a left ulna. The olecranon process is large and rises high above tlie

articulation, but projects very little backwards. The inner border of its upper end is

produced upwards into a flange which forms the inner side of a large groove (? for a

tendon). The sigmoid notch is shallow and except tow’ards the upper end the surface

for the humerus is on the inner side only. There is a small distal surface for the outer

siile of the humeral articulation, and immediately beneath it is the projecting facet

l)y which the bone interlocks with the upper end of the radius, which must also have

been closely united with the rugose anterior face of the shaft. This bcmomes considerably

narrowed towards its middle and is strongly compressed from before backwards, though

less so than in Dlplo'pns
;
towards the distal end the radial surface forms a sort of shelf

on the inner side of the shaft and is bordered externally by a strong ridge. The

distal extremiiy of the bone is unknown. The dimensions (in centimetres) of this

specimen are :

—

Greatest autero-posterior width of olecranon process .... b-S

] I eight of olecranon above articulation ()'7

Ijengt h of sigmoid notch 4 ’4

Width of surface for upper end of radius 3-()

I’resented by the Kyypt'uin (torernment, 1904.

Presented by the Kyyj>ltan Government, 1904.M.S8fi3a. Dpper end of a similar right ulna.
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C. 8836. Left ulna, wanting the distal end. This specimen shows that this hone is long and slender,

'fhe dimensions (in centimetres) arc :

—

Length of sigmoid notch 4’7

Height of olecranon process above articulation 5’5

Length of bone so far as preserved 38

C. 8805. Left os innominatum (text-fig. 60). The long axis of the ilium (<7.) is nearly on the same

straight line as that of the ischium (isc.). For a short distance in front of the

Text-fig. GO.

Left os innominatum of Ancodon gorringei : A, from side
;
B, from below.

acet., acetabulum
; /., foramen formed by closure of the cotylar notch (the passage into the acetabulum is

marked by a line from /.) ;
il., ilium

;
isc., ischium

;
isc.t., ischial tuberosity ;

l.t., pit for ligamentma

teres-, m., pit for attachment of a muscle, probably the rectus femoris', oht.f., obturator foramen;

jyt., pectineal tubercle
;
gm., pubis

;
sac.s., surface for sacrum

;
sym., symphysial surface of pubis.

L nat. size.

acetabulum the upper and lower borders of the laterally compressed neck of the ilium are

nearly parallel, then the bone expands greatly into a roughly triangular region, the inner

(sacral) face of which bears a large and clearly defined surface for the sacrum (sac.s.)
;

this surface is bounded ventrally and se{)arated from the lower border of the bone by a

rounded ridge. The upper edge of the ischium is thin and sharp, and there is a slightly

developed superior ischiadic spine
;

posteriorly the bone expands and bears a large

2 B
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flattonod ischial iiihcrosity {isc.t.). The outer surface of the ischium is in almost the

same plane as the oluteal surface of the ilium. The pubis (pu.) is a .stout bar of bone

compressed from above downwards. On its anterior border beneath the acetabulum is a

well-marked pectineal tuberosity (pt.); towards its inner end it widens out and terminates

in a fiat oval surface by which it unites in symphysis {spni.) with its fellow. Behind

this surface there runs back to the ischium a thin bar of bone, closing the obturator

foramen. This bar has a thin sharp edge, and neither it nor the ischium seems to have

united with the corresponding portion of the opposite os innominatum. The obturator

foramen {obt.f.) is an elongated oval. The acetalndar cup (acet.) is nearly circular in

outline
;

it is deep, its edges being ])rominent and thickened, particularly in front.

Its border is complete, there being no cotylar notch, which is only represented by a

passage
( /’.) running through the posterior wall of the acetabulum from just above the

anterior end of the obturator foramen and opening into the posterior end of the pit for

the ligamentiim teres Q.t.), which is a deep elongated depression at the bottom of the

acetabulum. This arrangement is also found in a very similar pelvis of Brachijodiis

(ifriccmus from Moghara and in Ilippojwtamus : this last genus, in fact, seems to bt'

intimately related with these African Anthracotheres, and annectant forms similar

to Merycopotamus will probably be discovered in the Miocene beds between Moghara

and the Wadi Natrun, in the Lower Pliocene deposits of which remains of a primitive

Hippopotamus have already been found. The dimensions (in centimetres) of this

specimen are :

—

Total length of o.s innoiiiinatum 37'2

„ ilium from centre of acetabulum 20-4

„ ischium from centre of acetabulum .... 17'5

Width of peduncle of ilium d

„ crista ilii 16'4

Diameter of acetabulum 5-2

Length of obturator foramen 9'4

Width of pubic bar on inner side of obturator foramen . . . I'o

Length of symphysial surface of pubis 5-5

Depth of symphysial surface of pubis 3

M. 9242. Plaster cast of the above specimen. Made in the British Museum.

C. 9224. Portion of left os innominatum, wanting part of front of ilium and the pubis.

IT. 8866. Portion of left os innominatum. Presented hy the Egyptian Government, 1904.

M. 8864 a. Complete left tibia. The most notable character of this bone is the slenderness of its

distal portion compared with the heaviness of its upper end. The outer facet lor the

femur is concave from side to side and strongly convex from before backwards
;

its

inner edge forms a rounded ridge separated by a groove from the rais('d outer edge oi

the inner facet, tlie two together forming a bifid intercondylar prominence. The inner

facet is concave from side to side and nearly flat from before backwards. In front of the

articular surface the upj»(‘r end of the large cnemial crest forms a broad flattened surface.

The up{)er ])ortion of the shaft is trihedral
;

its antero-cuxternal side is deeply concave,

the ))Osterior slightly so; this latbu- fac«! is overhung by the posterior border of the

proximal articulation, Tlu! cnemial crest disappears about hallway down the shall.



ANCODON GOiniINGET. J87

wliich beneath this point becomes much more slender, expanding again a little towards

the distal articulation. The distal articulation is quadrate in outline, and its outer border

is occupied by a large facet for the fibula, looking outwards and downwards. The

groove for the outer half of the astragahir articulation is both broader and shallower

than the inner, which is very narrow and is deepened anteriorly by the presence of a

strong internal malleolar process. The dimensions (in centimetres) of this specimen

are :

—

Extreme length 40 5

Width of proximal end 10

„ distal end 6-2

Antero-posterior length of distal articulation 4’2

Width of shaft at narrowest 3‘8

J* resented hy the Egyptiari Govenuiumt, 11)01.

C. 8899. A similar right tibia, of which the dimensions (in centimetres) are :

—

Extreme length 39

Width of proximal end 10

„ distal end 5’4

,, shaft at narrowest 3‘7

C. 9312. Right tibia of rather more sleiider form, probably of a different species. A very

prominent thin internal malleolus. The dimensions (in centimetres) are :

—

Extreme length 41

Width of proximal end 9

,, distal end 4'6

„ shaft at narrowest 3‘4

M. 8864b. Right tibia, similar to M. 8864 a, but wanting the proximal epiphysis.

Presented hy the Egyptian Government, 1904.

M. 8507. Right astragalus (text-fig. 61). In this bone the relative heights of the outer {ox.) and

inner condyles (ix.) of the proximal trochlea are about as in astragali of Ancodo?t

{IIyoj)otamus) from the Isle of Wight, but the outer condyle is rather more massive.

In the distal trochlea the cuboid surface (cm 6.) is relatively rather wider, and the keel

between it and the navicular surface (nav.') less prominent than in the European species.

The sustentacular articulation {sus., sus.') seems to be closely similar to that described by

Scott* in the American s])ecies—that is to say, it is divided into an outer facet (sus.),

nearly flat from side to side, but convex from before backwards and looking towards

the plantar surface, and an inner (sus.'), in this case much narrower, facet, which

does not extend quite so high up proximally, but further distally, the distal portion

being an almost distinct rounded surface; this internal portion of the sustentacular

articulation looks towards the outer and plantar surface. Of the outer calcaneal facets

the proximal one {ect.) is divided by a deep depression into proximal and distal portions,

of which the latter is borne on a strong prominence and looks mainly towards the

* “ The Structure and Relationships of Ancodus,” Journ. Acad. Nat. Sci. Philad. [2] vol. ix. pp. 482-83.

2 B 2
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plantar surface. Beneath it tlie outer surface of the bone is deeply excavated. Tho

distal calcaneal facet (calc.) is large and flat, looking outwards and a little downward.^.

The dimensions (in centimetres) of the specimen above described are :

—

Greatest length 7*6

Width of proximal articulation 3'5

„ distal articulation 3‘8app.

,, sustentacular articulation 2-7

C. 8388, C. 9004r, C. 9043-4, C. 9276. Right astragali.

C. 8431. Two right astragali, rather smaller than M. 8507.

C. 8412. Left astragalus.

M. 8431a, M. 8507. Left astragali.

C. 8810. Left astragalus, from highest beds.

Text-fig. 61,

Right astragalus of Ancodon ^orringei

:

A, from behind
;
B, from outer side.

fa/c.. distal calcaneal facet ;
cid)., facet for cuboid

;
ecL, ectal facet (divided into two)

; i.c., proximal inner

condyle ;
nav., facet for navicular

;
o.c., proximal outer condyle

;
sjis., stts.', outer and inner portions of

sustentacular facet, f nat. size.

M. 8432. Bight calcaueum, wanting the tuber calcis. The sustentaculum is large
;

it bears two

facets, a larger outer one, concave from before backwards, and looking ujiwards, and a

smaller inner one looking upwards and inwards. The ectal facet is also divided into

a larger posterior portion looking inwards, and a smaller anterior portion looking

upwards and separated from the large fibnlar facet b}^ a notch. On the outer side of

the bone, l)eneath tlie fibnlar facet, there is a deep fossa, hounded below by a broad

ridge, which runs forwards to the lower end of the bone, and at the same time forms

the u))])or limit of a broad longitudinal groove which runs along the distal half of tho

outer face. The anterior astragalar facet is flat and looks nearly inwards
;

the cuboid

facet obli(|uely truncates the distal end of the bone. On the whole, this bone much
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resembles the calcaneum of Diplopus figured and described by Kowalevsky *. The

dimensions (in centimetres) of this specimen are :

—

Greatest width from above downwards 5-7

„ „ „ side to side 4-5

Width of sustentacular surface 3'2

M. 85161). Portion of right calcaneum similar to last. Presented hy \V. E. de Winton^ Esq., 1903.

11.9224. Left cuboid.

C. 7993. Right calcaneum. Length 14'5 cm.

C. 8387. Portion of left calcaneum.

M. 8516c. Proximal end of (?) the third left metatarsal. This bone seems to have interlocked with

the second metatarsal, as in Ancodon, as figured by Kowalevsky. The shaft of the

bone is much compressed from before backwards. The lateral (2nd) digit must have

been of considerable size. Presented by W. E. de Winton, Esq., 1903.

C. 8894. A metapodial bone (? third metacarpal), 11’5 cm. long.

C. 7990. Portion of metapodial.

M. 9127. Distal ends of two metapodials.

Ancodon parvus, sp. nov.

[Text-fig. 62.]

Type Specimen.—A portion of the right ramus of a mandible with m. 1 and m. 2

in situ, together with the empty alveolus of m. 3 (text-fig. 62) ;
Geological Museum,

Cairo.

This species differs from A. gorringei in its considerably smaller size. The molars

also differ in the following points ;—(1) The cusps seem to be relatively higher

;

(2) the cingulum is much more strongly developed on the posterior end of the tooth
;

(3) the teeth are longer in proportion to their width; (4) the enamel is nearly smooth.

Possibly when more is known of this species it may be necessary to refer it to a

distinct genus.

Form. & Log.—Fluvio-marine beds (Upper Eocene) : north of Birket-el-Qurun.

C. 8821. Part of the right ramus of the mandible with m. 1 and m. 2 in perfect preservation.

Type specimen (text-fig. G2). The depth of the jaw beneath m. 2 is 1'8 cm. The

dimensions of the molars (in centimetres) are :

—

Lengtli. W'^idth.

m . 1 1-2 ’6

m. 2 I'O ‘9

The length of m. 1 and m. 2 together is 2’ 7 cm.
;
in A. gorringei this measurement

is 3'8 cm.

* “ On the Osteology of the llyopotainidae,” Phil. Trans, vol. 163 (1873) p. 53, pi. xxxv. fig. 4.
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To this sjjocios a lumihcr of more or less imperfect bones of an Artiodactyl smaller than

A. fior7'in<j(d may he provisionally referred. These are enumerated below.

M. 8429. Hioht scapula with large portion of the blade preserved. The articular end is like that

already described. Above the neck the blade expands rapidly; the postscapular fossa

is concave from side to side, and witlens rapidly towards the suprascapular border

;

the prescapular fossa also widened rapidly, hut the u]»per anterior portion of the blade

being broken away, its exact form, as well as that of the coracoid border, cannot be

ma<le out. On the whole, this scapula seems to have resembled that of Diplopu.s

figured by Kowalevsky (Phil. Trans, vol. 163, 1873, pi. xxxv. tig. 1) rather than

that of Ancodon hrachyrJiyncIms figured by Scott (Journ. Acad. Nat. Sci. Philad. [2]

vol. ix. 189.5, {). 474). The dimensions (in centimetres) of this specimen are:

—

Width of glenoid cavity 3'8
;

width of neck 4'2
;

width of blade at widest part

jireserved 12.

Text-fig. 02.

Portion of right ramus of mandible of Ancodon parvus, with ni. 1 and m. 2 in situ. Nat. size.

C. 7832. Glenoid end of left scapula, probably of a smaller species. Width of glenoid cavity

d'f) cm. (app.)
;
width of neck of scapula 2’7 cm.

C. 8640. Glenoid half of a left scapula, showing that the spine was high and terminated in a free

acromion process. Width of glenoid surface 3'8 cm.
;
height of spine (app.) 3 cm.

C. 9289. Ivight humerus, wanting the proximal end. The deltoid crest is very slightly developed ;

the lower part of the shaft is nearly circular in section. There is a supratrochlear

perforation ;
the trochlear ridge is more strongly developed than in Diplopus. The

dimensions (in centimetres) of this specimen are :
—

Length so far as preserved 19

Widtli of shaft at narrowest point 2-2

,,
distal end 5

,, distal articulation 3-3

M.8516. Proximal ends of two radii. Presented by IF. A’, de Wlnton, Esq., P.t03.
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M. 8508. Upper of a left ulna similar to that of A. (jovrinijeu The dimensions (in centimetres)

are :

—

Antero-posterior width of the olecranon ])rocess 4 app.

Length of sigmoid notch 3‘5

Width of surface for radius 2

Presented hy IF. E. de Winton, Esq.., 1903.

II. 8508 a. Upper end of similar right tdna. Presented hy W. E. de Winton, Esq., 1903.

M. 8508b. Ujiper half of an abraded right ulna of rather smaller size.

Presented hy W. E. de Winton, Esq,, 1903.

C. 8641. Proximal end of right ulna.

M. 8516 a. Distal end of right tibia. Width of articulation 3'8 cm.

Presented hy IP. E. de Winton, Esq., 1903.

M. 8431. Right astragalus. Width of jiroximal articulation 2'G cm.
;
greatest length C'2 cm.

M. 8507. Left astragalus. Width of proximal articulation 2'7 cm.
;
greatest length G‘2 cm.

Presented hy W. E. de Winton, Esq., 1903.

C. 8636. Somewhat smaller left astragalus. Greatest length about 5'4 cm.

Ancodon sp.

Two associated right upper molars [m. 2, m. 3) of about the same size as those of

A. gon'inyei, hut differing from them in possessing higher, sharper, and more selenodont

cusps, were collected by Mr. Beadnell. This specimen indicates the probable existence

of another species of Anthracotheroid which approaches more nearly to the later typical

species of Ancodon (e. g., A. velaunus) than does A. gorringei. At the same time the

evidence does not seem sufficient to warrant the establishment of a new species.

Form. & Loc.—Fluvio-marine beds (Upper Eocene): north of Birket-el-Qurun.

C. 10500. Two associated right upper molars (yn. 2, m. 3). The outer side of m. 2 is partly broken

away. The dimensions (in centimetres) of these teeth are ;

—

Length. Width.

m.2 1*6 I'Gapp.

m. 3 1-9 2

M. 9242. Plaster cast of the above specimen. Made m tJi£ British Museum.

Genus RHAGATHERIUM, Pictet.

[Memoire sur les Animaux Vertebres trouves dans le Terrain Siderolithique du Canton de Vaud

p. 43 (1855).]

This genus was founded by Pictet [loc. cit.) for the reception of a small species of

Anthracotheroid in which the incisors are small, while the canines have cutting-edges
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and are separated both from the incisors and premolars by long diastemata. In the

ni)perjaw there are four premolars, 1 being separated fromy^m. 2 by a diastema,

'llie molars have very brachyodont crowns, the cusps being only slightly selenodont

but strongly convex on their outer face. The type species is li. valdense. Later,

Kowalevsky* described and figured another species, R. fronstettense, in which the

u])per molars are still more bunodont, the cusps being shorter and thicker
;

the

middle fold of the outer w'all {inesostyle) is also more strongly developed, as, judging

from the figures, is the cingulum generally. A single tooth from the Upper Eocene

of the Fayiim resembles those figured by Kowalevsky so closely in its structure that

it is here referred to the same genus, though, on account of its much greater size, to

a distinct species.

Ehagatlierium segyptiacum, sp. nov.

[Plate XVIII. fig. 5.]

Type Specimen.—Left upper molar, probably the third (PI. XVIII. fig. 5); British

Museum.

The tooth upon which this species is founded is clearly that of a primitive

Anthracotheroid, in which the selenodont condition of the molars of the later forms

is still only indicated, and the cusps are low and strongly convex on the outer as well

as on the inner face. There are three main cusps in front and two behind, as usual

in the family
; the intermediate anterior cusp is the smallest. The cingulum is well

developed round the whole crown, with the exception of the outer face of the

postero-external cusp. The fold on the outer face between the main cusps forms

a well-developed mesostyle. In wear, the inner cusps would tend to give a V-shaped

pattern, but this would not be the case with the outer ones. The tooth differs from

those of R. valdense, Pictet, and R. fronstettense, Kowalevsky, by its much larger

size, and from the former by its still more bunodont crown. Possibly, when the

dentition is fully known, it may be necessary to establish a new genus for this species.

Fmin. & Loc.—Fluvio-marine beds (Upper Eocene) : north of Birket-et-Qurun.

M. 8449. Left upper molar, probably the tbird ; the low cusp.s are just coming into wear. Type

specimen, figniaul PI. XVIII. fig. .5. The length of this tooth is 1'8 cm.; its greatest

width 2 cm. In 11. valdense the corres])onding measurements are '75 cm. and "8 cm.;

in R. fronstettense they are I cm. and 1 cm.

* “ Mouograpliie der Grattung Anlhracolherium, Cuv.,” FalajOiitographica, vol. xxii. (187C) p. 228, pi. viii.

figs. 57, 58.
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Family SUID^E.

The peculiar genus Geniohyus may be referred provisionally to this family,

of -which it may be taken as representing a distinct subfamily, the Geniolujbm.

Further knowledge of this remarkable form may lead to the establishment of a new

family for its reception, but at present the course here adopted seems best.

Genus GENIOHYUS, Andrews.

[Geol. Mag. [5] vol. i. (1904) p. 160.]

Known only from the mandible and lower teeth. The dental formula for the

mandible seems to be i. 3, c. 'pm. 4, m. 3, but possibly the canine may be wanting,

as will be explained below. The anterior incisors are enlarged and procumbent
;
the

premolars are all simpler than the molars, which are bunodont. The mandible bears

on its lower border, immediately behind and beneath the symphysis, a pair of large

backwardly-directed processes.

Three species of this genus are at present known.

Geiliohyus mirus, Andrews.

[Plate XIX. tigs. 1, 1 a.]

1904. Geniohjus mirus, C. W. Aiidrews, Geol. Mag. [5] vol. i. pp. 160-161, pi. vi. fig. 4.

Type Specimen .—Symphysis and part of the right ramus of a mandible with the

premolars and molars well preserved (PI. XIX. figs. 1, 1 a); Geological Museum,

Cairo.

This is the smallest of the three species, and at the same time the premolars are the

simplest. Length of the premolar series is 5 cm.

Form. & Loc.—Fluvio-marine beds (Upper Eocene) : north of Birket-el-Qurun.

C. 8634. Symphysis and part o£ right ramus of mandil)le. Type specimen described and figured loc.

cit. siqyra
;
also PI. XIX. figs. 1, 1 A. The spout-like symphysial region is narrow both

from side to side and from above downwards, and behind it, just where the rami begin

to diverge, the ventral border of the jaw is produced downwards and backwards on

either side into a long hackwardly directed process {pr.}, which is oval in section and

probably ended in a point, hut the tip is broken away. The hinder border of the base

of this process is connected with the lower edge of the horizontal ramus by a thin plate

of bone. The ramus is incomplete ventrally, but was evidently narrow from above

downwards. The function of the peculiar paired ventral process is uncertain. In the

Dinocerata a somewhat similarly situated prominence on the mandible helped to protect
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tlio ])()int of the upper canine tusk, while in FJotlie'fhcm, a more nearly related form,

there arc' somc'times two jcairs of such processes, hut they are directed downwards and

more or less clnh-shajced : in the latter e'enus also their function is unknown.

On the side of the jaw there are several foramina. The most anterior of these is

immediately behind the alveolus of /. 1, the next two are beneath i. 3 and c., while the

last is behind the jcosterior border of the symphysis at the level of pm. 2.

The first incisors (/. 1) are broken off short, but it can be seen that they were greatly

enlarged and directed forwards. They were laterally comjcressed so as to give an

elongated oval outline in section
;
the outer side, at least, was enamel-covered. The

second incisor (i.2) w'as a small rounded tooth, represented in this specimen by its

alveolus only. Behind this, at an interval of about 1’4 cm., is a small rounded root of

a tooth and immediately behind this a second rather larger. The nature of these is

doubtful : they look as if they might be roots of one tooth, but since from their position

this is not probable, they are here regarded as the roots of the third incisor (i. 3) and

the canine (c.). The distance between the canine and first premolar is about 1 cm. This

enlargement of the anterior incisors and the very small size of the canine distinguish

(.Teiiio/n/iis from the other members of the family, and at least justify its seicaration in a

distinct subfamily. The anterior premolar {/>m. 1) is a compressed tooth consisting of small

anterior and posterior tubercles and a high main cusp. In the next {pm. 2) there is a small

cingular ridge in front of the tooth and the main cusp is much larger, showing a tendency

towards division into an outer and an inner element. In wear it aives a trianouhir

surface, from the outer angle of wdiicli a ridge runs down the outer face of the tooth,

while from its front angle there is a small ridge connecting it with the anterior tubercle,

and similarly posteriorly a small ridge unites it with the posterior tubercle. The next

tooth (pm.o) is similar, exce})t that the posterior lobe is larger and show's a tendency to

give a V-sha})ed surface in wear. In the last premolar {pm. 4) the re})lacenient of the

main cusp by two elements is complete, the inner being small and rounded, the outer

larger and V-shaped in wear. From the anterior arm of the V a small ridge runs to the

small anterior tubercle, while from the posterior a low ridge runs back uniting it with

the anterior limb of the V-shaped posterior lobe. On the inner side of this last there is

a trace of a small inner tubercle corresponding to the postero-internal cusp of the molars.

The characters of the molars are those of a ])rimitive member of the Siiidm, in which

the outer cusps are distinctly selenodont. Each molar consists of two pairs of cus])s, the

outer V-shap('d, the inner more rounded or pyramidal. In the first molar (/«. 1) the

outer cusp is consitlerably worn
;

it consists of tlu^ main tubercle forming the apex of

the V, of which the arms form slight ridges terminating in small accessory tubercles, of

which the anterior is situated on the anterior border of the tooth, while the ])osterior is

connected by a slight ridge w'ith the posb'ro-internal angle of the inner cmsp. The

postero-external cusp shows the selenodont character still more clearly: its small anterior

accessory tubercle partially tills the main transverse valley
;

the posterior accessory

tubercle is on the hinder bordt'r of the tooth. The internal cusps are trihedral, and

in wear they also show some temh'iicy to foian a V-shaped surface, the opening of the

V of the antero-internal cusp looking outwards and backwards, that of the postero-

intcumal cusp outwards and forwards. Tlu're is a slightly d(!V(doped cingulum on the

outer side of the tooth, most marked opj)osite the o[>cning of the transverse valley and
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noar the anterior end oC the tootli. The second inolar (to. 2) is similar to the first,

exeo]it that on tlie liinder border there is an additional minute tubercle lying internal to

the posterior accessory tubercle of the postero-exteiaial cusp. In m. ?> the structure is

similar, so far as it is preserved, hut the talon is almost entirely broken away.

The dimensions (in centimetres) of this specimen are :

—

Extreme length so far as preserved . . .

Length of symphysis

Distance between end of process and alveolar border

Width of symphysial region at k 3 .

The dimensions (in centimetres) of the teeth are

yTOi. 1

2')m. 2

'pm. 3

pm. 4

VI. 1 .

m. 2 .

m. 3 .

. 16-2

ier 7-2

2-5 a

Lengtli. Width.

1-2 •7

1-2 •9

1-3 1

1-3 1-1

1-5 1-1

1-7 1-3

9 1-5

M 8541. Plaster cast of the above specimen. Made in the British Museum.

Geniohyus fajumensis, Andrews.

[Plate XIX. figs. 2, 2 a.]

1904. Geniohyus fajumensis, C. W. Andrews, Greol. Mag. [5] vol. i. p. 162.

Type Specimen.—Portion of right ramus of mandible with the premolars well

preserved (PI. XIX. figs. 2, 2 a); British Museum.

This species is distinguished from G. minis by (l)its larger size, the premolar series

measuring 5‘6 cm. in length
; (2) the main cusp being distinctly divided into an inner

and outer tubercle in pmi. 2 ;
(S) the posterior lobe of the premolars being much

larger and more distinctly selenodont.

Form. & Log.—ITuvio-marine beds (Upper Eocene) : north of Birket-el-Qurnn.

M. 8435. Portion of right ramus of mandible with 'pm. 1-4. Type specimen described in Geol.

Mag. [-5] vol. i. (1904) p. 162. Figured PI. XIX. figs. 2, 2 a.

The first premolar (pm. 1) is strongly compressed, with a very small anterior tubercle,

a high main cusp from which three ridges diverge posteriorly, one running down the

outer face of the tooth, a second back to the anterior arm of the V-shaped posterior cusp,

the third inwards down the inner face of the tooth. The posterior lobe is distinctly

selenodont. In prn. 2 the anterior tubercle is larger, and the ridge running inwards

from the main cusp has a small tubercle on its inner end. The posterior lobe is larger

than in p??i. 1. Pm. 3 has a still larger anterior tubercle and the cusp on the inner side

of the main cusp is nearly as large as that element and clearly separated from it
;
the

posterior V is still larger. Pm. 4 is similar, except that the small anterior cusp is

2 c 2
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(loul)le<], llio posterior lol )0 still larger, and tliere are traces of a small postero-internal

tubercle. The dimensions (in centimetres) of the premolars are :
—

Length. Width.

pm.l Jai -7

])m. 2 1-3 -8

]»ii. 3 I'O 1

jnn. 4 I’G 1'2

Length of jjremolar series 5'G.

Genioliyus major, Andrews.

[Text-fig. Go.]

11)04. Geniohjiis major, C. W. Andrews, Geol. Mag. [3] vol. i. p. 212.

T//pe Specimen .—Portion

Geological Museum, Cairo.

of left ramus of mandible with 1-3

Text-fig. G3.

(text-fig. 63)

;

This species is considerably larger than either of the others, the length of the three

premolars being 5'5 cm., while in G. minis the same teeth measure 3'6 cm. and in

G. fnjumensis 4T cm. The posterior lobes of the premolars are still larger and more

selenodont than in G. fajumensis.

Form. cG Foe.—Fluvio-marine beds (Uj^per Eocene): l>irket-cl-Qurun.

C. 8980. Portion of left ramus of mandible with 1-3 in good preservation. The teeth (text-

lig. (13) are very similar to those of G
.
fajHnie)ms,\i\\i ilie hinder lobe is wider and more

massive, and in wear gives an even more distinct V-sha[ied surface. The dimensions

(in centimetres) of the teeth are :

—

Lrnglh. Width.

1 1 ‘8 1

2 1-0 1-4

pui.'i 2 P5

M. 8876. Plaster cast of the above s[)ecimen. Made in the Jiritixh Mn.fenni.



EOSIREN. 107

Order SlliENIA.

Family HALICOFID.F.

The occurrence of Sirenians in the Eocene beds of Egypt was first made known by

Owen, who described a natural cast of the brain-case of one of these animals under the

name Eotherium cegyptiacuin *. This specimen was from the white Mokattam Lime-

stone of Cairo, and therefore from a rather lower horizon than the Qasr-el-Sagha beds.

A few years afterwards Filhol described f some teeth from the same limestone under

the name Manatus coulomhi, which may be synonymous witli Eotherium cegijptiacum.

Lately much more information concerning Eotherimn has been given by Dr. O. Abel,

who, in his important memoir entitled “Die Sirenen der mediterranen Tertiarbildungen

Osterreichs ” gives an account of some recently collected remains of this animal.

This writer also proposes to publish shortly an exhaustive account of the remains of

Sirenians both from the neighbourhood of Cairo and from the Fayum, so that in the

present Catalogue it will only be necessary to give a short description of such remains

as are preserved in the, British Museum and in Cairo. All the specimens from the

Fayum appear to belong to the genus Eosiren.

Genus EOSIKEN, Andrews.

[Geol. Mag. [4] vol. ix. (1902) p. 293.]

Sirenia in which the three incisors and the canine are present at least in the upper

jaw. The first pair of incisors are enlarged downwardly-directed tusks
;
the second

and third are small and probably lost early
;

their alveoli are situated somewhat on

the outer side of the rostrum close to the maxillo-premaxillary suture.

Eotherium is distinguished from the present genus in several important particulars,

some of the chief of which are :—(1) the anterior incisors are not greatly enlarged and

tusk-like, and the two other incisors, though situated far back in the premaxilla, are

still large and placed on the edge of the jaw
; (2) the natural cranial cast on which

this genus is based differs so considerably from a cast of the brain-cavity in Eosiren

* Owen, Quart. Journ. Geol. Soc. vol. xxxi. (1873) p, 100. The generic name Eotherium had been

previously employed by Leidy in 1853 for a genus of Perissodactyls, and therefore strictly the name

Eotheroides suggested by Palmer (‘Science,’ n. s. vol. x. 1890, p. 494) should be employed for this genus,

t Bull. Soc. Philomatbique de Paris, ser. vii. vol. ii. (1878) pp. 124-5.

t Abbandl. k.-k, geol. Iteicbsanstalt, vol. xix. pt. 2 (Vienna, 1904).



198 TEKTIAEY YEETEBEATA OF THE EATtlM.

that Dr. Elliot Smith is of o])iiiion that their generic separation would be justified hy

this difference alone; (3) iho os hmominnfnm is much less reduced and has a com-

])l(‘tely closed obturator foramen and a well-defined acetabulum with which a functional

femur ])rohahly articulated, wliereas in Eosiren the reduction of the pelvis has proceeded

almost as far as in lialHlierium. 'Ihese particulars are taken partly from Abel’s paper

above' referred to, and ])artly from a skull and mandible of Eotherium recently acquired

hy the (leological Museum, Cairo : to this specimen further reference, with figures, is

made 1)elow.

J^rorasfomifs*, another primitive Sirenian from the Lower Tertiary beds of Jamaica,

differs from the present form both in the general shape of the skull, the slight deflection

of the snout, the absence of enlarged anterior incisors, and in the form of the

mandibular symphysis.

Jlcdit/ieriitm {ProfotJieriurn) ve)'07ie)ise,Z]gnof, approaches this genus very nearly, but

in it the dentition seems to have already undergone considerable reduction.

Eosiren libyca, Andrews.

[Plate XX. figs. 1-7
;

text-figs. 04, 05, 08 B.]

1902. Eosiret} C. AV. Andrews, Geol. Mag. [4] vol. ix. p]). 293-4, figs. 1-3.

1904. ,, ,,
0. Abel, Aldiandl. k.-k. geol. Eeiehsanst. vol. xix. ])t. 2, passim.

Type Specimen.—A nearly complete skull described and figured, loc.cit. ;
Geological

Museum, Cairo.

This is the type and only s])ecies of the genus at present known.

Eorm. & Lon.-—Qasr-el-Sagha beds (Middle Eocene) : north of Birkct-el-Qurun.

Slxidl (PI. XX. figs. 1, 1 a, 1 b
;

text-fig. 04).—The type skull is not quite corajdete,

the zygomatic arches and a portion of the basal region of the cranium being lost. The

occipital surfirce is high and broadens out from above downwards. The occipital

condoles (cond.) are larger and more prominent than in any other Sirenian skull

with which comparison has been made, except Eotherium
;
they are almost pedunculate

and their articular surface is strongly convex from above downwards and extends

considerably on their ventral face. In the mid-ventral line they are separated by a

deep rounded notch
;
but it cannot be determined what share, if any, the hasioccipital

took in their formation, the sutures being obliterated.

Above the foramen magnum the e.toccipitals[exo.) meet in a suture about 2'3 cm. in

length, thus completely excluding the supraoccipital from the opening: their upper

* Giuirt. Journ. Geol. Soc. vol. xi. (ISoo) ]>. .541.

t ^igiio, “SirtMiii fossili trovati nel Vencto,” 'iroin. Tst. V(‘iu'4o d. Sci. vol. xviii. (1875) j). 415; also hy

the same author, “ Quelipies Observations sur les iSireniens fossiles,” Bull. Soc. geol. France, [BJ vol. xv.

(1887) p. 728.
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edges make an angle of about 100° with one another. The foramen magnum (/’m.)

itself is wider than high; its upper margin is deeply notched in the middle line, on

either side of which the cxoccipitals arc produced into low tuberosities which overhang

the opening. Laterally the exoccipitals are produced downwards into paroccipital

processes, which resemble those found in the Uugong rather than those of the Manatee.

The lower ends of these processes are about on a level with the lower border of the

condyles
; their anterior face bears a vertical groove. Superiorly the anterior face of

the exoccipital has a broad surface for union with the supraoccipital, and laterally a

second for junction with the squamosal?. The sui)raoccii)ital is roughly hexagonal in

outline, the two lower sides uniting with the exoccipitals, between which the lower

angle is thrust
;
the lateral borders join the squamosals, at least in part, while the

upper borders form the middle part of the lambdoidal ridge, being separated in the

middle line by a prominence, from which a ridge runs down in the middle line, dividing

the surface into two halves, each of which is slightly concave.

In front of the lambdoidal crest the roof of the cranium formed hy the ‘parietals {pa.)

is slightly concave both from side to side and from before backwards. In front of this

the roof becomes concave from side to side, at least in the middle line, the borders

being the somewhat prominent temporal ridges which form the angles between the roof

and the nearly vertical sides of the temporal fossse. The narrowest part of the skull-

roof is about 6 cm. in front of the lambdoidal crest; at this point the width is 4*2 cm.,

but behind this the roof widens slightly to its posterior border, where it measures about

5'5 cm. across. Anteriorly it widens out much more considerably, and at the post-

orbital processes of the frontals it is 8-8 cm. wide. The sides of the cranium immediately

in front of the occipital surface are somewhat rounded, but further forwards are nearly

flat and, as already remarked, almost vertical : in this region the bone is thin, while in

the middle of the skull-roof the parietals may attain a thickness of 1-8 cm.

The anterior part of the roof is formed by the frontals [fr.), and the shape of the

suture between these bones and the parietals is shown in text-flgure 04. Anteriorly

they widen out to the large postorbital processes. Their anterior borders are notched by

the comparatively large nasals (na.), between which they send a narrow process, which

seems to have extended to the nasal opening, thus completely separating the nasals in

the middle line. Outside the nasals (see text-fig. 64) the frontals are in contact with

the upper ends of the facial processes of the premaxilloe, which form the whole of the

side and front border of the uarial opening. The anterior angles of the nasals seem

to be produced downwards along the inner side of the premaxillae till they meet the

upper edges of the underlying maxillae. (See also Lepsius, llalitherium scliinzi,

pp. 64-06 *.)

The maxilla [mx.) is a very large bone with a great antero-posterior extensioii.

* Abbiindl. d. Mittelrbeiuischen geol. Vereins, vol. i. pt. 1 (Darmstadt, 1881).
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Katlipr in advance of its middle point, and abont beneath tlie anterior border of the orbit,

its front portion is bent down, making an angle of abont 140° with the posterior part.

The alveolar border forms a double enrve
;
posteriorly it is convex outwards, so that

the ])alate is much wider opposite the middle molars than at any other point. In the

jiremolar region the border is concave outwards, so tliat the palatal surface is greatly

narrowed, the narrowest point being about o^jposite the tooth here called the second

premolar. In front of this the border thickens and turns outwards to the canine

alveolus (c.), immediately in front of which is the maxillo-premaxillary suture. On the

palate the maxilla extends rather further forwards, terminating as the posterior edge of

Text-fiff. 6-t.

IMiddle porlioii of roof of skull of Losirai lilit/ca-

fr., froatals
;
na., nasals

;
parietals

;
pmx., preiuaxillau §• nat. size.

the large median anterior palatine foramen The facial surface of the anterior

part of the maxilla is nearly flat and vertical. Posteriorly it boars a broad shelf-like

zvgomatic prominence, which forms the floor of the orbit and is perforated in front

by a large antorbital foramen.

The j)7'emaa‘illw {imix.) form the greater part of the downwardly turned rostrum ;

the suture between these bones and tbe maxillse, after crossing the alveolar border,

runs first upwards and backwards, then nearly directly backwards, terminating about the

level of the hinder border of the narial o])ening (?<«;•.). Here they join the anterior end

of the frontals, thus, as above mentioned, excluding the maxillae from any share in the



EOSIREN LinYCA. 201

border of the narial ojiening. This aperture is an elongated oval in outline, its long

diameter being about twice its width. In front of it the upper surface of the rostrum

is broad and rounded from side to side, but towards its extremity it becomes compressed

and its upper border forms a sharp angle. At the end of the premaxillae there is a pair

of large though comparatively shallow sockets for the enlarged incisors (/. 1), separated

by a thin wall of bone. Behind and beneath these the alveolar border forms a sharp

edge continuous with that of the maxillae. The palatal surface of the premaxillae is

strongly arched and posteriorly forms the roof of the large anterior palatine foramen

(Bl. XX. tig. 1 A, a.jp.f.), the lower border of which, as already mentioned, is formed

by the anterior edge of the maxillae. Posteriorly the palatine foramen opens into the

narial cavity
;

its form and relations differ somewhat from those of the same opening

in Manatus^ Ilalicore, and Rhfjtina. In Manatus the palatal portions of the premaxilhe

are scarcely at all developed ; in Ilalicore they are in the same plane as, and unite

with, the palatine plates of the maxillae, the lateral borders of the elongated anterior

palatine foramen being formed equally by the twm bones. In Rhijtma the elongated

foramen is almost entirely enclosed by the premaxillae ; in the present genus it

approximates much more nearly to the condition seen in Halitherium, in which,

however, the palatine region of the premaxillee is rather less developed.

The vomer seems to be much like that of Halitherium, as figured by Lepsius
;

it is

deeply grooved and the nasal opening must have been divided, at least posteriorly, by

a vertical cartilaginous septum.

In all the specimens the zygomatic arch is broken and incomplete. Judging,

however, from an imperfect specimen, it appears that the structure was much as in

Halitherium, the zygomatic process of the squamosal forming a broad blade, the lower

edge of which is underlain by the backward process of the jugal. This latter

widens out in its middle region and bears a downwardly-directed blunt process, as

in Halitherium. The body of the squamosal forms a considerable portion of the side

wall of the cranium. Posteriorly it unites with the supraoccipital above and perhaps

for a short distance below this with the exoccipital
;
but for the most part it is separated

from the latter bone by the mastoid portion of the periotic, which is exposed on the

occipital surface as an elongated convex mass. In front of its union with the mastoid

the squamosal bears a strong rounded ridge, forming the outer portion of the lambdoidal

crest. In front of this there is a concave surface bounded in front by the ridge marking

the origin of the zygomatic process.

The base of the skull is for the most part wanting
;
in the type specimen, however,

it can be seen that the basisphenoid and presphenoid were both much thickened and

that the former is embraced by the upper ends of the massive pterygoids.

The cast of the brain-cavity (text-fig. 65) is of considerable interest. The olfactory

lobes [ol.) are small and situated low down. The hemispheres are divided from one

another by a very deep groove in front, and each is divided into a swollen anterior

2 D
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(frontal) |)ortion (/'/.) and a lateral (tcni])oral) ])roininence {f.l.) by a •\vell-niarkcd

(loi)ression, Avliicli seems to be liomolooons with the “ ])se\i(losylvian
” * depression (^>.)

in the brains of recent Sirenians and Proboscidea. 'J'lie cerebellum {eb.) is small, but

its limits are not w('ll sbown in the cast. d'lie base of the brain also is not \\ell

preser\ ed, only the roots of one i)air of nerves, ])robably the fifth, being sbown.

Text -fig. fio.

A. ti

Cast of the cranial cavity of Eosiren Jihijat

:

A, fi-oiii above
; B, from riglit side.

ch., cerebellum
; f.l., frontal lobes

;
ol., olfactory lobes

;
ji., pseudosyh ian depression

; 1.1., temporal lobes.

“ nat. size.

In Entherium the general form of the brain is not unlike that figured, but tin'

pscudosylvian depression is very slightly marked, so that the se])aration of the hemi-

spheres into anterior and lateral lob(‘S is obscure. 'J he chief interest of the brain of

Eosire'n lies in its remarkable similarity with that of JUo'i-itheriuni (if. text-fig. 41,

p. 1 00). In both animals the hcmis])heres are dividc'd in a, (piite similar way by the

pseudosjlvian depression, and the cerebellum is redativedy small. In Afwrit/icriuni, as

* Elliot Smitb, ‘Catalogue of the Physiological Series, Mii.scum, C(dl. Surgeons,’ vol. ii. cd. 2 (IbOip

p. 34 t.
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be expected in a land-animal, the olfactory lobes are more developed than in

Kosircii, bnt this does not affect the general similarity, wliich is the more striking wlien

taken in conjunction with the many other points of likeness existing between the Sirenia

and the Proboscidea. It is interesting to note further that in the Middle Eocene forms

of botli those orders the brain is relatively largo for mammals of that early date. In the

terrestrial Proboscidea living exposed to many enemies, and in a complex and changing

environment, this large development of the brain persists even in the modern types,

and, indeed, their survival may be due to this very character. On the other hand, in

the Sirenia, which early adopted a sheltered and sluggish mode of life, the conditions

of which must have remained nearly constant, although there is some tendency towards

increase in the size of the brain, there is no need for increased complexity, the result

being the peculiar type of structure which Dr. Elliot Smith states can only be

parallelled by the structure “ occasionally ])resented by the brains of idiots in which

the process of elaboration has ceased in the earlier mouths of intra-uterine life, and

the organ has simply grown in size without becoming perfected in structure.”

Upper Dentition .—The dental formula of the upper jaw appears to be i. 2 or 3,

c. 1, m.-\-pm. 8. At the anterior end of the downwardly turned rostrum there are

the alveoli for a pair of enlarged incisors (^. 1), which were oval in section and directed

downwards and foinvards
;

the sockets are comparatively shallow, these teeth being

apparently rooted.

The only trace of the second incisors [i. 2) seems to be a small alveolar pit situated a

little below and just in front of the third incisors {i. 3), which also are represented in this

specimen by their alveoli only, these being placed immediately in front of the maxillo-

premaxillary suture and on the side of the rostrum about 5 mm. above the sharp

edge of the premaxillae. Both the second and third incisors are clearly on the way

to disappearance, and seem to have been thrust outwards to the side of the jaw

by the development of a horny plate covering the palatal and sharp lateral edges

of the premaxillary region and replacing the teeth functionally. The canine

alveolus (c.) is also small and on the side of the rostrum
;

it is placed immediately

behind the maxillo-premaxillary suture, and is abnost in contact with the alveolus

of i. 3.

Behind the canine, and separated both from it and from one another by nearly

equal intervals (about 1‘3 cm.), are the sockets for four single-rooted teeth. In the

type specimen only the last of these is in situ-, it consists of a comparatively small

single cone with a very strongly developed internal shelf or cingulum. Immediately

behind this come the relatively small quadrate two-rooted molars. There are four of

these teeth, of approximately equal size. Each molar crown consists of two

transverse ridges, each composed of two pointed cusps without any secondary

tubercles
;
there is also a small anterior ridge or cingulum with a median cusp, which

in wear becomes connected with the antero-internal main cusp. All the specimens

2 D 2
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uvailable are in bad prc'servation and further material is necessary before any detailed

comparison with teeth of other genera is possible.

SliuU, of Eotherinm.—The skull and mandible of a ])rimitive Sirenian from the

limestones of the Mokattam Hills has recently been acquired by the Geological

Museum in Cairo and is important for comparison with Eosiren. The horizon from

which these specimens come is lower than that from which the Fayum remains were

obtained, and is probal)ly the same as that in which was found the cast of the cranial

cavity which Owen made the type of EotJieniim wgyptiacnm. This skull and mandible

may in fact be referred to Owen’s species, though in some respects it differs from the

brief description of some new material of that Sirenian lately published by O. Abel *.

When this author has published his complete account of the Egyptian Eocene Sirenia

it will no doubt be possible definitely to determine these specimens
;
meanwhile the

tact that they represent a more generalized form than Eosiren, and are from a lower

horizon in the same region, is sufficient to justify the comparison of the two ty[)es.

The skull in question (text-fig. 66) is nearly complete, but the anterior portion has

been compressed in such a way that the rostrum has been straightened, instead of

bending down as, judging from the mandible, it must have done in the living animal

;

the anterior ends of the premaxillm have been separated by a fracture, the result

of which is that this region has the appearance of having been more elongated than

was actually the case.

The occipital condyles are very large and are more sessile than in Eosiren
;
in the

mid-ventral line they are separated by a sharply defined notch. Laterally the

exoccipitals (exo.) are produced downwards into strong paroccipital processes {g)}).)

which extend below the level of the condyles
;

there is a large condylar fi)ramen

opening at the bottom of the groove between the base of the paroccipital process and

the occipital condyle. The sutures between the exoccipitals and hnsioccipifal [hoc.)

are not ch ar, but that between the basioccipital and the hasisgjlumoid [hsp.) is marked

by a transverse ridge, which crosses the basis cranii]o%i behind the level of the posterior

edge of the vertical plates of tlie pterygoids [l^t.), which are closely united above with

the basisphenoid. Above the foramen magnum [f.m.) the occipital surface is broad,

much broader than in Eosiren, and somewhat like the same region in Mceritheriani (sec

FI. VIII. fig. 1 b). The snpraoccipital (soc.) is gently concave from side to side; its

upper border is greatly thickened and forms a great part of tlic massive lambdoidal ridge.

In the middle line in front it thrusts a blunt triangular process between the posterior

ends of the parietals
;
laterally its upper angles form prominent backwardly directed

bosses of bone, to the anterior face of which the parietals are closely united. The upper

* “ Die Sirenen der inediterraTien TertiiirbilJungcii ()e.sterreiflis,” Abli. k.-k. geol. Eeiebsanat. vof. xix. pi. 2

(Vienna, 1904).
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posterior angle of the squamosal {sq.) is shut off from eontact with the siipraoccipital

hy a narrow posterior prolongation of the parietal which is wedged in between the

two bones, somewhat as in Mceritherium. Heneath tins ])oint there is a large fossa

lying between the cxoccipital behind and the squamosal in front
;

this is occupied

Text-fig. GO.

Skull of Eotlierium agyptiacum (?): A, from below; B, worn surface of crown of first incisor

;

C, from behind
;
D, from above.

ill., alisphenoid ; a.o.f., antorbital foramen
; a.p.f., anterior palatine foramen

;
hoc., basioccipital

;

bsp., basisphenoid ; c., canine
; cond.f., condylar foramen

;
e.xo., exoccipital

; f.m., foramen magnum
;

fr., frontals
;

yl., glenoid articulation; i. 1-3, incisors
;

i.n., internal nares
;
ju., jugal

; m. 1-3, molars
;

mx., maxilla
;
na., nasals

;
nar., external nares

;
pa., parietals

;
per., periotic

;
pi., palatine; pm. 1-4,

premolars
; i^mx., premaxillse

; p.p., paroccipital process
;

pt., pterygoid ;
soc., supraoccipital

;

sp, squamosal
; <//., tympanic

;
zyg., zygomatic process of squamosal. About 5 nat. size (except B,

which is natural size).
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by tlu' n])))ai'outly loosely luiited 'periotic {jier.). 'I'lic relations of the bones in tliis

r('^ion se('in to be; very similar to those fonnd in Manatas, except that in the hitter

p,-enns llie s(iuamosal is not entirely cut off from contact with the snpraoccipital.

Jjeneatli the ])('riotic openin'^ the post-tym])anic portion of the squamosal unites

closidy with the anterior face of the paroccipital region of the exoccipital, and in front

forms the posterior border of the external auditory meatus, the anterior boundary

of which is constituted l)y the slightly developed postgienoid process. The articular

surface {(jl.) for the mandible is very broad
;

it is slightly concave from side to side

and gently convex from before backwards, except where it runs on to the slight ])ost-

glenoid ridge. The zygomatic process (c////.) is very stout and is triangular in section ;

it is underlain anteriorly by a slender prolongation of the jugal. The iiarietals [pa.)

are large bones forming most of the cranial roof; posteriorly, as already mentioned,

they are separated in the middle line by a process of the snpraoccipital, and laterally

tlu'y send back processes which thrust tliemselves between the squamosal and

supraoccipital, and hebr to form the large prominences of the lambdoidal ridge. From

the ])Ost('rior angles of the bones a pair of not very well-defined snpratemporal ridges

run forwards, first converging slightly, then running parallel to about the level of

the anterior border of the glenoid surface; in front of this they diverge considerably,

and finally become coutinuons with the hinder edges of the postorbital processes

of the frontals.

Owing to the comparatively small development of the snpratemporal ridges and

also to the slight inflation of the cranial portion of the skull, the roof is not nearly

so sharply marked off from the temporal fossae as in the later forms, even in Eosiren.

The ventral borders of the parietals unite with the sqnamosals posteriorly, then for

a short distance with the upper end of the alispltcnoid («/.), and in front of this again

with the frontals, which they overla]:» in a squamous suture, running forwards in

a sharji angle on the snpratemporal ridges. The frontals (fr.) are very wide, forming

the broad gently convex skull-roof in the region of the orbits, which they overhang

as large supraorbital plates. Posteriorly they join the alisphenoid and in front

of this their ventral edges seem to form the outer border of the groove for the o])tic

nerve. Their anterior border is notched for the recejition of the hinder ends of the

nasals, between which they send a short triangular jiroccss. 'The nasals ijia.) seem to

have been of considerable size, and overhung the narial o])oning [nar.) to some extent.

'The o]iening itself is an elongated oval in outline, and its borders are foianed by the

nasals behind and by the premaxilhe in front and at the sides. 'The premaxillary

rostrum must have been bent down to a considerable extent, but iii tins s])ecimen it

has been straightened out by tlie pressure to which it has been subjected, and the end

has been broken across the alveoli of the anterior incisors. 'The n])])cr surface of the

rostrum in front of the narial opening is gently concave from side to side.

'The maxilla (mx.) is a greatly elongated bone ; the anterior edge ot its palatine region
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forms the posterior border of tiie larg’c anterior ])a]atine foramen (a.jhf.). lieliind

this the palate is deeply concave from side to side, but on cither side is raised into a

prominent ridge lying just within the alveolar border and extending back to the level of

the alveolus of the tooth here regarded as pm. 2. llehind this, the palate widens out, its

greatest width being about opposite the front of m. 2. The transverse suture with the

palatines is about opposite the front of m. 1 ;
the posterior palatine foramina are either

very small or absent. On the outer side of the maxilla the broad zygomatic process

rises by a very long base, and its ventral surface is very little above the alveolar border
;

the antorbital foramen {a.o.f.) is smaller than in Eosiren. The suture between the

jngal (ju.) and maxilla is not very distinct, at least posteriorly
;
probably the relations

of the two elements were almost as in Manatus
;

at any rate, it is clear that the jugal

made a broad sepramons overlap on the upper surface of the zygomatic process of the

maxilla, so that it forms the actual floor of the orbit. Behind this, it widens out

suddenly, being produced downwards into a blunt point and upwards into a slight

postorbital process. Posteriorly it becomes a mere rounded rod of bone underlying

the zygomatic process of the squamosal.

The palatines {p)l.) form the greater part of the palate as far as the front of the

molar series. The posterior border of the palate seems to have been a little behind

the last molar, but in this specimen it is somewhat incomplete. The descending plates

bounding the mesopterygoid fossa no doubt are formed by the palatines in front and

the pterygoids behind, but the sutures are indistinct
;
the same is the case with the

junction of the lower part of the alisphenoid with the pterygoid. The body of the

a.lisphenoid {al.) joins the parietals above, the sqnamosals behind, and the frontals in

front
;

its lower border forms the outer lip of a deep groove, at the bottom of which

the optic and other foramina opened
;

this groove is continued forwards to the orbit

by the lower edge of the frontal. The orh itosphenoid is not distinct. The tginpanic

[tg.) is incomplete on both sides.

The dentition in this specimen is of great interest. The dental formula seems to

have been : i. 3, c. 1, p)m. 4, m. 3. The anterior incisors are very remarkable teeth, and

as in the later forms they are situated at the end of the snout, while they are already

somewhat enlarged. They have very long roots, and their enamel-covered crowns are

a little compressed from side to side; the anterior border is rounded, the posterior

sharp. The outer face is flat or slightly convex, while the inner is raised into vertical

ridges, so that the worn surface of the tooth has the appearance shown in text-fig. 66, B,

looking almost as if it were a complex tooth composed of several elements. The thick

enamel has a peculiar appearance, owing to the development of numerous obscure

wri' kles. Behind these teeth there is a diastema of considerable length separating

them from the second incisors, which were large teeth situated on the edge of the

premaxilla and not displaced outwards as in Eosiren. Immediately behind these were

die third incisors, the posterior borders of the alveoli of which are in contact with the



TERTIARY VEITTEBRATA OF THE FAYtM.2OS

anterior cd<;-c of the maxilla. 'I'lie canine, which was about the same size as the

incisors, is separated from i. o by an interval of about '7 cm.
;
behind it again there is

a diastema of about 2 cm. se])arating it from a single-rooted tooth, behind which

again, and separated from it by a short interval, are four closely crowded alveoli. From

the examination of this specimen alone, in which the teeth themselves are wanting or

represented by their roots only, one would come to the conclusion that these four

posterior alveoli belonged to the single-rooted ])m. 2, 2)>n- 3, and a double-rooted yjm. 4,

as they have been marked in the figure ; but Dr. Abel, who has better specimens in which

the teeth are preserved, states that in Eotheriuvi the posterior premolars are single-

rooted, and that there are in all six premolars, of which the second is lost very early.

If this be so, then the alveoli marked yun. 4 in the figure belong to j^m. 5 and 6;

those marked pm. 2 and^uH. 3 to ynn. 3 and/jni. 4, while between the 2 and jim. 1

of the figure a tooth has been lost and its alveolus disappeared ; it may, how’ever, be

remarked that there is only a very short diastema behind pm. 1, wdiile the interval

between it and the canine is considerable, so that if a premolar has been lost at all it

seems more likely to have been the first of the series. It is possible that the skull

here figured may have come from a rather higher horizon than that at which Eothcrium

})ropcr is found, and that some modification of the teeth in the direction of the later

forms may already differentiate it from the animal described by Abel; possibly it may

belong to Abel’s new genu$ Frofosiren*, at present undefined. Until that ^Ariter’s

work on these Middle Eocene Sireniaus is published, these questions must remain

undecided. The molars are three in number
; they are bilophodont teeth, the anterior

crest being formed by a large blunt inner cusp and an outer sharper portion composed

of two obscurely separated elements. The posterior crest also consists of a blunt

inner tubercle and a shar])er outer one. From the antero-external side of the antero-

internal cus]i a ridge runs down to the cingulum, which forms a small slndf-like

projection on the anterior face of the tooth : from the postero-external face of the

postero-iuternal ensp a similar ridge runs down to the cingulum of the posterior end

of the tooth ; this ridge is best develo])cd in vi. 3, where, w-itli the main inner cus]), it

gives a V-shaped surface in wear. 4'his type of tooth agrees with the description given

by Dr. Abel f of the primitive Sireniau molar, except that the intermediate cusp of the

hinder row is very obscurely developed, if at all.

The dimensions (in centimetres) of this skull are :

—

Extreme length (exaggei'jited by fractures) ',](]•')

Width between outer anghis of occipital condyles .... 8-2

Greatest width of occipital surface 18

W'nhh oi' foramen riuy II u III 4

Height of occipital surface above /ovu/aeu iniijninn .... 7‘2

* Abel, op. cit. p. 14G. t Abel, op. cit. pp. Tlo-JG.
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Width of skull-roof at lainbdoidal ridge 6-8 app.

„ skull at middle of temporal fossa) 3'6

„ skull between ends of supraorbital processes ... 15 app.

„ snout in front of narial opening 6'2

„ narial opening 4-8

Length of dental series from canine to last molar .... 14'2

The dimensions (in centimetres) of the molars arc :

—

Length. Width.

m.\ 1-G 1-7

m.2 1-8 1-9

m.3 1-9 1-8

The chief differences between this skull and that of Eosiren are:—(1) the occipital

surface is wider and the lambdoidal crest more strongly developed
; (2) the supra-

temporal ridges are less developed, so that the skull-roof is less clearly marked off from

the temporal fossse
; (3) the cranial region is somewhat rounded; (4) the nasals are

large, and must have overhung the nasal opening to a considerable extent; (5) the

anterior incisors are not very much enlarged and have rather complexly folded crowms

;

(6) the second and third incisors, though shifted back close to the premaxillary suture,

are large and not displaced outwards
; (7) the canine is a large tooth on the alveolar

border; (8) the palate is less narrowed between the anterior premolars. The arrange-

ment of the nasals and the condition of the incisors and canines are the chief

primitive characters noticeable.

Mandible (PI. XX. figs. 2, 2 a).—In the mandible of Eosiren the downwardly turned

symphysial region is greatly thickened, the anterior end of each ramus swelling

out into a rounded bulbous mass, which, uniting with that of the opposite side,

forms the massive symphysis. The line of union is marked ventrally by a deep

groove [sym.). The large mental foramen {ni.f.) opens on the outer side of the

symphysis, and is continued forwards by a deep groove to the extremity of the jaw.

'fhe rami are comparatively narrow from above downwards
;

their alveolar border

is convex and their ventral edge concave, forming a regular arch from the symphysis

to the lowest point of the enlarged and rounded angular region. The coronoid process

arises from the outside of the ramus opposite the last molar which is in position, but

in front of a posterior alveolus-like depression, which seems to point to the existence

of a posterior successional tooth (see below). The upper portion of the coronoid

process, the articulation, and the posterior portion of the angular region are broken,

so that it cannot be seen whether any of the peculiarities described by Zigno in

llalitherium {Prototberium) veronense existed in the present species. The large

posterior aperture of the dental canal is situated on the inner surface of the expanded

posterior region a little behind the posterior end of the molar series. Just within the

2 E
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oponiii^^, and beneath tlie alveolns-like depression noticed above, there is a rounded

mass, vvhic]i seems to be homologous with the bony capsule in which the successional

teeth develo]) in the Manatee. Probably, therefore, in the mandible at least of the

))resent s])ecies, the beginning of a molar succession similar to that seen in the Manatee

had already been established.

Lower Dentition.—In no specimen are the lower teeth well preserved, and in the

most nearly complete example there are only three greatly worn and broken molars

in situ. The following account of the lower teeth is therefore deduced merely from

the alveoli in the jaw figured on PI. XX. figs. 2, 2 A, and, when more satishictory

s])ecimens are found, may have to be revised. In the doAvnwardly turned alveolar

surface of the symphysial region there are four pairs of alveoli, probably indicating

the existence of three pairs of incisors and a canine. The most anterior pair of

sockets are shallow and not very well defined, so that not improbably the anterior

tooth was deciduous, and its place covered with a horny sheath as in Manntus and

])robably Ilalitheriuni. On the other hand, the remaining three pairs of alveoli are

so deep and sharply defined that most likely their teeth were functional. Behind

these symphysial alveoli come thirteen others, increasing in size from before backwards.

The posterior six sockets undoubtedly bore three double-rooted molars (as can be

seen in another specimen), and the remaining seven probably belonged to three

anterior single-rooted teeth (1 premolars) and two posterior double-rooted teeth. If

this interpretation be correct, the dental formula of this mandible is i. 3, c. I, pm. 3,

m. 5, regarding the double-rooted teeth as molars. As mentioned above, it seems

not impossible that the number of molars would subsequently be added to from

behind.

The only lower molars available for examination are greatly worn, but seem to

have consisted of a pair of transverse crests and a small posterior talon.

Memdihle of Eotherium.—A mandible (text-fig. 67) from the white limestones of

the Mokattam Plills probably belongs to the same species and perhaps to the same

individual as the skull above referred to Eotherium cecpjptiacum. It difhus very little

in form from the mandible of Eosiren, having the same strongly deflected anterior

region ;
the symphysis (spin.) is greatly thickened, thongh much less so than in

Eosiren. The chief difference between the two is that the alveoli of the anterior

teeth are better marked. Unfortunately, only the three molars are ])rescnt, and

the interpretation of the dentition from the alveoli is o[)en to much uncertainty.

The three pairs of incisors were large teeth, the anterior ones {i. I) being in contact

with one another in the middle line, and directed almost forwards. On the up])er

surface of the symphysis between the alveoli of the second and third pairs of incisors

(/'. 2, i. 3) and of the canines (c.) is a rough surface which was probably covered

with the horny substance which eventually displaced and replaced the teeth. A little
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behind the canine alveolus are two more alveoli about the same size, and immediately

behind these again two small pits, the posterior of which is much the smaller
;
at this

point the alveolar border of the jaw is thin and sharp. Separated from the last-

mentioned small pit by a very short interval are two rather small alveoli in close

contact. The anterior molar is separated from these alveoli by an interval of about

•7 cm. In the absence of teeth from the front of the jaw it is not possible to

determine the dental formula with certainty, but it seems that between the canine and

the molars there may have been two one-rooted premolars and two with two roots

each
;

it is very probable, however, from Abel’s account of the upper premolars, that

one (or perhaps both) of the pairs of alveoli assigned to the two-rooted premolars may

have been occupied by two (or four) single-rooted teeth.

Text-fig. 67.

Mandible of Eotherium cegyptiacum (?) : A, from above
;
B, from left side,

c., canine ;
i. 1-3, incisors

;
m. 1-3, molars

; m.f., mental foramina; pm. 1-4, premolars
;

sijm., symphysis.

About I nat. size.

The molars may be described as bilophodont, each having a well-developed talon.

Each transverse crest consists of a low, blunt, outer cusp and a higher, sharper, inner

one. From the inner anterior angle of the antero-exterual cusp a ridge runs inwards

on to the front of the tooth
; from the inner anterior side of the postero-external cusp

a ridge runs across the main valley to the cusp in front. In the first and second

molars the talon seems to consist of a simple transverse ridge connected with the

inner end of the postero-external main cusp
;
in the third molar the talon is more

complex, and consists of three small elements, the middle one of which joins the

2 E 2
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postoro-external main cusp. The inner side of these comparatively small molars is

considerably higher than the outer.

'Die dimensions (in centimetres) of the mandible and teeth just described are;

—

Leiigtii from anterior end of symphysis to end of molar series . 15’o

Greatest width of symphysis 5-5

Length of symphysis 6’5

Depth of mandibular ramus beneath m. 3 4-7

The dimensions of the teeth are :

—

w. 1

m.2

. 3

Length.

1-6

]-n

Width,

1-3

1-5

1'4

Vertebral Column.—On account of their massive character the ribs and vertebrae of

Eosiren are among the commonest fossils in the Qasr-el-Sagha beds. For the most

part, they only occur scattered in small groups or as single specimens, but occasionally

a considerable number are found in association. The best of these sets is here noticed ;

it includes fifteen more or less nearly perfect vertebrae associated with part of a

skull and an os innominatum.

The atlas is wanting. The axis is greatly abraded and broken, but in the form of

its odontoid process and articular surfaces for the atlas it was evidently closely

similar to that of Ilalitberium. In the third [X) cervical vertebra the centrum is

rectangular in outline and much wider than high ; it is much less shortened antero-

posteriorly than in later forms
;

its ends are smooth and flat. The transverse

processes are broad and long, and are perforated at their base by the vertebrarterial

canal. Another cervical vertebra of the same series is very similar. The number of

the cervicals is unknown.

The thoracic and lumbar vertebrfe are like those of IlaUtherium, but the hoemal

ridge is very slightly developed, and in the thoracic region the zygapophyses are better

developed and the interlocking of the vertebrae is closer.

One of the vertebrae (PI. XX. fig. 4) in the series referred to presents some peculiar

characters. It appears to be a first lumbar
;
the anterior face of the centrum narrows

somewhat towards its neural border, the neural arch is much higher than in tlie other

vertebrae, and the anterior zygapoj)hyses are also considerably elevated. The transverse

processes rise from the ventro-lateral borders of the centrum and cur\'e backwards

and downwards. 'I’he whole vertebra differs so far from the others that perhaps

its association with them may be a matter of accident, and it may actually belong to

some other animal.

A sacral vertebra (PI. XX. fig. C) is preserved in which the arch is comparatively

low with a short neural spine
;
the centrum is transversely oval, with a slight median
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hfcmal ridpjc ;
the transverse processes or sacral ribs (s.r.) are very large, exj)anding

considerably towards their outer ends, which are truncated by a flat surface looking

downwards and outwards, probably for connection with the ilium.

Several caudal vertebrae (PI. XX. fig. 5) are present. In these the anterior face of

the centrum is nearly as high as wide, while in the case of the posterior face the

width is the greatest. The neural arch and spine are low, and both anterior (a.z.) and

posterior zygapophyses well developed. The transverse processes are broad, short,

and somewhat downwardly directed. The posterior border of the ventral side of the

centrum bears a pair of facets for a chevron-bone.

Fore Limh.—The scapula (PI. XX. fig. 3) is of a very primitive Sirenian type, and

very nearly resembles that of Ilalitherium {Prototherium) veronense figured by Zigno

(Mem. 1st. Veneto d. Sci. vol. xxi. (1880) pi. iv. fig. 1). The blade is strongly

curved backwards, the upper border being drawn out into a tongue-shaped prolongation.

In the middle the width is much greater than towards the ends, owing to the strong

convexity of the coracoid border [c.h.). The postscapular fossa is narrow and of nearly

uniform width throughout, the prescapular fossa is very wide, the subscapular surface

is quite flat. The spine {sp.) is low and dies away above some distance from the supra-

scapular border. Towards the lower end its base terminates about 2‘5 cm. above the

glenoid cavity, while its upper border is produced into a short acromion process

directed downwards and backw’ards, but not reaching nearly to the level of the glenoid

cavity. The coracoid process {cor.) is fairly prominent, more so than in Halitherium

veronense, and its extremity is sharply truncated by a somewdiat concave surface for

the attachment of a muscle. The glenoid cavity {(jl.) is comparatively large
;

it is oval

in outline and is produced somewhat forwards and downwards on to the base of the

coracoid prominence ;
its direction is more oblique to the axis of the scapula than in

11. veronense.

Comparison with the scapulae described and figured by Abel {op. cif. supra,

pp. 164-68, pi. ii.) show^s that in its small size, in the narrowness and curvature

of the blade, in the small size of the coracoid process (larger, how^ever, than in

11. veronense), in the approximation of the lower end of the spine to the glenoid cavity,

and in the form of the latter, this bone is primitive, as might be expected from the

age of the deposits in wdiich it is found.

The humerus is known only from a young specimen wanting the proximal

epiphyses, and from the very imperfect proximal and distal ends of adult bones. In

the most nearly complete specimen figured on PI. XX. fig. 7, both the greater

{g.t.) and lesser {l.t.) tuberosities are w'ell developed, and there is a well-marked

bicipital groove {h.g.). The deltoid crest {d.) is prominent and is continuous in the

middle of the shaft with a strong ridge which runs up to the inner angle of the

greater tuberosity. The trochlea {tr.) is somewdiat oblique, and both the coronoid and

olecranon fossae are deep, though there is no supratrochlear perforation. The inner
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Text-fig. 68.

Eight ossa innominata of ; A, Ilalitherium B, Eosiren-, C, Eotlieriiim (after Abel)
;

H, Mceritlierimn.

a.n., acetabular notch ;
ii, ilium

; (/>., ilio-pectincal tubercle
;

is., ischium ; o.f., obturator foramen
;

jw., pubis, k nat. size.

1

%
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condyle (?.c.) is greatly developed and is directed backwards; its lower end is about on

a level with the lowest point of the trochlea, a condition not seen in other Sirenia.

The proximal end of a large humerus perliaps belongs to this species. In this

specimen the head is strongly convex in all directions and somewhat oval in outline
;

its edge forms a projecting rim. The tuberosities are worn, but it can be seen that

the outer was the largest, and that there was a small bicipital groove.

In many respects the humerus of Eosh'en resembles that of Moeritherium^ the chief

points of similarity being the form of the distal trochlea and of the inner condyle, and

the arrangement of the deltoid crest
;
on the other hand, in Moeritherium the humerus

is relatively longer and more slender, and the supinator crest is strongly developed.

Hind Limb.—A right os innominatum (text-fig. 68, B) was found associated with the

anterior portion of a skull and the vertebrae described above. This specimen is of

great interest, as showing in some respects a degree of reduction intermediate between

that seen in the pelvis of Eotherium (text-fig. 68, C) lately described by Abel * and that

found in Ilcditherium schinzi (text-fig. 68, A), though approaching much more nearly the

form of the latter. The bone, as a whole, is considerably abraded, so that many details

of structure have been obliterated. The ilium {il.) is roughly trihedral in section for

some distance in front of the acetabulum, and further forwards still it expands some-

what, becoming a little flattened from within outwards. The outer convex face is

traversed by a slightly marked ridge running from the anterior point to the anterior

angle of the rim of the acetabulum. The inner face of the anterior end is somewhat

flattened and probably was in contact with the end of the sacral rib. Immediately in

front of and above the acetabulum there is a roughened prominence, apparently the

point of origin of the rectus femoris muscle. No trace of an ilio-pectineal tubercle

is preserved. The ischium {is.) is a broad bar of bone, expanding a little towards

its somewhat thickened distal end, which is sharply truncated by a surface looking

inwards and backwards
;

its upper and lower borders are both concave, the latter most

deeply so
;
the outer face is divided by a slight ridge running from the posterior angle

of the acetabulum to the ischial tuberosity into a narrower dorsal portion and a much

wider ventral region. The pubis {pu.) is represented by a large triangular process, the

anterior border of which rises just opposite the lower angle of the acetabulum. The

posterior border forms a continuous curve with the lower edge of the ischium. There

is no descending process of the pubis or ascending process of the ischium, so that

there is no complete obturator foramen, the whole of the lower and posterior borders

found in the ordinary mammalian pelvis and still persisting in Eotherium (Abel, op. cit.

p. 191) being wanting. At the same time the remnants of the pubis and ischium

so far as they go approach rather more nearly the normal form than is the case in

the later Ilalitherium (see also supra, p. 119). The oval acetabulum is well developed,

with a prominent border
;
the acetabular notch [a.n.) is situated as in Eotherium.

* Abel, op. cit. pp. 187-195, pi. vii. fig. 1.
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C. 10054. liii|)(M-f(‘ct skull, wiinting the zyoomatic arches and much of the ba.se and left side of the

cranium. The teeth are badly preserved or represented by the alveoli only
;
the dental

formula is /. 2 or ?>, c. 1, ]>m. 4, m. 4. Type s{)ecimen described and figured in Geol. Mag.
lor. at. xiijm'i, also figured on PI. XX. figs. 1, 1 a, 1 b. This specimen forms the basis

for the descri])tion of the skull given above. Its princi{)al dimensions (in centimetres)

arc :

—

Extreme length 30

Width between outer angles of occipital condyles .... 7’5

Oreatest width of occipital surface 13 aj)p.

Width ol foranien magnum 3‘4

.1 leight of occipital surface above /b/Y/me/t .... 0'5

Width of skull-roof at lambdoidal ridge 5 0 app.

„ „ narrowest point, oppo.site the middle

of the temporal fossm 4-4

Width between ends of supraorbital processes S'8

,, of snout in front of external nares 4-7

Length of narial opening G'7

Width of narial opening 3-3

Length of dental series from canine to last molar . . . . 11-4

,, four molars 5'5

Owing to the somewhat crushed condition of the specimen, some of the above

measurements are only approximate.

M. 8581. Plaster cast of the above specimen. dfade in the British Museum.

M. 8581a. Plaster cast of the brain-case of the above specimen (text-fig. G5).

dlade in the British Museum.

C. 10190. Anterior portion of skull of a larger individual than C. 100.54. This specimen is

associated with the cervical, donsal, and caudal vertchrm described above (PI. XX.

ligs. 4-G), and with the right os innominatum (text-fig. (!8, B). The dimensions (in

•entiinetres) of the vertebrae are :

—

Anterior

cervical.

(?) Anterior

lumbar

(lig- !)•

Sacral

(fig. d).

Anterior

caudal

(fig. 5).

Caudal.

Width of centrum 3-8 5-1 5-6 6-2 5-S

Height of centrum 2-3 4-5 4 5-3 4-2

Length of centrum 1-8 4-2 4 3-7 4-1

AV^idth between ends of transverse processes . 12 13+ 19 13-4 13-8

Height to top of neural spine 8-5+ 8-7 8-5 8-2

The dimensions (in centimetres) of the os

Total length

innominatum (text-fig. G8,

17-7

B) are :

Length of ilium from centre of acetabulum

,,
pubis from centre of acetabulum

„ ischium from centre of acetabulum

Greatest width of ilium

,, „ ischium

0-7

4-2

8 -(>

2 -(:

4-1
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M. 8152. Upper portion of middle region of skull, showing the nasals and their relations to the

preinaxillae and frontals (text-fig. G-l). The anterior ends of the frontals are thrust

between the nasals, and probably completely separated them, but this cannot be

definitely ascertained on account of the breaking away of the bone at this point. The

posterior portion of this specimen also shows the anterior upper portion of the brain-

case, of which a natural cast is preserved. The width of the skull-roof between

temporal fossae 3‘9 cm.
;
width of nasal opening 3'2 cm.

Presented hy W. E. de Winton, Esq., 1903.

C. 10040. Mandible incomplete posteriorly. All the teeth wanting and represented only by the

empty alveoli. Figured in Geol. Mag. [4] vol. ix, (1902) p. 294, fig. 3 ;
also on

PI. XX. figs. 2, 2 a. This specimen shows the presence of possibly functional incisor

and canine alveoli in the downwardly turned symphysial region
j

this latter is enormously

thickened ventrally. There is some evidence that the replacement of the molars from

behind had already begun, at least in the mandible. The dimensions (in centimetres) of

this specimen so far as p)reserved are :

—

Total length 20'5

Depth of ramus beneath posterior molars 4’6

Width of symphysis 6’4

Length of symphysis 6'3

M. 8926. Imperfect mandible, wanting the vertical portions of the rami and symphysis. The greatly

worn posterior molars are present, the other teeth are represented by the alveoli only.

The length of this specimen is 20 cm., the length of the symphysis 5+ cm.

C. 10048, Numerous ribs and vertebrae. This specimen shows that in Eosiren the ribs had attained

the grea,t thickness and generally massive structure characteristic of some of the later

Sirenians. In the case of one rib the length is about 24 cm., the greatest diameter

5'4 cm.

C. 10191. Complete left scapula, showing the peculiar backward curvature and prolongation of the

upper end. Figured on PI. XX. fig. 3. The dimensions (in centimetres) of this

specimen are :

—

Extreme length 20'8

Width of upper prolongation 6-2

Greatest width of blade 8-5

Width of neck 4’2

„ at coracoid process 5'4

Autero-posterior diameter of glenoid c.avity 4

Lateral diameter of glenoid cavity 2'5

M. 9232. Plaster cast of the above specimen. Made in the British Museum.

M. 9238. Left humerus, wanting the proximal epiphyses. Described above
;
figured on PI. XX,

fig. 7. The dimensions (in centimetres) of this specimen are :

—

Length (so far as preserved) 13'2

Width of proximal end 4’7

„ middle of shaft 1'8

„ distal end 4*8

„ distal articular surface 2-9

2 P
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C. 10041. Iiii|K'rfoct rio'lit liuiiienis, very slioit and stout, but shape altered by adlioreut matrix.

L('Uotli ]i'yi cm.

M. 9239. I’roximal end of a large humerus described above. Long diameter of bead 5'1 cm., short

diameb'r of bead 4‘5 cm. Presented hy W. E. de Winton, Esq., 1903.

M. 9240. J)isla,l end of a large humerus, much abraded. Total width 7 cm., width of articular

surface 4’3 cm. Presented hy W. Id. de TFi/i^ou, Idsq., 1903.

Order CARNIVORA.

The Carnivora are only represented in these deposits by members of the primitive

group—the Creodonts, bnt traces of several genera of these, all referable to the family

Hyoenodontidge, have been found. One interesting point is, that certain of the

limb-hones indicate that some of these animals lived an aquatic or semi-aquatic life.

One humerus (C. 9445) is practically identical in form with that of Lutra, or still

more with that of the probably more aquatic Potamotherium. The occurrence of such

aquatic Creodonts is of considerable interest in view of the possible origin from them

of the Pinnipedia. The conditions under wdrich the Sirenia originated from primitive

semi-aqiiatic Ungulates, probably Proboscidean, would be precisely those under

which semi-aquatic Carnivores might be expected to become modified in the direction

of the Pinnipedia, a group which some writers regard as having arisen directly from

the Creodonta.

Family IIY.FNODONTIU.R.

This family, as defined by Wortman*, is here represented by three genera

—

Pterodon,

Apferodoi), and Sinopa (or a very closely allied form), which are all knorvn from other

regions. The first lower molar is relatively small and weak, and the most specialized

lower carnassial tooth is the third molar. The isolated limb-bones that have been

found can only be referred provisionally to any particular species.

Genus HY.fflN0D0N, Laizer & Parieu.

[Coiuptes Leudus, vol. vii. (1838) p. 442 ;
also Auu. ik\s Sc. Nat. [2] vol. xi. p. 27.]

Tiiird upper molar wanting; first and second without anb'ro-internal cus])s
;
posterior

lobe (met.'istyle) forming a cutting-blade larger than the anterior lobe. Lower molars

with neither postero-internal cus]) nor talon.

* “ Studies of Eocene Mammalia iii the iMarsli Collection, Eeabody Museum," Amer. .lourn. Sci. [4]

vol. xiii. (1902) p. 433.
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This genus is represented by a single specimen only, consisting of the anterior part

of a right ramus of a mandible with the alveoli of the large canine and the anterior

premolars, the roots of the latter being in situ. Associated with this, and no d-ouht

belonging to the same jaw, is a tliird right lower molar. The crown of this tooth

consists of two high secant cusps, which together form a cutting-blade : the posterior

cusp is the larger and considerably the higher of the two. On the antero-external face

of the anterior cusp near its base there is a small adherent tubercle
;
there is no talon,

though the cingulum is slightly developed on the posterior angle of the tooth. The

outer face of the tooth is considerably worn, the direction of wear being such that the

cutting-edge remains sharp. This tooth is similar in general form to the last lower

molar of the European species of Ilycenodon, especially in the presence of the small

antero-external tubercle and the absence of the talon
; the posterior cusp, however, is

shorter and higher than in the other species. This specimen seems to be sufficient

to show that remains of a Carnivore referable to the genus Ilycenodon or some closely

allied type exist in these beds, though insufficient to justify the establishment of a new

species.

Form. & Log.—Fluvio-marine beds (Upper Eocene) : north of Birket-el-Qurun.

C. 8812-3. Fragment of anterior part of right ramus of mandible and a last lower molar. The

dimensions (in centimetres) of the tooth are :—Length 1'3, width ’7, height of posterior

lobe IT.

Genus PTERODON, de Blainville.

[Ann. FranQ. et Etrang. d’Anat. et Phys. vol. iii. (1839) p. 23.]

1885. Hemipsalodon *, Cope, Amer. Naturalist, vol. xix. p. 163.

1887. Pseudopterodon *, Schlosser, Beitr. Pal. u. Geol. Oesterreich-Ungarus u. d. Orients, vol. vi.

p. 201; also vol. viii. (1890) p. 71.

This genus has hitherto been recorded only from the Eocene of Europe. In the

upper jaw the third molar is small and transversely elongated. The first and second

molars have an antero-external cusp, wanting in Ilycenodon, and the posterior lobe of

the cutting-blade is smaller. In the lower molars there is no postero-internal cusp,

but there is a small cutting-talon. M. 3 is much the largest. The jaw is relatively

short and heavy.

Only one species at present known from Egypt.

* Fide Matthew, Bull. Amer. Mus. Nat. Hist. vol. xiv. (1901) p. 20.
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Pterodon africanus, Andrews.

[Plate XIX. fig. 3; text-figs. G9-71.]

I'JOl’. Pterodon africanus, C. W. Andrews, Geol. Mag. [4] vol. x. p. 342, fig. 3.

Tjjpe Specimen .—Right ramus of mandible, incomplete posteriorly, with pm. 2-4

and m. 1-3 well preserved (PI. XIX. fig. 3) ;
British Museum.

1 Ids species is distinguished from all the others by its much larger size.

I'vrm. cf Loc.—Fluvio-marine beds (Upper Eocene) : north of Birket-el-Qurun.

M. 8503. bight i-amus of mandihle, wanting the posterior portion
:
pm. 2-4 and m. 1-3 in situ.

Type specimen figured loc. cit. supra.

The symphysis, which seems to have remained unanchylosed through life, is very

deep and long, extending back to the level of the middle of pm. 3 ;
its depth is largely

due to the enlargement of the front of the jaw resulting from the great size of the canine

tooth. Behind the symphysis the ramus increases very little in depth from before

backwards, in which direction its lower border is gently convex.

On the outer face of the jaw, in addition to two small apertures in the thickened wall

of the canine alveolus (e.), there are three foramina: the smallest is in front beneath the

posterior half of pm. 2 ; the other two {m.f.) are larger and are beneath the anterior

lobes of pm. 3 and pm. 4 res[>ectively.

The last molar (m. 3) is much the largest of the cheek-teeth
;

it consists of a pair of

high compressed cusps which form a cutting-blade, the posterior lobe of which is con-

siderably the higher and has a sharp keel-like ridge on its postero-internal face
;
the

small talon apparently consists of a single cusp with a sharp median ridge. There is a

small projection on the antero-external angle of the tooth near its base
;
this seems to

belong to the cingulum, which is wanting elsewhere. The second molar (m. 2) is similar

to the first, except that the talon is relatively larger and forms a more distinct blunt

edge, and the small antero-external prominence is also larger. The first molar (m. 1) is

much the smallest of the series
;
the two main cus])s, which are considerably worn, are

less compressed and form a less trenchant blade than in the other molars. The talon is

similar to that of m. 2 and the antero-external })rojection is almost obsolete. The fourth

premolar (j)m. 4) is much huger than the first molar : it consists of a large, conical,

somewhat laterally compressed and backwardly directed cusj) with a cutting-edge

;

behind this there is a small talon also with a cutting-edge in the same line wdth that

of the main cusp, and internal to it a sloping shelf-like surface. At the antero-internal

and postero-external angles of the tooth there are small tuberedes belonging to the

cingulum, which is also slightly develo])e<l along the whole inner face of the tooth,

/'m.. .3 is similar to pm. except that the main cusp is not .so high, the talon rather

smaller, and the antero-internal tubercle almost absent. Pm. 2 consists of a single

cusp, of which the anterior slope is shorter than the posterior
;
just a trace of the talon

is still to he seen. Pm.\ is representeil only by its single nearly circular alveolus; all

the other premolars and Tiiolars are implanted by two roots. Tbo alveolus of the

canine (e.) shows that that tooth was very large and oval in section, the long axis being
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antoro-postcrior. There wore tliree small incisors crowded together so as to form nearly

a vertical row
; the smallest alveolus is on the actual edge of the alveolus of the canine.

2:]-8

8-G

5‘5

5-8

5-7

2 app.

2*7 app.

Width.

11

13

13

10

14

17

C. 10192. Anterior part of a much-crushed skull in which pm. 2-4 and in. 1 are preserved on the

right side and pm. 3-4: and m. 2 on the left (text-fig. 69). On the left side the upper

portion of the muzzle is preserved about as far back as the anterior border of the orbit,

from beneath which a strong ridge, probably continued from the zygomatic process, runs

forwards on the side of the face, terminating just behind the large antorbital foramen

{ao. f.), which is situated above pm. 3. The snout seems to have been broad and massive,

and contracts a little in width just behind pm. 2, but the whole is greatly fractured, so

that it is not possible to be sure of its original form. The anterior part of the palate is

concave from side to side and there is a pair of large anterior palatine (incisive) foramina

[a.p.f.), elongate-oval in form and apparently situated between the canine alveoli. All

the incisors and the canine are wainting, and their alveoli so crushed and imperfect that

nothing can be said about them. Pm. 1 seems to have been a small, perhaps one-rooted

tooth. Of pm. 2 the hinder half is preserved on the right side
;

it had a high laterally

compressed conical crown, probably somewhat curved backwards, and there were two

roots. Pm. 3 consists mainly of a high laterally compressed cusp
;

it is narrower

anteriorly than posteriorly, there being a slight prominence at the postero-internal angle.

There is a small tubercle on the hinder slope of the main cusp near its base, and this tooth

has twm roots. Pm. 4 is much larger : it consists of a high conical backvvardly-sloping

cusp, connected with the hinder edge of which is a short cutting-talon
; on its inner

anterior side there is a small keel-like prominence borne on a separate root; there are

three roots in all, two anterior and one posterior. M. 1 is a large triangular tooth
;

it

consists of a large pointed main cusp, obscurely divided into two by a shallow vertical

groove, and connected antero-internally with a small but distinct cusp borne on a separate

root. On the antero-external face a small cusp apparently represents the parastyle, and

posteriorly there is a large trenchant talon, the cutting-edge of which is on its inner side.

M. 2 is similar to rn. 1 in structure, but larger. M. 3 cannot be made out, but it must

have been a small tooth. The antero-internal angles of the first and second molars project

The dimensions (in centimetres) of this specimen arc :

—

Total length of the specimen, so far as preserved

Length of the symphysis

Ueptli of the ramus opposite the hinder end of the symphysis .

,, „ beneath m. 2

,, ,, ,, .3..........
Transverse diameter of the canine alveolus

Antero-postorior diameter of the canine alveolus

The dimensions (in centimetres) of the teeth are :

—

Length.

p>m. 2 2'3

pm. 3 2'6

pm. 4 2’6

m. 1 2-1

m. 2 2-8

m. 3 3'4
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somewhai in advance oE the liinder border of the tooth next in front
;
there is a deej)

ibssa for the rece[)tion of the lower molar behind and to the inner side of 7n. 2. The

whole dentition, so far as preserved, is closely similar to that of Pterodon dasjjuroides,

from which, however, this s{)ecies is distinguished by its greater size.

The dimensions (in centimetres) of this specimen are :

—

AVidth of snout at level of canines 7

,, „ bebiudpwi. 2 5-5

Text-fig. 69.

Anterior part of skull of (1) Pki-odon africanus : A, from right side
;
B, from below.

«.]>/., anterior palatine foramen; ao.f., antorbital foramen; m. 1-2, first and second molars; jam. 2-4,

second, third, and fourth premolars. On the right side the second molar has been restored from that

preserved on the left. | nat. size.

The dimensions (in centimetres) of the teeth are :

—

Length. Wiilth,

pm. 2 1-2

2>ni. 3 2-4 1-3

pm. 4 2-5 2

2-9 2

2-3

Length from anterior end of 2 to posterior end of »n. 2, 13'5 app.
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1 ho lollowing specimens are roEcrred provisionally to this species :

—

C. 8898. Left humerus, somewhat imf'orlbct at proximal end (text-fig. 70). The head (/t.) i.s

very strongly convex from before backwards, and less so transversely ;
its surface looks

nearly as much backwards as upwards. The outer tuberosity (o.f.) is massive and

roughened, but it is broken away above, so that its beigbt cannot be observed. The

shaft is to some extent laterally compressed till just above the distal expansion. The

Text-fig. 70.

Left humerus of (?) Pterodon africanus

:

A, from front
;
B, from outer side,

d., deltoid crest ; m./., entepicondylar foramen
; 7(., head ;

t.c., inner condyle
;

o.c., outer condyle
;

o.<., outer

(greater) tuberosity ; s.j)., supratrochlear perforation
;

s.r., supinator ridge. | nat. size.

deltoid crest (d.) is only moderately prominent, and extends down about two-thirds of

the shaft. The supinator ridge (s.r.) is very slightly marked. The inner condyle (i.c.)

is moderately prominent, and there is a large entepicondylar foramen (en.f.). Both

the coronoid and olecranon fossse are large and communicate by a very large supra-

trocblear foramen (s.p.). The trochlear surface consists of an inner portion produced

considerably downwards, a broadly rounded intercondylar ridge, and a narrower outer

portion. The whole bone seems to resemble the humerus of the American species of
/
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y/y<e«0(/()n as (lc.scril)O(l by Scott*. The dimensions (in centimetres) of this specimen

are :

—

Length from top of liead 23-5

AV’idth of proximal end 7'3

,, middle of shaft (from side to side) 2

,, ,, (from before backwards) .... 3

„ distal end Gapp.

„ „ articulation 4-3

M. 8886. Plaster cast of the above specimen. Made in the British Museum.

Text-fig. 71.

Eight femur of (?) Pierodo7i africanus : A, from front; B, from inner side,

greater trochanter; /<., head ;
i.t., inner tuberosity

;
l.t., lesser trochanter; n.l.t., notch for

Ugmnentum teres
;

o.t., outer tuberosity
;

t.t., third trochanter. | nat. size.

C. 8897. Right femur, eomewliat cru.shed at tlie distal end (text-fig. 71). The head (4.) is large,

rounded, and pedunculate
;
on its posterior surface there is a deep notch or groove for

the round ligament («.(.<.). The great trochanter (g.t.) is not very large, and does not rise

* Scott, “The Osteology of Jhjceiiodun,” .Journ. Acad. Nat. Sci. Philadelpkia, vol. ii. (1895) p. 513.
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quite as higli as the top of the head. The lesser trochanter {Id.) is a large prominence

united with the great trochanter hy a strong ridge, which forms the outer border of the

deep digital fossa. The shaft is strongly compressed from before backwards, and broad

from side to side
;
on its outer side, about a third of its length from the proximal end,

there is a rugose ridge representing a third trochanter (<.<.). The whole shaft is curved,

the convexity being forwards. The distal articulation is very large. The rotular trochlea

is narrow and extends far u[) the front of the hone, as in the femur of Uyeenodon

figured by Scott (Journ. Acad. Nat. Sci. Philad. vol. ix. p. 523). The tuberosities are

large and project strongly backwards, the inner (id.) rather the furthest
;
they are

separated by a broad and deep intercondylar groove. In its general form, particularly

in the broad flattened shaft, the bone suggests that the animal may have been to some

extent aquatic. It is possible that this femur may have belonged to Apterodon, or at

least to the same animal as the humerus provisionally referred to Apterodon, since that

bone also suggests possibly aquatic habits on the part of its possessor. The dimensions

(in centimetres) of this specimen are :
—

Extreme length 23'2

Uianieter of head 3T
Width of proximal end 7

,, mid-shaft 3‘2

,, distal end t!

M. 8887. Plaster cast of the above specimen. Made in the British Museum.

(icniis APTEROEON, Fischer.

[Bull. Soc. Geol. France, [3] vol. viii. (1880) p. 288.]

1887. Dasyurndon, A. Andreae, Bericht Senckenberg. naturforsch. Gesellschaft, Frankfurt-a.-M.

{). 125, pi. iv.

The specimens described below agree closely with the figures of the teeth of

JbasyuTodon given by Andreae. Unfortunately, Fisclier gives no figures of his

Apterodon, tvhicli, from his description, differs a little from Dasyurodon
;

but, since

most authors regard the two names as synonymous, Apterodon is here adopted on

the ground of priority.

This genus is distinguished from Pterodon by the much slighter development of the

cutting-blade of the lower carnassials, due to the smaller degree of compression of

the cusps, and also to the much smaller size of the antero-internal cusp
; the talon also

is relatively much larger. In these points Apterodon, in fact, seems to be intermediate

between forms like Sinopa and Pterodon, just as the latter is intermediate between

Apterodon and llycenodon, in the latter of which the talon is almost obsolete and the

two anterior cusps form a sharp secant blade.
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Apterodon macrognathus, Andrews.

[Plate XIX. figs. 4, 5; text-figs. 72-76.]

J’terodon macrognallm^, 0. W. Andrews, Geol. Mag. [.5] vol. i. p. 211.

Type Specimen.— 'Lcit ramus of mandible with m. 1-2, pm. 2-4, and the base of the

canine (text-fig. 72) ; Geological Museum, Cairo.

'Phis species, as its name implies, is es))ecially remarkable for the elongation of

the jaw, particularly of the post-alveolar portion. This character furnishes a further

distinction from Fterodon, in which the mandible is comparatively short and stout.

'The dental formula is i. 3, c. 1, 4, m. 3. The length of the molar-premolar

series is 9'7 cm., the total length of the jaw being 22 cm. Judging from Fischer’s

flescription, yi. yaudryi differs from the present species in being smaller, in the

smaller size of the antero-internal cusp of the molars and of the posterior tubercle

Text-fig. 72.

rtnr/., angle of mandible; r., canine; cond., condyle; df., opening of dental canal; i. 1-3, incisors;

m. 1-3, molars
;
^)m. 1-4, prcmolars

;
.y/rn., sympb 3

’sis. | nat. size.

of the last premolar. Apterodon (Dasyurodon) /lonheimensis, Audreac, sp., is strikingly

similar to the present species, but the main cusps of the molars are rather lower and

blunter, and the talon is shorter.

Form. & Loc.—Fluvio-marine beds (Uj)per Eocene) : north of Birkct-el-Qurun.

C. 8982. Left ramus of mandible witli m. 1-2, jnn, 2-4, and base of canine in sitxi. 'fypo specimen,

described in Geol. ]\Iag. lor. cit. .<nijira-, figured in text-lig. 72. 'Pile .sympliysis Fym.)

is d(‘ep and extended back to beneath the ihird premolar. 'I’he mandibidar ramus is

narrow from ahove downwards and ])roportionately very long
;
the ventral border is

nearly straight. 'Phe length of the jaw ludiind the alveolus ol the last molar is very

gix'at. The condyle (cond.) is (iylindrical and elongated from side to si<lo
;

it is on

the same level as the alveolar border. 'Phe angnlar region [any.) is separated from the
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condylo by a deep noteh and is slightly intleeted. The eoronoid process is incomplete.

The dental canal (d.f.) opens low down near tlus ventral border. On the outer face of

the mandible there are four or live foramina, of wliich the most anterior is beneath the

alveolus of pin. 1, the ne.\t beneath the middle of pm. 2, the third and fourth beneath

the front and hinder roots respectively of pm. d. The tliird molar is represented by its

alveolus only. The second consists of a high anterior portion and a large talon with a

blunt cutting-edge. The anterior portion consists of a large posterior cusp with a much

smaller one closely united to its antero-internal side, the two together forming a very

blunt and imperfect blade
;

in Pterodon and Ilpainodon the auhn’o-internal cusp is

enlarged and secant, and with the posterior cusp forms the powerful cutting-blade of

the carnassials. There is no trace of a postero-internal cusp. The first molar is much

smaller than in. 2 ;
it is greatly worn, particularly on its antero-external face. The

anterior half of the tooth is composed of a small antero-internal cusi) (paracone) and a

larger main posterior cusp (protocone). The talon consists of an outer cusp and a lower

inner ridge apparently continuous with the cingulum.

The fourth premolar is much larger than m. 1 ;
it is composed of a large stout main

cusp and a small talon. The second and third premolars are simple compressed cones,

each borne on a pair of relatively large roots. In both premolars and molars the

cingulum is well marked. Pm. 1 is represented by its alveolus only; it seems to have

been a one-rooted tooth squeezed outwards between the hinder edge of the canine in

front and pm. 2 behind. The canine is relatively large, and there are three incisors

so crow’ded together that one, probably i. 2, is displaced so as to lie above and behind

the other two.

The dimensions (in centimetres) of this s[)ecimen are :

—

Total length of the jaw 22

Depth of ramus at hinder end of syiiiplij>i.s 2

,, „ beneath in. 3 3 'J

Length of symphysis h‘8

Width of condyle 3
‘3

Distance between hinder border of the alveolus of m.3 and

the posterior angle of the condyle 10-2

Antero-posterior diameter of canine 2

The dimensions (in centimetres) of the cheek-teeth are:

—

Length. Wlcitli.

iH. 3 (alveolus) I d

rn. 2 I d ’t)

in. 1 1'2 '7

pm. 4 I'T 1

prn. 3 1-4 4)

pm. 2 1'2 (

M. 8880. 1*1aster cast of above specimen. Made in the Brithli Ahuseum.

C. 8815. Posterior portion of right ramus of mandible with m. 1-3 in perfect preservation (text-

tig. 73). The description given above of the second molar in specimen (J. 8382 applies

equally to m. 2 and m. 3 in this mandible. It can, however, be seen that the cingulum

2g 2
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is strongly developed on the inner side of the cutting-talon, which is slightly notched in

the middle. The talon of m, 1 is composed of an outer cusp, a very small posterior and

a rather larger inner tubercle belonging to the cingulum, the three surrounding a

shallow depression. The dimensions (in centimetres) of the teeth are:

—

Length. Width.

W. 1-9 1

m. 2 1-8 -9

m. 1 1'3 -6

M. 8873. Plaster cast of the above specimen. Made in the British ^^aseulH.

M. 8437 a. Portion of right ramus of mandible with greatly worn and broken cheek-teeth.

M. 8437b. Portion of right ramus of mandible with pm. 2 and 3 complete, the other cheek-teeth

broken and worn. Figured on PL XIX. fig. 4.

M. 8436. Posterior portion of right ramus of mandible with m. 2 and m. 3. Figured on PI XIX.

Text-fi". 73.

Portion of right ramus of mandible of Apterodon macrognathus : A, from above; B, from outer side.

pm. 4, fourth premolar; m. 1-3, the molars. | nat. size.

The following specimens are referred provisionally to this species :
—

M. 8439. Nearly complete axis vertebra. In this vertebra the centrum is very much depres.scd
;

anteriorly its ventral surface is concave from side to side, but posteriorly there is a median

keel terminating behind in a hypapophysis. The odontoid is much flattened dorso-

ventrally
;

its ventral surface for the atlas is limited ])osteriorly by a sharp ridge.

The lateral surfaces are about as deej) as wide, their ventral borders la-ing j)roduced

downwards considerably below the ventral surface of the n'st of the centrum. The

backwairdly directed transverse processes are largo and long, extending considerablv

behind the posterior end of the centrum ;
the vertebrarterial canal is small. The neural

canal is both wide and high. The neural spine is a very high hatehet-shaped plate

projecting considerably backwards behind the rest of the verb'bra
;

its postero-ventral

border is much thickened. The posterior zygapophy.ses are massive projections, their
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articular surfaces being oval in outline. The diinensions (in centimetres) of this

vertcbi'a are :
—

Length from top of odontoid to posterior face of centrum . .
6-6

Width of anterior articular surface of centrum o

„ posterior articular surface of centrum 2-{)

Height to top of arch t)-7app.

Width between outer ends of zygapoph.yses 4-7

Text-fig. 74.

Left humerus of (?) Apterodon macrojnathus : A, from front; B, from outer side.

t.i;., bicipital groove
;

cZ., deltoid crest
;

en./., entepicondylar foramen
;

A., head
;
f.c., inner condyle

;
t.<., inner

tuberosity; o.c., outer condyle
;

o.t., outer (greater) tuberosity; s.r., supinator ridge. | nat. size.

C. 9445. Left humerus (text-fig. 74). The head (A.) is strongly convex and greatly elongated from

before backwards; it looks as much backwards as upwards, while from side to side it is

narrow and not very strongly convex. The outer tuberosity {o.t.) is high and somewhat

compressed, its outer face is flattened, the inner concave. The inner tuberosity (i.t.)

is a massive prominence with a flattened end
;
between it and the outer tuberosity is

a deep bicipital groove (b.g.). The shaft is very strongly compressed laterally aiul the
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(hiltoid crest (</.) is enormously developed, forming the strongly convex sharp anterior

edge of three-fourths of the length of the shaft. The supinator ridge (s.r.) is greatly

denadoped as a sort of scroll-like flange which ]u-ojects very strongly backwards

as well as outwards. The inner condyle (he.) is very })rominent, and there is an

entepicondylar foramen {en.f.). The coronoid fossa is small and shallow ; the olecranon

fossa is also small, but sharply delined
;
there is no supratrochlear perforation. The

distal articulation consists of a prominent inner ])ortion, [)rojecting below the rest of

the surface, a gently rounded intercondylar ridge, and a narrow outer surface deeply

notched distallv as in Liitra. On the whole, this humerus is very like that of fAitra and

Text -fig. 75.

A. B

Right tibia of (?) Apierndon n>acro(/natJtvs, lacking ej)iphyses : A, from inner side; B, from trout.

v)i.. cnemial crest
;

?a., ?//.', deep impressions for muscle-attachments. ] nat. size.

still more like that of Potaviotlu'r'mvt, so that it is pos.sible that the animal to which it

belonged may havi^ lived a semiuupuitic lif('. Tln^ dimensions (in centimetres) ot this

sp(*cimen are :
—

liengtli (from top of great trochanter) -]

Width of ])roximal end 5'8

„ middle of shaft (from side to si(ie) I'd

.. „ ,, (from before backwaril.' ) .... d'S

., distal end b'5

,, „ articulation t'-

H. 9257. ria.^tei' cast of the above specimen. l/(o/i' //I th(' liiillsh Mii.seuui.
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M. 8501. Distal end oi: right huiuorus. Figured on PI. XIX. figs. 7,7 a. (dosely similar to

C. 0445.

M. 8440. Distal ends of two similar humeri.

C. 8845. Hight tibia, wanting the epiphyses (text-fig. 75). The bone, as a whole, is strongly

curved, the convexity being anterior. The cnemial crest (cn.) slopes away and

probably its upper end was overlapped by the patella. It extends about halfway down

the bone, and terminates in a rugose prominence for the attachment of a powerful

muscle. The upper half of the shaft is trihedral. On the inner face just below the upp(‘r

end there is a long roughened depression for muscle-attachment (m.). The ])ostei-ior

face at the upper end of the bone is concave from side to side. Towards the distal end

the shaft widens out a little, but in this specimen the articular region is wanting. On

the whole, this bone seems to lend some support to the idea that this Creodont may have

Text-fig. 76.

rui

liight astragalus of (?) Ajyterodon macrogmithm

:

A, from above
;
B, from below.

cal., facet for calcaneum
;

ect., ectal facet
: /., astragalar perforation

; fib., surface for fibula
;
nau., facet for

navicular; sus., sustentaciilar facet
;

<t5., surface for tibia. Xat. size.
^

been more or less aquatic in its habits. The well-marked rugose surface for the

attachment of muscles at the inner side of the proximal end of the shaft (in.) seems to

occur also in some Seals and in Lutra, while that marked m' in the figure may

correspond with a somewhat similarly situated rugosity in some Seals. The dimensions

(in centimetres) of this bone are :

—

Length 1 .5-4

Width of proximal articulation .3-7

Antero-posterior width of shaft at muscular prominence . .
2-5

M. 9258. Plaster cast of the above specimen. Made in the lintish Mnseiun.

C. 8116. Bight astragalus (text-fig. 76). The trochlear surface (ti5.) is very slightly grooved
;
on its

inner side it is produced backwards in a sort of tongue to the extreme hinder border.

At the angle between the outer edge of this backward extension and the posterior border

of the outer half of the trochlea is the large upper opening (/’.) of the astragalar canal.
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The libiihir facet {fih.') is nearly flat above, but curved a little outwards towards its

antero-inrerior border, where it joins the ectal facet for the calcaneum is a sharp angle.

On the inner side of the trochlea the body of the bone is slightly concave and is.

produced backwards and inwards into a considerable prominence.

The neck is long and is directed more inwards than usual in the true Carnivora ;
tlie

liead bears two facets, a large terminal gently convex surface for the navicular (nav.) and a

small surface looking outwards and making an obtuse angle with the last; this (cal.) is

])robaI)ly for contact with the distal end of the calcaneum or perha])S with the cuboid,

d’he (dongated octal facet (cct.) is placed very obliquely to the dorso-plantar axis; it is

slighily concave [)Osteriorl\' and flat in front. It is sharply bounded on both sides by

d(‘ep fossm, that in front separating it from the sustentacular facet and having at its

posterior end the ventral opening of the astragalar canal. The sustentacular facet (.va.v.

)

is oval and gently convex
;

it appears to be connected with the distal calcaneal facet

above noticed by a narrow band.

The most notable characters of this astragalus seem to be (1) the great extension

backwards of the inner half of the tibial surface
; (2) the large size of the astragalar

foramen ; (3) the presence of a considerable prominence of the postero-internal angle

of the bone. The dimensions (in centimetres) of this bone are;

—

Greatest length 4-4

„ width 3'7

Width of tibial surface 2‘4

M. 9259. Plaster cast of the above specimen. Made in the British Museum.

M. 8441. Left astragalus, imperfect proximally.

Mi. 8512. I mperfect left calcaneum. The tuber is almost entirely wanting. The ectal facet is oblique

:uid elongated
;

it is convex ])osteriorly and flat in front, its outer border being continuous

with the small convex fibular facet. The sustentaculum is not very {)rominent ; it

bears an oval concave facet. The cuboid facet is oblique to the long :ixis of the bonc!

and looks inwards and forwards
; it is very slightly concave. Tlie whole bone seems

to have been short and stout. Presented hy W. E. de Winfon, Esq.., li.H>3.

M. 8441a. Imperfect right calcaneum.

Genus SINOPA, Leidy.

[Proc. Acad. Nat. Sci. Philad. 1871, p. 116.]

I 872. Slypolophus, Cope, Proc. Amer. Phil. Soc. vol. xii. {). 466.

1872. T/hnnacyon (part.). Marsh, Amer. Journ. vSei. [3] vol. iv. p. 126.

1874. J*ri>tofomus,(do\)<i, Report on Vertebrate Fossils obtained by the Wheeler Expedition in New
l\l(‘xico, p. 13.

'I’liis genus includes small or medium-sized Creodouts, in the mandible of which the

first molar is the smallest of the series. T'he lower molars consist of a high anterior
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blade and a small talon. The liigh anterior ])ortion consists of an antero-internal and

a postero-external cnsp, which tend to form a cntting-blade, and a small postero-internal

cusp. The talon in the tyj)ical species is more or less basin-sha])ed.

It is with considerable hesitation that the fraganent of a mandible described below

has been referred to a member of this genns, which has hitlierto been almost, if not

quite, confined to North America. Tlie European genera nnd J^roviverro

are very closel}^ allied to Sinopa, but the present specimen differs from the mandibles of

s])ecies referred to them both in being considerably larger and in possessing more

massive molars, the cusps of which are neither so high nor so })ointed. lUitimeyer

has already referred a small Creodont fiom the Eocene of Egerkingeii to Stypolophns

[Sinopa], distinguishing it from Proviverra and Cynohymnodoii on these same grounds,

and his specimen must be very similar to that now described and made the type of a

new species.

Sinopa etliiopica, sp. nov.

[Plate XIX. tigs. G, 6 a.]

Type Specimen.—Portion of left ramus of mandible with pm. 4 and m. 1-3 hi situ

(PI. XIX. figs. G, G a) ;
Geological Museum, Cairo.

This species is about the same size as Sinopa agilis (Marsh), but differs from it,

and apparently from the other American species also, in the relatively smaller size of

the last premolar and fir>t molar compared with the last molar. It also differs from the

typical members of the genus ui having a trenchant talon, the cutting-edge of which

is situated rather towards the outer side of the tooth
;
in the other species the talon is

basin-shaped. This difference suggests that when more is known of its structure, this

species may require to be placed in a new genus.

Form. & Loc.—Fluvio-marine beds (Upper Eocene): north of Birket-el-Qurun.

C. 10193. Portion of the left ranuis of the nianJIhle with the somewhat broken molars and fourth

premolar. Type specimen figured on PI. XIX. figs. 6, 6 A.

The ramus, so far as preserved, is of nearly the same depth throughout
;
posteriorly

it is broken away about 1‘.5 cm. behind the last molar
;
there seems to have been a well-

marked masseteric fossa. The last premolar {pm. 4) consists of a large, somewhat

compressed, main cone, with small anterior and })osterior basal cusps, the posterior one

being the smaller and forming a short cutting-talon
;
the basal length ot this tooth is a

little greater than that of m. 1. The molars increase in size from before backwards.

Each consists of a high tricns[)id anterior portion and a talon. In all the teeth the end>

of the main cus])s have been broken away, but it can be seen that the postero-external

cusp was the largest and with the antero-internal formed an impertect cutting-blade
;

the postero-internal cusp is small and intimately connected with the inner face of the

* Abhandl. Scliweiz. Pal. Ges. vol. xviii. (1891) p. 104, pi. vii. figs, lu, 11.

2 n
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l:ir<r(^ ])ost('ro-(ixtt'rn:il cusp. Tlio tnloii is oC nioiku’ute size, and its outer l)oi-(ler is high

and I'onns a culting-edgo
;

it is s(‘])aratod from the much lower inner border by a

sliglilly concave surface, whicli is homologous with the basin-shaped depression of the

talon in tlie other species. On the antero-external angle of the tooth there is a well-

niarkeil tubercle (stylid) belonging to the cingulum, which is wanting round the rest

of the crown.

The dimensions of this specimen are :— Length, so far as ])reserved, 4d5 cm.
;
depth

of ramus beneath 3, I'tJ cm. The lengths of the teeth are:

—

pm. ‘k, 8 mm.;
m. 1, G’5 mm.; ?n. 2, 8'5 mm.

;
m. 3, 11 mm.

M. 9260. Plaster cast of the above specimen. Made in the British Museum.

Order CETACEA.

Suborder ABClI.rEOCETI.

Eamily ZEUGLODONTID/E.

Facial region of skull greatly elongated
;
external nares opening comparatively far

forwards
;
nasal canal prolonged backwards by the union of the maxillae, palatines, and

l)terygoids, so that the internal nares are far back; nasal bones elongated; frontals

forming broad supraorbital processes. Parietal region of the skull very narrow, and

temporal fosste very large. In the earliest forms {Protocetus) the normal entherian

dentition seems to have been present, and tlie teeth behind the second premolar

have three roots. In the later forms [Zeitglodon) the dentition is reduced, })robably

by loss at the hinder end of the series
;

the anterior premolars may have one or

two roots, but the other teeth of the molar-premolar series are two-rooted, and have

compressed crowns with sharp serrated edges. The new genus Prozeuglodon described

below^ is intermediate between these two types.

Tlie Zeuglodonts of the Eayian are es[)ecially interesting, because the first

mammalian bones described from this region were parts of the skeleton of a member

of this family. In 1879 Schweinfurth collected some vertebnc, including an axis,

from the island Geziret-el-Qorn in the lake I>irket-el-CIurun : the beds in which

these remains were found belong to the Eirket-el-Qurun series of Peadnell, forming

the upper part of the Lower Mokattam beds. The specimens were described by

Dames*, by whom they were referred to three forms;—(I) a large species with

* Silzungsb. k. preuss. Akad. AViss. vol. i. (1883) p. 129.
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elongated dorsal vcrtc'bra), referred to as “ species major” and said to be similar to the

ZeugJodon macrospoudijltis of J. Miiller
; (2) a smaller form with short vertebne,

resembling i\\c Z. hrachtjspondijhts of Muller and referred to by Dames as “ species

minor”; (3) a still smaller species re])resent('d only by a few vertebrae, which are said

to resemble some vertebrae regarded by Miiller as belonging to a young individual of

Z. hrachyspondgins, but in the light of recent discoveries may more probably bo referred

to Z. osiris or a closely allied species.

Somewhat later Schweinfurth collected on the mainland near Qasr-el-Sagha (see

map in Introduction) some further remains, including portions of the premaxillae and

a nearly complete ramus of the mandible. These specimens were described in detail by

Dames

*

,
who founded upon them, especially upon the mandible, the species Z. osiris.

Further material, including a fine skull and mandible of Z. osiris, was collected in

1902 in the neighbourhood of Qasr-el-Sagha by Drs. Stromer and Blanckenhorn, the

former of whom has since published an exhaustive memoir f on these remains, referring

most of them to Z. osiris, but some to a smaller form to which the name Z. zitteli is

given. This writer also compares the Egyptian Zeuglodouts with those of other

localities and discusses the relationship of the group. Dr. Elliot Smith J has given

an account of natural and artificial brain-casts from the same region, and concludes

that probably two genera were present
;
he also discusses the probability of the

relationship of the Archseoceti to the true Whales, and considers that on the whole

the brain-structure is in favour of the usual classification. Kecently Dr. E. Fraas §

has described a skull of extraordinary interest from the bottom of the Lower Mokattam

series of Cairo (corresponding with the AVadi Rayan series of Beadnell). This specimen

has been made the type of a new genus and species, Protocetus afavus, and is remarkable

as combining a skull which is typically Zeuglodont in general form with a dentition

which is practically that of a Creodont. The dental formula is : i. 3, c. 1, jmi. 4, m. 3.

The premolars and molars have not the peculiar serrated form characteristic of

Zenglodon
;
pm. 3, 4 and m. 1-3 have three roots and indications of an inner cusp.

There can be no doubt that Fraas is correct in regarding this type as an annectant

form between the Zeuglodouts and the Creodonta, but, although the origin of the

Zeuglodouts is thus made clear, it still seems to be by no means so certain as that

author believes, that they may not themselves be the ancestral forms of the Odontoceti.

Of the material now to be described the most important is the skull of a Zeuglodont

discovered by Mr. H. J. L. Beadnell in beds of the Birket-el-Qurun series, and

* Palajont. Abliandl., n. s., vol. i. (1894) p. 189.

t Beitr. Pal. ii. Geol. Oesterreic-b-Ungarns ii. d. Orients, vol. xv. (1903) p. 64. See also Sitziingsb.

math.-pbys. Cl. k. bay. Akad. Wiss. vol. xxxii. (1902) p. 311, and Zeitschr. deutseb. geol. Gesell. vol. 55

(1903), Protokolle, p. 36.

t Proc. Eoy. Soc. vol. 71, 1903, p. 322.

§ Palseont. Abbaudl., n. s., vol. vi. (1904) p. 199, pis. x.-xii.

2 II 2
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l lioreforc' intermediate between tlie horizons oi Protocetiis atavus and Zeu.glodon osiris \

as niio-ht be ex])ected, it exhibits some interesting transitional characters in the teeth.

Anotlier s])ecimen from tlie same horizon is a large mandible here described as the

ty])e oi Zeuijlodoii his. From the remains ot‘ Z. osiris collected by Mr. Beadnell and

myself in the C.iasr-el-Sagha series it is not possible to add anything of importance to

Stromer’s detailed descriptions.

G'en us ZEUGLODON, Owen.

[Loiul. & EJinb. I’liil. Mag. (3) vol. xiv. (183'.)) i).''302.]

Dental formula :

—

i. i]
;
c.\

\
pm.

^ ; m. . Teeth with not more than two roots,

('heek-teeth with a laterally compressed crown—that of the premolars always strongly

serrated on both edges, that of the molars serrated on both or only on the posterior

edge.

Zeuglodoil osiris, Dames.

[Plate XX. tigs. 8, 8 a
;

text-tig. 77.]

1801. Ze^Kjlodon. oyiris,

1001 .

1002 .
'I’f

1003).

1 003.

1003.

51

loot.

W. Dames, Pakeont. Abliandl., n. s., vol. i. p. 204, pis. xxx., xxxi., xxxiv.-

xxxvi.

(J. W. Andrews, Geol. Mag. [4] vol. viii. p. E»7.

E. tStromer, Bitzungsb. matb.-jdiys. Cl. k. bay. Akad. Wiss. vol. xxxii.

p. 345.

E. Stronier, Zeitsebr. deut.scli. geol. Cescdl., Prolok(dl(‘, vol. 55, p. 37.

(t. Elliot Bmitb, Proc. Roy. Boo. vol. 71, p. 322.

E. Btromer, Peitr. Pal. u. Geol. Gesterreicb-Ungarns u. d. (Orients, vol. xv.

]). (15, pis. viii.-xi.

E. Eraas, Pakeont. Abliandl.
,
n. s., vol. vi. p. 10'.).

Type Specimen .—Portions of premaxillag left ramus of mandible, and some

vertebra?, described and figured by Dames, torn. cif. 1804, pp. 101-7104, pis. xxx.,

xxxi., xxxiv.-xxxvi.
;
Royal Museum of Natural History, Ikulin.

In this s]')ecies the dental formula is; i. c*.
j

;
ynii. p, m. ]. The lirst ])rem()lar

is one-rooted. Molars crowded together. The sipiraoccipital surface is narrow and

very deeply concave from side to side, owing to the turning backwards of the sides ot

the prominent lambdoidal crest (see PI. XX. tig. 8). For detailed descrijitiou of tlu'

skull and mandible, see Stromer’s memoirs referred to above.

Furm. ct- Jmc.—(Jasr-el Sagha beds (.Middle Eocene); north of Birket-el-Qurun.
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C. 10018. Portions of a soinowliat dlstortod skidl, iiichidin^r tlu* oocipital ro^'ion and most of tlio

roof as far forwards as the posterior ])ortion ol' the nasids. Figured on PI. XX.
ligs. S, 8 A. The cast of the cranial cavity is described and lignred hy Pilliot Hmith

in Proc. Uoy. Soe. vol. 71, P.lOd, p[). 322-381, fig. 2.

Tins si)ecin)en, so far as it goes, seems to resemble closely that figured hy Stromer,

but is slightly larger. The occipital condyles (cowr/.), which project considerably,

are relatively small
;
they are widest at their upper end, and are strongly convex from

above downwards, but much less so from side to side. The exoccipitals (^exo.') ap[)ear to

meet in the middle line above the foramen magnum, making a suture with one anothe.r

about 2'5 cm. long. The snpraocci})ital {soc.) is deeply concave from side to side, owing

to the great size of the backwardly directed lateral portions of the lamhdoidal crest {l.c.),

of which it forms the posterior face, the anterior being constituted by the expanded

posterior portion of the parietals (pa.), which unite with the supraoccipital in a very

deep suture, the outer line running along the edge of the crest. In front of the

lambdoidal crest, the upper part of the parietals forms a very high, sharp, sagittal

crest (s.c.) extending as far as theirjunction with the frontals, which is about 5 cm. behind

the great supraorbital expansions of those bones. Laterally, the })Osterior portions of

the parietals form part of the very slightly convex cranial Avails, and unite with tin;

scjuamosals in a suture running downwards and forwards. The S(piamosals (sq.) are

very large, and their upper surface is convex from before backwards
;

they form a

considerable part of the cranial wall. The zygomatic process {zt/g.) is large, and

from its upper edge a ridge runs upwards and becomes continuous above with the

lambdoidal ci'est, forming with it the posterior boundary of ihe enormous temporal

fossa. The glenoid surface is wide and concave from before backwards
;

there i^;

a fairly well-developed postglenoid process. The frontals are incomplete, but it

can be seen that they formed the great supraorbital expansion usual in the genus.

In front they are separated by the nasals (na.), which are thrust between or over them,

and terminate behind in a sharp median angle. Of the nasals only the posterior

])ortion is preserved : together they are convex from side to side and project a little

above the rest of the surface of the snout. The whole of the front and base of this

skull is wanting. The approximate dimensions (in centimetres) are:

—

Width at zygomatic processes 82

„ of occipital surface 22

„ ,, condyles 6‘7

,, of foramen magnum 8

Heiglit of occipital surface above foramen maguum .... 18'5

Length of sagittal crest of parietals 18

Greatest width of nasals -t'S

M. 8150. Plaster cast of the above specimen. A/ade in the /Aeilisli Muaentn.

M. 8150 a. Plaster cttst of the cranial cavity of the above specimen. Figured Proc. Roy. Soc.

vol. 71 (11)03) {). 325, fig. 2. AJade in the Jhiti.^h Alnseum.

C. 10207. Left ramus of mandible wanting the angular and articular regions (text-fig. 77). This

specimen is almost exactly like that described and figured by Dames (Paheont. Abhandh,

n. s., vol. i. p. 191, pi. XXX.) in his original description ol this species. In addition



8 TERTIARY VERTEBRATA OF THE FAYtM.

to llic loss of i]i(i j)ostcrior poriioii, tlio iiiiicr wall of tlie dental canal lias been crushed

in, .and tlio anteiaor alveolus is incomplete. The syinphvsial surface (.vym.) extends

back as far as tbe hinder bordei' of pm. 2. The sinole alveoli of the incisors, the canine,

and the first premolar are enijity; they are separated from one another and from jo/n. 2

by almost, ecjual intervals of about 2'4 cm. P)ii. 2 is a two-roofed tooth, compressed
and sharp-ed^^ed, with two accessory dentiejes on its posterior border

;
y;/«. 3 is

lepresenfed by its two alveoli only
; 4 is ,a large two-rooted tooth apparently

having thrt'e accessory dcmficles on both its anterior and jiosterior borders. The molars
aie sjualh'r te(4h closely crowded together. In all, the anterior liorder is nearly

veifical and without denticulations, while the posterior border has two or perhaps three

accessory denticles in m, 1 and m. 2, and at least three in m. 3. The crowns of all the

Ijeft ramus of mandible of ZciigJoJon osiris: A, from outer side
;
B, from above.

.alveolus of canine
;
i 1-3, alveoli of tbe incisors

;
m. 1-3, molars

;
yaa. 1-4, premolars or their alveoli

;

sjim., symphysis. | nat. size.

teeth are somewhat obscured by a coating of gypsum. There are depressions for the

reception of the points of the ujiper teeth behind and rather to the outer .side of the

alveoli of /. 3, c., ywi. 1, and almost immediately behind the alveoli of yon. 2 and pm. 3.

The dimensions (in centimetres) of this spc'cimen are givim bedow'
;

those of the

sjiecimens described by Dames and Stronu rare [ilaced in the second and third columns

for compaiison :

—

Length from anterior end of jaw to anterior border of pm. 2 .

,, „ border of y»n. 2 to binder border of ai. 3

Height of jaw beneath L 2

„ „ 2

„

Lengtli of the sympbysial surface

24

Dinncs’s l_V|)e

apcciiiu'ii.

22 ap[).

Slromor's

apcciuien.

2')

21 -5 21 23-0

3-3 3 3-8

O-T 1-.5 .3-8

1 1 ^f'P- D.) 1 1 -o

28 , ,
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The (liiuensions (in centimetres) oE tlio teeth (or their alveoli) are :

—

i. 1 (alveolus only) . . .

Length.

... 2-2

Width. Height,

i. 2 „ ... . . . 2-.5 i-d , .

3 ,, ... . . . 2o 1-5

c. 1 „ ... ... 2-9 1-5

2mi. 1 „ ... ... 2-9 1-4
. .

pm. 2 . . . 3-8 1-9 30
pm. 3 (alveoli onlv) ... 5

pm. 4 ... 5-2 2-5 5

... 3 2-5

... 2-8 2-5 3-9

... 3-2 2-5 3*5

Some of the above measurements of the teeth are probably somewhat in excess of the

truth, owing to the presence of a coating of gypsum.

M. 9264. Plaster cast of the above specimen. Made in the British Museum.

The following specimens are referred provisionally to this species :

—

C. 10055. Five caudal >vertebrye. In these the epiphyses are fused to the centrum, which measures

in length 7‘5 cm., in width 7'7 cm., in height 7 cm. The neural arch, enclosing a very

small neural canal, is situated on the anterior half of the centrum. There are broad

transverse processes, the bases of which ai’c perforated by a foramen. There seem to

have been no vascular foramina on the ventral face of the centrum, which bears at its

hinder end a pair of facets for the chevrons.

C. 10051. Six associated vertebrae, similar in general form to the last, but belonging to a much smaller

animal, the length of the centrum in the largest of these specimens being only

about 5 cm.

C. 10209. Four posterior lumbar and anterior caudal vertebrae, closely similar to the specimens figured

by Dames {loc. cit. 1894, pis. xxxv., xxxvi.) and referred by him to Z. osiris. The ends of

the centrum are slightly concave, the epiphyses being fused. The neural arch has a

pedicle extending over three-fourths of the length of the centrum. The transverse

processes are large and directed downwards and backwards
;

in the caudal the base of

the process is perforated. In the lumbars the ventral face of the centrum is concave

or only very slightly convex from side to side
;
in the middle are two large vascular

foramina separated by a narrow bar of bone
;
there is also a foramen (or a pair) in the

floor of the neural canal. In the caudal vertebra there seem to have been large facets

for the chevrons. These specimens are from the Birket-el-Qurun beds. The dimensions

(in centimetres) of the centra of these vertebr® are :

—

Lumbar. Caudal.

a. b. 0.

Length 6‘7 6'8 app. 6-7

Width 8'5 8'2 8

lleight 7'5 7 ’4 Tapp.
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Zeuglodon isis, Beadnell, MS.

[I'ext-fig. 78.]

IlH)!, Zeti>jlodon i.dia, 0. W. AikIih'ws, Gcol. [5] vol. i. ])]). 211 A.

l'.)()5. „ „ II . J. L. Ilciidiu'll, Tho Topography ami Gou'.ogy ol' tlie Fayuin Province, p. 44

(Survey 1 )(‘partnient, (Giro).

Type Specwicn .—llight ramus of mandible, complete as far as the hinder end of

the molar series (te.\t-tig. 78); Geological Musenm, Cairo.

This is a very large si)ecies, the distance from the anterior end of tlie mandilde to

the posterior border of the last molar being about 77 cm. against 48 cm. in Z. osiris.

It is distinguished from the contemporary Eocetus sclmeiiifurtJii in having the molars

and prcmolars serrated. Tlie full dentition is present in the mandible, and the first

prcmolar is one-rooted.

Form. hoc.— Birket-el-Quvun beds (Middle Eocene) : west of Birket-el-Qurun.

The occurrence of large Zeuglodonts iii beds beneath the (4asr-el-Sagha series,

in which the types of Z. osin's were found, was noticed by Dames ^ in his account of

Schweinfurth’s first collection, which came from the island Geziret-el-(.forn in the lake

Birkct-el-(4urun : the beds in which this collection was made are placed by Beadnell

in the Birket-el-Qurun scries. The existence of this large species was afterwards

referred to by myself f and by Stromei- J. Ifeccnfly, Dr. E. Eraas has described a

large Zeuglodont Irom beds of the same age, and has made it the type of a new genus

and species Eocehis stating that in several respects it is more primitive

than Zeufjludon and in some respects intermediate between it and Protocetus. The

teeth are described as sccodont with a reduced inner tubercle, the edges of the crowns

not being serrated as in Zevylodun
;

the full dentition is present in the upper jaw.

Dr. Eraas also refers to this species the large vertebrm from the same horizon. These,

however, he admits are closely similar to those of the larger American /ieuglodoiits.

A number of these large vcrtebric were collected near Dime in 1900 by Mr. Beadnell

and myself, and std)sequcntly he obtained near the western end of Birket-el-tfurun a

fine mandibular ramus of very large size with the teeth of typically Zeuglodout

form. The dental formula is: /. 3, c. 1, pm. 4:, ni.?j. 4'his animal, from its tooth-

structui-e, cannot be the same as Eocettos .sc/iwe/nfnrf/ii, although of similar size and

from about the same horizon. In his notes, Mr. Beadnell referred to this s])ecies as

* sit zungsl). k. |)r(‘uss. .Vkad. Wiss. vol. i. (188:3) pj). i:t() I:).').

4 (icol. Aliig. [.t] 'ol. i. ])p. 214-'),

i Itcitr. J’.al. u. (ii'ol. ( )c,si(‘trcicli-l’ngMrns ii. d. Oriends. vo], w. (I!K)I3) p. 82.

§ ( )i'igiii;dly Mcsocetnif sc/iirriii/nii/ii ! I’lda'Diil . A Mia ndl., n. s
,

\ (d. x i. ( 1 00-1) p. 217), luit J/fMccfn.'i liax iiig

tiuvii prex iously oin{)lf,'yod, tln‘ .'UiOidi' cdiaiigod it to /'\irrti(s ((Icid. ('oiitralblatl , xad. v. (lOO-l) no. l()-i8).
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Zcuglodon isis, a name also employed in his report on the Fayiim and adopted here.

The large vertebrie, in the absence of ])roof to the contrary, will be regarded as

belonging to this species.

C. 10208. Right ramus of mandible, imperfect posteriorly; the premolars and molars are {)resent,

though somewhat broken. Type specimen (text-lig. 78). The total length preserved is

about 88 cm. Anteriorly it terminates in a rounded extremity bearing the alveolus of

the first incisor
;
externally it is convex in front, becoming flatter posteriorly; internally

there is a flat symphysial surface extending back to about the middle of pni. 2.

The ramus deepens gradually from before backwards
; opposite i. 2 it is about tl'f.cni.

deep, while beneath m. 8 the depth is about 22 cm. In the anterior 26 cm. there are

the alveoli for four single-rooted teeth : i. 1 is situated at the extreme end
;

i. 2 is

Text-fig. 78.

Right ramus of mandible and premolar tooib of ZeuyJodon isis:

A, outer side of mandible, 4 size
;
B, inner side of the first premolar, | nat. size.

i. 1-3, alveoli of incisors ; c., alveolus of canine
; m. 1-3, molars

;
jua. 1-4, premolars.

situated about 2 to 8 centimetres behind it, and has an antero-posterior diameter of

about 4 cm.
;

i. 3 is about 5'5 cm. behind i. 2, and its antero-posterior diameter is about

5 cm.
;
the canine is about 4u") cm. bebind the last, and its alveolus is about 5 cm. in

diameter. The edges of the alveoli of these anterior teeth are very prominent. The

first premolar {pm. 1, text-fig. 78, A) is in situ; it is a single-rooted tooth with a high

compressed crown curving rather backwards
;
both its sharp anterior and posterior edges

are serrated, the posterior serrations being the coarser (see text-fig. 78, B). The surface

of the enamel, especially on the inner side of the crown, is sculptured by a series of fine

more or less vertical ridges, which anastomose at intervals and do not run on to the

serrations of the posterior border, the surface of which is quite smooth. The height of

this tooth is about 6' 5 cm., its antero-posterior diameter about 5 cm. Pm. 2 is

separated from pm. 1 by a space of 5 cm.
;

it is a large double-rooted tooth with

serrated anterior and posterior edges ;
the number of the serrations cannot be made out;

the enamel both on this and the succeeding teeth is sculptured like that of pm. 1. Tlie

2i
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next tootli (/n». ?>) is sepanitod by an interval of about (i cm. : it is likewise two-rooted,

and is inucli larger than pm. 2
;

it can l)e seen that the posterior border of the crown

had at least I hrec accessory denticles, of which the uppermost is the largest; the summit

of the crown is broken away
;
the antero-posterior width is 6'2 cm. The next tooth

4) is almost in contact with pm. 3, to which it is closely similar in form
;

its

antc'ro-posterior diameter is G'2 cm. Immediately behind j/m. 4 come three closely

crowded molars, which differ from the ]>remolars in having no accessory denticles

on the anterior border and only one or two on the posterior. These teeth increase

in size from before backwards, the last having an antero-posterior width of 4‘5cm.;

they are so closely crowded that the hinder border of the })enultimate fits into a groove

on the front of the last. Beneath the molars the de])th of the mandible increases very

rapidly, so that they are arranged in a steeply sloping line.

Mr. Beadnell records the discovery in beds of Birket-el-Qurun age, and associated

with remains of Frozeuplodon, of a large nearly complete skull measuring IIG cm.

in length. This may belong to either Fraas’s species Eocetits sclmehifurthi or to the

present form
;
but, judging only from a rough photograph by Mr. Beadnell of the

occij)ital surface of this skull, it seems that tlie former alternative is the more likely,

since the breadth of the supraoccipital region appears to be greater than in Zeuglodoii

proper.

The followdng specimens are provisionally referred to this sj)ecies :

—

C. 10019. A number of posterior lumbar and anterior caudal vertebra} of large size. Of tlicse, two

are from the lumbar region (see text-tig. 79) and are closely similar to those of Z. niacro-

.yxmdi/htSj figured l)y J. Muller * on his pi. xv. The ends of the centrum are oval in

outline, and in each case the epiphysis has l)een lost. The ventral surface is convex from

side to side, ])articulariy near the ])osterior end; in the middle is a depression into which

a pair of vascular foramina open. The transverse processes are fairly large and project

forwards and downwards; they are strongly flattened from above downwards; on their

ujiper surface is a ridge which gives them the a])pearance of consisting ot outer and

inner elements, though in secti(m this is found not to be the case. Al)ove ihc base of

the transverse jirocesses the side of the centrum is concave. The neural arch, which

occn])ies about half the total length of the centrum, is situated towards its anterior

(‘ud
;

it is very low, and the floor of the neural canal is concave both li-om side to side

and from before backwards; at the bottom of the concavity there is a large vascular

Foramen. Anteriorly the arch bears a pair of large quadrate metapophysial processes,

but neitluM’ the anttudor nor tln^ posterior zygapophyses arc develoj)ed
;
the posteiaor

]iart of tlui arch beai’s a low muiral spine and is prodiuanl back in tlui middh^ line

inlo a blunt jioint overbanging the jiosterior opening of the m-ural canal. In another

specinum, apparentlv a litth; turther baede in th<! scudes, tlieia^ is a dee]) notcdi tor the

passage of a vc'sscl (ui tho anterior border of the ti'ansvorse ])rocess. Further batdc

still in the caudal region this nottdi is converted into a foramen jicrlorating the base of

the ])roccss. In the caudal region the m(‘tai)oj)hyses become very large and nuussivi'

* ‘ Ueber (lie fo.ssileii Reslu dcr Zeugloduuteii (on Mordiuucidca
'

( Ikudiu, 1819).
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prooossos projecting npwiirds, outwards, and forwards; tlie nonral canal is very small,

and there is a ])air of prominences for tiie articulation of the chevron on the posterior

lower border of the centrum.

Text-fig. 79.

Vertebra of (?) Zeuglodon isis: A, from left side
;
B, from above,

metapopbysis
;

neural spine
;

tr.j)., transverse process. ^ nat. size.

These vertebrm may have belonged to the large form, Eocetus schivewfurtlu, Fraas,

but their similarity to the vertebrae of the American Zeuglodonts makes it more

probable that they belong to a member of the type genus, and therefore in the absence

of associated skull or mandible they are placed here.

The dimensions (in centimetres) of some of these vertebrae are :

—

Lumbars. Cauclals.

a. h. c. d.

Length of centrum (without epiphysis) .... 20-3 21 18-5 app. 20-3 19-5

Width of anterior face of centrum 17-5 16-5 15-5 app. 14 13 app

Height of anterior face of centrum 14 app. 13-5 12 app. 10

Width between outer ends of transverse processes . 29 32-4 27-i-

Length of neural arch 9-5 8-3 8-2

Genus PROZEUGLODON, gen. nov.

Includes Zeuglodonts intermediate between Protocetus and Zeuglodon proper.

The dental formu'a is: 1. c. gun. as in Z. osiris. The crowms of the

molars and the three posterior premolars have accessory denticles on their sharp

2i 2
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cutti ng-c(lgcs (IS ill /jcuciloclon, but tli6 two posterior premolcirs uikI tlie first iiioliir

of tlic iii)])er jaw liavc a postero-interual buttress, eiminel-covered, and evidently the

reiiiiiaiit of a ])ostero-interual cusp : in the premolars at least this buttress is supported
by a large distinct third root.

Te.\t-fig. 80.

Re.stored figures of skull and mandible of Prozeuglodon atro.v : A, from right side
; 15, from above.

(il., alisphenoid
; ao.f., antorbital foramen; c., canine; cond., occipital condyles; /»•., frontal; f. 1-8,

incisors
;
ju., jugal ; la., lachrymal

;
m. 1-3, molars

;
mx., maxilla ;

na., nasals
; »»»., external nares

;

ojit., optic foramen
;
2>a., parietal

;
j^gl., postglenoid process

;
l- fj premolars

;
jnn.v., prcmaxilla

;

p.orb., postorbital jrrocess of frontal ; soc., supraoccipital
;

.s(y., s(]uamosal
;

zigj-, zygomatic process of

squamosal, j nat. size.

The genus is at present known only from one species, remains of which were found

in abundance by Mr. Bcadnell * in a valley about 12 kilometres W.8.W. of Gar-el-

Gehaunem, iu beds of the Birket-el-Qurun series, a, horizon beneath that in which

* ‘ The Topography and Geology of the Fay urn Froviuce of Egypt' (Survey Department, Cairo, lt)05), p. *17.
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Z. osiris occurs, and above that of Protocetus. Eocetus of Fraas also belongs to this

horizon, and the large skulls and other remains mentioned by Ileadnell as occurring

in the same locality may belong to that genus or to Z. isis.

The material available for description consists of a skull with the right ramus of the

mandible, the base of the skull, the posterior end, and right side of the palate being

imperfect; also portions of another skull and the three anterior cervical vertebra'

ill a beautiful state of preservation.

Skull (PI. XXI.
;

text-figs. 80-cS2).—The occipital surface is broad (PI. XXI.

fig. Ic; text-fig. 81), and its upper portion is comparatively flat, the lateral portions

of the supraoccipital [soc.) which form the posterior face of the great lambdoidal crest

not being reflected backwards at the sides as in Z. osin's
;
the supraoccipital, in fact,

is apparently flatter even than in the earlier Protocetus atavus, according to Fraas.

Text-fig. 81.

hoc., basioccipital
;

exo., exoccipital
; f.m., foramen magnum

;
pa., parietal

;
periotic

;

soc., supraoccipital; sq., squamosal. 3 nat. size.

The condyles (cond.) are relatively larger than in Z. osirls

;

they are strongly convex

from above downwards, and appear to have run down so that their narrow ventral

portions are separated from one another in the middle line by a short interval only,

and must have been formed in part by the basioccipital. Above the foramen magnum

{f-iri.) the exocci])itals [exo.) meet in a median suture, excluding the supraoccipital

from the opening
;
laterally they run out into a broad wing-like expansion, the upper

edge of which unites with the posterior border of the squamosal {sq.), hut laterally

is separated from that bone by the intercalation of a strip of the mastoid portion of the

periotic {])er.), very narrow above, but widening out below. This lateral expansion
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of the exoccipital is separated from the ventral portion which joins the basioccipital

hy a, rounded notch, wliicli seems to have formed the hinder border of the foramen

lacerum 2^osUrms. Close to the inner angle of tliis notch the body of the bone is

])erforated l)y the condylar foramen, the inner opening of which is on the inner face

of the base of the condyle.

The svjmaoccijntal [soc.) forms the whole of the upper ]iart of the occipital surface

:

it is gently concave from side to side, and in the middle line bears a vertical ridge

which increases in height towards the np])er border, but sto})s short before reaching it.

'I'his bone, together with the parietal, forms the upper part of the extraordinarily

developed lambdoidal crest, the two bones sometimes uniting in a suture as much

as 5 cm. deep. The lateral portion of the crest for a short distance is formed by the

supraoccipital alone, which here extends on the side of the skull, forming part of

the posterior end of the temporal fossm. Beneath this the bone joins the squaraosals

and by its ventral border the exoccipitals.

The hasioccijiital {hoc.) is a very broad bone, probably forming the ventral angles

of the occipital condyles. Its dorsal (cranial) surhice is convex from side to side, the

ventral concave. In front near its point of union with the basisphenoid the bone

widens out and bears on its outer angles a pair of large roughened tuberosities

which project outwards and downwards.

'I’he basisphenoid is a very broad flat bone, uniting with the basioccipital behind

in a long straight transverse suture. Laterally the boundaries of the bone are obscure;

probably it united with the lower end of the alisphenoid, but if so the suture is

completely obliterated ; behind this it unites in a complicated suture with the

squamosal just internal to the inner end of the articular surface for the mandible.

In front the bone is overlapped on either side by the posterior ends of the pterygoid,

which runs back to about the level of the glenoid surhrce.

The {'pa.) form the loof of the strongly compressed cranial portion of the

skull. Posteriorly they unite with the supraoccipital in a very deep suture, forming

the upper part of the lambdoidal crest ; in the middle line they join one another also

in a very deep suture to form the high sagittal crest. The cranial region, though

very narrow, is somewhat more inflated than in Z. osiris, and beneath the sagittal

crest is gently convex from above downwards., Ventrally these bones unite with the

portion of the siijiraoccipital which ap])ears on the hinder wall of the temporal fossa,

and in front of this with the squamosal in a suture running downwards and forwards
;

the antero-veutral angle of the })arietals forms a blunt projection a|)))arently for muscle-

attachment. The union with the frontals occurs about o cm. behind the great

supraorbital expansions of those bones; the suture is a conqilex one, but, sjieaking

generally, it runs first downwards, then downwards and backwards. In this region both

the parietals and frontals are enormously thickened.

The frontals {jr.), as just mentioned, unite in a complex suture with the parietals.
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forming tlie anterior portion of the narrow skull-roof between the temporal fossm,

though the sagittal crest is not actually continued on to them. In front of this

they widen out suddenly to form the very broad and massive supraorbital processes,

which completely overhang the orbits, the skull-roof at this point being very wide

and gently convex from side to side. The posterior border of each supraorbital

process is concave and its outer end {p.oi'b., text-fig. 80) is greatly thickened and

turned sharply down at right angles to the roof. In front of the orbit also the frontals

are thickened and there join a ])air of small bones, the lachrymals {la.), which are

wedged in between them and the anterior end of the jugal [ju-). lu the middle line

in front the combined frontals send forwards a wedge-shaped process between the

hinder ends of the nasals
;

to the side of this they are overlapped, first by the hinder

end of the nasals, and external to these by the maxillae, the line of junction running

outwards and forwards. The nasals {na.) are of moderate length
;

posteriorly, as just

mentioned, they are separated for a short distance by the frontals
;
in front they meet

one another in a median suture. They seem to have been about the same width

throughout, but anteriorly they are overlapped to some extent by the facial processes of

the premaxill®. Their anterior border in the skull described is incomplete, but it can

be seen that they formed the posterior border of the narial opening {nar.), which they

overhung to some extent. The rest of the border of the external nares is formed by

the large premaxilloe [pinx.). These are greatly enlarged anteriorly, and are strongly

convex on their outer face
;
the alveolar border bears the three alveoli of the large

incisors, the first being at the extreme end of the snout, while the others are separated

from it and from one another by intervals of about I '5 cm.: on the outer surface

behind and above the second and third alveoli are slight depressions for the reception

of the points of the lower teeth. Within the alveolar border is a rounded ridge, which

is continued back on the maxilla; there was a short palatine process. The posterior

part of the upper surface of the combined premaxillae is gently concave from side

to side, and forms the floor of the narial opening, which is not sharply defined in

fiont. Posteriorly the bones send back long facial processes, which are lodged in a

groove on the upper anterior borders of the maxillae and form the lateral borders

of the narial opening, deepening considerably posteriorly where they join the nasals
;

the facial processes extend back to the level of the interval between the second

and third premolars.

The maxilla^ {mx.) are very large bones : by their upper border they unite with the

premaxillae in front, receiving the facial processes of those bones in a deep groove

along their upper edge; behind this they join the nasals. Their posterior edge

overlaps the anterior border of the frontals, to the outer side of which they join first

the small lachrymals, then the anterior end of the jngals, beneatli which, moreover, they

send back a short process which bears the alveoli of the posterior molars. There is

a large antorbital foramen {ao.f.) opening on to the side of the face at the level of the
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anterior root of ])m. 3, and beneath it a smaller aperture. The alveolar border is

broad : in front are the large single alveoli for the canine, which is much larger than

the incisoi's, and for the first premolar, behind and to the outer side of which are

shallow })its for the points of the lower teeth. Then come the alveoli for the large

double-rooted jnn. 2 ; behind and to the inner side of the posteiior root of this and

the remaining preinolars are deep fossm for the reception of the ])oints of the lower

teeth. The third and fourth premolars are large three-rooted teeth which -will be

described below. The first molar is beneath the orbit; it had two or three roots, there

being doubt as to whether the wide posterior root is merely grooved or actually divided

into two. '\\diether any other molars were present is uncertain, but probably there was

at least one more. The palatine surface of the maxilla is raised into a broad ridge

as far back as the hinder end of the second premolar
;
then it flattens out to form

the palate and unites behind with the palatines in an oblique suture : there is

a pair of small posterior palatine foramina. The inner face of the bone forming the

wall of the nasal passage is strongly concave from above downwards ; on this face

towards the anterior end of the bone is a strong longitudinal ridge increasing in

height backwards, perhaps representing the rnaxillo-turbinal. The laclirijmal (la.)

is a small element forming a slight ])rojection at the anterior border of the orbit

and wedged in between the frontal, the jugal, and the maxilla. The jugal {ju.)

is a comparatively stout bar of bone, the anterior end of which is thrust

between the lachrymal and the backward prolongation of the maxilla; it forms

the ventral border of the orbit. Its free portion is slightly flattened from above

downwards in front and from side to side posteriorly
;

its pointed posterior end

underlies the strong zygomatic process of the squamosal [sq.]. 4'his bone is very

large and forms the whole of the great lateral expansion of the hinder part of the

skull. Posteriorly it unites with the su})raoccipital above, then with the exocci[)ital,

and below' this again with tlie mastoid ])ortion of the ])eiiotic. Mxternal to this

it forms a broad cimcave surface, looking backwards and forming the lateral region

of the posterior face of the skull. The lambdoidal crest is continued on the

scpiamosal, running dowmwards in a,u S-shaped curve, then becoming continuous with

the sharp upper border of the zygomatic process. The upper edge of the bone unites

with the supraoccipital and in front of this with tlie i)arietal, the line of union with

which runs dowmwards and fijrwards and is raised into a moderately i)rominent ridge.

Its anterior border is produced forwards as a sharp-edged shelf, the lower face of

which is occu])ied by the glenoid articulation for the mandible, 'fhe large zygomatic

prominence {zgg.) projects consideralily beyond the rest of the bone; ])osteriorly it

is produced downwards into a large flange-like postglenoid jirocess. The anterior

free portion of the zygomatic ])roc('ss is convex externally, its uj)])er edge being

continuous jiosteriorly w'ith the lambdoidal crest, as already mentioned
;

the jngal

runs back beneath it as far as the anterior boundary of the glenoid surface.
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Internal to tlic articnlar surface, the squamosal unites in suture with tlic alisphcnoid,

and appears to send down a flange of bone which helped to support the great swollen

iymiumic. This element is badly preserved in the available specimens, but it can he

seen that it formed a great egg-like expansion with very thick walls and seems to

he obscurely divided into a small postero-internal lobe and a very much larger outer

one
;

it is wedged in between the squamosal on the outer side, the basioccipital and

(?) the basisphenoid on the inner, and the alisphenoid in front. The periotic {per.),

as already described, appears on the posterior surface of the skull between the

cxoccipital and the squamosal ; on the inner face of the skull it extends some distance

upwards. The external auditory meatus opened immediately behind the postglenoid

process of the squamosal.

The alisphenoid {al.) must have united at its lower end with the basisphenoid, but the

suture is obliterated. Immediately in front of the tympanic bulla it is perforated by

a large foramen, apparently the foramen ovale. Above this it joins and is overlapped

by the inner end of the portion of the squamosal bearing the articular surface. Above

this again it runs obliquely upwards and forwards on the side of the cranium as a

Aving of bone, which unites behind Avith the parietal and above Avith the frontal for

a short distance. The upper part of its anterior border forms the outer lip of the

posterior end of the deep groove for the optic nerve [opt.], Avhich runs forwards and

upAvards, the upper edge of the groove being apparently formed by the lower border

of the frontal and its floor by the orhitosphenoid {os.). The lower part of the anterior

edge of the alisphenoid seems to unite Avith the posterior edge of the orbital plate

of the palatine, Avhich takes a large share in the formation of the side Avail of the skull,

and along its upper edge overlaps the orbitosphenoid. To the inner side of and

slightly beloAv the level of the orbit there is a large orbito-nasal (spheno-palatine)

opening (PI. XXI. fig. 1 n, o.nf.), Avhich appears to perforate the orbital plate of the

palatine and communicates Avith the nasal passage.

The foramina of the skull are not Avell seen. There is a distinct condylar

foramen in the cxoccipital. The foramen lacermn posterias probably occupied the

interval between the basioccipital and cxoccipital and the tympanic. The loAA'er

end of the alisphenoid is perforated by a foramen Avhich may be equivalent to the

foramen ovale. The foramen laceriim anterius and the optic foramen must have

opened behind the edge of the alisphenoid at the bottom of the deep groove Avhich

runs foi'Avards to the orbit as above mentioned. The relations of the loAver part of

the palatines and the pterygoids cannot be made out.

From the above description it Avill be seen that the skull in Frozenglodon differs in

no important particulars from the skulls of Frotocetus atavus and Zeiiglodon osiris,

so well described by F)rs. E. Fraas and Stromer respectively. It is, in fact, in some

Avays intermediate betAveen the tAvo, as, for instance, in the position of the nares.

Thus, if the total length of the skull be taken as lOU, then in Frotocctus (assuming



250 TEJiTIARY YERTEBEATA OF TJIE EAYOif,

that Fraas’s restoration of the snout is correct) the distance of the posterior border of
the nai es tioin the occipital ciest Avould be represented by 70, in l^i'oz€U(i],o(Ioii by
03, and in Zeuglodoa oslris by 51. Other points in which this skull differs from that
o{ J’rotocetiis m-c: (1) the rostrum is much broader and more massive, and does not
narrow suddenly in front ofyun. 3 ; (2) the nasals are rather shorter and are separated

posteriorly by a ])rocess of the fi'ontals
; (3) the supraoccijiital surface is perhaps a

little less concave from side to side, krom the skull of ZciKjIodou osins this form is

also distinguished by: (1) a relatively rather stouter rostrum and generally more
heavily built skull

; (2) the possession of much longer nasals, separated posteriorly

hy a process of the frontals—this nasal process of the frontals does, however, exist in

some species of the genus (see J. Muller, pi. vii. fig. 2); (3) having a very much
less concave sipiraoccipital surface

; (4) the greater inflation of the cranial region

of the skull.

A plaster cast of the brain-case, taken from an imperfect skull, agrees fairly well,

Text-fig. S2.

Palatal view of left jireinaxilla and maxilla, with p»i.3 and pm. 4, of I’rozcuf/hdon airor.

c., alveolus of canine; fossae for the recepbon of the points of the lower teeth; i. 1-3, alveoli of the

incisors ; ?.»•., inner roots of 3 and 4 ;
iti. 1, first molar

;
7>uv., maxilla

;
jim. i-4, premolars or their

alveoli
;
pmx., premaxilla

;
s., suture for union with palatiue. g uat. size.

SO fixr as it goes, witli a natural braiu-cast described by Dr. Elliot Smith in his [laper

on the “ Brain of the Arclucoceti ” In this he states that the natur.il cast differs so

far from the artificial cast taken from a skull of Ztiiglodon osu'is that it must have

belonged to an animal differing generically from that form.

I'jtper Dentition (FI. XXL figs. 1 .v, lit; text-fig. 82).—There are three incisors,

which, judging from one of which the crown is well preserved, were conical sharp-

pointed teeth directed somewhat forwards. The crown is somewhat compressed

laterally, and there is a slight keel on the anterior and posterior borders; the enamel

at the base of the crown is raised into fine ridges, 'i'he first incisor is situated at the

extreme anterior end of the premaxilla, the others follow at intervals of about 1'5 cm.

;

* Pi'oc. Roy. yoc. vol. 71 (1903) p. 322.
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behind and external to the sockets of i. 2 and i. 3 there are slight pits for the reception

of the ti])s of the lower incisors. The canine, represented hy its alveolus only, was a

very largo tooth, much larger than the incisors : this seems to be a ])rimitive character

inherited from the Croodont ancestor. The first ])remolar is a single-rooted tooth,

separated from the canine by an interval of about 1'5 cm., in which, to the outer side,

is a pit for the lower tooth. In the skull described, p?n. 1 is just being cut, its point

ajipearing in the middle of the alveolus of the deciduous tooth it is replacing ;
this seems

to he the first instance in which any indication of a succession of teeth has been observed

in the Zeuglodonts. The second premolar is separated from the first by an interval of

1'5 cm., occupied hy a deep pit
;

it is a double-rooted tooth with a strongly compressed

high cutting-crown
;
the anterior edge bears four or five small serrations, while on the

hinder edge are two larger accessory denticles and a third smaller one belonging to the

cingulum. Behind, and to the inner side of the posterior root of this tooth there is a

deep fossa for the lower tooth. The third premolar is also a large high cutting-tooth,

the crown of which is similar to that of pm. 2, except that on its inner side a little

behind the middle point there is a prominent enamel-covered buttress, projecting

inwards and backwards and supported hy a large distinct root
;
the presence of a third

root in this and the following tooth distinguishes this genus from Zeuglodon. In one

specimen there is also a small accessory root on the outer side of the tooth between

the two main outer roots. The last premolar differs from pm. 3 in having a more

molariform crown, the posterior border sloping much less steeply away and the three

posterior denticles rising nearly to the same height
;
on the anterior border the two

accessory denticles are larger than on the anterior teeth. This tooth also has a large

inner buttress and root. The first molar is considerably smaller than pm. 4 ; there

seems to have been only one accessory denticle on its anterior border, while behind

the main cusp there are two rising to nearly the same height, so that the edge of the

posterior part of the crown is nearly horizontal. This tooth also had a postero-internal

buttress, but it is relatively smaller than in the posterior premolars, and it is not clear

whether it had a distinct root or is borne on the inner part of the transversely

elongated posterior root, imperfectly divided by a vertical groove.

If these teeth be compared with those of Protocetus, they are found to be widely

dissimilar. In that genus the dentition, so far as the premolars and molars are

concerned, is practically that of a Creodont, the serration of the cutting-edges of these

teeth, so characteristic of the later Zeuglodonts, not having been acquired in that early

type. At the same time the posterior cheek-teeth {pm. 3-m. 3) possess an inner (third)

root and distinct indications of an inner tubercle, both completely wanting in Zeuglodon.

In Prozeuglodon the structure of the posterior premolars [pm. o, pm. 4), and probably

also oi m. 1, is exactly intermediate, the characteristic serration having been attained

while the inner (third) root is not yet lost. The posterior molars seem to be lost, or

at least to be undergoing reduction. The large size of the canine compared with the

2 K 2
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incisors is ])r()l>ab]y, as already remarked, a ])rimitivc character derived from a

(Jrc'odont ancestry; in Frozevr/lodon the canine seems to have been relatively larger

even than in I’rotoceim. Another Creodont-likc character in the upper jaw is the

))i-('sence within the j)osterior upper ])remolars of large fossie for the rccej)tion of tlui

corresponding lower teeth. The pit for the reception of the point of the lo\ver ym. '1

is on the alveolar border immediately behind pm. 1. In front of this the pits are

on the outer side of the upper teeth, the upper and lower tooth-series crossing as in

Zeuglodon osiris (see Stromcr, opt. cit. p. 07).

Mandible (PI. XXI. fig. I e
;
text-fig. 80).—The imperfect riglit ramns of the mandible

is preserved, articulated with the type skull. The posterior portions of the coronoid

])rocess and of the angular region are broken away, while the horizontal ramus is

imperfect anteriorly and has lost most of its ventral border. The condyle is strongly

convex from before backwards, the articular surface forming rather more than a

quarter of a circle. From the condyle on the outer face of the jaw a strong shelf-like

ridge runs forwards for a short distance, dying away in the strongly convex outer

surface of the ventral })art of the jaw
;
when the jaws are closed, the jugal lies in the

groove above this projection. The coronoid process is thin and high
;

it is imperfect

jjosteriorly, but its anterior convex border is well preserved and in front slopes

steeply down to the alveolar border, which, so far as the region occupied by the

molars is concerned, is also strongly inclined downwards. The horizontal ramus was

comparatively slender, its outer face convex from above downwards, the inner nearly

hat; the symphysis extended back to about the hinder border oipm. 2.

IjOwer Dentition (PI. XXI. hg. Ie ; text-fig. 80).—The anterior ])art of tlie jaw is

incomplete, and its upper border obscured by strongly adherent matrix, so that the

alveoli of the incisors, canine, and hrst premolar are absent or covered iq). The hrst

tooth present seems to he pm. 2. This is a double-rooted tooth with a strongly com-

pressed conical crown with sharp cutting-edges, the anterior of which is steeper than

the posterior. On the anterior edge there are three or four small serrations, while on

the posterior there are two accessory denticles of considerable size and a small cusp

belonging to the cingulum. The next tooth, presumably 3, is also two-rooted: it

is much largc'r than pm. 2, but the crown is imperfectly preserved
;
both its anterior

and posterior borders W’ere serrated, the posterior serrations being few and large,

'file next tooth also is badly preserved
;

it is smaller than ])m. 3, but the posterior

serrations must have been hirger. llehind these premolars are the sockets of two or

three molars, the anterior molar being apparently nearly as large the last premolar.

The second molar is just being cut, and there are indications of a third molar behind it.

Yeriebral Column (text-fig. 83).—Three anterior cervical vertebrie probably associated

vith ])ortions of a skull w'cre collected by IMr. Peadnell, These s])ecimens are in a

remarkably perfect state of preservation, and have almost the appearance of recent

bones. In the atlae (text-tig. 83, A, D) the surfaces for the occipital condyles [cond.) are
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'0;Teatly elongated from above downwards, their upper ends running out on projecting

plates of bone, the summits of which are nearly on a level with the upper border of the

neural arch, with the anterior edge of which they are united by narrow bars of bone,

Text-fig. 83.

t.p.

Anterior cervical vertebroe o£ Prozewjlodon alrax: A, atlas from fi’ont
;
B, axis from front

;

C, third cervical from front
;
D, the three anterior cervicals articulated with one another, from left side.

at., lateral surface for atlas
;

a.z., anterior zygapophyses
;

cond., condylar cups of atlas
;

ep., epipby.sis of

centrum
;

hyj)., hypapopbysis
;

n.sp., neural spine
; od., odontoid process

;
jj.r., posterior zygapophyses ;

sp.n., passage for first spinal nerve
;

t.p., transverse process
;

v.c., vertebrarterial canal. | nat. size.

enclosing a pair of large foramina for the first spinal nerve {sp.n.). The articular surfaces

are strongly concave from above downwards and slightly so from side to side. They
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arc s('])ar:itc(l vonirally by an interval of about 2 cm. The neural arcli is a comparatively

narrow bar of bone connected antero-externally with the u])per border of the condylar

jiromiiKMices l)y a thin bar of bone as described above
;
on the front of the bar there is

a low nu'dian rid^e {ii.sj).), but on the hinder face there is a Hat facet, against which

the antero-\('ntral surface of the aich of the axis tits (see text-fig. 83, D). The

transverse process (t.j*.) is short and massive and directed a little backwards; on the

posterior face, immediately outside the edge of the surface for the axis, there is a small

foramen, which, however, does not seem to perforate the transverse process, but merely

leads into the bone. 'J’hc surfaces for the axis are wide above, narrowing ventrallv,

and passing into the surface for the odontoid wuthout interrnption
;
they are slightly

convex from side to side. The ventral bar bearing the odontoid facet is stout and

is produced dowinvards into a sharp-hooked hypa[)0})hysis {hijp.)
;
from Lucas’s

description * it seems that a similar process is present in the atlas oi Zeiujlodon cetoides.

In the axis (text-fig. 83, B, ])) the odontoid process {od.) is short, blunt, and

rounded, passing at least ventrally into the lateral surfaces {at.) for the atlas. These

are (piadrate in outline, and nearly flat or even very slightly concave from side to side.

The neural arch is high, and the neural spine high and massive ; it is triangular

in section, the posterior surface being Hat, while the two anterior faces meet in an

acute angle, the low'er end of which overhangs the odontoid process
;
or the ventral

face of this projecting portion of the arch is a flat facet which articulates with the corre-

sponding surface on the posterior side of the neural arch of the atlas (text-fig, 83, D).

The })osterior zygapophyses (jr~.) are well developed. The transverse j)rocess {t.p.) is

a Hange of bone directed a little backAvards, and extending from the base of the neural

arch to the ventral border of the centrum ; externally it is divided into an upper and

lower process, and its base is ])eiforated obliquely by a vertebrarterial canal (c.c.).

'i'he posterior face of the centrum is much broader than high
;

it is slightly concave,

and in this specimen the epiphysis is not completely fused with the rest of the centrum.

The ventral face of the centrum is imperfect. The third cervical (text-Hg. 83, C, D)

is remarkable for the extreme shortness of the centrum, which in the middle is only

about 1’5 cm. through, while its wudth is at least 5 cm. The centrum is oval in

outline, and is completed by anterior and posterior epiphyses {cp.), here still separated
;

the anterior and posterior faces are slightly concave. The neural arch is higli, and

rises into a short stout neural spine [n.sp.) directed a little backwards. Both the

anterior {a.z.) and posterior zygapophyses {p-‘Z-) iwe Avell developed and nearly circular

in outline. 'J'he transverse process {t.p.) is wide, and consists of a narrower up{)er bar

arising from the base of the arch and a much broader ventral l)ar from the lower half

of the centrum; these unite externally, enclosing a large verlebrarterial canal {v.c.),

and forming a broad plate, the outer angle of which is produced a little downwards.

* Amor. A'ut uralist, vol. .\xix. (ISOo) p. 71(5.
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The ventral surface of the centruiu bears two bhuit ridges, se[)arated by a narrow

groove.

Comparison of these vertebne with those of Frotocetus ataims shows that a

considerable alteration has taken place, and that there is much less similarity to

the vertebne of a carnivore. The atlas of Frotocetus is unknown, but in the axis the

peg-like odontoid and the relatively long centrum are characters approaching those

found in the Carnivora
;
on the other hand, in Frozeuglodon the odontoid has already

become short and blunt, and the centrum is much shortened, as also are the transverse

processes; at the same time, the high massive neural spine is retained. In the third

cervical, the great shortening up of the centrum in Frozeuglodon compared with the

same vertebra in Frotocetus is most striking ; in this case also the transverse processes

are reduced, while the neural spine is moderately developed. Comparison with the

corresponding vertebrae of ZeugJodon shows that the present species approaches much

more nearly to that genus than to Frotocetus. The atlas is similar to the imperfect

specimen figured by Miiller (pi. xiii. figs. 1, 2), except that the ventral bar is not so

thick
;

in both there is a hypapophysis. The odontoid process is more rounded than

in Zeiiglodon, its upper surface showing very little trace of flattening, and therefore

differing widely from that of Z. zitteli as described by Stromer
;

the neural spine

overlies the atlas, as described by Lucas. The third vertebra is shortened to about

the same degree as in Z. osirls, and possesses a fairly developed neural spine, said to

be absent in the corresponding vertebra in Z. cetoides.

This genus in the structure of the skeleton, so far as known, does not throw any

new light upon the relationships of the Zeuglodonts to the Creodonts on the one hand

or to the Odontoceti on the other
;
and its chief interest consists in its almost exactly

intermediate position between Frotocetus and Zeuglodon., both in structure and in time.

Prozeuglodon atrox, sp. nov.

[Plate XXL ; text-figs. 80-83.]

Type Specimen.—A nearly complete skull with right ramus of mandible (described

above, and figured on PI. XXI.); Geological Museum, Cairo.

This is the only species at present known. The length of the skull is CO cm.
;

the length of the upper premolar series I8'2 cm.

Form. & Loc.—Birket-el-Qurun beds (Middle Eocene): a valley about 12 kilometres

W.S.W. of the hill called Gar-el-Gehannem (see map in Introduction).

C. 9319. Skull with right ramus of mandible. The palatal region and base of the skull are

imperfect. In the upper jaw the incisors and canine are represented by their alveoli

only
;
the first premolar is just appearing, wdiile the second, third, and fourth have high

secant crowns, the two latter possessing three roots. Only one molar is in sdu., and it is
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iincortaiii wlietlier tliis luul two or three roots. In the mandible the only teeth preserved

are the tliree ])Osterior preinolars. Figured PI. XXI. In the following table the

dimensions (in centimetres) of this skiill are placed in the first column, the corresponding

measurements in Protocettis atarus according to E. Fraas, and in Zeit(jJodon osiris

according to Stromer, being given in the second and third columns respectively :

—

Length from the end of the suout to the occipital crest

,, „ ,, ,, foramen magnum

,, from hinder border of the uarial opening to the occi])ital crest .

„ of tlie uarial opening

Breadth of the narial opening

Lengtli from the posterior border of the frontals to the occipital crest

Width of the skull at the narial opening

„ „ at the supraorbital expansion

„ ,, between the temporal fossa;

„ ,, at the zygomatic process

Height of occipital surface above the upper edge of the foramen magnum.

Width between outer ends of condyles

„ of foramen magnum

Length of premaxilla

,, nasals

(Ireatest breadth of nasals taken together

Histance between jugal and postorhital process of frontal

rozewjlodon rrniocetus Zevcjlodon

airox. atavim. oairh.

OU (30 70 app.

(31 app. 58 68

36 42 36

T app. 7

3-8 2-5

1 f)-5 app. 20-5

9-4 4-3

24-5 lG-7 24(?)

4-5 3-3

34 app. 24 28 (?)

11-8 8 13 (?)

11 app.

5 app. 2-6

29 30 34-5

16-2 18-5 16

4-5 2-5 4-4

The dimensions (in centimetr

alveoli) :

—

i. 1 (at alveolus)

? 2
5?

'•3
,,

c- „

pm. 1

Jim.

jim.Vi

m. 1

Length of incisor scries 9 cm.

• teeth (or. where absent.

Length. Width.

1-8 1-2

2-3 1-4

1-9 1-3

2-7 I'S a])p.

9 9

4-7 P3
1‘5 1-8

3-7 1-7

3-1 1-8

Length of premolar series IS'2 cm.

M. S266. Portions of a much broken skull, including the ])ostcrior (cranial) n'gion, the Irontal

expansion, the maxilla, and the premaxilla
;

tin; last contains no tecdh, hut in the

maxilla 4, and ])art of ?/;. 1 arc still in .sv’/c, and show the three roots of

the premolars (text-fig. <S2). The cranial region is interesting, hecauso nearly all tin;

sutures remain open, and the structure' of the occi])ita] region is well shown (text-fig. <S1).

From this spc'cimen a hrain-cast similar to the natural hrain-cast ih'scrilx'd hv'

Di’. Elliot Smitli * has been made (M. fi^tir)). The dimensions (in cc'ntimetrf's) ol

this specimen are :

—

* Proc. Eoy. Soc. vol. 71 (lOUfi) ]>. 1322.



PEOZEUGLODON ATEOX. 257

AVidtIi of Biipraoccipital surface 13‘2

Height of supraoccipital surface above foramen 11’7

Width of skull at zygomatic process 34 app.

„ between outer ends of exoccipitals 22

„ of forameii magnum 0 app.

„ between ends of supraorbital processes 13

„ at temporal fossoo 4‘o

Length of alveolar border of premaxilla ll’o

The dimensions (in centimetres) of the teeth (or their alveoli) are :

—

Length.

i. 1 (alveolus only) 2-5

1.2

1.3

c.

pm. 1

pm. 2

pm . 3

pm. 4

2-7

2-

4

3-

1

3-

5

5-2

4’5

4-

3

Width.

1-8

1-7

1-

G

2-

4

2-2

1‘8 (anterior root).

3-

1

2-5

Presented hy the Egyptian Government, 190.5.

C. 9329, C. 9230, C. 9332. Atlas, axis, and (?) third cervical vertebrae, presumably associated and

perhaps belonging to the same animal as the portions of a skull just noticed. Described

and figured above (text-fig. 83). These vertebrae are in a nearly perfect state of

preservation. The epiphyses are not fused with the centrum, though still in sitn. The

dimensions (in centimetres) of these vertebrae are given below :

—

Atlas (text-figs. 83 A, 83 D) :

Greatest width at surface for condyles

,, ,, ,, axis .

*„ „ transverse processes

„ height

Width of neural canal

11-2

10-6

15-7

10

4-9

Axis (text-figs. 83 B, 83 D) :

Length of centrum including odontoid process 5-5

Height to top of neural spine 12

Width of posterior face of centrum 5’2 app.

„ at transverse process 11’2

„ of neural canal 3'2

Height of neural canal 3

Third cervical (text-figs. 83 C, 83 D) :

Width of centrum 4'8

Height of centrum 4-2

Thickness of centrum (in middle) 1'5

„ „ (lower border) 1*8

Height to top of neural spine 9*6

Width at transverse processes 10*.5

Height of neural arch 3*2

Width of neural arch 3

2 L
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Class A V E S.

Order RATIT^.

Genus EREMOPEZUS, Andrews.

[Proc. Zool. Soc. 1904, vol. i. p. 168.]

The distal end of the tibio-tarsus is compressed from before backwards; there

is a well-marked intercondylar groove
;

no bony bridge over the groove for the

extensor tendons is present.

Eremopezus eocsenus, Andrews.

[Text-fig. 84.]

1904. Eremoj^ezus eoccenus, C. W. Andrews, loc. cit. p. 168, text-fig. 15.

Tifpe Specimen.—The distal end of left tibio-tarsus (text-fig. 84)

;

British Museum,

Type and only known species ; about as large as the Rhea.
^

Form. & Loc.—Fluvio-marine beds (Upper Eocene) : north of Birket-el-Qurun.

The only avian remains hitherto collected in tlie Fayum are the distal end of a left

tibio-tarsus and a doubtful phalange of the pes of a large Ratite bird. The fragment

of the tibio-tarsus consists of the articular end and 4 or 5 centimetres of the shaft,

and so far as it goes is in good preservation, only the inner condyle being slightly

abraded. The outer condyle, the upper angle of which extends some distance up

the antero-external border of the bone, seems to be larger in proportion to the inner

than in the other Ratites, with the possible exception of Struthio. The condyles

are separated by a w^ell-marked intercondylar groove, thus resembling the tibiic of

Casuarius and Rhea rather than those of FEpyornis and Struthio, in Avhich the groove

is very shallow. The postcondylar prominences are small, being much less ])rominent

than in Struthio, but are developed to about the same degree as in Dromceus. The

outer postcondylar process does not extend so fiir ujnvards as docs the condyle in front,

and is separated from this last by a sharp angle of about 90“ (see text-fig. 84 B, a.),

which forms the distal end of the bone posteriorly
;
the consequence of this arrangement

is that the articulation looks more forwards than is usually the case, though some
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approximation to this condition is seen in Stnithio, and still more in Rhea. The

surface between the postcondylar processes is slightly concave, and above passes into

the posterior surface of the shaft, which, like the articular end, is strongly compressed

from before backwards. The lateral faces of the condyles bear deep pits for the

attachment of ligaments (text-fig. 84 B).

The posterior face of the shaft passes by a gentle slope into the sharp antero-internal

border of the bone, which is continuous with the upper angle of the inner condyle, as

in Casuarius and Bromceus. The anterior face of the shaft near its inner border is

deeply channelled by the groove for the extensor tendons (text-fig. 84 A, e.g.)

;

this

groove is closed at its lower end by a strong ridge running upwards and outwards

towards the lower border and forming a prominent rugose surface above the outer

Text-fig. 84.

Distal end of left tibio-tarsus of Eremopezus eoccenus (type specimen) : A, from front ; B, from outer side
;

C, from behind. (From Proc. Zool. Soc.)

a., angle between outer condyle and postcondylar surface
;

e.g., extensor groove ; i.c., inner condyle
;

O.C., outer condyle ; t., tubercle marking base of tendinous bridge. | nat. size.

condyle. There is no extensor bridge, but a slight ridge along the inner side of the

groove marks the insertion of a strong tendinous sling (t.).

Compared with the tibio-tarsi of other Eatites this specimen appears to combine the

characters of several of them. In the depth of the extensor groove it approximates to

Rhea and JEpyornis. The oblique ridge which blocks the lower end of the groove

occurs also in Struthio, though in this case the groove itself is much narrower.

In A^pyornis, on the other hand, the ridge is wanting, and the groove runs nearly

down to the condyles. The form of the outer condyle and its relations to the

postcondylar process are similar to what is seen in Rhea, and to some extent also

in Struthio.

There seems to be no doubt that this fragment indicates the existence of a large

Eatite bird in the Upper Eocene beds of Egypt, but much more material is necessary

before its relationships can be determined satisfactorily.
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A. 843. cud of left tibio-tarsus. Type specimen, described and figured in Proc. Zool. ISoe.

PJ04, vol. i. pp. 1G8-170, text-fig. Ifi, which is reproduced in text-fig. 84. The

dimensions (in centimetres) of this specimen are :

—

Wddtli of distal articular end 4-8

„ of lowest end of shaft (at highest point preserved) . .
3‘5

„ from front to back of the outer condyle 3’5

A. 843 a. Phalange of toe, from the same j^iit as last specimen. This bone is remarkable for the

breadth and depth of its proximal end compared with the distal. The dimensions

(in centimetres) of this specimen are :

—

Length 3'1

Width of proximal end

„ distal end 1-3
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Class R E P T I L I A.

Order CROCODILIA.

Suborder EUSTIC III A.

Remains of Reptiles belonging to this group are fairly common both in the Qasr-

el-Sagha beds (Middle Eocene) and in the Fluvio-marine beds of the Upper Eocene.

From the former horizon remains of Tomistoma africanum and of a short-snouted species

of Crocodilus have been obtained, while from the latter a Tomistoma (T. gavialoides),

a long-snouted Crocodile {C. articeps) and a short-snouted form {C. megarhinus) have

been collected. Scattered scutes, vertebrae, and other bones, sometimes in groups

probably belonging to a single individual, are of common occurrence ; but since none

of these have been found in association with the skull or mandible, their satisfactory

determination is difficult and may be deferred till better material is forthcoming.

Family CROCODILIDtE.

Genus CROCODILUS^ Laurenti.

[Synop. Rept, 1768, p. 53.]

Crocodilus articeps, Andrews.

[Plate XXII.]

1905. Crocodilus articeps, C. W. Andrews, Geol. Mag. [5] vol. ii. p. 481.

Type Specimen.—Anterior portion of a well-preserved skull (PI. XXII. figs. 1,

1 A, 1 b)
;
Geological Museum, Cairo.

This is a long- and narrow-snouted species, the length from the level of the front

border of the orbits being about two and a half times the width at the same point.

There are five premaxillary and sixteen maxillary teeth. The premaxillary region is

scarcely at all expanded.

Form. & Loc.—Fluvio-marine beds (Upper Eocene) : north of Birket-el-Qurun.

The incomplete skull which is taken as the type of this species is the best preserved

of the crocodilian skulls collected by Mr. Beadnell from the Upper Eocene beds.
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The posterior portion beliind the middle of the orbits is wanting, but the remainder

is complete and nmlistorted, though nearly all the teeth are missing. In the general

form of its head this Crocodile must have been very similar to the recent species

6'. catajilimctus and C. intermedins, the snout being long and slender, its length being

about 2-f times as great as its width at the level of the front of the orbits, as in the

species mentioned. The upj)er surface of the preorbital region is somewhat flattened

and is bent sharply downwards at the sides to the alveolar border, at least posteriorly

;

as a whole, the snout is bent somewhat upwards, so that in profile it is slightly

concave above
;

it narrows gradually towards its anterior extremity, there being

scarcely any expansion of the premaxillary region, the posterior boundary of which

is, however, marked by a slight notch behind the fifth tooth, where the maxillo-

premaxillary suture passes on to the palate. The facial processes of the premaxillee

extend back to the level of the alveolus of the third maxillary tooth, while the

palatine processes reach only to the level of the interval between the first and second

teeth ; there is a small triangular anterior palatine vacuity. The nasal opening is

large and an eloirgate oval in outline; the nasals extend into the opening, but the

premaxillm seem to have just met one another in its posterior border. The anterior

angle of the palatine bones is opposite the eighth maxillary tooth, and the anterior angle

of the posterior palatine vacuities is opposite the ninth. The sculpture of the facial

surface of the bones is much more strongly marked in the neighbourhood of the orbits

than it is further forwards.

'I'he alveolar border of the jaw is sinuous, the concavities being at the junction

of the maxilla and premaxilla and between the seventh and eighth maxillary teeth.

The alveoli of the anterior premaxillary teeth are comparatively small and are

almost in contact in the middle line. They are separated from the alveoli of the

second pair by deep pits for the reception of the anterior mandibular teeth, which

perforated the upper surface of the snout. The second pair are small, and they

are in close contact with the much larger third pair, behind which there is a notch.

'I'he fourth pair are large and are separated by a pit from the smaller fifth and last ])air

of premaxillary teeth. I’etween the ]n’emaxillary and maxillary series there is a notch

fur the reception of the large mandibular tooth, 'i'he first three maxillary teeth are

comparatively small and nearly equal in size, and are separated by shallow pits. 'I'he

fourth and fifth are much larger, and the sixth is also large and is separated by a ])it

from the much smaller seventh. Behind this there is a deep notch in the side of the

jaw. 'I'he eighth tooth is small, the ninth and tenth much larger
;
then come six other

teeth gradually diminishing in size from bofin’e backwards. The teeth themselves are

nearly all wanting in the ])resent specimen, but in one which is well preserved it can

be seen that they had sharp anterior and posterior carime and that the inner face

is flatter than the outer; the enamel is marked with fine parallel grooves.

As already mentioned, the general form of this skull resembles that of the skulls
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of C. cataphractus and C. intermedivs and to a less degree of C. americanus
;
from the

two former it is distinguished by the much longer nasals and the very slight expansion

of the premaxillary region. In C. americanus also the ])remaxillary expansion is

greater and the snout is rather less elongated.

Of the long-snouted Eocene Crocodilia previously described, the present species

seems to approach most nearly to C. ardiiini, Zigno

*

,
from the Nummulitic beds of

Monte Zuello, near Verona
;
but it differs from the latter in the smaller expansion

of the premaxillary region, the comparative narrowness of the interorbital bar, and

the less rounded orbits. Crocodilus spenceri, Bucklandf, which LydekkerJ regards as

identical with C. arduini, differs in much the same way, but the premaxillary region

seems to be still more expanded than in the Italian form, and, so far as can be seen,

it differs also in having the premaxillo-maxillary suture on the palate almost transverse.

Crocodilus holcensis, Sacco from the nearly contemporary Monte Bolca beds, is

distinguished from the present species by the fact that the nasals do not extend

nearly to the nasal opening and, judging from the figure, by the much wider inter-

orbital bar ; this latter character may be partly dependent on the age of the individual.

Crocodilus vicentinus, Lioy
1|,

from the same beds, is a wide-snouted form.

Although no mandible has been found in actual association Avith the skull of

this species, specimens shoAving a form and dentition such as might be expected

to belong to it have been collected. The most nearly perfect of these (C. 10065) is

figured on PL XXII. figs. 2, 2 A; it is almost complete, Avanting only the posterior

extremity of the left ramus : the teeth are for the most part in an excellent state of

preservation. The symphysial region is comparatively long and narroAv, though less

so than in C. catapliractus^ C. intermedius, C. arduini, and probably also than in

C. holcensis it reaches back to the level of the sixth tooth, and the splenial does

not extend into it. The alveolar border is sinuous, the convex portions bearing

the larger teeth, Avhich are the fourth and the tenth and eleventh. The horizontal

ramus presents no special peculiarities (see PI. XXII. figs. 2, 2 a). There are fifteen

teeth in all; of these the first is rather large and projects forAvards. As already

remarked, the fourth and tenth teeth are the largest, the eleventh being a little

smaller
;

the rest of the teeth are small. As far back as the eleventh all the teeth

are sharp with strongly carinated anterior and posterior edges, but behind the eleventh

they are blunt and rounded. There are Avell-marked notches for the reception of the

upper teeth behind the second, sixth, and seventh teeth, and shallow pits behind

the eleventh and tAvelfth teeth.

* Atti E. Accad. Lincei, Memorie, [3a] vol. v. (1880) p. 65, pis. i., ii.

t Geol. and Mineral, ed. 1 (1836) vol. i. p. 251, vol. ii. p. 36, pi. xxv'. fig. 1.

X Catal. Foss. Eept. Brit. Mus. vol. i. 1888, p. 60.

§ Mem. E. Accad. Sci., Torino, [2] vol. xlv. (1896) p. 77, pi. i. figs. 5 a, oh.

II
Atti 8oc. Ital. Sci. ISTat. vol. viii. (Milan, 1865) p. 393.
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C. 10036. Anterior portion of sknll. Type sp(!ciinen, figured on PI. XXII. figs. 1, 1 A, 1b.

'rii(' (liiiKMision.s (in centinudres) of this specimen ar(! :

—

Extreme length of specimen so far as preserved 43

Distance from anterior angle of orbit to tip of snout ... 37

AVidtli of skull at the level of the anterior angle of the orbits. 14

,, snout at narrowest 4‘8

„ premaxillary expansion 5-5

„ nasal opening 2'7

Lengtli of nasal opening 343

Distance from anterior end of palatine fossa to tip of snout . 28'2

R. 3322. Plast('r east of the above specimen. ]\Ja(le hi the British Museum.

R. 3106. Anterior portion of snout of a larger individual.

Presented Inj IF. E. de Winton, Esq., 1903.

C. 10065. Nearly complete mandible. Figured on PI. XXII. figs. 2, 2 a. The dimensions (in centi-

metres) of this specimen are :

—

Extreme length o5-8

Length of symphysis lO'S

AVidtb of symphysis at widest 8 app.

Greatest depth of ramus 8

AVidth of articular surface for quadrate 5

R. 3323. Plaster east of the al)Ove specimen. Made in the British Museum.

R. 3324. Symphysial portion of mandible of a rather large individual. Length of the symphysis

13'4 cni. Presented In/ the Egijptian Government, 1904.

R. 3105. Symphysial region of left ramus of mandible of a large individual.

Presented In/ IF. E. de Winton, Esq., 1903.

Crocodilus megarliiniis, Andrews.

[Text-fig. 85.]

190.5. Crocodilus mcnarliinus, C. AV. Andrews, Geol. Mag. [5] vol. ii. ]). 482.

Type Specimen .—The anterior portion of a large skull (figured in text-fig. 85) ;

British Museum.

In this species the premaxillary region is considerably expanded, though longer in

proportion to its width than in C. porosus ;
the facial process of the premaxilla extends

back to behind the fourth maxillary tooth. Five premaxillary teeth, behind the last a

d('ep notch for the lower tooth.

Form. cC' Loc.—Fluvio-marine beds (Upper Eocene) : north of Birket-el-(2nrnn.

Bemains of a broad-snouted Crocodile, which attained very large dimensions, are

found in the Upper Eocene beds. The most satisfactory specimen (text-fig. 85), which

has been taken as the type of the species, is the anterior ])ortion of a snout. In this

the premaxillary region is considerably expanded, but is longer in proportion to its



CKOCOI) I L US M KGA 1 1 1 XUS. 205

Avidth than in C. porosus and is also less broadly ronndod in front. 'I'lierc arc five

])rcniaxillary teeth, here re])resented by their bases or by the alveoli only. U'he finst

tooth is small and close to the middle line
;

it is separated by a dee]) fossa from the

second, Avhich is also small, and is situated immediately in front of the third, which is

very large; the fourth is still larger, the fifth much smaller. Behind this last is a deep

and narrow' notch for the fourth lower tooth, and behind this again are three sockets set

close together and increasing rapidly in size from before backwards. The jaw' behind this

Te.xt-fig. 85.

Anterior portion of skull of Crocodilus mer/arhinus, type specimen : A, from below
;
B, from above.

7nx., maxilla
;
na., nasal

;
pmx., premaxilla

; 1-5, premaxillary teeth. | nat. size.

point is imperfect. In the premaxillary region the palate is gently concave from side to

side
;
the maxillo-premaxillary suture is obscure. Seen from above the comparatively

considerable elongation of the premaxillary region is very noticeable and distinguishes

this species from C. porosus, C. paludosus, and from C. niloticus of similar size. The

nasal opening is large and oval in form
;
the pointed ends of the nasals (na.) project

into it posteriorly. The facial processes of the premaxilhe [pinx.) extend backw'ards
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ns far as behind the fourth maxillary tooth, or further than iu the recent forms with

wliich it has been compared.

'J’he anterior portion of a large mandible, probably belonging to this species, has

been found. As migbt have been expected from tbe longer premaxillary region, the

sym])liysis is more elongated than in C. porosus, C. ‘pnlndosus, and C. niloficus, and

extends backwards to the level of the hinder border of tbe alveolus of the sixth

tooth
;

the splenial takes no share in its composition. The upper surface of the

symphysis is marked by a ridge along the line of junction of the two rami, while

its ventral surface is somewhat flattened. The anterior tooth is large
;

it is

followed by three smaller ones, then comes the greatly enlarged fourth tooth, followed

by flve smaller sockets. Tbe two following teeth (10 and 11) are again very

large.

E. 3327. Anterior portion ot‘ the snout. Type .specimen describcul Gool. Mag. [.o] vol. ii. p. 482.

Figured in text-tig. 85. The diimmsions (in ccmtiinetres) of tin* specimen are :

—

Total length so far as preserved 50

Mbdtli of premaxillary expansion 15-()

Width at notch for fourth lower tooth 12‘2

Distance from posterior border of nasal opening to tip of

snout 11

Distance from posterior end of facial processes of premaxillac

to tip of snout 24-5

Presented l>i/ IF. E. de Wmton, Esq., ]9()3.

R. 3328. Anterior portion of mandible. The length of the symphysis is 17 cm.

Presented tnj IF. E. de W'infon, Esq., 1903.

R. 3104. I mperfect h'ft ramns of mandible, probably of this species.

Presented b;j II'. E. de Tf inton, EJsq., 1903.

Crocodiliis sjt.

From the Qasr-el-Sagha beds (Middle Eocene) some very fragmentary remains

of a broad-snouted Crocodile have been obtained, btit the material is insuflicient to

tletermine whether or not this is a new species. Possibly some of the vertebrai and

other bones enumerated under Tomistoma (ifricanitm should be placed here.

'fhe best-])reserved fragment is the anterior ))ortion of the left ramns of a mandible,

'riie symphysis extends t(' the level of the hinder border of the fourtb tooth, fl'he

first tooth is rather largo, the second and third are small, while the fourth is gi'eatly

enlarged and raised on a prominence of the alveolar border. Pebind it arc foui-

small teeth, then two large ones
;
beyond this ])oint the bone is broken away.
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Another fragment shows tliat not only the ninth and tenth, but also the eleventh

tooth was enlarged.

R. 3344. Anterior portion of left ramus oL‘ mandible. The total length of the specimen is 17 cm.,

the length of the symphysis about (i'5 cm.

R. 3197. Fragment of right ramus of mandible with the remains of three teeth.

Genus TOMISTOMA, S. Miiller.

[Arch. f. Nat. (184G) p. 122.]

Tomistoma gavialoides, Andrews.

[Plate XXIII. tigs. 3, 3 a.]

1905. Tomistoma gavialoides, C. W. Andrews, Geol. Mag. [5] vol. ii. p. 483.

Type Specimen.—A nearly complete skull, wanting only the posterior portion of the

])alate and the end of the rostrum (PL XXIII. figs. 3, 3 a)
;

Geological Museum,

Cairo.

This species is in many respects intermediate between Gliarialis and Tomistoma.

The roof of the skull is wide, the supratemporal openings large. The nasals extend

forwards between the facial processes of the premaxilhe ; the premaxillary expansion

is less than in Gharialis. There are 22-23 teeth on each side. The length of the

type skull from occij)ital condyle to tip of snout is 64 cm.

Form. & Loc.—Fluvio-marine beds (Upper Eocene) : north of Birket-el-Quruu.

Eemains of this species are fairly abundant, though for the most part fragmentary.

I'he best specimen found by Mr. Beadnell is the nearly complete skull, which is figured

and is to be regarded as the type. In its general form, as well as in many of the details

of its structure, this skull is intermediate between those of Tomistoma schlegeli and

Gharialis gangeticas *, resembling the latter in so many points that, were it not

for the facts that the nasals are in contact with the premaxillae and that the number

of teeth is small, this species might almost as well be referred to Gharialis as to

Tomistoma.

The upper part of the occipital surface is almost exactly as in Gharialis, a small

wedge-shaped process of the supraoccipital appearing on the skull-roof, interposed

between the posterior ends of the parietals and forming a backwardly projecting

* For a comparison of the skulls in these two species, see Ivoken, “ Thoracosaurus macrorhynclius, Bl.,

aus der Tuffkreide von Maastricht,” Zeitschr. deutsch. geol. Gesell. vol. 40 (1888) p. 754.

2 M 2
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pronnnciicc. 'i'he portion of the basioccipital beneath the occipital condyle is

c(nn})aratively sliort and mncli more nearly resembles the basioccipital of Gharialis

than the vertically elongated hone of Tomistoma schlegeli^ but at the same time the

basal tuberosities for muscle-attachment are only slightly developed. The foramen

magnum is wider than high, as in Tomistoma. The skull-roof differs widely from that

of tlie recent Tomistoma, particularly in its much greater breadth, which depends

mainly on the large size of the supratemporal openings. One result of this increased

width of the skull-roof is that the lateral temporal fossge look more directly outwards

and less upwards than in Tomistoma, thus more nearly approaching the condition

found in the Gavial. The orbits, unlike those of Tomistoma schlegeli, are rounded

more as in Gharialis, but at the same time have not the prominent borders found in

that genus. In the width of the interorbital bar this skull is exactly intermediate

between the two genera.

In front of the orbits the snout narrows less gradually than in Tomistoma, but at

the same time not nearly so suddenly as in Gharialis-, in the degree of its dorsi-

ventral compression also it is intermediate between the two. The long slender nasals

extend forwards to a point about opposite the first maxillary tooth, thrusting

themselves between the slender facial processes of the premaxillae, which extend

back to the level of the space between the fourth and fifth maxillary teeth, so that

the overlap of the two bones is considerable. It is mainly on account of this character

that this species is referred to Tomistoma, since in Gharialis the nasals are separated

from the premaxillae by a long interval in which the maxillae meet in a median suture.

(In the palate the palatines extend forwards in a wedge between the posterior ends

of the palatine plates of the maxillm, reaching the level of the twelfth maxillary tooth.

The form of the maxillo-palatine suture is the same as in Gharialis, while in Tomistoma

schlegeli it is only sligiitly convex forwards. The premaxillary expansion is much less

than in Gharialis, but at the same time rather more marked than in Tomistoma schlegeli
;

on the palate the premaxillm extend backwards between the maxilhe to just behind

the level of the third maxillary tooth. 'I'he nasal opening is com])aratively large.

In the specimen described all the teeth have fallen from their sockets, but from

these it can be seen thnt there were 22 or 23 on each side, or rather more than

in Tomistoma (20-21), but considerably fewer than in Gharialis (27-29). In each

])remaxilla there are five teeth arranged as in the Gavial. In the recent Tomistoma

only four are ])rcseiit, though in some of the fossil forms referred by Lydekker to that

genus five are present [T. champsoides, T. cggeiihurgense) ;
the third and fourth are the

largest, and behind the fifth is a broad notch for the reception of the mandibular tooth.

In the maxilhe the alveoli are almost ecpial in size throughout, and they open oiitwards

and forwards, both. Gavial-like characters. There aie no ])its for the reception of the

loner teeth, except perhaps between the alveoli 12-13 and 13-14.

In some respects the present species approaches the Lower Miocene form described
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ill (lotail by 'roiila and Kail * under tlie name Gamalomclius eggenhurgmsls, and placed

by Lydekker f in the genus Tomistoma. This species also is intermediate in many

r('sj)ects between Gharialis and Tomistoma. Some of the more important points in

wliicli its skull differs from that here described arc
; (1) the roof of the skull is

relatively narrower; (2) the borders of the orbits are raised
; (3) the temporal fossie are

smaller. On the other hand, the resemblances are so considerable that if the genus

GnvialosHchus were maintained the present species might be referred to it.

Koken J has described, under the name TJioracosaurus macrorlijinchiis, the skull of a

long-snouted Crocodile from the uppermost Cretaceous beds of Mount Aime, near

Mpernay, a form originally figured by de Blainville § as Crocodilns macrorhyncltiis. He
shows that it is intermediate in form between the skulls of Gharialis and Tomistoma,

and it seems to resemble closely the species now under discussion. It is doubtful,

however, whether Blainville’s Crocodllus macrorhynchus can properly be referred to

Thoracosaurus, a genus originally founded by Leidy
||
for the reception of the species

T. neoc€sariensis,de: Kay, sp.^, from the Upper Cretaceous of New Jersey, the skull of

which differs in possessing antorbital vacuities (which, however, according to Koken,

may be merely accidental breaks in the bone), a more massive skull, and relatively larger

teeth. In any case it appears that the present species, Gavialosucims eggenhiirgensis,

and Thoracosaarus macrorhynchus are all intermediate between Gharialis and Tomi-

stoma., as now existing, and for the present the contact of the nasals with the premaxilhTe

seems to incline the balance in favour of placing them in Tomistoma.

C. 8948. Skull, wanting the posterior part of the palate and the tip of the snout. The type

specimen described above and figured on PI. XXIIl. figs. 3, 3 a. All the teeth arc

wanting. The dimensions (in centimetres) of this specimen are :

—

Length from cpiadrate articulation to snout 68 app.

,, occipital condyle to snout 64

„ anterior border of orbit to end of snout . . 46’5 app.

Width between outer angles of quadrates 27

,, of foramen magnum 2'5

Greatest width of skull-roof 18

,, „ superior temporal fossa 5'9

Antero-posterior diameter of orbit 4-8

AVTdth of interorbital bar 3‘4

„ middle of rostrum 6 '4

Extreme length of premaxillae 19'5

R. 3329. Plaster cast of the above specimen. Made in the Biitish Museum.

* Toula and Kail, “ TJeber einen Krokodil-Schadel aus den Tertiarablageruugen von Eggenburg,”

Uenkschr. d. k. Akad. Wiss. math.-naturw. Cl. vol. 1. (1885) p. 299, pis. i.-iii.

t Lydekker, “ On the Occurrence of the Crocodilian Genus Tomistoma in the Miocene of the Maltese

Islands,” Quart. Journ. Geol. Soc. vol. xlii. (1886) p. 20.

7 Op. cit. supra.

II
Pi’oc. Acad. Nat. Sci. Philad. vol. vi. (1852) p. 35.

§ Osteographie, Atlas, vol. viii. pi. vi.

^ Zool. New York, pt. iii. (1842) p. 28.
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R. 3325. Posterior portion of skull. The dimensions (in centimetres) of this specimen are :

—

Width between outer angle.s of quadrates 28‘5

„ of foramen magnum 3

,, of skull-roof 18

„ of supratemporal fossa 6'1

„ of interorbital bar 3-9

Presented ht/ the JC(jyptiati Government, 1904.

R. S108. I’ortion of hinder part of skull of a rather larger individual.

Freserded hi/ IP. Pd. de W'lnton, Esq., lOOi).

R. 3109. Portion of rostrum. Presented hy IP. Pd. de Winton, Esq., 1903.

'file following specimens from the Fluvio-marine beds may also belong to this species :

—

R. 3342. Anterior dorsal vertebra.

R. 3343. Scute. Differs from th(> scutes from the Qasr-el-Sagha series referred to T. africanum in

having a slight median carina.

R.3341. Proximal half of a left scapula, closely .similar to that of T. schlegeli.

R. 3107. Portion of right ischium. Presented hy TP. E. de Winton, Esq., lOOib

Tomistoma africanum, Andrews.

[Plate XXIll. tigs. 1,2; text-tig. 86.

J

1901. Tomistoma africanum, C. W. Andrews, Geol. Mag. [4] vol. viii. p. 443.

Type Specimen .— nearly complete mandible, from wdiicli the teeth are missing

(PI. XXIII. tig. 1) ;
Geological Miisenra, Cairo.

d'he mandible u])on wdiich this species is founded is that of a very long- and

slender-snouted Crocodile, the total length of the specimen being just over a tnctre

(lOG cm.). The sympliysial region is long and narrow, and extends back to the

fourteenth alveolus; tin' splenial enters into its formation, extending forwards to

about the tenth alveolus.

P\)rm. cf* Loc.—Qasr-el-8agha beds (Middle Eocene): north of Ihrket-el-Qurnn.

Anteriorly the jaw is very slender, but behind the last alveolus it deepens con-

siderably ajid the lateral opening (PI. XXIII. tigs. I a, 1 b) is as large as in the recent

Tomistoma, and considerably larger than in Gharialis. 'I'lie sutures between the bones

enclosing the opening are not to be made out. Tlie ridge forming the sliclf-like border

of the inner side of the angular bone seems to bo continued up to the ])osterior angle of

the lateral opening. The articular bone [art.) is ])roduced u[)wards and backwai'ds into

a very long and narrow ])roccss, considerably longer than in tlie recent species of Tomi-

sfoma or in the Ga\ial. Tlie articular surface for the (piadrate is simply concave from

before backwards, and not divided by a ridge into a smaller inner and a larger outer
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})()rti()n, showing that the quadrate articulation was almost simply cylindrical as in

(rharialis, and not saddle-shaped as in Tomidoma schlegelL

The teeth are twenty in number on either side, and the first and fourth are

somewhat larger than the others. Behind the fourth there are two smaller sockets,

then the alveoli are larger and remain about the same size till close to the hinder end

of the series, where the last two or three decrease in size. With the exception of

larger gaps between the second and third and the third and fourth teeth, they are all

about equidistant from one another. The alveoli have prominent borders and open

Text-fig. 8G.

Anterior portion of snout of Tomistoma africanum, with the upper and lower jaws in their natural

relation to one another : A, from right side
;
B, from above.

1-5, premaxillary teeth, i nat. size.

rather more outwards and forwards than in Tomistoma scJdegeli. There seem to be no

pits for the reception of the points of the upper teeth.

This mandible is referred to a species of Tomistoma on account of the comparatively

small number of teeth in the jaw as a whole, 20 on each side, and the number (14) in

the symphysial region. In T. schlegeli there are 20-21 teeth in all, 14 or 15 being

in the symphysial portion of the jaw : in Gharialis, on the other hand, there are 25-20

teeth, of which 23-24 are symphysial. The dimensions of the type specimen are

given below.
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A s|)('ciin(Mi (text-ii<j;. 80), consisting' of the anterior portion of the upper and lower

jaws in flieir natural ])osition with regard to one another, was also obtained from the

s;ini(' horizon, and may be referred to this species with some confidence. There are

1i\ c ])rema\illary teeth, the second * being very small and situated close in front of the

third. The first, third, and fourth teeth are large; the fifth is small, and behind it

there is a considerable diastema where the sides of the snout are hollowed out for the

reception of the large fourth mandibular tooth. The alveoli, with the bases of four

snbc(iual maxillary teeth, are preserved. As in the mandible, the borders of the

alveoli are very })rominent, and the teeth seem to have been directed somewhat

forwards. The premaxillary region is slightly expanded, and the nasal opening

is large and lieart-shaped, with the point directed backwards. Unfortunately, none

of the sutures can be seen, so that the relations of the nasals and premaxillae cannot

be determined. The mandible, so far as preserved, agrees with that described above ;

the large size of the fourth tooth is well shown.

AVith the exception of the presence of a fifth premaxillary tooth, this s])ecimen

agrees in all essentials with the corresponding parts of the skull and mandible of

TomidoHia scltlegeli.

C. 10006. jMandiljle. dyp<‘ specimen described in Geol. Mag. [4] vol. viii. 1901, ]»p. 443-444.

Figured on PI. XXIIl. figs. 1,1 a, iB. The dimensions (in centimetres) of this

specimen are :

—

Total length

Length of sjmipliysis

AVdJth at narrowest part of symphysis .

„ posterior end of symphysis .

Depth of ramus at posterior end of symphysis

Greatest depth of ramus

AVidth of articular surface fur quadrate

10(1

lO-u

4-d

11

4-5

\2

4-2

E. 3330. Plaster cast of the above specimen. Made in the British Mnsenni.

E. 3201. Anterior portion of rostrum and mandible in their natural ])osition with regard to one

another. Figured in text-fig. bb. The dimensions (in centimetres) of this specinnm

are :

—

Length of the portion of the rostrum preserved ....
„ ,, mandible preserved ....

Width of premaxillary region

„ rostrum at narrowest point

Length of nasal opening

Width of nasal opening

3

1

-

5

32-

r)

7-5 app.

5

I-

2

4-2

J’resented In/ tlie Kygjdlan Government, 1904.

* In tlu! description of this s])ecimen given in Geol. Alag. [4J vol. viii. 1901, p. 444, the socket of this

small additional tooth was o\eilookcd.
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R. 3340. Portions of mandible and cranial rostrum.

R. 3197. Portions of the back of two skulls. Presented hij TP. E. de Winton, Esq., 1903.

R. 3197 a. Portion of the left preniaxilla of a large individual.

Presented by IP. E. de Winton, Esq., 1903.

The specimens catalogued below probably in most cases belong to this species, which, from the

numerous fragments of the skull that have been found, nuist have l)een more common than the

broad-nosed form. Furthermore, some of the bones, e.y. the ilium, are much more similar to those

of Tomistoma scldegeli than to those of any other species wdth which they have been compared.

All are from the Qasr-el-Sagha bt'ds.

R. 3332. Cervical vertebra. Figured on PI. XXIII. figs. 2, 2 a. The greatest length of the

centrum is 7'8 cm., its width 5'8 cm.
;
height of vertebra from hypapophysis to tip of

neural spine 15 cm. (app.). Presented by IP. E. de Winton, Esq., 1903.

R. 3195, 3196, 3331. Xumerous odd vertebrae. Presented by IP E. de Wintun, Esq., 1903.

C. 10050. Numerous odd vertebrae.

R. 3333. Mass of dorsal and cervical vertebrae and scutes cemented together by matrix.

Presented by IP. E. de Winton, Esq., 1903.

R. 3334. Five posterior lumbar and sacral vertebrae. Presented J>y IP. E. de Winton, Esq., 1903.

R. 3335. Three scutes, with a sculpture of deep pits
;
the articular facet for junction with the scute

in front is narrow, but very well defined ; there is no trace of any keel in any of these

Middle Eocene scutes. Presented by IP. E. de Winton, Esq., 1903.

C. 10037. Three scutes similar to last.

R. 3336. Proximal half of left scapula. This bone very closely resembles the scapula of T. scldegeli.

Presented by TP. E. de Winton, Esq., 1903.

R. 3199. Right coracoid, similar to the coracoid of T. scldegeli, except that the single foramen is

nearer the articulation. Presented by IP. E. de Winton, Esq., 1903.

C. 10032. Left coracoid.

C. 10044. A pair of complete ilia. Compared with the ilia of other Crocodilia, these bones are found

to resemble those of P. scldegeli in many points, e. g. in their thin backward prolongation,

the small acetabular notch, and the shallowness of the acetabular concavity. Of the

other crocodilian ilia compared, that of the Gavial is also similar though to a less

degree. The greatest length of these bones is IG’8 cm., the greatest depth 10 cm.

R. 3199 a. Eight ilium of similar form to last. Presented by TP. E. de Winton, Esq., 1903.

R. 3337. Portions of two right ischia. Presented by TTb E. de ^\ inton, Esq., 1903.

C. 10033. Left ischium.

R. 3338. Portion of a pubis. Presented by IT . E. de Winton, Esq., 1903.

C. 10021. Right femur of a very large individual, somewhat imperfect distally. The trochanter is

very strongly developed. The length of this bone is 32'3 cm.

C. 10056. Left femur of a somewhat smaller individual, much weathered on one side.

R. 3339. Second left metatar.'ial. Presented by TTb E. de ^Mnton, Esq., 1903.

2 N
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Tomistoma keriinense, Andrews.

lOO'). TomistonuL I’cvmiense, C. W. Andrews, (Jeol. Ma^. [5] vol. ii. p. 484.

Type Specimen.—An imperfect rostrum, the premaxillary region being lost;

( reological Museum, Cairo.

This species difiers from T. yavialoides in having a more gradually tapering snout

and less rounded orbits. Tlie teeth are more nearly equal in size, larger, and set at

wider intervals than in otlier species of the genus.

Form. cC* Loc.—13irket-el-Qurun beds (Middle Eocene) : 12 kilometres W.S.W. of

Gar-el-Geliaimem.

It is unfortunate that this species is very imperfectly known, since its remains

occur in the beds below those at Qasr-el-Sagha in which T. afrlcamtm is found, and

better specimens might have thrown some light on the succession of forms from this

horizon to the Upper Eocene species Tomistoma gavialoides. The snout, which is the

best specimen available for description, is much like that of T. yavialoides in general

form. Immediately in front of the orbits its surface is curved regularly from side to

side, much as in T. schlegeli, but it is somewhat more depressed, a condition which

is continued throughoiit the length of the rostrum. The tapering of the })reorbital

region is quite gradual, more so than in T. gavialoides (see PI. XXIll. fig. 3 a)
;

the orbits arc less rounded than in that species, though less elongated than in

T. schlegeli. The specimen shows that the nasals meet the premaxillfe in the manner

characteristic of the genus, thus excluding the maxilloe from union in the middle

line on the upper surface of the snout. I’he interorbital bar is broader than in

T. gavialoides.

The teeth, judging from the alveoli, were large and were directed more forwards

and outwards than in T. schlegeli, from which this form is also distinguished by the

absence of pits for the reception of tire tips of mandibular teeth. I he teeth seem to

have been more nearly equal throughout the series than in T. schlegeli or T. afrieannm,

and are separated by wider intervals, so that between the level of the ])osterior end

of the palatine processes of the premaxilhc and the anterior angle of the posterior

palatine fossa there are only nine teeth, while in T. schlegeli, in the same sj)ace, there

are ten, and in T. gavialoides twelve.

A portion of the back of a skull, including the occipital surface and the roof as far

as just in front of the supratemporal fossm, was also collected by Mr. Ijeadnell in the

same locality. So far as it is preserved, this [)art of the skull is almost identical with

that of T. gavialoides.
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C. 9350. Rostral portion of skull, incoinpleto anteriorly. The typo spociinen (l(“scril)e<! in the Gleol.

Ma^. [5] vol. ii. |). 484. The diinensions (in cenliinetres) of this sp(‘ciinen are :
—

Total length so far as ])reserved 40

Distance from front of ])osterior palatine fossa) to posterior

end of palatine processes of preinaxilla) 29-2

pistance from orbit to posterior end of facial processes of

premaxilla) 25

Width immediately in front of orbits Idapp.

„ at binder end of premaxillre 5

C. 9351. Posterior portion of a sknll from the same locality. The dimensions (in centimetres) of

this specimen are :

—

Width of posterior end of skull-roof 17

,, supratemporal fossa 5-8

,, bar between supratemporal fossae 1-6

Order CHELONIA.

Suborder ATIIECZL.

Family SPHAFGID.E.

Genus PSEPHOPHORUS, V. Meyer.

[Nenes Jahrh. (1847) p. 579.]

Psephophorus eocsenus, Andrews.

[Text-fig. 87.]

1901. Psephophorus eoccemts, Cl. 4V. Andrews, Geol. Mag. [4] vol. viii. pj). 440-441, tig. 3.

1903. „ ,, von Reinach, Abhaiidl. Senckenberg. natnrf. Gesell. vol. xxix. pt. i.

])p. 58-59.

Tijpe Specimen .—A nearly complete left humerus, described and figured in

Geol. Mag. [4] vol. viii. p. 441, fig. o ; Geological Museum, Cairo.

A species known only from the humerus, which has the ulnar crest more prominent

than in Psephophorus scaldii and the radial crest more oblique.

Form. & Loc.—Qasr-el-Sagha beds (Middle Eocene) : north of Birket-el-Qurun.

This species, which is the only representative of the suborder Athecoe found in these

beds, is known only from the humerus (text-fig. 87), which differs widely in form from

the humeri of all land and freshwater Chelonians, and from those of all the marine

2x2
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'J’urtlcs exce])t >Sj>har(/is, the only liviiiiJ- representative of the Athecte. The bone, in

fact, 1 )elongs to tlie most highly specialised type of swimming humenis, to which

Wicland * lias given the name parathalassic. The whole bone is strongly compressed

dorsi-venti-ally. The liead (b.), so far as preserved, is strongly convex and somewhat
triangular in outline. The nlnar crest (a.) projects further beyond the head than

in Pscpliophorus scaldii or in Sphargis. Between the anterior thickening, which

terminates on the head, and the posterior border the surface of the shaft is concave

Text-fig. 87.

Left humerus of Psephopliorus eoanms^ specimen ; dorsal and ventral views,

n., ulnar crest
;

h., head
;

c., radial crest
;

d., entocondyle. i nat. size.

on the upper and lower faces of the bone, but the ventral concavity is deepest. The

part of the bone above the radial process is considerably more elongated in proportion

to its width than in FsepiiogPiorus scald'd and still more than in Sphargis. The radial

prominence is very strongly developed, but it cannot be seen exactly what is the form

of its ventral surface, which, however, is not divided into two or more separate knobs,

as in Fsephophorus, and is continued on the ventral face of the bone obliquely back-

wards, so that if the line of its direction were continued it would jiass through the end

of the ulnar process
;
in both Sphargis and Fsephoplioras the ridge is placed more

transversely. The dorsal surface of the shaft opposite the base of the radial process

bears a deep oval pit for the attachment of muscle; in Sphargis this seems to l)e

represented by several smaller depressions. The distal end of the bone is incomplete,

but, like the np})er end. it seems to have been less expanded than in Sphargis. There

is no trace of any ectepicondylar groove or foramen.

On tlie wliole, the bone resembles the humerus of Fsephophorus rather than that of

* A trier. Journ. Sci. [4] vol. ix. 1900, p. 420,
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Sphargis, and is referred to a member of that genus, at least provisionally, until further

remains are found.

C. 10028. Left Imnierus. Type specimen described and figured in Geol. Mag. [4] vol. viii. (1901)

j)p. 440-441, fig. 3. The distal end is imperfect, and the whole bone is somewhat

abraded at the angles. The dimensions (in centimetres) are :

—

Length, so far as preserved 19

Width of head 4

„ at upper end 7-3

Least width of shaft above radial process 4’4

„ „ below radial process 4'2

R. 3017. Plaster cast of the above specimen. Made in the British Museum.

R. 3352. Proximal half of a humerus, much sand-worn.

Suborder THE C 0PH 0 R A.

Division A. CRYPTODIRA.

Family TESTUDINID^.

Genus TESTUDO, Linnaeus.

[Syst. Nat. vol. i. (1766) p. 350.]

Neural bones usually alternately tetragonal and octagonal, but sometimes hexagonal.

Costal bones alternately wider and narrower. Suture between the marginal and costal

bones and shields usually coinciding
;

supracaudal shield usually single. Plastron

extensively united to the carapace by suture, with short axillary and inguinal buttresses

which do not reach, or only just touch, the costal bones
; entoplastron usually in front

of the humero-pectoral suture.

One of the most remarkable features of the fauna of the Fhrvio-marine beds of the

Fayum is the number of giant Land-Tortoises, probably of several species, that must

have existed during the period at which they were deposited. A considerable number

of shells, some in a perfect condition of preservation, have been collected, mostly by

Mr. Beadnell. The greater number of these specimens belong to the species Testudo

ammon, already described in brief; other species, less satisfactorily known, will be

noticed below.
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Testudo ammon, Andrews.

[Plate XXIV. ;
text-figs. 88-90.]

IlM),'). 'I'estiulo ammon, C. W. Andrews, A Prcdiininnry Notice of a Land-Tortoise from the Upper

Eocene of the Fayhm, Egypt (description) : Survey Dept., Cairo (with

a Note on the Method employed in Excavation, Strengthening, and

Transi)ort, by 11. J. L. Eeadnell).

I'dOl.
,, ,, C. W. Andrews, Ueol. Mag. [5] vol. i. pp. .527-530, pi. xvii.

lype Specimen .—A nearly complete, sliglitly distorted shell, probably of a male

(described and figured, luc. cit.; also text-figs. 88, 89); Geological Museum, Cairo.

In this species the carapace is highly arched, the areas covered by the costal shields

being strongly convex. The antero-lateral and posterior marginals are strongly

everted
;
there is a small nuchal shield. In the plastron the epiplastra are prolonged

forwards in the middle line into an abruptly truncated projection (at least in the

males). The posterior end of the plastron is notched in the middle line, and the areas

covered by the anal plates are sharply defined by deep grooves and notches.

Form. & Loc.—Fluvio-marine beds (Upper Eocene) : north of'I3irket-el-Qurun.

A considerable number of niore or less nearly perfect shells of this species have been

collected, but at {present little is known about the rest of the skeleton. Some humeri,

a part of the femur, and some other scattered remains of a large Chelonian may be

referred to it, and a nearly complete pelvis has been found in actual association with

the shell : of the skull nothing is known.

The carapace is strongly arched in all directions, and, looked at from above

(text-fig. 88, A), it is somewhat quadrate in outline, owing to the eversion of the

marginals at the postero- and antero-lateral regions. The areas covered by the three

middle vertebral shields [v. 2-4) form prominent conve.x bosses, separated from one

another and from the costals by deep grooves. The anterior border of the shell

is notched in the middle line and somewhat upturned; there is a small nuchal

shield T'he area covered by the last vertebral shield is strongly convex, as also

is that covered by tlie single ])ygal shield (^u/.). In this latter region the shell forms a

strong arched covering for the tail, ])rojecting below tbe level of the rest of the margin.

The form of the bones of the cara[)ace will be best understood from the figures

(IT. XXIV. fig. I A
;

text-fig. 88, A). The neural bones {N. 1-7) vary considerably in

form
;
thus in the sjmeimen figured in text-fig. 88 the first is quadrate, tlie second

octagonal, the third quadrate, the fourth and fifth hexagonal, with the shorter of the

lateral faces in front, the sixth octagonal, and the seventh (piadrate. It appears,

however, that in the form of the neural bones a considerable range of variation in

different individuals occurs (see IT. XXIV. fig. 1 a). 'Ihere arc three l)ygals {Fy. 1-3),

which, as already mentioned, form a strongly convex ])rotection for the tail. Anteriorly
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Text-fig. 88.

llestored shell of Testudo ammon

:

A, from above ; B, from right side.

M. 1-11, marginal bones
; m. 1-11, marginal shields; N. 1-7, neural bones

;
J7u., nuchal bone

;
uu., nuchal

shield
;

Pi/. 1-3, pygal bones
;

pygal shield
;

v. 1-5, vertebral shields. About 1 nat. size.
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and posteriorly tlic marginals [M. 1-11) are somewhat everted, but in the region

of the junction with the plastron they arc vertical. The angles of the bridge between

the ])lastron and the carapace are greatly thickened and form a prominent border,

upon which the shell rests.

'file plastron (PI. XXIV, fig. 1 b; text-fig. 89) is larger and the openings of the shell

Text-fig. 89.

ahd., abdominal shield; an., anal shield; Ent., entoplastral bone; Ep.ii., epiplastral bone
;
/m., femoral

shield; //., gular shield; h., humeral shield; Eyp., hyoplastral bone; Jhjp.p., hypoplastral l)one

;

pect., pectoral shield
;
Xip., xiphiplastral bone. About j.

nat. size.

are smaller than in most of the recent giant Land-d’ortoises. In some individuals,

including the type, the epiplastral region {Ep.p.) is prolonged forwards to a greater or

less extent: as these have a deeply concave ])lastron, they are j)robably males. In the

specimen figured on PI. XXIV. fig. 1 B, however, this projection is very slight: as the

concavity of the plastron in this shell is very slight, it may be regarded as belonging to
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a female. Anteriorly the epiplastral projection is truncated at right angles to the

long axis of the shell, and is slightly notched in the middle line. The posterior angle

of the rather large entoplastral [Ent.) is on or a little behind the groove between the

humeral (Ji.) and jiectoral {'pect.) shields. The posterior border of the xiphiplastral

region forms a wide, open, V-sha])ed notch. The gular shields (y.) are paired,

and the pectorals {pect.) are very narrow; the region covered by the short anals {an.)

is considerably narrower than the part immediately in front of it, from which it is

marked off by a deep groove.

In addition to the absence of the prolongation of the epiplastrals and the flatness of

the plastron as a whole, the shell figured on PI. XXIV. differs from the type specimen

in the followdng points:—(1) it is much smaller; (2) the areas covered by the vertebral

shields are less convex
; (3) the caudal region is less convex inferiorly

; (4) the shell,

as a whole, is relatively rather longer and narrower; (5) the groove between the costal

and marginal shields is deeper
;

(G) the anterior portion of the plastron, in front of a

transverse line passing through the hinder angle of the gular shields, is turned upwai ds

and greatly thickened above so as to form a sort of lip, behind which it thins again

abruptly
; (7) the anal region and the posterior notch are narrower.

These differences do not seem to be of great importance, and may be partly due to

age, partly to sex
;
at the same time, although for the present this specimen is referred

to T. ainmon, the possibility that it may belong to another species must not be lost

sight of. It is, perhaps, the most nearly perfect shell of a Lower Tertiary tortoise ever

found, being undistorted and unbroken, and looking like a recent specimen
;

it, like the

type specimen, was collected by Mr. II. J. L. Beadnell.

Of the recent gigantic Laud-Tortoises T. ammon seems to approach most nearly to the

Aldabra and Madagascar forms, having like them a nuchal shield and paired gulars.

In the general form of the carapace, especially the convexity of the vertebral shields,

it is similar to T. (jujantea, Schweigger {T. elephantina, Gunther), of North Aldabra *,

but in that species the anterior and posterior marginals are smaller and less everted,

and the shell is wider behind than in front. In the plastron also some points of

similarity exist : in both it is large, the epiplastral region is prolonged forwards and

truncated, and the xiphiplastral border forms an open notch
;
on the other hand,

in the fossil the plastron is relatively larger, the anterior and posterior lobes narrowing-

very little towards their extremities.

Numerous Land-Tortoises of large size are known from various horizons in the

Tertiary beds of Europe and India. T. ffigas, Bravardf, from the Upper Oligocene

* Giinther, The Gigantic Land-Tortoises (Living and Extinct) in the Collection of the British Museum,

pis. iii. & iv. fig. A
;
also Proc. Linn. Soc. 1898, p. 14.

t Bravard, Considerations sur la distribution des Mammiferes terrestres fossiles dans le D(.T‘'^i'tement du

Puy-de-D6me, p. 15 (Clermont-Ferrand, 1844); also Gervais, Zoologie et Paleontologie fraiKjaises, ed. 2

(1859) p. 436, pi. liv.
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of Bouvnonclc-St.-Pierre (Allier), differs from the present species in the form of the

])lastron, the anterior lol)e of whicli narrows gradually forwards to a point; it also

differs in tlie great convexity of the carapace, the other characters of which

unfortunately have not been described.

Another Tertiary giant Tortoise, with wliich T. ammon may be compared, is

T. j)erpin?ana, described by Depcret and Donnezan * from the Lower Pliocene of

Uoussillon. This species also attained a very large size, one shell measuring

lllO cm. in length. The chief points in which it differs from T. ammon are:—
(1) the carapace is much less convex and is smooth; (2) there is no nuchal; (3) the

plastron, though somewhat similar posteriorly, differs anteriorly in narrowing more

rapidly and in not having the epiplastral prolongation (which, however, may be a

sexual character).

T. Ieheron'a<, Deperetf, from the Miocene of Mt. Leberon, is very similar to

T. perpiniana, hni still larger, the shell attaining a length of 150 cm. It has also

more slender epiplastra and xiphiplastra, and therefore approaches the present species

in these points rather more nearly than does T. perpiniana. The gigantic extinct

Tortoises of India, such as T. atlas, seem to be closely similar in many ways to these

European Tertiary forms, particularly in the absence in most of them of the nuchal

shield—a character which distinguishes them from the present species.

When the original description of this species was written the presence of a nuchal

shield had not been recognised, and consequently it was considered that it was more

nearly related to the European and Indian Tertiary forms than now appears to be

the case. So far as the evidence goes now, it seems that the nearest relationship is

with the Aldabra and Mascarene types and perhaps with some of the Indian forms,

in which a nuchal is also present.

Several more or less nearly complete humeri of Land-Tortoises have been found

in the same beds as the shells, and though none of them are large enough to have

belonged to an animal of the size of the type specimens of T. ammon or T. headnelli,

nevertheless they may be regarded as probably referable to small specimens of one

of these species or of T. isis. The shaft forms a strong sigmoid curve. The ulnar

and radial crests are both strongly developed and make a very acute angle with one

another ;
they are separated by a deep fossa : the ulnar crest rises considerably above

the head, which is an elongated oval in fonti. The dorsal surface of the ui)])cr

part of the shaft is marked by a strong ridge with a deep groove on its inner side

for tlie insertion of muscles. The middle of the shaft is comparatively slender and

is triangular in section. The distal expansion is not so great as in most of the large

Land-Tortoises, e. g. T. (jUjantea. The ecte[)icondyle is rather small; there is a

long and deep ectepicondylar groove which perforates the bone at its lower end.

* Comptes Itcndus, vol. cv. (1887) p. 1275 ; also Mem. Soc. Geol. France, Mem. 3 (1890) p. 140.

t Comptes liendus, vol. cx. (1890) p. 915,
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Tlie coronoid fossa is deep. From side to side the articulation is slightly convex on

its radial side, slightly concave on the ulnar.

This bone differs from that of the other giant Land-d'ortoises in its comparative

slenderness of shaft and the relatively slight expansion of its extremities. It is

very like the humerus of T. pardalis, from which, however, it is distinguished by the

greater prominence of the ulnar and radial crests, by the more dorsal position of the

deep muscle-impression above referred to, and the presence of a deep ectepicondylar

canal perforating the bone.

A pelvis (text-fig. 90) was found in association with a nearly complete shell

(R. 3097) and, though not perfect, shows the following points:—the ilia {il.) are

Text-fig. 90.

Pelvis of Testudo ammon

:

A, from above
;
B, from right side.

acet., acetabulum
;

il., ilium
;

is., ischium
;

1 .2)., lateral process of pubis
;

pubis ;

sijm., ischial symphysis, g nat. size.

short and broad, somewhat compressed from within outwards and thickening greatly

at their upper ends. The pubes are incomplete at their symphysial end ; they

bear strong lateral processes (l.p.) projecting downwards, outwards, and forwards.

The ischia [is.) are complete
;
they form a strong median symphysis [sym.), and are

greatly thickened ventrally both posteriorly and on the middle line, where the bone

seems to have been strengthened by cross-buttresses. In the middle line the posterior

border of the combined ischia is deeply notched
;
the ischial tuberosities bordering

the notch turn slightly upwards. The acetabulum [acet.) is large, shallow, and roughly

triangular in outline. This pelvis, as a whole, particularly in the form of the ischia,

is very. like that of T. ijardalis-, the chief difference is that in the latter species the ilia

are relatively longer and more slender.

C. 8130. Nearly complete, but somewhat distortcul, carapace and plastron, probably of a male.

Type specimen described and figured in ‘A Preliminary Notice of a Land-Tortoise

from the Upper Eocene of Egypt ^ (Cairo, 1903), p. 5, [)late, and in Geol. Mag. [5] vol. i.

2o2
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1!)01, |i]). "t'll-rt'M), pi. xvii. Also text-figs. 88, 89. The diinensions of this specimen

ore givc'ii below.

C. 8772. (\)mpl(h(! ond iindistorted carapace and jdastron. The dimensions of this specimen are

given below.

R. 3274. J’laster cast of the last s])ecimen.

R. 3097. SotiK'what distorfed carapace and ])lastron, incomplete })Osteriorly, associated with the

])elvis (text-tig. 90). The dimensions of this specimen are given below.

Presented hij W. E. de Winton, Esq., 1903.

R. 3273. N('arly complete and slightly distorted carapace and ])lastron. The dimensions of this

specimen are givcai below. I’resented hij the E<jiiplian Government, 1904.

C. 9240. Complete and nndistorted carapace and plastron of a smaller individual, probably a female.

Figured on PI. XXIV. The dimensions of this5 specimen are given1 below.

The dimensions (in centimetres) of the above shells are

C. 8130. C. 8772. R. 3097. R. 3270. C. t)210.

t'Dpe-)

Length of carapace in middle line . 87 88 86 49-7

(Ireatest width of carapace . . . 70 65-7 (?) 53 63 34-5

„ height of shell 44-7 45*5 47-5 40 + 29-2

Length of plastron in middle line 77-8 80-7 70 75-5 45-2

,, „ to end of xiphiplastra . . . . 85 85-5 78'5 80 48-4

Width of anterior lobe of plastron . 32 43-7 33-5 36-5 21

„ posterior lobe of plastron . 34 42 36 37 22-5

Length of bridge . 38-8 35-5 40(?) 32 app. 22

R. 3099. Portion of left xiphiplastral bone, showing form of anal shield.

Presented hij TP. E. de Winton, Es(j., 1903.

The following humeri may belong to this or one of the other species of the genus described below.

R. 3351. Nearly complete left humerus, described above. The dimensions (in centimetres) of this

bone are :

—

Length 18'G

Width of upper end 5 ap]).

„ middle of shaft 2

,, distal expansion 5'3

„ „ articulation 4’2

C. 9008. Distal half of a much larger right humerus, differing from last in being relatively much

wider and at the same time more compressed from above downwards. The dimensions

(in centimetres) are :

—

AVidth of middle of shaft 2'7

,, distal ex])ansion 7'8

,, „ artic'ulation G'3

R. 3098. I^roximal end of a right humerus, similar to IL 3301, but rather larger.

Presented In/ IP. ./f. de Winto)i, Esq., 1903.

R. 3098a. Right humerus, wanting radial side of distal end. Jjength 18 cm.; width of middle of

.-haft 2 cm.
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Testudo beadnelli, sp. nov.

[Text-fig. 91.]

Type Specimen .—A shell of which the carapace is somewhat incomplete, but the

plastron is in excellent preservation (text-fig. 91) ; Geological Museum, Cairo.

The shell upon which this species is founded is the only one of this form that has

been found. It differs so considerably from all the shells of T. ammon that its

separation from that species seems fully justified. The chief of these differences

Text-fig. 91.

Plastron of Testudo headnelli.

aid., abdominal shield
;

an., anal shield
;
Ent., entoplastral bone ; Ej^.iy., epiplastral bone

;
fem., femoral

shield; g., gular shield; h., humeral shield; Hy.p., hyoplastral bone; Hyp.p., hypoplastral bone;

pect., pectoral shield
; Xi.p., xiphiplastral bone. About I nat. size.

are :—(1 The areas covered by the vertebral shields are very slightly swollen and are

scarcely at all marked off by any depression from the costals
; (2) the carapace, as a

whole, is less widened out and turned up in front, and it is considerably lower in

proportion to its width
; (3) the pygal region is less convex and does not extend so

much below the rest of the margin. Otherwise in the arrangement of the bones and

shields the two species are similar; the nuchal shield is well marked.
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In the ])lastron the clifiercnces between the two sjjecies are considerable. Thus

in the present species the length of the bridge is about half the length of the plastron

in the middle line, in T. ammon it is usually less. In consequence of this the

anterior and posterior lobes of the plastron, particularly the former, are relatively

shorter. The median portions of the epiplastrals [Ep.p.) are produced forwards into

a pointed anterior projection
;
in T. ammon, when this projection is present at all,

it is truncated. The posterior lobe of the plastron narrows more towards its distal

(uid, and the anal region is scarcely at all marked off by the notch or groove which is

SC) strongly defined in T. ammon. Lastly, the groove between the femoral
[fern.) and

anal [an.) shields slopes more backwards. It may be added that the whole shell

appears to have been less solidly built than in T. ammon. This species is named

after Mr. H. J L. Beadnell, by whom the type specimen was found.

Form, cf Log.—Fluvio-marine beds (Upper Eocene) ; north of Birket-el-Qnrun.

C. 8773. Shell of which the carapace is somewhat imperfect. Type specimen described and figured

above. The dimensions (in centimetres) of this specimen are :

—

Length of carapace in middle line 75-1

,,
plastron in middle line tjG-4

„ to end of xipliiplastra 71'G

AYidth of anterior lobe 33 app.

Length of anterior lobe
^

IS apj).

Width of posterior lobe 32-5

Length of posterior lobe 21 app.

„ bridge 33

Height of shell 35 app.

Testudo isis, sp. nov.

Type Specimen .—An imperfect shell, wanting the posterior marginals
;
Geological

Museum, Cairo.

This species is founded on a comparatively small rounded shell in which the growth-

lines of the bones are strongly marked, forming in places [e. g. on the costals)

prominent ridges. The areas covered by the vertebral shields are not inflated and

pass smoothly into the costal region. The neural bones are all hexagonal, with the

antero-lateral sides the shortest. There is a very narrow nuchal shield.

The anterior end of the plastron is rounded and nj)tnrned, but is not greatly

thickened as is the case in the carapace of the female of T. ammon (see Plate XXIV.).

The posterior end of the plastron forms a wide open notch
;
the areas covered by the

anals are sharply separated from the region in front.

The presence of the strongly marked growth-lines probably indicates that this is

a young animal, but the fact that all the neurals are hexagonal seems to exclude
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the possibility of this being tlie young of T. ammon, and even makes it somewhat

(lonbtfnl whether it should be referred to the genus Testudo at all. For the present,

until further material is available, this species may be called T. isis.

Form. & Log.—Fluvio-marine beds (Upper Eocene) : north of Birket-el-Qurun.

C. 8774. Shell, wanting posterior marginals, hut otherwise nearly complete and undistorted.

The dimensions (in centimetres) are :

—

Length in middle line of carapace 38 app.

Extreme width of shell 27

Length of plastron in middle line 35

,, „ to end of xiphiplastra 37'4

Length of bridge 18

Height of shell 21*4

Family CHELONIUyE.

Genus THALASSOCHELYS, Fitziuger.

[Ann. Wien. Mus. i. (1835) p. 121.]

Represented only by imperfect skulls, probably of a single species.

Thalassochelys libyca, Andrews.

[Plate XXV. fig. 4.]

1901. Thalassochelys lihycu, C. W. Andrews, Geol. Mag. [4] vol. viii. p. 441.

Type Specimen.—The posterior portion of an uncrushed skull (described loc. cit .

;

figured PI. XXV. fig. 4) ;
Geological Museum, Cairo.

Known only from imperfect skulls, the characters of which are described below.

Form. Sf Loc.—Qasr-el-Sagha beds (Middle Eocene) : north of Birket-el-Qurun.

The specimens of nearly complete skulls of this Chelonian are so much crushed

and distorted that they give a very erroneous idea of the general form, and,

moreover, they are so much coated with gypsum that the sutures are invisible.

For these reasons an imperfect but uncrushed skull has been taken as the type

specimen. In this the whole of the anterior portion in front of the epipterygoid

{columella cranii) is broken away, but the posterior part is undistorted and in a fair

state of preservation.

In this skull the temporal fossae are completely roofed in, the squamosal apparently

meeting the parietal as in the Chelonidae and Sphargidae
;
but from the latter group
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it is at once distinguished by the circumstance that the o])isthotic and the squamosal

join as usual, and there is a distinct epipterygoid, indicating that this Turtle is a

member of the Chelonidm. The occipital condyle is trilobate and the basioccipital

portion thrusts itself betvTeen the exoccipital lobes, reaching the foramen magnum.

In front of the occipital condyle the ventral face of the basioccipital is compara-

tively flat, and there is no deep depression at its union with the basisphenoid as in

Chelone\ laterally, together with the exoccipitals, the basioccipital forms a flat vertical

surface, whicli is larger than is found in either Chelone or Thalassochclys. The

oj)isthotics (o.o.) are arranged as in the recent types and are firmly united at

their outer ends with the squamosals {sq.) ;
they form the upper border of a large

fossa into which several foramina opened. The form of the tympanic cavity {t.o.)

is almost as in Chelone ; it seems, however, to be a little more sharply defined

in front and a little more elongated in a vertical direction. The pedicle of the

quadrate [q.) is longer than in the recent forms, so that the articular surface for

the mandible is further below the level of tlie palate.

The basisphenoid bears a pair of ridges, which converge forwards meeting in the

middle line
;
on its upper (cranial) surface there is a strong median ridge. The

epipterygoids arise by a narrow base and are less flattened from within outwards than

in Chelone or Thalassochelys caretta.

There is no doubt that the skull here described is that of a member of the

Chelonidm, and since in the form of its basioccipital and basisphenoid it resembles

the skull of Thalassochelys rather than that of Chelone, it is referred to that genus

;

but further material in better preservation is required before its precise position can

be made out.

C. 10029. Posterior portion of skull, uncrusbed but niucb covered witb a reddish matrix and

apparently impregnated with salt. Tbe type described in Geol. jMag. [4] vol. viii. p. 441.

Figured PI. XXV. fig. 4. Tbe dimensions (in centimetres) of tins speeinam are:

—

Height of skull (from basisphenoid to roof) 7’5

(freatest width at squamosals loH

Width between outer angles of tbe quadrates 1245

„ of occipital condyle 2'4

C. 10030. Much crushed and weathered skull, incomplete in front, showing tbe roofed-in temporal

fossse.

R. 3192. A similar but rather more im[)erfect specimen.

PresenLcd luf ihe hhri//>tian Covernme/it, 1904.
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])ivision B. PLEURODIRA.

Family PELOMEDUSID.E.

Genus PODOCNEMIS, Wagler.

[Syst. Ampli. (1830) p. 135.]

This genus, including Pleurodiran tortoises in which the temporal fossae are

roofed in and the raesoplastra are small and laterally situated, is represented in the

Eocene of the Fayrim hy several species. Of these Podocnemis antiqua, Andrews, and

Podocnemis stromeri, Beinach, with its variety major, are from the Qasr-es-Sagha beds,

while Podocnemis fajumensis, Andrews, and P. hlanchenhorni, Beinach, with its

variety ovata, are from the Fluvio-marine beds of the Upper Eocene. Judging from

the great variation in the plastra, of which a considerable number have been examined,

it seems very probable that P. hlanckenhorni is identical with P.
; indeed,

according to Beinach’s figures, there seems to be more difference between the two

forms of P. hlancl'cnliorni than there is between the typical form and P. fajumensis.

Podocnemis antiqua, Andrews.

[Text-fig. 92.]

1903. Podocnemis antiqua, C. W. Andrews, Ann. & Mag. Nat. Hist. [7] vol. xi. p. 120, pi. viii.

tigs. 2 A, B.

1903. „ ,,
A. von Beinach, Abhandl. Senckenberg. natnrf. Gesell. vol. xxix.

pt. 1, p. 19.

Type Specimen.—A crushed shell, much coated with gypsum and with all the

furroAvs marking the outlines of the epidermal shields entirely lost (text-fig. 92)

;

Geological Museum, Cairo.

Shell broad and short, somewhat pointed posteriorly. Nuchal bone broad and short,

with a straight anterior border. In the plastron the xiphiplastrals form the longest

suture in the middle line.

Form. & Loc.—Qasr-el-Sagha beds (Middle Eocene) : north of Birket-el-Qurun.

The carapace in this species is flatter posteriorly than in front, where it seems

to have been highly arched. The nuchal border is straight, without a trace of any

emargination
;

the nuchal bone {Nu.) is much broader than long. There are

six neurals. The first is in contact Avith the nuchal in front
; at the point of

junction of the nuchal, first neural, and first costal there is a small opening through

the shell. The second to fifth neurals, like the first, are much longer than AAude,

their anterior borders are slightly concave, Avhile laterally they are bounded by a very

2 p



290 TEKTIARY A^EilTEiniATA OF THE FAYUM.

short anterior and a long posterior side. The sixth is pentagonal and is wedged in

between tlic front of the sixth costal plates, which behind it meet in the middle

line, as also do the seventh and eighth costals. Of the eight pairs of costal hones

the tirst is much the largest. The marginals are badly preserved, hut there seem

to have been ten or eleven pairs : the last marginals and the pygals are somewhat

enlarged, giving the carapace its peculiar caudate appearance
;
though it is possible that

this may be partly due to crushing, which has bent the posterior end of the shell a little

upwards. The suprapygal is roughly triangular in outline, the sides being convex. The

surfaces for the attachment of the ilia and scapulae are exactly as in F. madrtr/ascariensis
;

and the buttresses are similar in position and quite as strongly developed as in that

species, thus differing from the comparatively slightly developed buttresses of Stereogewjs.

Text-fig. 92.

Carapace and plastron of Podocnemis antirpia : A, carapace
;
B, plastron.

Enl., entoplastral l)one
;
Ep., epiplastral bone; JPj p., byoplastral bone

;
llijp.p., bypoplastral bone;

Ms.p., inesoplastral bone ; Nu., nuchal bone
;
Xi.p., xipbiplastral bone. About A nat. size.

(From the Ann. & Mag. Nat. Hist. [7J vol. xi.)

In the plastron (text-fig. 92, B) the entoplastral bone {Ent.) is rhomboidal in

form : from its outer angles the sutures between the epi- {Ej^).) and hyoplastrals {llg.p.)

run outwards and backwards for a short distance and then turn forwards, at least on

the inner surface
;
on the outer face the sutures are obscure and, owing to the varying

degrees of overlapping of the adjacent bones, may have been rather different from those

on the inner face. The straight suture between the hyo- and bypoplastral {Ugp-P-)

crosses about the middle of the bridge and terminates in the outer angle of a small

lateral inesoplastral {Ms.p.). The xiphiplastra [Xi.p.) terminate in points, the whoh-

posterior border being deeply notched, 'i'he bases of the fused pubes and ischium
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are almost exactly as in P. madagascariensis. None of the boundaries between the

epidermal shields are visible.

From Fodocnemis stromeri described from the same horizon by Iteinach, the present

species is differentiated, according to that writer, in the following ])oints :

—

(1) Shortness and relatively mnch greater breadth of the shell.

(2) Different form of the siirface of the carapace.

(3) Broader and shorter iinchal and the presence of a pair of foramina behind

it and on each side of the first neural, which is not longer than the second.

(4) The sutures between the epi- and hyoplastrals are different in form. (In

this connection it should be noticed that the sutures in the type specimen

are not clearly visible on the outer face of the plastron.)

(5) The xiphiplastrals form the longest suture in the middle line.

(6) The suprapygal is of a different shape.

From this it will be seen that the two species are certainly distinct, though some

of the differences may perhaps be due to the distortion through crushing, and others

to the immaturity of the type specimen of P. antigua.

C. 10038. Carapace and plastron of a probably young individual, much crushed and coated with

gypsum. Type specimen described and figured in Ann. & Mag. Nat. Hist. [7] vol. xi.

(1903) p. 120, pi. viii. figs. 2 a, b (reproduced in text-fig. 92). The dimensions of

this specimen are :
—

Length of carapace 20-2

Approximate width of carapace 19

Width of nuchal bone 5

Length of nuchal bone 3'2

„ neural series in straight line 12

„ plastron 18’5

Width of anterior lobe 10

Length of anterior lobe 4 app.

„ bridge 8 app.

AVidth of posterior lobe 8‘5

Length of posterior lobe 7’8

Podocnemis fajumensis, Andrews.

[Text-figs. 93, 94.]

1903. Podocnemis fajumensis, C. AV. Andrews, Ann. & Mag. Nat. Hist. [7] vol. xi. p. 121, pi. viii.

fig. 2 c.

1903. (?) Podocnemis hlancJcenliorni, A. von Heinach, Abhandl. Senckeuberg. naturf. Gesell.

vol. xxix. pt. 1, p. 27, pi. ix.

Type Specimen .—Anterior portion of a plastron, with the sutures and grooves well

defined (text-fig, 93) ;
Geological Museum, Cairo.

9 p 9
-J 1 u
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In tills species the anterior lobe of the plastron is longer compared Avith the

])osterior lobe than in P. antUiua, and the outline of the shell is more regnlarly oval

than in that species. Its probable identity with P. hUmckenhorni, Keinach, is referred

to below. In P. agijptiaca from the Lower Miocene of Mogara, the lobes of the

l)lastron are longer in proportion to their Avidth and the form of the vertebral shields

is different.

Form. & Loc.—Fluvio-marine beds (Upper Eocene) : north of Cirket-el-Qurun.

Ilemains of small Podocnemid tortoises are fairly numerous in the Upper Eocene

beds, the anterior part of the plastron, for some reason or other, being most commonly

found. One of these was made the type of the present species Podocnemis fajumensis,

Avhile others have been described by Ileinach under the names P. hUmckenhorni and

P. hlanckenhorni var. ovata, the chief differences betAveen the tAvo species lying in

the form of the suture betAveen the epiplastrals and hyoplastrals and of the groove

Text-fig. 93.

Anterior portion of plastron of Podocnemis fajumensis (type spcfiinen).

Ent., entoplastral bone; Ep., epiplastral bone; <j., gular shield; Ify.p., byoplastral bone; L/., intergular

shield
;
Ms.p., uiesoplastral bone; n., luuneral shield; p., pectoral shield. -3 nat. size.

(From the Ann. & Mag. Nat. Hist. [7] vol. xi.) •

between the liumeral and pectoral shields. Several other specimens have been

examined, and it is found that a considerable degree of individual variation exists

in this respect, so that it is not impossible that the different forms described may

be merely variants of one species, although further more satisfactory material Avill he

necessary to settle this point.

In the type specimen (text-fig. 93
)
the anterior border is rounded, Avith slight notches

marking the boundaries of the areas covered by the epidermal shields. The anterior

lobe Avidens gently toAvards the bridge. The ento])lastral is diamond-shaped, all the

sides being nearly straight. The suture hetAveen the epi- and hyoplastrals runs a little

backAvards from the outer angle of the entoplastral, then IbiAvards and outAvards

])arallel Avith the humero-pectoral groove, Avhich is about Vo cm. in front of it. 'Fhe

intergular is small, the gulars longer, meeting in the middle line for about 1 cm.

The humerals extend back to about the middle of the entoplastral bone (text-lig. 93 ).
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In the type of P. hlancJcenhorni * the entoplastral is more elongated and its postero-

lateral borders are convex
;

the groove between the humeral and pectoral shields

curves backwards and crosses the suture between the epiplastra and hyoplastra, so

that this form differs from the type of the present species both in the shape of the

entoplastral and in the relations of the grooves and sutures. In the type of

F. hlanckenhonii var. ovata"\ the entoplastral is similar to that of P. fajumensis, while

the grooves and sutures are nearly like those of the typical P. hlanckenhorni. Other

specimens of plastra still further bridge the gap between the two species : thus one

Text-fig. 94.

Carapace and plastron of (2) Foclocnemis fajumensis : A, carapace
;
B, plastron.

abd., abdominal shield
;

an., anal shield
;
Ent., entoplastral hone ; Ep.p., epiplastral bone

;
fern., femoral

shield
: g., gular shield

;
h., humeral shield

;
JIg.p., hyoplastral bone

;
llpp.p., hypoplastral bone

;

i.g., intergular shield
;

Ms.jy., mesoplastral bone ;
N. 2-6, second to sixth neural bones

;
pect.,

pectoral shield; Pg. 1-2, pygal bones; v. 2-4, second to fourth vertebral shields; Xi.p., xiphiplastral

bone. I nat. size.

specimen has an entoplastral very similar to that of P. hlanckenhorni, while the humero-

pectoral grooves, although they curve backwards, do not cross the sutures between the

epiplastrals and hyoplastrals. From the above observations it appears that it may be

fairly assumed that all the specimens referred to are individual variations of a single

species, and that Reinach’s specific name is synonymous with P. fajumensis.

The best specimen of this species is a nearly complete shell preserved in the

Geological Museum at Cairo (C. 8790) and figured in text-fig. 94. The carapace is

* A. von Eeinach, op. cit. p. 27, pi. ix. figs. 3, 4. t A. von Eeinach, op. cit. pi. ix. figs. 1, 2.
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oval ill outline and sliglitly udder jiosteiiorly than anteriorly; its convexity is not very

great, thongli the crushing-, which has resulted in the breaking away of a part of the

anterior border and the dislocation of some of the bones, may be to some extent

res))onsible for the flattened form of the shell. There are six neurals (N.), of which the

anterior five are hexagonal, -with the antero-lateral borders much the shortest; the

sixth (.N. (i) is ])cntagonal, its posterior angle being thrust between the anterior part of

the sixth costals, which behind it meet one another in the middle line, as also do the

seventh and eighth costals. The nuchal bone seems to have been wide, but is badly

])resorved. The suprajiygal 1) is triangular, with the postero-lateral angles

truncated for union with the last pair of marginals
;

the pygal (P^. 2) is nearly as

wide as long. The vertebral shields (v.) are hexagonal, with the anterior and posterior

liorders convex forw'ards. Both in its general form and in its structure the carapace

is very similar to that of P. madcKjascariensis.

In outline the anterior part of the plastron (text-fig. 94, B) is like that of the type

specimen, but the entoplastron is rather longer, the postero-lateral borders being

longer than the antero-lateral ones. The sutures between the epiplastrals {Ep.p.) and

hyoplastrals {Uy.p.) are strongly concave forw-ards. The posterior ends of the humeral

shields (/'.) do not reach so far back as the middle of the entoplastral, and the

grooves between them and the pectoral shield [yeef.) do not curve backwards, and

so do not cross the suture between the epiplastrals and hyoplastrals. The small

mesoplastra {Ms.p.) are roughly hexagonal in form
;

the xiphiplastrals {Xi.p.) are

incom])lete posteriorly, but the hinder border of the plastron was clearly deeply

notched. The median sutures betw-ecn the hyoplastra, the hypoplastra, and the

xi)diiplastra w’ith one another are almost equal in length. The dimensions of this

shell are given below'.

C. 10202. Anterior portion of plastron. Typo specimen figni-ed and described in Ann. & Mag.

Kat. Hist. [7] vol. xi. (1003) ]>. 121, ])1. viii. tig. 2 c, the figure being rejiroduced as

texi-fig. 1)3. The dimensions (in centimetres) of this specimen are approximately ;

—

AVidth of anterior lobe immediately in front of bridge . . . ll-o

Length of anterior lobe T’o

„ entoplastron 3-7

C. 8tC9. Anterior portion of ]ilastron. In this the humero-jiectoral groove' does not cross the

sntnre between the epi- and hyojdastral bones, but terminates with it on the lateral

border. The entoplastral is long; its postero-lateral sides are convex. The a])])roximate

width in front of the bridge is l2-r) cm., the length of the anterior lobe b'.b cm., the

length of the entoplastron 4-7 cm.

E. 3103. Anterior jiart of jdastron similar to the ty ])0 s]»ecimen, except that the sntnre between the

e|)i- and hyo])lastral bones is more concave I'orwards and jnst touches the hnmero-

pectoral groove on the border of the plastron; the entoplastral is larger and its jiostero-

lateral borders are convex.
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C. 8790. Nearly coinpleto sliell, (lc.scril)e(l above and floured text-fig. 94. The dimeiidon.s (in

centimetres) of this specimen are :

—

Length of cara])ace in middle lino lfi'7

Approximate width of carajjace IdA

Greatest length of plastron 14-4

AVidth of anterior lobe of plastron 7’4

Length of anterior lobe of plastron 3‘7 app.

AVidth of posterior lobe of plastron 7‘5

Length of posterior lobe of plastron 5'7 app.

„ bridge 5-9

R. 3346. Anterior portion of a mandible, probably of this species. This mandible differs from that

of P. madagascarimsis in having a broader symphysis
;
the biting surface is also much

broader, and is partially divided into two by a median ridge.

Genus STEREOGENYS, Andrews.

[Geol. Mag. [4] vol. viii. (1901) p. 442.]

This genus is nearly allied to Podocnemis, but is distinguished from it by: (1) the

great length and massiveness of the mandibular symphysis
; (2) the posterior position

of the internal nares resulting from the approximation of the palatines in the middle

line to form a floor to the narial passage
; (3) the large size of the intergular shield,

which separates the gular and humerals
; (4) the slight development of the axillary and

inguinal buttresses. The fact that the anterior vertebral shield is narrower than the

nuchal bone (in 8. lihyca) was originally regarded as a generic character, but, as

Reinach * has pointed out, it is doubtful whether this character occurs in all the

species; the same is the case with the separation of the neural bones from the nuchal

in front and the suprapygal behind. Reinach has lately described a species of this

genus, 8. iwdocnemioides, from the Middle Eocene of the Fayum, which in several

respects, e. g. the relations of the intergular shield to the humerals, is intermediate in

structure between the typical members of the genera Podocnemis and 8tereogenijs.

Stereogenys cromeri, Andrews.

[Plate XXV. flgs. 1-3
;

text-figs. 95, 96.]

1901. Stereogenys cromeri, C. AV. Andi’ews, Geol. Mag. [4] vol. viii. p. 442, fig. 4.

1903.
,, „ C. AA^. Andrews, Ann. & Mag. Nat. Hist. [7] vol. xi. p. 119, pi. viii. fig. 1.

1903. „ „ A. von lleinacb, Abbandl. Senckenberg. naturf. Gesell. vol. xxix. pt. 1,

p. 41.

Tygm 8peciinen.—A skull and mandible (PI. XXV. figs. 2, 3); Geological Museum,

Cairo.

* Von Eeinach, “ Schildkrbteureste aus dem iigyptischen Tertiar,” Abbandl. Senckenberg. naturf.

Gesell. vol. xxix. pt. 1 (1993) p. 34.
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In this species, wliicli is the type of the genus, the shell is more depressed, wider

and more uniformly oval than in S. lihijca from the beds above. It also differs in

]K)Ssessing a com])aratively narrow nuchal bone, probably narrower than the anterior

vertebral shield
;

in the later form the reverse is the case. From S. j>o(Jocnemioi(les,

lit'inach, of the same horizon, this species is distinguished by the fact that the humeral

shields are widely se})arated posteriorly by the intergular instead of terminating at the

same point.

Form. <f- Loc.—Qasr-el-Sagha beds (Middle Eocene) : north of 13irket-el-Qurun.

Text-fig. 95.

Palatal view of skull of Stcreo<j€nys cromcrl, restoi’ecl.

hoc., basioccipital ;
cr.jit., ectopterygoid wing

; f.i.c., fossa into which the internal carotid opens
; /.???., foramen

inagmim ;
i.n., internal nares ; m.v., maxilla; p.f., palatine foramen; pa., parietal; p/., palatine;

premaxilla
;

iderygoid ;
quadrate

;
soc., snpraoccipital

;
sr/., squamosal. About | nat. size.

The skull (PI. XXV. figs. 1-3
;
text-fig. 95) in its general structure is closely similar

to that of Podooiemis, but is broader and more depressed. The supraocci])ital {soc.) is

produced backwards into a large median ])rocess, the up])er surface of which ai)pears on

the roof of the skull between the hinder ends of the parietals These bones tiro

very large, forming the greater part of the sktdl-roof ;
laterally they join the qnadrato-

iugals and jugals in a straight suture, forming xvitli those bones a complete covering

for fhe temporal fossa;, as in Fodocnemis. The frontals
( /.) are comparatively small,

and extend forwards to about the middle point of the orbits, where they join the
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prcfront.'ils (p)'.f.) in a transverse suture, 'I'he prefrontals form the upper borders

of the orbits, and join an upward process of tlie maxilhc to complete the orbits in

front. 'I'liere were no nasals. rosteiiorly the orbits are to a groat extent cut off

from the temporal fossa by a wall which, as in Fodocnemis, seems to liave been

constituted by the upturned edges of the palatines (pi.) meeting processes of the

jugal and perhaps also in part by tlie postfrontal (po.f.). The preinaxillm {pm.x.) are

small
;
they form tlie floor of the nasal opening, and ajipoar to a considerable extent

on the iialate, extending back to form the anterior boundary of the cleft {p.f.) which

runs back between the maxillae
;
within and parallel to their sharp alveolar border

there is, on the palate, another slight ridge. The raaxilhe (mx.) form the greater

part of the cutting-edge of the jaw and the anterior part of the palate ; in the middle

line they are separated by the narrow cleft above referred to, but their edges converge

backwards, while in Fodocnemis there is a wide open space between them, increasing-

in width backwards. The palatines join the maxillae in an oblique suture
;

their

arrangement differs widely from that seen in Fodocnemis. Instead of merely forming

the posterior portion of the border of the internal nares, they here send in palatine

plates, which seem to have met in the middle line forming a secondary hard palate, as

in the mammals, and thus carrying back the opening of the internal nares to a point

rather behind the middle of the skull. In the type and some other specimens these

palatine plates do not actually meet, but are separated by a narrow cleft
; though

probably this is due to slight distortion from pressure, since in one specimen at least

they actually unite. This formation of a secondary hard palate and the consequent

posterior position of the internal nares (i.n.) is correlated with the great width of

the symphysis of the mandible
:
probably both the hard palate and the symphysis

were covered with broad horny plates and were employed in crushing hard substances,

such as the shells of Crustaceans or Molluscs. The form and relations of the palatines

and internal nares in Stereogenys are shown in text-fig. 95. The pterygoids (p)t.) join

the palatines in an oblique suture and from the posterior ends of the palatine plates

of the latter bones ridges run backwards and outwards towards the point of union of

the former with the quadrates. The ectopterygoid processes (ec.pt.) are very large and

together with the anterior upturned edge of the bones form the outer border of deep

grooves (PL XXV. fig. 1, g.), which above lead into the orbits, into which they open

immediately within the posterior wall above mentioned : the arrangement of these

parts is almost exactly as in Fodocnemis. Postero-laterally the pterygoid joins

the quadrate (g.), immediately internal to which is a large foramen for the internal

carotid (f.i.e.). In the middle line the pterygoids are to a considerable extent

separated by the backward extension of the palatines, but behind this they meet

for a short distance, probably covering the anterior part of the basioccipital. The

quadrate (g.) differs from that of Fodocnemis in being prolonged downwards, so that

the mandibular articulation, which is strongly concave from side to side, is borne on a

2 Q
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short ])CMlicle and is considerably bcdow the level of the lower border of the com-

j)letely closc'd tyin])anic ring, which is oval in outline. So far as can be determined,

the form and relations of the squamosal, quadrato-jugal, and jiigal do not differ

in any inq)ortant r('S[)ect from those of the same elements in Fodocnemis, and the

same may be said for the bones of the side of the cranium. The large foramen

,sj)I/enoidale (f-s.) is showir in PL XXV. fig. 1, opening in front of the epiotic.

The symphysial region of the mandible (PI. XXV. fig. 3, si/m.) is very large and

massively constructed. In form it is roughly pentagonal, the two anterior sides

forming the labial borders, the two laterals being produced rrpwards into strong

pointed coronoid p)rocesses (cor.), while the posterior side is slightly concave. This

])osterior border is greatly thickened and deeply grooved
;

in front of it the bone

thins gradually towards the labial borders. The lateral edges of the symphysis are

also deeply grooved (m.g.), the groove being continued back on to the rami as far as

the articulation. The ventral surface of the symphysis is very slightly convex in all

directions
;

it is separated from the ventral surface of the rami by shallow grooves,

and probably was covered by a single large horny plate. The rami are not only

dee})ly grooved on the outer face, as already mentioned, but are also hollowed on the

inner side. The articular surface (art.) for the quadrate is large
;

it is convex from

side to side and slightly concave from before backwards : behind it there is a blunt

angular process (aug.), the ui)per surflrce of which is concave.

The extraordinary massiveness of the symphysis and the great development of the

processes and grooves for the attachment of the jaw-muscles indicate that the jaws

with their horny covering must have formed a very powerful crushing-ap[)aratus.

A similar modification is observable in some Cyptodiran tortoises, e. g. Lgtoloma,

described and figured by Dollo *.

Although in no case have the carapace and plastron been found associated with

the skull in such a manner as to leave no doubt that they belong to the same

individual, nevertheless the shell now to be described may be regarded with reasonable

certainty as belonging to the present species. In the first place, this form of shell, like

the skull, is the commonest occurring in the Qasr-el-Sagha beds, and in the second

])lace it differs widely from the shell of Podocnemis, the only other Pleurodiran genus

found at this horizon.

The most nearly complete s})ecimen is a somewhat crushed shell (text-fig. 9(i),

both carapace and plastron being so coated with gy])sum that many of the sutures

and most of the grooves between the epidermal plates cannot be seen. The carapace

(text-fig. 9G, A) is depressed, this being in ])art due to crushing, though it is clear

that the shell was much wider and less convex than in the next species, !S. lilnjca,

approaching in this respect X as described by Keinach. Ihe number

* Bull. Mus. Boy. Hist. Nut. Bulge, vol. iv. (1880) p. 120. See also Eydekker, Proc. Zook Sue. 1880,

p. GO.
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of neural bones cannot be determined, but it seems certain that, as in tlie next species,

the neural scries is separated both from the nuchal and pygal bones by the junction

in the middle line of the anterior and posterior pairs of costals respectively. There

are eight ])airs of costal bones, but the number of marginals cannot be made out.

'I'he nuchal bone is large, but much narrower than in S. lib't/ca, so that, as

Keinach has pointed out, it seems improbable that the anterior vertebral shield was

narrower than the nuchal as in that species. Scarcely any trace of the epidermal

shields is preserved, but the two middle vertebrals seem to have been large and

roughly hexagonal in outline.

Text-flg. 96.

Carapace and plastron of Stereogemjs cromeri: A, carapace
;
B, plastron,

entoplastral bone; p'., gular shield; Hy.p., hyoplastral bone; Hyp.p., bypoplastral bone; inter-

gular shield; Ms.p., mesoplastral bone; w., humeral shield; Nu., nuchal bone; p., pectoral shield;

Xip., xiphiplastral bone, -f nat. size.

(From the Ann. & Mag. Nat. Hist. [7J vol. xi.)

The jjlastron (text-fig. 96, B) is relatively large : the bridge is long, being in the

specimen described about 20'5 cm. in length
;
while the length of the anterior free

lobe is only 11-5 cm., and that of the posterior lobe about 15 cm. The anterior

border is slightly concave in the middle line. The entoplastral [Ent.) is large and

rhomboidal, the sides being somewhat convex. The sutures between the epiplastrals

and hyoplastrals are concave in front and run forwards, terminating on the edge of

2(i2
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the ])lastron in the groove between tlie humeral (n.) and pectoral (j).) shields. In some

s])ecimens the up[)er surface of the cpiplastrals is raised into a sort of boss near their

])osterior angle, and from this a slight ridge is continued backwards to the axillary

buttress. The suture between the hyo- [llij.p.) and hypoplastrals {Iltjp.p.) crosses

tlu' middle of the bridge and terminates at the inner angles of the small meso-

plastrals [Ms.p.), which are irregularly hexagonal in outline and are wedged in between

the outer ends of the hyo- and hypoplastrals and the marginals. The sutures

between the hypo[)lastrals and xiphiplastrals {Xi.p.) make an angle of about 115°

with the middle line, and are slightly convex forwards. The posterior border of the

plastron seems to have been notched in the middle line as in 8. Uhijca, but in no

specimen is this region Avell preserved.

The arrangement of the horny scutes on the plastron is only known in the case of

the anterior region. The intergular (/y.) is very large, its posterior ])oint being about

on the middle of the entoplastron. Both the gulais (y.) and humerals (w.) are very

small and widely separated by the intergular. In Stercoge7iys podocnemioides, lleiuach,

the humerals are much larger and their posterior angles coincide with that of the

intergular: this condition is transitional to Fodocnemis, in which both the gulars and

humerals meet in median suture behind the intergular.

C. 10027. Skull and niandihle, found actually articulated with each other. The skull is somewhat

crushed and is imperfect in the premaxillary i-egion. Many of the sutures are obscured

by a coating of gypsum. Type specimen described and figured in Cleol. I\Iag. [1]

vol. viii. (1001) pp. 442-.3, fig. 4 ; also on PI. XXV. tigs. 2, 3. The dimensions (in

centimetres) of this specimen arc :

—

Skull :

Extreme length in middle line

„ „ from end of the squamosals

.

n-G

10 a

Greatest width (at tympanic opening)

Width between the ends of the ectopterygoid processes

„ outer ends of quadrate articulations .

of quadrate articuladon

Pistance from internal nares to tip of nose

Width of palate 4

Mandible :

Total length

Length of symphysis

W'idth at coronoitl process

articular surfaces for quadrate

E. 3007. Plaster casts of the above s[)ecimens. ^lade ill the Ih-ili.ih Miineiiin.

* This measurement is a little exaggerated, through the distortion due to crushing.
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R. 3190. IinpcrL'ect skull, wanting roof of right temporal fossa and with palate much crushed. The

dimensions (in centimetres) of this specimen are :

—

Extreme length in middle line 11-4

„ „ from posterior end of squamosals .... 11-6

Greatest width 11 app.

Width between the ends of the ectopterygoid processes . . . 7’6

,, of palate 4-9

Distance from internal nares to tip of nose 5-8

Least width between the orbits 2

Py'esented hy the Egyptian Government, 1904.

C. 10031. Nearly complete skull, wanting portions of the covering of the temporal fossae and the

left quadrate. The dimensions (in centimetres) of this specimen are :

—

Extreme length in middle line 10-4 app.

„ „ from posterior ends of squamosals .... 11'5

Greatest width 10-3 app.

AVidth between ends of ectopterygoid processes 7'2

„ of palate 4'3

Distance from internal nares to tip of nose 5-7

R 3189. Imperfect skull, wanting the whole of the temporal arches and roof. Figured on

PI. XXV. fig. 1.

Extreme length in middle line 10+
AVidth of palate 4'2

Distance from internal nares to tip of nose 5-8

Presented hy the Egyptian Government, 1904.

R. 3202. Posterior portion of two skulls, probably of young individuals of this species. The only

notable difterence observable between these and the type skull is, that the quadrate

articulation is less markedly pedunculate. Presented hy W. E. de Winton, Esq., 1903.

C. 10039. Carapace and plastron, somewhat crushed and much coated with gypsum. This specimen

was described and figured in Ann. & Mag. Nat. Hist. [7J vol. xi. (1903) p. 119, pi. viii.

fig. 1 (reproduced in text-fig. 9G). The dimensions (in centimetres) of this specimen

are :

—

Carapace

:

Greatest length 47’5

Length in middle line 4.5

Greatest width (increased by crushing) 41

Length of nuchal bone 7 app.

AVidth of nuchal bone O’oapp.

Plastron

:

Greatest length 44

Length in middle line 41‘6

,, of bridge 20-5

,, of anterior lobe ll'o

Width of anterior lobe 24

Length of posterior lobe 15 app.

AVidth of posterior lobe 24
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Plastron (cont.):

Loiigth of entoplastral bone . .

W'idtb of entoplastral bone . .

Length in middle line of byoplastral

„ ,, hypoplastral

,, „ xipbiplastral

Lengtli of intergular shield . . . .

8-7

8-7

7-5

11

<)-5

8

R. 3345. Anterior portion of plastron, showing the tliickenings on the inner face of the epiplastrals.

Width of anterior lobe 22 cm.
;
length of ditto in middle line 8’2 cm.

;
length of

entoplastral G'8 cm.

E. 3200. Anterior portion of plastron : the form of the entoplastral is rather different from that

seen in the other two specimens, being more escutcheon-shaped. Width of anterior

lobe of plastron 19 cm. app.
;
length of ditto in middle line 8 cm .

;

length of ento-

plastral () cm. app. Prexented htj TE. P. de Winton, Esq., 1903.

R. 3347. Proximal half of a left humerus of a medium-sized tortoise, provisionally placed here.

This specimen is similar to the humerus of Podocnemis, except that the uluar crest is

less developed and the head less rounded, though this latter character may he due to

partial abra.sion.

Stereogenys libyca, Andrews.

[Text-fig. 97,]

1903. Sterengentjs llhj/ca, C. Wh Andrews, Ann. & Mag. Nat. Hist. [7] vol. xi. pp. 11.5-119, ph vii.

1903. „ „ A. von Peinach, Abhandl. Senckenberg. naturf. Ge.sell. vol. xxix. pt. 1,

pp. 41-45, pi. xii., pi. xiii. figs. 1, G-9.

Type Specimen.—A nearly complete shell (text-tig. 97); British Museum.

This species is distinguished from S. cromeri by possessing a more convex shell,

somewhat expanded posteriorly, and a nuchal bone considerably wider than the first

vertebral shield. From S. podocnemioides it differs in having the humeral shields

widely separated posteriorly by the intergular.

Form. & Loc.—Fluvio-marine beds (Upper Eocene) : north of Birket-el-Qurun.

'The specimen (text-fig. 97) upon which this species is founded is a very well-

preserved shell, wanting only a ))ortion of the left side of both the carapace and

plastron ;
the pelvic bones w-ere found in situ in the shell. Altliough cracked in

all directions this specimen seems to be quite uudistorted and gives a good idea of

the form (ff’ the living animal. In its general form the shell is very like that

of Podoaiemis madar/ascariensis, but rather more convex, particularly in the region

covered by the last vertebral shield, where there is a well-mai'ked ])rominence. The

cara])ace is s(jmewhat expanded posteriorly.

Tdi(,‘re are seven neural bones (text-fig. 97, A), the series being separated from the

nuchal in front and from the snpra])ygal behind by the union in the middle line of
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the anterior and posterior costals respectively. The distance between the anterior

neural and the nuchal is 4'6 cm., that between tlie last neural and the suprapygal

I'O cm. The anterior neurals are much longer than wide, but the series shortens

Text-fig. 97.

Carapace aud plastron of Stereoginys libyca : A, carapace
;
B, plastron

;
C, shell from right side.

Ent., entoplastral bone
; g., gular shield

;
Hg.p., hyoplastral bone

;
Hyp.p., hypoplastral bone ;

ig., inter-

gular shield
;
Ms.p., mesoplastral bone

;
n., humeral shield ; Nu., nuchal bone

;
pect., pectoral shield

;

Egg., pygal bone
;

v. 1-5, vertebral shields
;
Xi.p

,
xiphiplastral bone. \ nat. size.

(From the Ann. & Mag. Nat. Hist. [7] vol. xi.)

3" Trat 8I5C

from before backwards, so that the posterior ones are wider than long, dhey are

hexagonal in outline, with the exception of the first and last, which are pentagonal.
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owiiif*' to tlio snj'tprcssion of the anterior and posterior faces respectively
;

in the

anterior nenrals tlie antero-lateral borders are much shorter than the postero-lateral ones.

'I'liere are ei^ht pairs of costals : as already mentioned, the first and last pairs meet

in the middle line (text-fig. 97, A). The nuchal (iV%.) is large and wider than long
;

it is wider than the anterior vertebral plate which overlaps it; the anterior border is

emarginate. There are eleven pairs of marginals, of which 4, 5, G, and 7 form the

base of the bridge, and 5 and 6 unite with the mesoplastral {Ms.i).). The anterior

free marginals have a rounded edge, the posterior ones are somewhat expanded and

have a sharp edge. The axillary buttress is opposite the fourth marginal, the inguinal

op[)Osite the seventh ; both buttresses are weaker and less developed than in most

rieurodirans, the inguinal being the stronger of the two.

The suprapygal {Pyg.) occupies the summit of the posterior prominence above referred

to ; it is roughly triangular in outline with convex sides and is of nearly the same

shape as the overlying vertebral shield. The pygal is notched in the middle line

by the furrow separating the posterior pair of marginal shields.

There are five vertebral sliields (y.), the anterior of which is very nari’ow, being much

narrower than the nuchal bone beneath it
;
in Pelomedusa and Podocncmis the reverse is

the case. The remaining vertebrals are roughly hexagonal in form, the antero-lateral

borders being slightly shorter than the postero-lateral. The posterior shield is very

convex
;

like the underlying suprapygal it is triangular in form, but is much larger

(text-fig. 97, A, C). There are four costal shields and twelve marginals: no nuchal

shield is present. On the anterior borders of the carapace the extent to which the

marginals are exposed is very small, but posteriorly, where the carapace is somewhat

expanded, the area is much greater. The relations of the shields to the underlying

bones are shown in the figure.

d'he plastron (text-fig. 97, B) is large
;

its posterior free portion is wider than the

anterior and is more than half as long again. The length of the bridge is about equal

to the width of the front lobe, hut much greater than its length. The anterior border

is gently concave. The upper surface in this region is also gently concave from side

to side, the concavity being bounded by thickened ridges borne on the epiplastrals

and anterior part of the hyoplastrals [lly.p.]. From this ridge the surface slopes

gently away to the lateral border of the anterior lobe. It apjiears that the up])er

surface of the anterior lobe of the plastron wais covered for some distance from its

border by a series of epiplastral shields.

The entoplastrnn [Pat.) is a small escutcheon-shaped element, from the outer angles

of which the sutures between the epi])lastral and hyo])laslral hones run forwards,

making an angle of about 45° with the long axis of the shell and terminating on the

border (T the plastron in the notch marking the end of the groove between the

humeral and pectoral shields. 'I'he suture betwccui the liyo- and hypo]»lastra {lly.p.,

Pyp-l).) crosses at the level of the middle of the bridge and terminates externally
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at the inner angle of the mesoplastra {Ms.p.), which are thus wedged in between

marginals 5 and 6 and tlie outer ends of the hyo- and hypoplastra. The mesoplastra

are longer than broad
;
the two inner borders are strongly convex. The borders of tbe

posterior lobe of the plastron are evenly curved to the posterior angles, except for

a slight notch where the furrow between the femoral and anal shields crosses the edge.

The sutures between the hypoplastra and the xiphiplastra (Xi.p.) run parallel with the

femoro-anal furrows and about 3 cm. in front of them. There is a deep rounded

notch between the posterior ends of the xiphiplastrals.

The intergular shield (ig.) is very large and extends back as far as the middle

of the entoplastron, separating both the gulars (g.) and the humerals Both

these plates are very small: the pectorals {pect.), on the other hand, are large;

the suture between them and the abdominals runs across about 3 or 4 centimetres

behind the anterior end of the bridge. The limits of the abdominals, the femorals,

and the anals are shown in the figure. The bones constituting the posterior lobe

of the carapace have their upper surfaces raised into a ridge about 4’5 cm. from, and

parallel wuth, their outer borders
;
from this ridge they slope away to the thin edge, the

sloping surface being evidently in great part covered by epidermal inguinal shields,

which seem to have extended back to the posterior ends of the xiphiplastra.

The upper surface of the xiphiplastrals bears the bases of the pubes and ischia,

as is usual in the Pleurodira, and when the type specimen was found the whole

pelvis w'as in situ. The bases of the pubes are narrower and directed more foinvards

than in Podocnemis, and the same is the case to a less degree with the bases of the

ischia.

The ilium is short and stout ; it does not seem to have been much expanded at its

upper end. In the middle of the shaft the bone has a flat antero-external surface and

a rounded postero-internal surface ; it forms the greater part of the acetabulum. The

pubis is flattened and united with the xiphiplastron by a long narrow base
;
the anterior

process is shorter than in Podocnemis. The ischium seems to have been slender,

but the greater part is missing. The acetabulum is roughly triangular, one of the

rounded angles being borne by each of the bones composing it, the angle on the pubis

being the most strongly marked. The ilium forms about two-thirds of the cavity,

the ischium constituting rather less than half of the remainder. The ilium of

Stereogenys gjodocnemioides figured by Reinach is very similar.

R. 3039. Nearly complete carapace ami plastron. Type specimen described and figured in Ann.

& Mag. Nat. Hist. [7] vol. xi. pp. 115-119, jd. vii. (reproduced in text-tig. 97). The

dimensions (in centimetres) of this specimen are :

—

Length of carapace in middle line 41-5

Approximate width of shell 32

Length of nuchal bone (in middle line) 5'7

Width of nuchal bone 7'5
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AVidtli of front of first vertebral shield .‘fS

Greatest length of plastron 40

Length of plastron in middle line 3G'5

„ anterior lobe 9

AVTdtli of anterior lobe 17'4

Length of bridge 17'7

„ posterior lobe 14

AVidth of posterior lobe 20-5

Length of entoplastral in middle line G

„ hyoplastral in middle line 8'5

,, hvpoplastral in middle line 9

,, xiphiplastral in middle line 9

,, intergular shield G 5

R. 3100. Anterior portion of a plastron. The dimensions (in centimetres) are :

—

Length of anterior lobe of plastron 9'5

AVidth of anterior lobe of plastron 19

Length of entoplastral 7'2

„ intergular shield 7

Presented hy IF. E. de IF/nton, Esq., 1903.

R. 3120. Imperfect anterior lohe of plastron, probably of this species.

Presented by TTb E. de Winton, Esq., 1903.

Order SQUAMATA.

Suborder 0 PHID IA.

Family BOID^.

According to Boulengcr*' this family includes snakes in which the maxillary,

palatine, and pterygoid bones are movable; transpalatine present; ])terygoid extending

to quadrate or mandible; supratemporal present, attached scale-like to cranium,

suspending quadrate
;
prefrontal in contact with nasal. Mandible with coronoid boiu'.

Teeth in both jaws. Vestiges of pelvis and hind limbs usually terminating in u

claw-like spur visible on each side of the vent.

* Catal. Snakes Brit. AIus. vol. i. (1893) p. 71.
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Genus GIGrANTOPHIS, Andrews.

[Geol. Mag. [4] vol. viii. (1901) p. 438.]

This genus includes very large snakes, distinguished from the recent Pythons in

having vertebrm in which the neural spine is less developed and the articular surfaces

of the zygosphene and prezygapophyses and of the zygantrum and the postzygapophyses

respectively are nearly parallel with one another.

Gigantopliis garstini, Andrews.

[Plate XXVI. figs. 1-3.]

1901. Gigantoplds garstini, C. W. Andrews, Geol. Mag. [4] vol. viii. p. 438, fig. 1.

Ttjpe Sjjecimen .—A series of about twenty associated vertebrae, with some fragments

of ribs (PI. XXVI. fig. 1) ;
Geological Museum, Cairo.

The type and only known species, distinguished by its large size, it having attained

a length of about thirty feet (rather more than 9 metres), if the proportions of the

vertebrae compared with the length of the body were as in Python molurus.

Form. Log.—Qasr-el-Sagha beds (Middle Eocene) : north of Birket-el-Qurun.

Remains of this large Ophidian are very common in the Qasr-el-Sagha beds,

occurring usually as isolated and nuich-weathered vertebrae. In the type specimen

the vertebrae remain united in groups, one of which is figured on PI. XXVI. fig. 1.

These vertebrae are closely similar to those of Python, the chief differences being that

the neural spine is less developed, being confined to the posterior part of the arch,

and that the planes of the articular surfaces of the zygosphene and prezygapophyses

and of the zygantrum and postzygapophyses respectively are more nearly parallel

with one another.

In the precocious centrum the transverse diameter of the anterior cup is slightly

longer than the vertical one ; the posterior ball is of corresponding form, and looks a

little upw^avds instead of directly backwards
;
on the posterior half of the ventral surface

there is a low% blunt, hypapophysial ridge {hyp.). The neural arch is extremely

massive, and on its posterior half it bears a small, stout, neural spine {n.sp.). The

anterior zygapophyses [a.z.) form strong prominences, continuous below with the

transverse processes
;
their articular surfaces are roughly triangular in outline, and

look rather more inwards than in Python, in which they are nearly horizontal. The

zygosphene (ss.) is a greatly thickened prominence, the articular facets of which look

outw’ards and downwards and are nearly parallel with the surfaces of the anterior

2 r2
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zygii])0 |)liyscs wliicli they face. The posterior zygapophyses {'p.z.) are strongly

])roniinent trihedral ])rocesses, the posterior face of which is nearly vertical, the lower

l)ears the oval articular surface, while the upper is continuous with the upper surface

of the arch
;
their upper angles are continued as ridges to the base of the neural spine

;

on the posterior face there is a shallow pit (/'.). The zygantral facets form the

sides of the deep zygantrum [za.) in the posterior end of the arch
; they are oval in

outline and inclined to the surfaces of the posterior zygapophyses at a very acute

angle. The transverse processes {t.p.) are very short and stout ; at their extremities

they bear the vertically elongated rib-facets, which are convex in all directions above,

but concave from above downwards below, as in Python
;
their lower angles are on

a level with the ventral border of the centrum. The trefoil-shaped neural canal is

very small, relatively much smaller than in the recent genus.

A rib associated with the type vertebra? shows that, while the articular end is just

as in Python, the shaft is more compressed from before backwards.

The posterior portion of a left ramus of a mandible (PI. XXVI. fig. 3) of a reptile

found close to the type vertebra? may belong to this species. The specimen includes

the angular and articular region, in front of which it is broken away. The articular

surface {art.) is convex from side to side, and concave from before backwards
; it is

wider in front than behind, where it terminates in a point
;

its anterior border runs

inwards and forwards, so that the whole surface is somewhat oblique, much as in

Python. The angle (a??*/.) is thick and not very prominent; it differs from that of

the mandible of Python in being less sharply marked off from the region in front.

The inner plate of the jaw, which if complete would run up anteriorly to the coronoid

lu-ocess, is broken away, but enough remains to show that probably it was separated

from the outer plate by a deep channel as in Python. The apparent sculpturing of

the surface of some of the bones (see PI. XXVI. fig. 3 a) appears to be due merely

to the etching of the surface by drifting sand. If this mandible did actually belong to

(jigantophis yarstmi, then, judging from its size compared with any vertebra? found, it

would seem that the head in this animal was relatively much larger than in recent

snakes ; but more satisfactory material is necessary before any definite conclusion

can be arrived at.

C. 10022. As.sociated series of about twenty vertebra? and portions of two ribs. TyP*^ specimen,

described and figured loc. cit.
;
also figured PI. XXVI. fig. 1. The dimensions

(in centimetres) of one of these vertebra? are :

—

Greatest lieiglit from top of neural spine to end of hypapopliysis. 5 app.

„ v\ idth (between ends of transverse proci'sses) . . . trl

'Width between outer angles of posterior /ygaj)op!iyses . . . bm

„ ,,
upper angles of zygosjjliene 2-1

,, of articular cup of cent rum

Height of articular cup of centrum I’O
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AVidth of articular ball of centrum 2-4

Extreme length of centrum 4

AV'^idtli of neural canal 1'7

Height of rib-facets 1’8 app.

Tlie combined length of the four united vertebrae figured on ri. XXVI. fig. 1

is about 12'8 cm.

R. 3188. Large and nearly complete vertebra, figured PI. XXVI. fig. 2. The dimensions (in

centimetres) of this specimen are ;

—

Greatest height from top of neural spine to end of hypapophysis . 5-7

„ width (between the ends of the transverse processes) . G’3

AVidth between outer angles of posterior zygapophyses . . . G-3

„ „ upper angles of zygosphene 2'9

„ of articular cup of centrum 2‘3

Height of articular cup of ceutrum 1'9

AVidth of articular ball of ceutrum 2'3

Extreme length of centrum 4

AVidth of neural canal 1'.5

Height of rib-facets 2-2

C. 10210. A number of similar vertebrae.

R. 3010. Three similar vertebrae. Presented by the Egyptian Government, 1903.

C. 10023. Posterior portion of left ramus of a mandible, possibly belonging to this species. Figured

on PI. XXVI. fig. 3.

Family PAL^OPHID.F:.

Large snakes, probably of marine habits. Vertebrm with tall neural spines
;
costal

articulation placed low down on the centrum. Haemal carina on centrum not

nnfrequently terminating on anterior and posterior processes. This family is probably

nearly related to the Pythonidae.

Genus PTEROSPHENUS, Lucas.

[Proc. U.S. National Museum, vol. xxi. (1899) p. G37.]

1901. Mosriophis, C. AV. Andrews, (Teol. Mag. [4] vol. vili. [>. 438.

The snakes belonging to this genus are distinguished from other members of the

family by the presence on the posterior end of the arch above the zygantrum of a pair

of strong pointed processes directed upwards and backwards. On their anterior face
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a. ri(l<^e runs downwards and forwards to the base of the anterior zygapophyses (see

n. XXVI. fig. 4 b). 4’liese processes, which may perhaps he described as enormously

develo])ed anapojjliyses, are present, tliough of very small size, in some of the vertebnc

of Palwophis. 'I’lie genus was founded by Lucas for the reception of the species

F. schncherti, a large snake from the Eocene of Alabama, where it occurs associated

witli remains of Zeuglodons. In the Eocene of Egypt, also, there is one species,

likewise associated with the remains of Zeuglodon.

Pterospherius scliweinfurtlii (Andrews).

[Plate XXVI. figs. 4-G.]

1001. Mo’riojdits schicehifniihi, C. AF. Andrews, Geol. Mag. [4] vol. viii. p. 438, fig. 2.

Tf/pe Specimen.—A dorsal vertebra (PI. XXVI. fig. 4) ;
Geological Museum, Cairo.

This species is distinguished from P. schucherti by having the posterior face of the

neural arch above the zygantriim considerably more expanded, so that the free portions

of tlie })osteio-lateral processes are shorter.

Form, cf Loc.—Qasr-cl-Sagha beds (Middle Eocene) : nortli of Birket-el-Qurun.

The vertebrie of this species occur in great numbers scattered along the Middle

Eocene escar]'»ment, but only in very rare cases are even two found united or so

situated that they may be reasonably supposed to belong to the same animal.

The procoelous centrum is considerably elongated, and is about as wide as it is

high; the anterior cup is deep and nearly ci^’cular in outline, except beneath the

neural canal, where its border is straight
;

the posterior convexity is nearly hemi-

spherical. On the ventral surface there is a strong median hypapophysial ridge [injp.],

usually produced into two forwardly and downwardly directed processes, one situated

close to the anterior end of the centrum, the other near the middle. The transverse

processes {t.p.) are short and situated ventro-laterally on the anterior end of the

centrum, below which they project considerably
;

their outer ends bear the vertically

elongated convex surfaces for the ribs, looking downwards and outwards. From the

position of the rib-facets it appears that the body must have been laterally compressed

to a considerable degree. Fiann the upper ends of the transverse processes a ridge

runs upwards and forwards to the anterior angles of the ])rezygapophyses {a.z.),

which project considerably in front of the centrum
;
their oval articular facets are a

little below the level of the floor of the neural canal, and look upwards aud a little

backwards. 'Ihe articular surfaces of the zygos})liene (rs.) are almost jrarallel with

those of the prezygapophyses
;
they are borne on the ventral face of two prominent

processes, the up])er edges of which unite to form the anterior border of the neural

spine. The ])ostzygapophyses {p.z.) look dbwinvards and a little foiuvards, their

surfaces being about on a level Avith the top of the centrum. The zygantrum [za.)
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is divided into two lateral pocket-like cavities, separated by a considerable interval ;

tlie articular surfaces look upwards and inwards. Above these cavities the posterior

face of the neural arch is enormously expanded, concave from side to side, and produced

upwards and backwards into two long pointed processes [l.p.)-, from the ends of whiclj

a ridge runs downwards and forwards to the base of the anterior zygapophyses
;

it is

this expansion of the posterior part of the arch and the presence of these remarkable

lateral processes that is especially characteristic of the genus, though the beginning

of a similar arrangement occurs in the allied and contemporary PalcBopliis As in

that genus also the neural spine {n.sp.) is high, strongly compressed laterally, but it

seems to slope more backwards in the Egyptian form. Compared with the North-

American species, P. schuclierti, described by Lucas this form seems to differ only

in having the posterior expansion of the neural arch considerably deeper, so that the

free part of the lateral processes is shorter.

Among the vertebrae collected there is a considerable range of variation in size, but

very little in structure, the chief points of difference being in the relative length and

width of the neural spine (see PI. XXVI. figs. 6, 6) and the degree of prominence of

the lateral processes. In some also the anterior process of the hypapophysis is much

smaller than the posterior, and may in some cases be entirely wanting.

The high neural spine and the downwardly directed articulation for the ribs seem

to show that in this snake the body was laterally compressed and more or less ribbon-

like, as in some recent aquatic snakes, in "which the vertebroe are to some extent

similar. The occurrence of the remains in association witli remains of Sirenians,

Zeuglodons, and Fishes lends further support to the belief that this species was aquatic

or semi-aquatic in its habits.

C. 10194. Complete vertebra. Type specimen figured in Geol. Mag. [4] vol. viii. 1901, p. 439,

fig. 2 ; also on PI. XXVI. figs. 4, 4 a, 4 b. The dimensions (in centimetres) of this

specimen are :

—

Greatest heiglit from top of neural spine to end of hypapophysis . 8‘5

,, width (between ends of transverse processes) . . . 2-5

"Width of articular cup of centrum 1‘6

Height of articular cup of centrum 1-4

AVddth of zygosphene 1'9

Extreme length of centrum 31
Width between the ends of the lateral processes of arch . . 4 app.

R. 3358. Similar, though rather smaller, vertebra.

C. 10195. Smaller vertebra, with long slender spine and prominent lateral processes
;
the anterior

end is somewhat abraded. Pigured PI. XXVI. fig. 5. Extreme height G'5 cm. ;O O c8 ’

extreme length of centrum 2 cm. app.

* Owen, Eeptilia of the London Clay, pt. iii. pi. xiii. figs. 5-7.

t Proc. U.S. National Museum, vol. xxi. (1899) p. 637, pi. xlv.
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C. 10196.

R. 3009.

C. 10025.

R. 3360.

R. 3359.

R. 3361.

R. 3366.

L.'ir^o vertebra, with the snirimit of neural spine broken away. This specimen, in which

the neural spine seems to have been very wide, is figured on PI. XXVI. fig. 6. The

length of the centrum is approximately 3'3 cm. Width of neural spine at base 2*3 cm.

Numerous vcrtebrm.

Numerous vertebra?.

Numerous vertebra?. Presented hy the Egypt'um Government, 1904.

Smaller vertebra?.

Smaller vertebra?. Presented by the Egyptian Government, 1904.

Numerous vertebrae. Presented hy Baron Nopcsa, 190.5.
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Class PISCES.

Remains of Fishes are fairly common in the Qasr-el-Sagha beds, bat are rare

in the Fluvio-marine (Upper Eocene) series above. The commonest forms from

the lower horizon are large Siluroids and Sawfishes
; these have been described

by Dr. E. Stromer so that here it will only be necessary to give a brief account

and list of the specimens in London and Cairo.

Subclass TELEOSTOMI.

Order A C T I N O P TE R Y G 1 1.

Suborder 0 S TAE 1 0P IIY S I.

Family SILURID^E.

Genus FAJUMIA, Stromer.

[Neues Jahrb. 1904, vol. i. (Abliandlungen) p. 3.]

This genus was established by Stromer for the reception of a species of Siluroid of

which remains are very common in the Qasr-el-Sagha beds. It appears to be allied to

Arms, one of the chief differences being that the complex vertebra is not fused with

the skull, there being no subvertebral process at the iunction.

Fajumia schweinfurthi, Stromer.

1904. Fajumia schweinfurthi, Ernst Stromer, Neues Jahib. vol. i. (Abliandlungen) p. 3, pi. i.

figs. 1, 2.

Type Specimen .—A skull
;
Palaeontological Museum, Munich.

In this species the skull-roof is flat except in the supraoccipital region, where

* Neues Jahrbuch, 1904, vol. i. p. 1 ;
also Beitr. Pal. u. Geol. Oesterreich-Ungarns u. d. Orients,

vol. xviii. (1905) pp. 37, 163.
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it sl()[)es away on cither side of a median ridge. Most of the upper surface is covered

with ])roniinent tubercles, which show a tendency to arrangement in longitudinal rows.

'Two double rows of especially large tubercles run on either side of the fontanelle,

converging in front of and behind it
;
the opening itself is situated towards the front

of the skull and at the bottom of an elongated furrow, the sides of which are not

tubercrdate. The supraoccipital does not project far behind the rest of the skull and

evidently united closely with the large interneural plate. The epiotic processes

])roject strongly backwairds and outwards, and bear on their postero-iuferior face an

elongated surface for union with the post-temporals. The ethmoid is broad, and its

anterior border nearly straight, so that the snout appears to be abruptly truncated.

'I'lie anterior complex vertebra is long and biconcave as usual
;

its ventral surface is

deeply channelled for the dorsal aorta, and, in older specimens at least, the channel

is completely enclosed in its middle region.

A pectoral spine, which probably belongs to this species, bears a rovv of transversely

elongated tubercles along its convex border and near its extremity
;
the upper surface

also is tuberculate.

Form. & Loc.—Qasr-el-Sagha beds (Middle Eocene) : north of Birket-el-Qurun.

C. 10197. Nearly complete skull. The dimensions (in centimetres) of this specimen are :

—

Length from basioccipital to tip of snout 3‘2 5

Greatest width at posterior end IG'Tapp.

„ „ anterior end 17 5

C. 10198. Portion of skull-roof, well preserved posteriorly and showing the sculpture.

P. 10240. Well-preserved skull, with anterior complex vertebra still united. The dimensions (in

centimetres) of this specimen are :

—

Length from basioccipital to tip of snout 32-4

„ supraoccipital to tip of snout 30

Greatest width at posterior end 20 app.

„ ,,
anterior end lO'l

Length of complex vertebra lO'S

Frenented l»j the F(/i/ptlan Government, 1004.

P.10250. Posterior half of a skull. The greatest width at the posterior end is 1(1 cm.

Presented hp Baron Nopesa, 1905.

P. 10251. Portions of two similar skulls. Presented hij Baron JSopesa, 1005.

P. 10245. Portion of skull, in which the sculpture of the roofing-bones is well shown.
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Genus SOCNOP^A, Stromcr.

[Neues Jalirb. 1904, vol. i. (Abliandliingeii) p. (!.]

This genus was founded by Stromer for the reception of a single species of large

Siluroid from the Qasr-el-Sagha beds. The basioccipital is said to bear paired

processes for union with the post-temporal, as in Bagnis, to which this form is

probably nearly related.

Socnopaea grandis, stromer.

1904. Socnopcca grandis, Ernst Stromer, Neues Jalirb. vol. i. (Abhandlungen) pp. G-7, pi. i.

fig. 3.

Tgpe Specimen.—An imperfect skull
;
Palmontological Museum, Munich.

This species seems to have attained a very large size. The sculpturing of the skull-

roof differs widely from that of Fajuinia, and consists of numerous small tubercles

arranged in longitudinal lines, there being no rows of specially enlarged tubercles at

tlie sides of the median depression. This latter is long and sharply defined
;
into it

there open two fontanelles, one near its anterior end, the other near the middle. The

supraoccipital region projects considerably behind the rest of the skull.

Form. & Loc.—Qasr-el-Sagha beds (Middle Eocene) : north of Birket-el-Qurun.

C. 10199. Skull and large part of the skeleton of a very large individual. The principal parts

preserved are :— (1) Skull, somewhat incomplete towards the outer angles of its

anterior end, showing the characteristic sculpture
; (2) portions of the mandible and

hyomandibular
; (3) part of the vertebral column, including the anterior complex

vertebra and a series of about nineteen others
; (4) the interneural plate with the

dorsal spine
; (5) portions of the two halves of the shoulder-girdle wdtli the pectoral

spine. This specimen shows that these Eocene Siluroids attained a large size, the skull

being about 65 cm. long, about 21 cm. wide posteriorly, and 32 cm. wide in front; the

length from the basioccipital to the tip of snout is 5(y5 cm. The complex vertebra

is about 15 cm. in length, and the vertical diameter of the anterior end of its centrum

about 5'7 cm. The arrow-head-shaped interneural plate is large, its length in the

mid-dorsal line being 11 cm., length to posterior angles 17 cm., greatest width upwards

of 12 cm. Its dorsal surface is covered wdth an ornamentation of rounded tubercles

arranged more or less in lines, and rather larger and more prominent than those on the

skull-roof. The posterior notch is occupied by the small supporting spine of the usual

form, and behind this by the large dorsal spine; this was probably about 20 cm. long

and curved backwards
;

it seems to have had a tuberculate anterior border and sides

marked by fine irregular ridges. The width of the base of this spine from side to side

is 4’3 cm., the width of its middle region from before backwards about 2'5 cm. The

2s2
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jx'cloral spines are still articulatcxl with the shouhler-ginlle
;

so far as can be seen tlie

ornamentation was similar to that of the dorsal spine
;
the length of these spines must

have been about 17 cm., their width at the base 3’5 cm.

P.10258. Large imperfect skull, wanting the posterior portion
;
the greatest width of its anterior

end is about 23 cm. 1‘resented hy the Eyyptian Government, 1904.

The following specimens belong to various Siluroid fishes, but cannot be moi’e definitely

(hdermined :

—

P. 10252. Anterior complex vertebra of a particularly long and slender form. Its length is

IG'4 cm.
; the dejdh of the anterior face of the centrum about G cm.

Presented by Baron Nopcsa, 1905.

P.10253. Th ree anterior complex vertebrae, similar in form but of smaller size than last.

Prese nted hy Baron Nopcsa, 1905.

P. 10254. A number of anterior dorsal vertelu'se with short disc-like centra. One of these measures

1'7 cm. in length at its ventral edge, while its height and width are about 5’3 cm.

Presented by Baron No2ycsa, 1905.

P.10255. Vertebrae, probably from further back in the column. The centra are much larger than

those just described. They are in most cases deej)ly biconcave, and laterally are

excavated by a pair of dorso-lateral depressions and a pair of ventro-lateral depressions.

Presented by Baron Nopcsa, 1905.

P.10241. Anterior complex vertebr* and the three succeeding disc-like vertebrm of an individual of

lai’ge size. The length of the complex vertebra is IG'5 cm., the height of its anterior

face about G cm. Presented by the Byypllaa Government, 1904.

P. 10242. A series of united dorsal vertebrae with veiy short centra. The ])rocesses are well

[)reserved in some part of this column. Presented by the Eyyptian Government, 1904.

P. 10246. Two very large and massively constructed vertebrm. One of these bears well-develo])ed

zvgapophyses, such as may be seen in the vertebral column Jhujrus. The peculiarity

of these processes is that the articular surfaces of the anterior zygapoi»hyses look outwards

and downwards, those of the jiosterior, here sessile on the centrum, u{)wards and a little

inwards, the opposite to what usually occurs in the higher Vertebrates.

C. 10201. Long and slender anterior complex vertebi-a, similar to P. 10252. Length IG cm.

C. 10200. Much smaller and especially shorter complex vertebra. Length 9 cm.

C. 10052. Series of six dor.sal vertebiae with disc-like centra.

C. 10049. Large, deeply biconcave vertebrai similar to P. 10255.

P. 10257. Imperfect pectoral spine. The anterior edge hears a row of transversely elongated

tubercles near the tip
;
the sides of the Si)ino also are tuberculate. Length so far as

preserved IG'4 cm.
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Subclass ELASMOBRANCHII.

Order SELACHII.

Family PRISTID^.

Genus PRISTIS, Latham.

[Trans. Linn. Soc. vol. ii. 1794, p. 276.]

Rostral teeth firmly implanted in sockets, forming square notches on the sides of

the saw-like rostrum.

Pristis fajumensis, Stromer.

1897. Proprhtis schweinfurthi, F. Priem, Bull. Soc. Geol. France, [3] vol. xxv. p. 228 {errore).

1905. Pristis fajumensis, Ernst Stromer, Beitr. Pal. u. Geol. Oesterreich-Uugarns u. d. Orients,

vol. xviii. p. 49, })1. vi. figs. 1-3.

Type Specimen .—Portions of a rostrum
; Palaeontological Museum, Munich.

This species is a true Pristis, the teeth being set in calcified sockets, forming

quadrate notches, about 23 in number, on the sides of the rostrum.

Form. & Log .

—

Qasr-el-Sagha beds (Middle Eocene) : north of Birket-el-Qurun.

C. 10203. A nearly complete rostrum (text-fig. 98). In this specimen there are 22-23 notches for

teeth on either side
;
posteriorly these are not opposite one another on the two sides,

Text-fig. 98.

but to some extent alternate
;
at the extreme anterior end the notches are opposite

to one another. The dimensions (in centimetres) ot‘ this specimen are :

—

Extreme length 87

Greatest width of base of rostrum 8'2

Width of tip of rostrum 1-3

Distance between two posterior teeth 4'1

„ „ anterior teeth 1-5

C. 10204. Portion of a rostrum, with notches for teeth much more closely set than last,

another species.

Possibly
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P. 10256. Portions of rostra, prohaljly of this species. Presented \nj Baron Xopcsa, 1005.

P. 10243. I’roxiinal portion of a rostrum. Presented Jnj the F.gpptian Government, 1004.

C. 10205. Itostral tooth, prohahly of tliis species.

i*’rom tlie Birket-el- Qunin series of the Zeuglodon Valley, to the south-west of the lake, a

<'onsi(leral)le nuniher of large rostral teeth were collected by Mr. Beadnell, and are in the Geological

.Museuin, Cairo. These probably belong to Stromer’s species Pristis ingens (tom. cit. p. 47).

Genus PROPRISTIS, Dames.

[Sitzungsh. k. preuss. Akad. Wiss. Berlin, math.-j»hys. Cl. 1883, ]). 13().]

Ill this genus the alveoli of the rostral teeth are not ossified, and their position is

only marked by shallow indentations in the rostral margin.

Propristis schweinfurthi, Dames.

1883. Propristis schweinfurthi, W. Dames, loc. cit. vol. i. p. 13G, pi. iii. figs. 1 a-c, 2.

Id05. „ „ E. Stronier, Beitr. Pal. u. Geol. Oesterreich-Ungarns u. d. Orients,

vol. xviii. p. 53, pi. vi. tigs. 17, 17 a, 17 l>.

Type Specimen .—A portion of a rostrum
;

Royal Museum of Natural History,

Berlin.

Remains of this species are not uncommon in the same beds as those from which

rostra of Pristis fajumensis are obtained.

Form. & Loc.—Qasr-el-Sagha beds (Middle Pdocene) : north of Birket-el-(iurun.

C. 10206. A portion of a rostrum, closely resembling that figureil by Stromer, tom. cit. pi. vi. tig. 1 7.

P.10244. A similar portion of a rostrum. Presented hg the Pggptian (dovernment, l'.M)4.

Genus EOPRISTIS, Stromer.

[Beitr. Pal. n. Geol. Oesterreich-Ungarns u. d. Orients, vol. xviii. (ll)()5j p. 52 (as a

subgenus of Pristis).'\

This form seems to be as distinct from Pristis as is l^ropristis, and on that account

it is here regarded as of generic rank. In tltis genus there is no trace of alveoli for

the teeth on the sides of the rostrum.



EOPIUSTIS KEINACIir.—AETOBATIS.—CARCIIARODON'.

Eopristis reinachi, Stromec.

11)05. Kopr'isti.^ reinachi, E. Stroiner, loc. cit. p. 52, pi. vi. lig. 15.

Tijpe Specimen .—Portion of a rostrum ; Palaeontological Museum, Munich.

Form. & Loc.— Qasr-el-Saglia beds (Middle Eocene): north of Birket-el-Qurun.

P. 1C247. Proximal ])ortion of a rostrum very similar to the type specimen.

Family MYLIOBATID^.

Genus AETOBATIS, Muller & Henle.

P. 10249. Lower tooth-plate of a species of this genus
;

similar to that figured hy Slromer (Beifr.

Pal. u. Geol. Oesterreich-Ungarns u. d. Orients, vol.xviii. pi. v. fig. 8). Fluvio-marine

beds (Upper Eocene) : north of Birket-el-Qurun.

Family LAMNID.F.

Genus CARCHARODON, Muller Hi Ilenle.

P. 10248. Tooth of a species of this genus. (?) Fluvio-marine beds (Upper Eocene) : north of

Birket-el-Qurun.
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I
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I
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I

j

Sagkatherium, 84.
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I
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I

dentition, 85.
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ri.ATE 1.

1. Arsinoitherinm zHteli, Bcadnell
;

skull, left lateral view; the ends of the

horns have been restored: one-third nat. size. Fluvio-marine beds

(Upper Eocene). [M. 8463.]

ao./., aiitorbital foramen.

h.n., h.i’.'

,

impressions of blood-vessels.

(•., alveolus of canine.

t.a.m., external auditory meatus,

t.ro., cxoceipital.

f.h., frontal horn.

f.l.a., foramen lacerum anterius.

/>., frontal.

i. 1-3, incisors or their alveoli.

>., jugal.

?., lachrymal.

)/n 1-13, molars.

icr.s., prenasal bar.

max, maxilla,

an., nasal.

a nr., external nares.

a.//., nasal liorii.

ovi./., orbito-uasal foramen,

jiarietal.

ya//., postglenoid process.

]>1., palatine.

pm. 1-4, premolars or their alveoli.

pni.v., premaxilla.

paroccipital process.

j)f., pterygoid.

7 <0/., post-tympanic process.

,s'y., squamosal.

.s’/.r., sui>ratemporal ridge.

II., optic foramen.
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PLATE 11.

Fis:. I’age

1. Al'siiloifJierium ziffeli, Peadnell
;

skull, jmlatal and (1 a) front views
;
the

ends of the horns have been restored : one-third nat. size. Flnvio-marine

beds (Up]:)er Eocene).

antorbital foramen.

a.p.f., anterior palatine foramen.

hn., basioccipital.

Jifi/)., basisplienoid.

c., canine alveolus.

e.a.'in., external audifory meatus.

{',vo., exocci]utal.

/.//., frontal born.

articular .surface for mandible.

i. 1-3, incisors or tbeir alveoli.

ui. i-3, molars.

HU'S., prenasal bar.

maxillo-palatine foramen.

[M. 8463.]

mx., maxilla.

na., nasals.

nar., external nares.

n.li., nasal horn.

orh., orbit.

postglenoid process.

pi., palatine.

pm. 1-4, premolars or tbeir alveoli.

pmx., premaxilla.

PVf-1 posterior palatine foramen.

pt., pterygoid.

pig., post-tymjianic process.
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PLATE 111.

Fig. Page

] . Ars/iioithcn'vm zHteli, Beadiiell ; three parts grown skull, left side and

(1 a) anterior \iews: one-si.\th nat. size. Fluvio-marine beds (Upper

Eocene). specimen, C. 8130.] 2

2. Ditto; younger skull, superior, (2 a) left lateral, and (2 b) anterior aspects:

one-sixth nat. size. Eluvio-marine beds (Upper Eocene). [C. 7805.] 2

alispheiioicl canal.

n.o.f., antorbital foramen.

ihn. 4, fourth millv-molar.

t’.a.iu., external auditory meatus.

e.i'o., exoccipital.

f.h., frontal horn.

fr., frontal.

Jn., jugal.

la., lachrymal.

jii. 1-2, molars.

iiis.i/., mesethmoid groove.

hi.v., maxilla.

na., nasal.

art/-., external nares.

ii.h., nasal horn.

orb., orbit.

2>«., parietal.

Pl/l., postglenoid process.

pi., palatine.

2»n. 1-3, premolars.

jjiax., premaxilla.

paroccipital process.

pt., pterygoid.

pitij., post-tympanic process.

so., supraoccipital.

S([., squamosal.

11., optic foramen.
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PLATE IV.

]’ig. Page

1. Arsinoitherium zitfeli, Beadnell
;
mandible, upper and (1a) left side views

:

one-fourth nat. size. Fluvio-inarine beds (Upper Eocene). [M. 8463.] -2

'1. Arsinoitherium andrewsi, Lankester
;

left maxilla, outer and (2 a) palatal

views ; one-fourth nat. size. Fluvio-marine beds (Upper Eocene).

[Type specimen, M. 8461.] Sb

o. Ditto; mandible, upper and (o a) left lateral views: one-fourth nat. size.

Eluvio-marine beds (Upper Eocene). [I'ype specimen, M. 8461.] bb

a., angle of mandible.

(•., canine.

cd., condyle.

c.p., coronoid process.

i. 1-13, incisors or their ah eoli.

ja. 1-3, molars.

ni.f., mental foramen.

pm. 1-4, premolars.

i-., symphysis of mandible,
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PLATi: V.

' ig- Page

1. Arslnoithcrium zitteli, Beadnell
;
upper incisor (or canine), crown and

(1 a) lateral views : two-thirds iiat. size. Fluvio-marine beds (U])])er

Eocene). [M. 8470.]

'1. Ditto; right upper premolar, probably the third, crown view: two-thirds

iiat. size. Belonging to same individual as last. [M. 8470.] 1^0

d. Ditto; left upper premolar, probably the second, crown and (3 a) anterior

views ; two-thirds nat. size. Belonging to same individual as last.

[M. 8470.] dO

4. Ditto; left lower molar, crown and (4 a) outer views: two-thirds nat. size.

Belonging to same individual as last. [M. 8470.] 23

5. Ditto
;

left milk-molars 2-4, crown and (5 a) outer views : two-thirds nat.

size. Same horizon, [M. 8471.] 21

6. Ditto; third loft upper molar, only slightly worn, crown, (G a) inner.

(6 b) outer views: two-thirds nat, size. Same horizon. [M. 8470.] 17

7. Ditto; third right n]')[)er molar, more worn than last, crown view: two-

thirds nat. size. Same horizon. [M. 8804.] 17

8. Ditto
;
right upper molar, greatly worn, crown and (8 a) inner views

;
in

tlie latter the roots are shown : two'

(t.c., anterior eolunni of molars.

(!(’., antero-external cusp.

(tl., antero-iuternal cusp,

u./'., anterior root.

(., cingulum.

postero-internal portion oF cingulum.

2-4, second, third, and fourth milk-molars.

nt.r., middle rout.

thirds nat. size. Same horizon.

[M. 8804 a.] 17

ms., mesost3’le.

p.C; posterior column oF molars.

pe., postero-external cns|).

j>i., ])ostero-internal cusp.

posterior root.

ps., parastyle.

.c., iniuir Face of tooth.
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PJ.A'rE VI.

Fig. Fagt;

1. Mcgalohyyax coca’inis, Andrews; premaxilla with incisor teeth, outer and

(1 a) palatal views: nat. size. Eluvio-maiine beds (Upper Eocene).

[C. 10009.] 1)3

2. Ditto
;
right upper maxillary teeth, crown view : nat. size. Same horizon.

[Type specimen, M. 8502.] 'J2

3. iSag/icftheriKm maf/num, Andrews' s ; right upper teeth, outer and (3 a) crown

views : nat. size. Same horizon. [Type specimen, M. 8398.] 89

4. Ditto
;
portion of left ramus of mandible with cheek-teeth, upper and (4 a)

side views : nat. size. Same horizon. [M. 8868.] OO

5. SagliatJieyinni majus, Andrews
;
right upper second molar, crown view : nat.

size. Same horizon. [C. 10010.] 91

G. Sag]Killterin 1)1 antiquum, Andrews & Beadnell
;

two right upper molars

{gn. 2, m. 3), crown view : nat. size. Same horizon. [C. 10057.] SO

ac.s., anterior accessory styles,

cc.-s.', posterior accessory styles.

iH’., aiitero-extcrnal ciisji.

a/., antero-internal cus]).

(., eaiiine.

hs , hy])ostyle.

/. 1 -0
,
incisors or tlieir alveoli.

i.
1

', posterior end of i. 1

.

tti. l-'.i, molars.

ms., inesostyle.

msd., inetastylid.

ints., metastvle.

])e., ])ostero-e.\'ternal ensj).

yi., postero-internal ensj).

phj)., ]);ilatine process of premaxilla,

pni. 1-4, ])remolars.

'ps., parastyle.

t., talon.
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PLATE VII.

I’ig. Piige

1. Mecjalohyrax minor, Andrews
;

left upper molars and ])rcmolars, crown

view : nat. size. Fluvio-marine beds (Upper Eocene).

[Type specimen, C. 8818.]

2. Ditto ;
right ramus of mandible, inner view and (2 a) crowns of the cheek-

teeth : nat. size. Same horizon. [C. 8822.] 07

3. Ditto
;

anterior end of mandible witli two incisors, posterior view : nat. size.

Same horizon. [C. 8823.] 07

4. Saghatheriiim antiquum, Andrews & Beadnell ;
right maxilla with cheek-

teeth, palatal view ; nat. size. Same horizon. [Type specimen, C. 8635.] 85

5. Ditto; roof of skull, superior view : nat. size. Same horizon.

['I'ype specimen, C. 8635.] 85

a.e., antero-cxternal cusp.

a.i., aiitero-interiial eu.sp.

c., canine.

fr., frontal.

/<s., hypostyle.

i. 1-i!, lirst and second incisors.

m. 1-3, molars.

ms., mesostyle.

msd., metastylid.

mts., metastyle.

pa., parietal.

p.e., postero-external cusp.

p.i., postero-intcrnal cusp

‘pm. 1-4, premolars.

2 >s., parastyle.

so.2 >., supraorbital process.

i., talon of third lower molar.
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PTATE Vlll.

i'ig. Pago

1. MoeritJierhim li/onsi, Andrews; nearly complete sknll of a young individual,

up])er, (1 a) lower, and (1b) posterior views: one-half nat. size. Fluvio-

inarine beds (Upper Eocene).

ho., basioccipital.

c., canine alveolus.

cond., pxoccipital condyles.

e.a.m., external auditory meatus.

t'.vo., exoccipitals.

f. f.p., foramen lacerum posterius.

for., foramina in scjuamosal.

frontal.

[f., glenoid surface for mandible.

1. 11-3, .second and third incisors or their alveoli.

ju., jugal.

III. 1-3, molars.

[C. 7867.] 99

m.v., maxilla.

n., nasal.

orb., orbit.

pri., parietal.

pJ., palatine.

yna.2-4, second to fourth premolars.

pmx., premaxilla.

p.p., paroecipital process.

jifij; post-tympanic process.

soc., su])raoccipital.

sq,, scjuamosal.
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rr.ATE IX.

Fig. Page

1. Moeritherium lyonsi, Andrews; skull of a young individual, right side view :

one-half nat. size. Fluvio-marine beds (Upper Eocene). [C. 7867.] 99

2. Ditto
;
right lower dentition, crown view : nat. size. Same horizon.

[M. 8501.] 109

3. Ditto; right lower premolars, inner and (3 a) crown views : nat. size. Same

horizon. [C. 8127.] 109

4. Ditto ; right upper premolars, crown view ; nat. size. Same horizon.

[M. 8500.] 100

5. Moeritherium trigonodon, Andrews
;
right lower molars, crown view : nat. size.

[Type specimen, M. 8499.] 128

rt^., antero-external cusp.

ai., autero-internal cusp.

a.o. f., autorbital foramen.

e.a.m., external auditory meatus.

exo., exoccipital.

/r., frontal.

i. 2, second up[)er inci.sor.

>., jugal.

m. 1-3, molars,

maxilla.

va., nasal.

iiur., external nares.

orh., orbit.

2>a., parietal.

l>e., postero-external cusp.

pill. 2-4, premolars.

2>iiix., premaxilla.

2>-P; paroecipital process,

ps., parastyle.

pti/., post-tympanic process.

xoC; supraoccipital.

A”/., s(piamosal.
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PLATE X.

'i.ir. Pao'eO ZJ

1. 3I(ei'itherit(m lyonHi, Andrews; left ramus of mandible, with the molars and

])romolars, upper and (1 a) outer views ; the posterior portion is restored

in outline from other specimens : one-half nat. size. Qasr-el-Saa’ha beds

(Middle Eocene). [Type specimen, C. 10000.
J

108

Ditto
;

right upper cheek-teeth, crown view : one-half nat. size. Same

horizon. [C. 10001.] 100

Ditto; anterior portion of skull, side view; one-half nat. size. Same

horizon. [C. 10002.] 99

Ditto
;
posterior portion of the same skull, upper and (4 a) posterior views

;

one-half nat. size. Same horizon. [C. 10002.
1

99

Ditto
;
crown of last upper molar ; one-half nat. size. Same horizon.

|

M. 8902.1 108

(t.o.f., aiitorbital foramen. na., nasals.

c., canine. nar,, external nares.

cond., condyle of mandible. orh., orbit.

cor., coronoid process. pa., parietal.

e.a.m., external auditory meatus. pm. 2-4, premolars.

c.i’o., exoccipital. pmx., premaxilla.

i. 1-d, incisors or alveoli of iiicisoi's. poc., paroccipital process.

m.l-S, inolai-s. .'toe., supraoccipital.

mental foramen. squamosal,

maxilla.
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PLATE XI.

T'in-.

I. lifmrithcriuin hjousi, Andrews; atlas vertebra, posterior, (1 a) anterior, and

(1 b) npper views: one-tliird nat. size. Qasr-el-Sagha beds (Middle

Eocene). [M. 8909.

1

1^. Ditto; axis vertebra, anterior and {'2i a) lateral views: one-third nat. size.

Same horizon, [C. 10059.]

o. Ditto
;
posterior cervical vertebra, posterior view : one-third nat. size. Same

horizon.
[
M. 8899.]

4 . Ditto
;

dorsal vertebra, associated with type mandible, anterior and

(4 a) lateral views : one-third nat. size. Same horizon. [C. 10000.]

5. Ditto
;

left scapnla, outer view : one-third nat. size. Same horizon.

[C. 10020.]

6. Ditto
;

left humerus, posterior and (6 a) anterior views : one-third nat. size.

Same horizon. [M. 8931.]

7. Ditto; proximal end of ulna, anterior view: one-third nat. size. Same

horizon. [M. 8911.]

8. Ditto ; right femur, anterior and (8 a) posterior views : one-third nat. size.

Same horizon. [M. 8932.]

9. Ditto; imperfect pelvis, dorsal and (9 .\) lateral views: one-third nat. size.

Same horizon. [M. 8914.]

((., acetabulum.

a.t., surface for axis.

/I.:., anterior zygapo])Iiy.sis.

0 ., coracoid process,

coracoid border.

(./., coronoid fossa (fig. d a), capitular facet

(fig. 4 a).

e.i., crista ilii.

ronfl., condylar facets.

d., deltoid crest.

(j.h., glenoid border.

(J.C., glenoid cavity.

'/.O-., great troebanter.

/(., head of humerus and femur.

Jt.y., hypapophysis.

?.c., inner condyle.

is., ischium.

is.t., ischial tuberosity.

l.L, pit for liyamentuni teirs.

l.tr., lesser trochanter.

n.sp., neural spine.

od., odontoid process.

o.f., olecranon fossa.

ol., olecranon ])rocess.

jm., pubis.

p.

z., posterior zygai)oph vsis.

r. ,
surface for radius.

s.
,
s])iue of scapula.

tubercular facet.

t.j)., transverse ])rocess.

V.C., vertehrarterial canal.

Page

no

118

112

112

117

117

118

119

118
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PLATE XII.

. Falccomastodon C?) beadnelli, Andrews
;

skull, lateral, (1 a) palatal, and

(1 b) posterior views; one-fourth nat. size. Fluvio-marine beds (Upper

Eocene). [M. 8464.]

I’asfe

130

al., alisphenoid.

aJ.c, alisphenoid craial.

(to.f., antorbital foramen.

hn2 >; basisplieuoid.

f.n.m., external auditory meatus.

eu., eustachian opening.

exo., exoccipitiil.

foramen lacerum auterius.

f.l.m., foramen lacerum medium,

foramen lacerum posterius.

/‘.at., foramen magnum,

f.o., foramen ovale.

/'or., foramina opeiung into aii’-sinuses.

I.C.C., foramen for internal common carotid.

ju., jugal.

m. 1-3, molars.

mx., maxilla.

2>a., parietal.

})l., palatine.

pm. 2-4, premolars.

paroccipital process.

PP-f-’ posterior palatine foramen.

pi., pterygoid.

ptj/., post-tympanic process.

S.C., sagittal crest.

soc., supi’aoccipital.

sf]., squamosal.

sl.m., stylomastoid foramen.
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PLATE XIII.

Piig(^

Palceomastodon (?) headnelli, Andrews
;
anterior portion of young skull, upper

and (1 a) side views : tliree-fonrths nat. size; also (I b) crown view of left

upper teeth : nat. size. Flnvio-marine beds (Upper Eocene). [C. 8116.] 138

do.f., antorbital foramen.

/'/•., frontal,

i., incisor.

ja., jugal.

lac., lachrymal.

mcs.(f., mesethmoid groove.

iiutt. 2-4, milk-molars.

vix., maxilla.

na., nasal.

nat\, external nares.

orb., orbit.

pal., palate.

pmx., premaxilla.

~U9-i zygomatic process of maxilla.
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PT.ATE XIV.

KiS- Page

1. Pnla?omastodon Andrews
;
portion of right ramus of mandible, iniernal

and (] a) upper ^dews : nat. size. Fluvio-marine beds (Upper Eocene).

[Type specimen, M. 8479 b.] 168

*2. PalcEomasto(Jon({) headnelU., •, right upper molars and premolars,

crown view : two-thirds nat. size. Same horizon. [M. 8383.] lo9

3. Palcfomastodon ivintoni*, Andrews; anterior portion of mandible with

incisors, upper view : one-half nat. size. Same horizon. [M. 8478.] 161

*
I

Wrongly described on Plate as P. headaelli.']

i, incisor.

•in. 1-3, molars.

2)vi. 3-4, premolars.

m/ni., symphysis.
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PLATE XV.

'ig. Page

] . Palwomastodon leadtielU, Andrews
; left ramus of mandible, upper and

(1 a) outer views : one-third nat. size. Fluvio-marine beds (Upper

Eocene). [-l-ypc specimen, C. 10014.] 100

-. Ditto
;
fragment of left maxilla with greatly worn m. 2 and m. 3, palatal

view: one-third nat. size. Same horizon. [C. 10014 a.] 151

Ditto; atlas vertebra, front view : one-third nat. size. Same horizon.

[C. 10060.] 144

surfaces for occipital condyles,

i., socket of incisor.

///. 1-11, molars.

w./., mental foramen,

m.r., maxilla,

vt.c., neural canal.

H.ij)., neural spine.

od., socket for odontoid j)rocess.

2>aL, palate.

pm. 11-4, preiuolars.

sym., symphysis of inaudible.

i.p., transverse process.

V.C., vertebrarterial canal.

base of zygomatic process of maxilla.
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PLATE XVI.

J'ig. Page

1. Falwomastodon headncJH, Andrews; axis vertebra, front and (1a) side

views: one-sixth nat. size. Fluvio-marine beds (Upper Eocene).

[C. 10061.] 144

‘J, Ditto ; imperfect right hnmerus, front and (2 a) back views : one-sixth nat.

size. Same horizon. [C. 10013.] 145

o. Ditto
;
right femur, front and (3 a) back views : one-sixth nat. size. Same

horizon. [C. 10017.] 14G

4. Ditto; left tibia, front and (4 a) distal views: one-sixth nat. size. Same

horizon. [C. 10015.] 147

coronoid fos.^a.

(n., cnemial crest.

d., deltoid crest.

f/.A, great trochanter.

//., head.

inner articular surface of ujgjer end of tibia.

V.C., inner cond3de.

i.m., internal malleolus.

ii.si'., neural spine.

0 ., outer articular surface of upper end of tibia.

O.C., outer condyle,

od., odontoid process.

0 ./., olecranon fossa.

sp.r., supinator ridge.

t.])., transverse process.

O'., trochlear surface of femur.

t.1., third trochanter.
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PLATE XVII.

•'L'- Page

1. M(£ritheriiii)i (jnicile, Andrews; anterior portion of skull, palatal view : one-

third nat. size. Qasr-el-Sagha beds (Middle Eocene).

[Type specimen, C. 10003.] 127

2. Ditto ; occipital region of same skull, posterior view : one-third nat. size.

Same horizon. [i'ypG specimen, C. 10003,] 127

3. Ditto
;
upper molars, side view : one-half nat. size. Same horizon.

[M, 8913.] 128

4. Bcmjtheriiim grave, \
left maxilla with teeth, palatal view ; one-sixth

nat. size. Same horizon. specimen, C. 10012.] 172

5. Ditto
;
mandible of same individual, side view : one-sixth nat, size. Same

horizon. [Type specimen, C. 10012.] 173

0. Ditto
;
third left lower molar of same individual : one-sixth nat. size. Same

horizon. [Type specimen, C. 10012.] 174

7. Ditto
;
distal portion of left humerus, front and (7 a) back views : one-sixth

nat. size. Same horizon. [C. 10012 a.] 174

8. Ditto; left radius, front, (8 a) proximal, and (8 b) distal views: one-si.vth nat.

size ; belonging to type skeleton. Same horizon.

[Type .s})ecimen, C. 10012.] 175

9. Ditto; imperfect right scapula, outer and (9 a) articular surfaces: one-sixth

nat. size. Part of the type skeleton. Same horizon.

[Type specimen, C. 10012.] 174

c.
,
alveolus of canine.

c.h., coracoid border,

f./'., coronoid foss^a.

cor., coronoid process (tig. n) and coracoid

process (tig. ‘J j.

d.
,
deltoid process.

(WO., exoccipital.

(J.C., glenoid cavity.

inner proximal facet of radius (tig. .S a).

i. 1-3, incisors.

I.C., inner condyle.

Ui., facet for lunar.

m. l-:3, molars.

ill./., mental foramen.

mx., maxilla.

0 ., outer proximal facet of ratlins

O.C., outer condyle.

o/./., olecranon fossa,

pf., |)alatine.

yn/i. 3—1, preinolars.

premaxilla.

2 >r., protuberance on mandible.

n., s])ine of scapula.

sc., facet for scaplioitl.

soc., supraoccipital.

s(/., sipiamosal.

s.r., supinator ridge.

-!/!/: zygomatic process of maxilla.
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PLATE XVIII.

Fig. Page

1. Ancodon gorringei, Andrews & Beadnell-; mandible, upper and (1 .\) side

views : three-fourths nat. size. Fluvio-marine beds (Upper Eocene).

[Type specimen, C. 8629.] 179

2. Ditto
;
right lower molars (m. 2, m. 3), crown view : three-fourths nat. size.

Same horizon. [M. 8428.] 182

3. Ditto ; right upper cheek-teeth, crowm view : three-fourths nat. size. Same

horizon. [M, 8425.] 181

4. Flnoinia serridens, Andrews & Beadnell; anterior portion of left ramus of

mandible, side and (4 a) tipper views ; three-fourths nat. size. Same

liorizon. [Type specimen, C. 10007.] 170

5. lihagatherium (egyptiacum, sp. nov.
;

left upper molar, crown view: three-

fourths nat. size. Same liorizon. [Type specimen, M. 8449.] 192

c., alveolus of caniue.

cond., condyle of mandible.

cor., corouoid process.

i. 1-3, incisors or their alveoli.

m. 1-3, molars.

2mi. 1-4, premolars.

sym., symphysis of mandible,
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PLATE XIX.

I<'ig. Page

1. Geiiioliijns Andrews
;
symphysis and right ramus of mandible, side

and (1 a) upper views: nat. size. Fluvio-marine beds (Upper Eocene).

[Type specimen, C. 8634.] 193

2. Gmiohyns fajumensis, portion of riglit ramus of mandible with

the premolars, side and (2 a) crown views: nat. size. Same horizon.

[Type specimen, M. 8435.] 195

3. Tterodon africanvs^ Andrews
;
right ramus of mandible with cheek-teeth,

outer view : two-thirds nat. size. Same horizon.

[Type specimen, M. 8503.] 220

4. Ayterodon macroynatlius, Andrews ; right ramus of mandible with much-

worn and broken teeth, inner view: two-thirds nat. size. Same horizon.

[M. 8437 b.] 220

5. Ditto
;
two right lower molars (wn 2, m. 3) much abraded, inner view : two-

thirds nat. size. Same horizon. [M. 8436.] 220

0 . Shiopa ethiopica^ sp. nov.
;
portion of left ramus of mandible with broken

teeth, inner and (0 a) crown views : nat. size. Same horizon.

[Type specimen, C. 10193.] 233

7.
(
1
)
Apterodon macrognathus, Andrews

;
distal end of right humerus, front

and (7 a) back views : two-thirds nat. size. Same horizon. [M. 8504.] 231

c., socket of canine,

e./., entepicondylar foramen.

i. 1-3, incisors.

i.c., inner condyle.

m. 1-3, molars.

m.f., mental foramina.

ol.f., olecranon fossa.

2)m. 1-4, premolars.

jjr., process from lower border of mandible.
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PLATE XX.
’’ig- Page

L Eoslroi lihycn, Andrews; skull, side view, (1 a) palate, (1 b) exoccipitals :

one-third nat. size. Qasr-el-Sagha beds (Middle Eocene).

[Type specimen, C. 10054.] 11)8

'1. Ditto; mandible, side and ("3 a) ventral views: one-third nat. size. Same

horizon. [C. 10040.1 200

3. Ditto
;

left scapula, onter view : one-third nat. size. Same horizon.

[C. 10191.] 213

4. (?) Ditto
;
lumbar vertebra, front view : one-third nat. size. Same horizon

I

C. 10190.] 212

5. Ditto; caudal vertebra, front view : one-third nat. size. Same horizon.

[C. 10190.] 213

G. Ditto
;
sacral vertebra, posterior view : one-third nat. size. Same horizon

[C. 10190.] 212

7. Ditto
;

left humerus wanting ])roximal epiphyses, front view : one-third nat.

size. Same horizon. [M. 9238.] 213

8. Zevyloilon os'/rhs, Dames
;
imperfect skull, upper and (8 a) posterior views

:

one-fourtli nat. size. Same horizon. [C. 10018.] 237

a.p.f., anterior palatine foramen.

fi.z., prezygapophyses.

h. r/., bicipital groove.

(•., canine.

C.A., coracoid border.

conJ., occipital condyle.

cor., coracoid process,

deltoid crest.

e.vO; exoccipitals.

f.m., foramen magnum.

fr., frontals.

fjL, glenoid cavity of scapula.

(j.l., greater (outer) tuberosity.

i. 1-B, incisors.

i. c., inner condyle.

I.C., lambdoidal crest.

l.t., lesser (inner) tuberosity.

m.f., mental foramen.

«?.r., maxilla.

'tHi., nasals.

nar., external nai'es.

pa., parietals.

pin. 1-2, premolars.

pm.w, premaxilla.

S.C., sagittal crest.

.soc., supraocci])ital.

sp. ,
spine of scapula.

sq.
,
squamosal.

s.r., sacral rib.

sym., symphysis of mandible.

tr., distal articulation of bumerus,

zyij., zygomatic process.
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I’LATE XXL

ProzeiKjhdon atrox, gen. et sp. nov.
;

skull from above, (1 x\) palatal view

of right maxilla and })remaxilla with teeth, (1 b) skull from side,

(! c) occipitiil surface, (1 d) tem[)oral fossa and orbit seen obliquely from

l)ehind, the zygomatic arch being removed, (1 e) right ramus of mandible

from outer side: one-third nat. size. Birket-el-Qurun beds, 12 kilometres

^V.S.^Y. of Gar-el-Gehanuem.
[
J^'ype specimen, C. 9319.] 243

((/., alisplieiioitl.

ti.o.f; autorbital foramen.

ar(., articular re”;iou of mandible. (The dotted

line shows the poiiit of union of this

])art of the mandible with that which

has been separated )

f., canine.

coikL, occipital condyle,

f.fo., exocci[)ital.

fosste for the rece[)tion of the points of

the lower teeth.

//•., trontals.

. l-B, incisors.

J"; JLigh.

III., lachrymal.

III. 1, tirst molar.

in.v., ma.xilla.

iia., nasal.

liar., external nares.

o.ii.f., orbito-nasal foramen.

opt., optic foramen,

c.s-., orbitos[)henoid.

2 >(i., parietals.

per., periotic.

pgl., [)ostglenoitl process.

pi., palatine.

pm. 1-d, premolars.

jimv., premaxilla.

soc.

,

s n p raocci p i tal

.

ti'p, S(jLiamosal.

r//y., /.ygoinatic [U'ocess of the scjuamosal.
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PLATE XXTI.

F\g. Page

1. Crocodilus articeps, Andrews; anterior portion of skull from above, (1 a)

from left side, (1 b) from below : (jiie-tbird nat. size. Fluvio-marine beds

(Upper Eocene). [lyp® specimen, C. 10036. J
llOl

'1. Ditto; mandible from above and (IjA) from left side: one-third nat. size.

Same horizon. [C. 10065,
|

llGo

<01(1., angular.

((rt., articular.

(lent., clcutary.

m.i\, maxilla.

mi., iia.sals.

urh., cirbit.

jud., palatine.

pm.c., premaxiila.

pr.f., prefrontal.

s.amj., surangular.

spL, splenial.

tr., transverse bone.
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PLATE XXIII.

Page

Tomistoma afncanum, Andrews
;
mandible from al)ove, (I a) inner side of

posterior portion of left ramus, (I b) outer side of posterior portion of

rig’lit ramus : one-fourth nat. size. Qasr-el-Sagha beds (Middle Eocene).

[Type specimen, C. 10006.] 270

Ditto; cervical vertebra, from side and (2 a) from back: one-half nat. size.

Same horizon. [R. 3332.] 278

Tomistoma (javialoidei^, skull, occipital and (3 a) upper surfaces:

one-fourth nat. size. Fluvio-marine beds (Upper Eocene).

[Type specimen, C. 8948.] 207

amj., angular.

art., articular.

hoc., basioccipital.

c.f., facet for head of rib.

cond., occipital condyle.

dent., deutary.

exo., exoccipital.

/., frontal.

hyi)., hypapopliysis.

mx., uiaxilla.

na., nasal.

n.sp., neural spine.

orb., orbit.

pa., parietal.

pni.v., premaxilla.

pr.f., prefrontal.

(/., quadrate.

s.amj., surangular.

soc., supraoccipital.

spl., splenial.

s.t.f., suprateiuporal fossa.

t.f., facet for tubercle of rib,



CATAh. TERTIAIHY VhlR'l'. FAYUM. PLATE XXIIl.

5 . GAVIALOIDES.



i

rc
(

J',

I -V* .•»

^





PI.ATE XXIV.

’’ii;'. Page

1. Testudo animoii, Aiulrews
;

sliell (probably of a female) I'rom right side,

(1a) from above, (1 b) from beloAv : one-fourth nat. size. Fluvio-marine

beds (Upper Eocene). [C. 9240.
)

281

(iIh/.. abdominal shield.

ail., anal shield.

/'Jut., etitoplastral hone.

/•J/)., epiplastral lione.

fi’iii., femoral sliield.

I/ll., galar shield.

hum., humeral shield.

Uij.p.. hyoplastral homu

lli/ji.^i., hypoplastral hone.

11. 1-4, Tteural (vertebral) shields.

X. 1-8, neural hones.

nil., nuchal shield.

Aho, inudial l)one.

pert., pectoral shield.

Pi/., pygal bones.

A'i/ih., xiphiplastral bone.



PLATE XXIV,CATAl.,. Tfc’.RTlARY VP.PT. PAYUM..

TESTUDO AMMON (? female.
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platp: XXV.

Fig. Page

1. Stereogcmjs cromeri, Andrews
;
imperfect skull, from side ; nat. size. Qasr-el-

Sagha beds (Middle Eocene). [R. 3189.] 295

2. Ditto : skull, nalatal view : nat. size. Same horizon.

3. Ditto : mandible, from above and (3 a) from

nat. size. Same horizon.

4. Thalassocltelys Jihyca, Andrews
;
posterior

two-thirds nat. size. Same horizon.

(UKj., angular process of mandible.

art.^ articular surface of mandible.

hoc., basioccijjital.

cor., coronoid process of mandible.

ec.pt; ectopterygoid j)rocess of pterygoid.

e.n., external nares.

eji.o., epiotic.

c.ro,, exoccipital.

/ '., frontal.

f.c.i., internal carcVid foramen.
;

f.s., foramen sphenoidale.

gioove leading to inner side of orbit.

i.ii., internal nares.

m.ij.. groove on side of mandible for mnscle-

atlacbiiient.

[Type specimen, C. 10027.] 295

side
;
associated with type skull

:

[Type specimen, C. 10027.] 298

portion of skull, from behind

:

[Type specimen, C. 10029.] 287

in.r., maxilla.

O.O., opistbotie.

or., orbit.

pa., parietal.

j)I., palatine.

jiiii.v., premaxilla.

po.f., postfrontal.

2»'.f., prefrontal.

jjt., pterygoid.

(j., i[uadrate.

sue., supraocci[)ital.

sq., sc|uainosal.

sijni., symphysis of mandible.

1.0., tympanic opening.
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rLATE XXVI.

Fi-'. Page

1. (riyuntophis garstini, Andrews, •, part of vertebral column, from above : two-

thirds iiat. size. Qasr-el-Sagha beds (Middle Eocene).

[Part of type specimen, C. 10022.] 307

Ditto
;
vertebra from side, (2 a) from front, {'2, b) from bad';, (2 c) from below :

two-thirds nat. size. Same horizon. [R. 3188.] 307

3. (1) Ditto; ])osterior portion of left mandibular ramus from above, (3 a) from

outer side : nat. size. Same horizon. [C. 10023.] 308

4. Fterosphenus schweinfurthi {Andrews)
;
vertebra, from back, (4 a) from front,

(4 b) from left side: two-thirds nat. size. Same horizon.

[Type specimen, C. 10194.] 310

5. Ditto; smaller vertebra, from right side : two-thirds nat. size. Same horizon.

[C. 10195.] 31

1

G. Ditto: large vertebra, from left side: two-thirds nat. size. Same horizon.

[C. 10196.] 3 1

1

ifiKj; lingular jirocess of mandible.

art., articular surface of mandible.

a.z., anterior zygapopliyses.

/., pit on posterior face of arch.

hup., hypapophvsis.

/./»., postero-lateral proctiss.

».sp., neural spine.

p.z., posterior zj^gapojdiyses.

t.p., transverse processes.

z<(., zygantrum.

zs., zjgosphene.
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