Article V1. — SFECIES O 1IIVRACOTTTEEIUM AND
ALLIED PRRISSODACTYLS FROM THE WaH-
SATCTL AN WIND RIVER BEDS OF NORLTH
AMERICA,

By J. L. Wurrman.

Fraru TI.

The determination of the species of the Perissodactyla froma
the Lower Eocene horizons of this country has hitherto heen a
matter of considerable - difhenlty, and 1t has been only alter a
mast carefiel siudy of nearky all e known material, that 1 hayve
been able to comne tooany rlefinits conclosions reganding their
classification and arrangerent,  AE the outset it s necessany o
rigarly distinguish the geners efore undertaking to discuss the
SpCCics.

Tn the Wahsatch deposits of this country there are only theee
penera which cleaxly belong to the Periwsodaciyla, alldioogh
several others have been deseribed.  The hree wellanarked
groums of species Uy capalde of Leing distinguished and defined
are fFepiodon, Syidemoden and LNvecotherivm, all of which ave
found assoeistid n the same deposits.  Three others have heen
proposed, but it is highly probable that they are either synonyms
of one of the three above mentiomed, or of doubtfnl generic
valne

Of these Larter invalid genera [ will consider first the one pro-
posed by Peof. Marsh® under the name Eedigges, to which he
relevs two species, X oadider and E. peracx, the former from the
Wahsatch of New Mexion, and the latter from the Walisatch of
the Hear River Heds of western Wyoming,  Zittel” considers
Koferdpus and  Erbecium, 3 penus proposed by Cope from the
Walmateh of the Big Torn Tasin, as synonyoous, but npon what
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ground he does not state. From Prof. Marsh’s deseripiion and
measuramenls ol the two species of this zenus it would appear,
al least until some other diflerences are shown to exist, that
Hokippus pulides s the same as Hyracotheriunm nasacciense of
Llope From the same Ioncaliby,  Aedigfer permix, aceotding to the
trensnTements and description, corresponds exactly with &peeo-
theriam fndex of Cope, alse from the same Jocality in wlhich Prod,
Mursh's specimen was obtuined.

Prof. Marzsh has, however, added seme important knowledge
te the characrers of these earliest known horses, more especially
ag Tepards the structure of the feet.  He has shown,’ for exam-
ple, that in & meddfes the hiwd fool possessed a vestige of the
fifth digit, a strucoure which had entirely clisappearsd from Lhe
horses of the Wind River Deds, [T was the fimst, moreovet,
to poinl oud Lhe gnuing charcters of these forms,  The yuestion
nonw atises, what 15 thy footstracture o the type of Fyracotferiuw ¥
If it &5 the same ag that described by Marsh In Eokipges padidis,
then Fedifpws 15 o aymompm of Ewraesotkerdnm, but if it s the
satme ws that described by Cope in Byrecefberinm veméicedem,
via, the absence of this vestipial Gith rligit, then the genns
fighigpus 13 a4 goord one and st e retained,  The only char-
acters upon which we sre enabbed to fonp o jedgment is e
siructore of the superor premolars.  These in Owen's Lype of
Hyracatberius” are simple, and correspond  closely  wilh the
Walsaleh stage of cvolution in this countrv.  Whils in rhe
Wind River herizom, as I will attempe to show presently, there
is 4 decided advance in the siruciure of pne of these teeth, at
least, which we know s associated with the disappearance of
the westigial ffeh digit (om the hind  foot, as cxemplified in
the skeleton of Hveresfberiom ceaticolvm.,  From this evidence
it seerns to me thal one iy in 3 measure justified in considering
Epfgpoes and Hyracofberinm as roferring to one ane  the samg
group of #pecies,  There s, however, 4 canslanl and important
difference helween the Eoropran and Aoietican Hyracotheres
seen in Lhe structnre of the sccond zuperior premelar. Inoall
the American [(urms which I have seen thds tooth has  twn

Lobmer. laur S, Wl X1, Moy, 1576, P- 4T,
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external cusps, whereas in the Eurcpcan spocles it 15 always
sinpgle, and s therefore more primitive

I leave for the present Lhe discossion of the propriety of re-
meving  thise Wind River forms, which exhibit this advaneed
strocture of the premolars and the loss of the vestigial Reh digi,
from the genus Hyrgeafkerinm or fehipees, and riving Lo them an
inlependent rank of oqual generie value,

The next geona to be considercd is Eeforfum, which was origi-
nally proposed by Prof. Cope! A caveful comparison by Prof
Osborn of the type specimen with some of the smaller species of
Eleparodus reveals the fct that i wndnolitedly peraing o this,
of some nearly related gewus, and is el 2 member of the Pery-
sadactyla al all,

The third genus o Le considered 1o this connection is the so-
valled  Piefapdys, which is net uncommen 1n the Wahsatelh Heds
of the Tig Hom Basine  The only character by which it is known
to differ from the cotemporary Hyracotheres is e presence of
tourth cusp upon the inner postetior part of the last lower pre-
melar, wherehy o & aaid that chis tooth s rmolzmform, According
to Earle,” wha has recenily exaimined Owen’s typae, A omlpiesde,
the British Museum, the last lower promolar is not entirely melari-
tormi. "This is teally the conditien of the majority of the
specimens in the American Moseum collection whicl have Been
referred to this genns, althowpl it s proper 99 state here that one
vun find almost every imtermediale stage boetween the complete
alwence and the presence of w well-defined cusp in this situation,
Cn this account 1 am inelined to regard this cusp as al mosL bl
n subpgeneric vattalion,

Turning now e the three well-established genera from  this
formation, | will comsider fitst the characters by which they arc
déstinguishied Trenn each other,  These characlers ane summadzoed
in che follrwing talile.

' Prie:, Aouer, Pl Sec,, 1891, poo18s.
2arctlean satoelipe, Feb, :E £, F. I;2.
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Hentodon Cege.

Thig gens, which is Arst met with o the Wahsatch and con-
tinnes i the Wil Miver Beds, marks the heginning of an
important phylum, whose greatest development occurred in Lhe
laver Wridger and Tinta epochs in America It is a near relative
of Loghiowen' ol the Kocene of Kurope, and indeed Cope, whao
origindly proposed thye genws, spoke of It ay o Logddprer willl a
full complementof premolars in the npper jaw, whercss Sapdiodos
proper has the first premolar missing,

It differs Feorn He undoubied successarin the Bridger fommation,
Helaletes, in having &l the premolaes simpler than the miolars,
while this better gonus has two of the premolars sulmiolarform,

The distinctions between it and Swfesmedon, its Wahsatch ca.
temnpotary, while not marked by any very pronounced characters,
15 shill suffcaenlly clear Lo fufly wareanl the generic separation of
the two groups,  The mere important of these characters are as
tollows : In Spsfeweeden the superior prevoolars and canine either
frirtil 2 conlinuoos series or Lhe Grsl premolar isoseparaded froan
the secany Ty o dlipglemy, being in conteel with the cunme.  Ino
Heptoden the ficst premolar ls always in contact with the second,
and there is a considerzble diascema between it and Lhe canineg,
In e superior molars - Spseesmoaion has rather low obiuse cross
cegnls, while in Aepfeden these cross orests are much higher,
sharper and generally better delined,  Thepestero-cxternal cuaps-
fmctacones) of the molurs of Aepdoden aro considerably datiene
extemnally and pushed inwards, whereas in Spedewodng they are
pushed but Iittle imwards and are convex externally,  In ffepdodon
again the first inferior pretmolar i inoconlact with the second,
and i3 separaled hy a castema from the canine, whereas in See-
depiakdons e Niest infereor premolar iy in contact with the canine
ani separaled by a disstema from the sccond. I should e
statetl, however, that the lower Jaw of twoe of the species of S
femodon 5 onot known with certainuy as repards this charscter,
bt from some fropmentary material of Swifemocis seadfraes 1t
seetws proliable that the Orst lower premelar is placed ss in the
speuies ol Aepiedon, | huve, therefore, used this character only
provisioually,  Some furlher differences are to be seen in the

dHew Bull, M Mos, Naz Hist, Yol VIT, efge, s, 31,
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lower teeth which serve to distinamish the twe peoera from cacl
other guite clearly.  ‘U'be vross crests of the lower inplaes of
Syrfemoden ave less perfecty developed, and the anterier and pos-
terior crests are abways connectod longitudinally by an obliqoe
ridpe ; in fleploin the cross crests are berler developed, jusl as
itn the sopetior molars, and the oblique fore and aft ridge is
entirely wanting, Tn Ffepfedon, morenver, the hegl of the last
imolar i much teduced and pointed, while i Sysdemodes it s
large, broad and prominent.  This reduction of the Lcel, T take
it, i% in some way associaied with the pushing in of he mekwons
and shortening of the posterior cross crest of the last saperior
malar, which is always most pronounced in this toeth, indicating
its remote affinity to the Ehinocerotoidea.

As compared with Ayrgeatdesiem, the position of the Rrst
superior premelar in both jaws, the internal cusps of the superiur
premmolars, s well 2s the structure of the modars, distinguish
Hepoden ar cnce from thizs genuz, These characiers are fully sct
forth in the foregoing table and noed no further mention.

The species of Hepdadon are not numerous, two having been
deseriled by Cope g the Walsalch and Lwo from the Wind
River Beds; oneof these, & ifugudesds; 38 asyer very imperfectly
koown, and it may prove to belong to anuther genus Tt iy
from the Wahsaich of New Mexuas,  T'he nther Wahsatch species,
K. potticus, 1s represented by two lower jaws from the Big 1o
Reds {NHes. 46857 and 4688), while the two Wind River species,
H_ eaicionlus and H. vonterum, ate betrer lonown,

The definitions of these species are as follnws ;

. posticus . oealefeadus | H, vendorssn 2R sineniards
e’ Cope” Cope® Copes,*

(1) Upper teeth (1} 2d mpper  {0) ad apper; {13 2l upper

uiknown. premalar with sin- premedlar with tvweu | premoder ol o,

premolar with sio-
gle prstetior cusp.
(a0 Length ef g
lower molzrs and 3
lawer premolacs,
G2 sl i mm.
(¢; LUpper
lars unksawn,

-

B Trow, A omezoivw Lrhilvs. Soc., THI.
4 An. Mat,, 186w p. T4y

) " gle excernal roap.
(2} qth [ower,

{2] 4th lawer
premolar same as
in &, poskicers,

(3] Length of
3 lower wnlars gne
3 [urrer premolars 2

{4) Tenmyrth of
upper molars and

'3d and b premo-

cxternal engps.

(2} gth fower (2} Lower teelh
premalar wich twe unkmewn,
pesberinT ousps, .

(3] Leogth of 3 {9 Unkmwswn.
lower mulars and
3 lawar pramidarss,

{3] Lcngth ofi {4y Taaurdh wf
uprper selars and| gpper molara and
3l and 4th premoe. | 3d amd 4ch e

latss, 48 mm. | lara, 47 b, lars, 32 mm.
-8y, fun, Wa, 1ABe. p, X
P Am. Har, o550 g, o747, + Wheeler Borv., IV, 55, pl. T,
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As already remarked, the larger Wahsateh species, & pasficus,
i5 known from two lower jaws, which dilfer somewhat (rom each
other in size.  The smaller of these (No. 4688) Cope relerred
ton JO wemforas, bur it differs from this species nol only in Lthe
simpler fourth premolar of the lower jaw, bul in the less elevaled
and mere obtuse crestz of the molars, From M. cefedowfes it
differs, so faras we now know, anly in siee, but,considering the wide
separalion in point of Line, there can be Tivdle doabst that other im-
portant differences will be foundwhen we know more of its skeleton,
For a fullerdeseription of the Wind River species T must refer the
reader to Prof. Osborn's paper as well as the work of Prof, Cope®

Systemodon Cate

The species of this genus have thus far been found only in
the Wahgatch,  The distinctions between it and #eploden have
already been fully considered.  Its morphological position, so
far as [ am able to judge from the fragmentary material by
which it is represented, is intermediate between that of fepdadon
and fyvacatferden. With the exception of the position of the

I i
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Fimge 1 and a0 Spedimandioe P dnita. Tape spmminmn, Mo, gq6n, Wale=atch  Hale,
Rig Horny Woynniog, Natuval sies,

'Fi_g. i.  Upper teeth, crown wiew. ABERRVLATLIGRS! @&, protocone, e denternoone,
& = LA ne, Ar.— pamstyle, 1

Fig. =, Taower teech, crown wiew. Apbpssvisrmuss @ ged = protocemid, def.=deuceroconid,
wmied.mmeraconid.

| Tinll. Amer, Mus, ¥Vol. 1¥, Oce., e, p 138, in which the foor structun: of &7 cadefondss
is deseribed.
2 Tertiary Vertebrato, p. G36
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firet lower premolar, it exhtbite all the characters which we
woule be led w ook for in the ancestor of Hepredbw.  This
lattur chaructet, it 35 proper to retnark, is nol krown with cerlainty
excupt in oo species, and it may vet prove Lhat oneof the
other speeies folfills all the requirements of the unecstral species,

Suslfeppadon differs from Hyescetberivs in tha following char-
acters & In Hyrassdberivse Lhe livat premolar in both jaws 12 sepa-
rated by a2 diastema from the canine in front and the second
premolar hehined ; in Seedeseedion, 25 we have alrveacdy seen, it
varies with Lhe species,  “The inlernal cusps of Lhe saperior pnes
okars i Npsdommoder comsiab of n]_}h'i_iun: crests withont imterme-
diates, while in fpracofbersaon these ousps ame large and lunate,
with a tcodency to divide into twe, always associated with
mtermediates 1o some cf Lhe pn:mu]a.rﬁ. in H}'f'ﬂﬁpﬂ,&.ﬂ.’w}:m the
outline of the crowns of the third am) foutth promoelans arce
move quadrate than in Spsfemoden, becanse of the larpe lunate
internal cusp, In the upper meolars of Spofemodon, the inter-
mediates are fused with the neernal cusps, soas Lo fonm cross
crests, while in Syracetheriesr the intermediales are perfoctly
distinct. The same cresting of 1he Tnwer molams i seen in Sesfeme-
dory but while some species of Areweotferism show a marker
tendency in this direciion they are never so {ully cresied as in
Mprde e,

[n thefureguing table of the generic chararcters, mention has been
wmade of the foot structure of the several genera. This is well
known in Hgpdodon' and Foacedffeciem, but cthae of Spstemodin
has hitherta heen unknown, 1 will mercly mendon here it so
[ar as the Bind fool is concerned, Safemedon resembles Hepiadon
i a remarkalle exlent,  This likeness i3 seen in the conopressed
elongarer character of the foot as well a5 in the great length
and slenderness of Lhe ph.ﬂunges_ In H__w';”:.-:.l_."_.&.-rrjuﬁg tho 1_1'[“1_
langes are short, 8 character which distinguishes them ar a
glance.  In Srsfemodes there was at least a vestize of a dfLh
digil, aml 4o fur a5 one is able to judge from the material, 1 oam
inclined o the gpinion thar this digit was complete,

Three zpecies am: known with certainiy, all of which are frem
the Wahsatch, T'hey are defined as fallows

L Bull Ao, blos. Mac Fiar, ¥l 1V, 18g2, 4. 178,
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8. prelapicissm, S, primeTeg, 8. semifiiang
[ N0V, 1, M, Cope,
{1} Premolars and ca- (1) Premolars aml]  [1) A diusterna belween
nine in comlinuows series | canines  in continuous, 13t and zd superior pre-
in upper jaw. | series in upper jaw, mealars,

[z} Second superor| (2] Second swperior  §2) Sccond superior pros
premolar with steoog in- | premolar witloul  ioter- mole wilth sl ioterval
ternal enspe, nal cvsp. cusp.

Systemodon primzvus, sp. nov.

This specws 15 indicated in the collection by twe fragments of
skulls [Nos. 144, 147) supporting the entire superior dentition.
There are several other skull frazments in the collection which
doubtless pertain to the same species, but the characteristic
second  premolar s not sufficiently preserved Lo determine this
painl with certuinty.

Fig Syuremadan prdmerrns. Upper eeth, crown view (type specimen, Moo g4l
Wah 1.11.rl1 “Teds, Big Mere, Wyoming, Nabtarcl size. Anmcwviarions: g, protocone, o,
dentsrocane, & tatoonne, @2 s parneonle, g cpomsoyle,

The specimen which [ select as the type of the species is
Noo o144 5 it incliudes the two superior maxillaries and pre
maxillaries containing  all the tecth,  The strocture of the
superior molars and promolars, as well as the absence of dias-
tema, refer it to Swsfomeden without question.

Az compared with 5. peafepirinen it exhibits the same size
and otherwise resembles it closely in every way except in the
structure of the second superior premolar. In S, pedwaies Lhis
tooth has no internal cusp, whereas in 5. profagdrimem there iz a
stromg internal cusp.  From & sesdldass it is readily distin-
guished by the presence of a considerable diastema hetween
the first and second superior premolars in Lhis latler species,

U Tl typs ol thia  apese
Spatermedvr. 1 Gl i
teguiies A Bew iame, whizlh | hers give

i Hyracetberdwpe, and alterwanls b
s wan sorrecly wod sl Uiis spocic
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The principa] sweasucements are a3 follows

- f ]
Leogth of premolar and melar semies. oL oo oo o ool 0 LY
Temyrth ol preemalave. oo a ciiia i — e o 32

A farly well-proseryved specdmen ol a hind foor {N(:l. ‘23.1} of &
species of Swfeswdor 15 preserved in Lthe collection, which it is
proper 1w describe in this conmection,’  Althoupgh it is accowm-
panled with nearly all the tecth of the lower jaw, the charac-
teetislic paris of the upper jaw are not proserved, the only neans
known ut preseul by which the apecies can be determined with
certeinty.  The ower jaw agrees very closely with that of
Syifemodon pretapivingm, aml it Is highly probable that the
specimen belongs to this spocics,

The peneral character of the foot is strikingly Like that of
Hepdotor ; this s especially seen in its compazative slenderness,
the form of Lhe asteagalus, the calcanes-fbular facet, the elon-
gatedd metapodials, and above all in the extreme length and
slendetness of the phatanges, Ay hay already been shown® the
astragalys and calcaneam of Aepdder are so very deeldedly
couing mnoappeatance that it s andeed difficult to distinguish
them @b Arst sight in the throe gencra. There 13 o character,
however, which was odginally pointed out by Prof. Osbom,” viz.
the union or confluence of the ecral and sustentacular (acels ol
the astragalus in all the Perissodactyla wilh the exceplion of the
horses, which [ God bolds good in the Perissodactyla of the
Wahsalel, Aeptodos and Sufemodon agrieo in haviepg these facets
conflueol, while in the horses these facets are separated from each
other,

I"he relations of the tarsal elements are very similar o thioge of
Fzpdodon, ns oare also the characterz of the hones themselves,
One point of cspecial interest is the number of digits,  DBoesides
the nsusl throe, the fourth metapodial exhilbits a well-arked
facct upon the posterior surface ol s proximal end, which
undoabledly served for the articulation of the fifth metapodial.
It may be that this metapadial was only vestigial in character, a

1 Kentiua af chiz :r:cim mah already hewn woie 3o o farmer popec in the Mugcamm
Bulletin. See At X1, Val V. pooape

Y Bull. Amer. Bos, Vel [V, Article X1, o3, 1, az6.
¥ Mammalis af the Tlinta Formaciag,
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fact which would seem Lo he indicated by its having lose all con-
nection with the cuboid,  The exact length ol the metapodials
cannot be determined on account of their Jamaged condition,
Bul enough is indicaled o state thar the foot was relutively long
and] slencler,  Several gphalanges are preserved, and, sz already
remarked, their chich pecoliabiy conslses in their great length.
Mo ungual phalapzes are known,

Hyracotherinm (aeew,

The dillerences between this genus and its two Wahsarch
coteipuraries, Sysdewedons and Hegdadon, have already been con-
sicdored : It ngw rensing la il fraLe W owith its successors o e
Wind Piver and I{ridgur cpw,‘_hs, I huve a]:rtral(l_-,' el lecl wtlieniion
te: the fact that certain of the Wind River forms show o marked
afdvance in the structure of the third supenor premolar, which
wi know to b associated with the loss ol the vestigial Gith oigi
in the hind foot,  This conclusion, it may be staled, s ot hased
upon % single specimcn, but upon at least two, in which it can be
determined with cectainty (INos. 483z and 4848). W have then
two lrenchant morphological characters, modifications which
paint sbranply in Lthe direction of e suhzequent changes which
thi: homses underaent in later 1imes,

Accarding to 2l custones of paleontelogics] noemenclacnre the
Wind River type cxhibiting these characters should be separated
ag o distinct genus, and althouph it may seem unwise o still rue-
ther complicate the already overceowded list of generie names for
these early horaes, vel L aan strangly af the gpinion that i is really
necessary f we wish to truly vepress with onr nomenclature the
major and minor chanyges to which thiz steadily advancing phylum
was subjected.

Additional characters which distinguizh the more advanced
Wind Eiver speciezs fromn the Wahsatch fonuws are seen in the
auhcrescentlc form of the cnler cusps of the supetior molars, as
well as the lengthening of all the cuaps of these weelh, the pres-
eoce of & rodimentary mesostyle and the appearance for Lthe first
time of a small but Jdistinet hyposeyle.  Upon these characters,
therefore, T propose & new genas, which may be known as HMroderos
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Aipms,

he defined as follows :

The Eoeene genera of the dmerican Feuide may then

Tantr IL—OeNers or AWMERTCAW Eousne HORSFS.

Slvracmiferinm. |

{ Aohigpus )
{Wahsalcl.)

{1} A vestige of
1w Jifh digit in the
bind fook,

(2] OMeT cusps
ol auperor maolar:
subaonic,

(3) No wace of
mceosty e,

{4} Mo tmase of
hypnziyle,

[s] Third sups-
rirg itemindar with
threr el devel.
upe] casps ad
ouly a trace of the
fuurth cusp.

Frpdvrahippaes,
Hf.‘:ﬂ, Iy,

(winl River,)

{1 MW vestipe

ol the fifth digitin |

the hind fol,

[z} {duter cuaps
of superior molars
subrraseenlic.

[7) Ruolimenral
MCETSEFLe.

{4] Ludimental
hypuslyle nsvally
prcacat.

(5] 'Lhird supe
rior premalar with
fourarell-developed
cusps,  Zecumdd
superine  fwrernlar
with external casp.

Chehindus.
{ Pachynadapdus)

i Frirlger.]

(T] Hamoe.

‘2] f‘.I!'.Lf-_-l' CUSEYS
nf qunerior molars

subcre:zcenlic., !

ial :'rTL‘H-.'.iS‘t_'.-‘ltl
complete.

{4} yposiyls

slrangaT,
[5} Thin] w6l
sinnTth sxperior

moolyts  olumi-
urm,  Secood so-
petier premolar
tritnbecculur, wilh
an kel cusp,

FORLArRge

{Uiul;:]..}

(1] SHwmoe.

[z} Same.

i3l R

(g Iypasiyle
well developed.

{s) Third and
fourth  superior
premalars molar-
form. Zecom| au-
periur prewmolar
sulwnclariform.

I have here used the numes Credippes and SMociondeplus as

poesibly syoonymoons, as has been done Ly Zitrel and Osbosn. T
do not know the ype of Packreofondns, and it @5 appacently nad
al all eertain 10 what species 1 was originally applicd, 11
Ritimeyer has corvectly referred hin specimen of an upper jaw o
Fackyuolephay if Kowalewsky has properdy
identified #nd  Agured  the opper melars and  premolars of
Pachymalopfier desmearerti,' then it would scon certain that the
courze of the evolution of the superior promolars has Deen very
differant in the Enropean and American species of the currespond-
ing stape of development, and that these two series represent

sEferafriicas, Ot

1 Hee Zitkel's * Handlbuch der Paleaocologie ” for figures of &7 cf@drefidiows und & demmesrreld,
24, 24
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cdistmet phyla, U 1has suppesition s drne, then the genns Pacis-
wodephus, as mdetstood by BEuropean authers, dovcs not acrnr in
the Eacenc deposits of this country, and its corresponding stage
of evolution ameng tle American horses Is represented by the
genus Crodipnts of Marsh

{IRoLaGTe A DTETRIBDTION AF THR HYRACOTHERES,

‘r‘r'Jul;

| WAHRLTLH, oL RPN | LRSS
) ) 'h‘;: il'ii.z Thear -
I c;..ll'l'a:ru. Reiver
Hyrmcmenum eristatam . ... ... .- | | e
" FRSICCTRTLSE e, LE ‘ L
" tapifinum ... ... ! ! |
- craspadotmma ..o, X
b incle o o0 L e =
[L, {1'liciophus] cristrnense ... ..o LWL
- TGTEATEILT 0 e mva oaee 0 i
Vrotorolippas venticslen ... .. ... R 4 i
{'.l-mhimilss-..,...,.,................i.....i..... U IS Lo
lpihippus . ... Lo i N N A S -

T'he diserimination of the species of Alpracefherinm 15 indocd
a difficult task, owing partly to the very imperfect apecimens that
were used by Cope as types in the original descdptions of the
epecies, and partly to the wide lmits of individual variation that
raust he admitted in these forms. My own specific determina-
tioms are based upen the materialy contained in the Amercan
Musewm codlections, rogether with the types of Cope’s species
frim the Wahaatch of Mew Muyxico, preserved in the Watiomal
Musgum, Unfortunately 1 have naot been able w inclade Prof
Mursh's material from the New Mexiesn and Wyoaning Wahsatch,
bt as he has deseribed only twn specics from this horizon, alrearly
alluded to sbove, I feel reasonubly cortain thal the more important
nwadifications are included in1he subjoinéd table. The characters
of the species are as follows
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Taere IIL—BrecIRs OF WATSATUH AND WIND BiviE 11 VRACGTITTGURLS

H Papivingm
O

I:_'[] T.HTIH”I. al
third and foarth
premadars and
Tower  molars,
51 M.

(3} LThird loweer |

F'u'\e_-mllﬂ.:lr willi L
abCriar cuaps.

(31 lecl of
fyut Toswser andar
amall; tnoth rela-
tgvely short sl
Larcad.

{3) FPoaterior
GO wf lasl
lower toolar acp-
aratel by ilewp
el

o A crinfadan,

. Loy

(v} Length of
third sl Teurth
prevaalaks and
Tower molars,!
45,5 Wm. i

(2] "LI'hind lower
i 1_n'|-e|:r|v||1;:r willisin-
gle antetior cisp,

(g lleel wof
lagd Snewer malat
large; tooth lomg.
And oarTuw,

(4] Tosterior
jrnsps of last
lower molar eon-
e led Ty oroses
creat.

K. craspedo-
£ Cope,

(1) Length of
third amrd Trarta
premclars and
Toower mnliu Sy
20) mm.

[2} Thirdlaamer
[remolar with e
anteoT s,

iy Ueel of!

Lt Trwer toclar
latge: tnoth rela-
tively browd.

1] Foaterior |

LT 1 Thml laweer
melak  acparated
by dewp notch.

H

ArSdaTER e
Cope,

(1) Length of
malars o third

and fourth lower
pr malaes, A8
mio.

121 Third Tewer
premalar with sin-
ile anterior cosp.

[3F Ileel of
Taat lnwer pnolar
small; tocth rela-

lively zhert ani
broad. !

(4] Same.

Hyracntherium. tapirinum' e,

Sysfemadear fapieiwsns.

H. index
Cope,

(11 Length wof
thiell and] Taonrth
remolars amd
ower malatia,
39, 36, 3z andk
3L mm. {typeh
(2] Third lower
]_1r|:n’|(:-|.'||‘wf|.]'| T
antcriol CUERS.
(4] Hlesl of
Tast Toower anlaT
large: towth long
anrd narTew,

(47 Swne.

Thiz is one of the larpest specics of all the Wahszatch Viyra-
It was originally deseribed by Cope frem the Wahsatch

cotherss.,

of New Mexico trom two frapments of lower jaws.

Cine of those

1064, Hat. Mus Coll) containz the last two mwelars, but is in
such a wery wormn and damaped condition az to he praciteally
valueless for the determination of the characiers of the species,
A second fragment {veds, Nae Mus, Coll)), containeitg the seeom)
tucdar inoa goesd slate of presecvalicn Bowewer, shows the chare:-
t=rs mdch better, and demonstrates bevond any donlt that Ot
bhadomgs to Fyracofforios and not to Swedemodon, as Cope alter-
wards concladed, and has subsequently referred it Additional
maleral, including nearly all the upper and lower tecth with
the exceplinh of Lhe upper and lewer incisors and canincs, is

T0aL Ene Veol New Mexion, (Hp5. =oam Aocwe, Mal, 1BBr, pnooed "Lert Wertclizaca. p-
G1glreferred te Syrcmotan,
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now contained in the collections of the Muscom, which permit
of a fuller determination of the Epﬁciea.

These materials are (1) a fragment of lower jaw supporting the
last two molars (No. 143e) 5 (2) vpper and lower molars of both
sidles, together with lower premolars 3 and 4, and the fourth
upper premolar {No, 4655 {3) a palatal portion of 2 skall con-
taining all the molars, together with the third and fourth pre-
molars {No. z12); and {4) upper and lower molars assoclated with
gecond superior premolar (No. 13p). Since no one specimen
gives all the characters of the dentition, the accompanying draw-
ing has been constructed from these several specimens.

g, 3.

Figs. qand 5 Flpracacherius tapivinun:,

Fiz_ 4. Uppar e h, enewn e :m: ||1.l|-'li'|| T Mies. 13 il 21Z). '||i."_1|1s.r.r|-|'|I Fig
HMom. X1i.

I_I'EE_ g Lower testh, crivesn vicw [I'I'-I'II|III it feoin Taa, 1437 ami *E‘_?:l_ Wahsnich, I'!i:_u
Horn, ®4.

Annrrviarioss: o= prvtocis =dentrrocone,  de= tritccone, g plotocenid,
ded o Cearerneonid, aed =metaconld, & hy pocemulial,

The characlers af He specdes arve as Tollows : Species larpe
the length of the lower molars and premolar 3 and g, 49 mm.
The heel ol the last lower molar is relatively small and conie, and
the cross crests are well developed with the exception of that
connecting the two posterior cusps of the last molar, which are
separated by a deep notch, The seeond lower premoclar has a
well-developed second anterior cusp. . The antero-internal cuasps
of the lower molars are not bifid at their extremities, In Lhe
upper molars the intermediates are hardly as distinct as in some
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of the smaller species; the fourth superior premolar has very
distinct intermediates, and the second displays two distinet ex-
termal cusps.  The measurements of the teeth are as follows -

M3,

Lengthof the 3d and gih premolars and theee lower molavs .. 49
Ex 11l T o PR N R e L
T ST ) e S L S D e R 21

S sd-and qth lower premolams, oo viee i caiia e aie e I8
upper molars aml |_‘:-r1‘11L||]‘1r-i 5 '3 and i Ly e AR

upper malars, . ; 5 EABEA e o T SRy

5 Ujipwet jifes rm!uﬁ, 2 3 |.rH| .1 b o b Pty e 14

The species s so far known from the Wahsatch of New Mexico
and the Bg Hom Basin, Wyoming, The specimens referred o
it are Nos, 130, 1437, 212, 4508, 4650, 46571, and 4657

Hyracotherinm cristatum, sp. nov.

‘This large species of Ayracotherinm is represented in the col-
lection by five or six specimens from the Wahsatch of the Big
Hom Baszin. It is about equal in size lo & fagdeinnm, but
differs from it markedly in the structure of Lhe third lower pre-
molar, which lacks the antero-internal cusp.  The antera-inlernal
cusp of the fourth premolar is also much less developed, 2nd has a

Wig. &, Hpracedborinm orédadswe, Lower weoth, onown view (Composicien e Mos aga
anil 2gh®, Uy pe specimens). Wabsaich Bods, Bip Horo: £33,

more posterior position than in 5 daprrimem.  The heel of the
last molar is relatively much larger, the eusps are more elevated,
znd the antero-internal cusps of the lower molars are slightly Lifid,
The cross crests of Lhe lower molars are well developed, that be-
tween the posterior cusps ol the last maolar being as well developed
as the others,

Twa superior molars associated with lower molars are contained
in the collection, which serve to demonstrate that it belongs to
Hyracodberéwam and not to Sysfemedon, as the extreme cresting of
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the Tower molars would seem to indicate,  The superior premolars
are unknown,  The measurements are as follows :

WIRS,
T..-Hnglh ol 5 arl 4lh lower 1||1.-e.'r|-:||:|r.- and medara. . ooooa . 4005
x = e S S e L

T T T R A s K e A T O s a0

= PrETHRATE S s o i e e e e I3

The fype of this species consists of two specimens, one (No.
2585} a fragment of a lower jaw bearing the first and second
molars, and the third and fourth premolars, and another, a (rag-
ment of a lower jaw (No. 240) containing the last molar; both
from the Wahsatch of the Dig Horn Basin. To it may also be
referred Nos, 4653-6, from the same localicy.

Hyracotherium craspedotum’ Cope.

Cope's #¢ of thiz species consists of a lower jaw (No. 4830),
one side containing the three molars and a part of the last pre-
maolar, the other side containing premolars 2 and 4 with the first
malar, from the Wind River Iasin, There is also a skull (Mo
4831) in the collection from the same horizon which contains
nearly all the upper teeth with the exception of the incisors and
canines ; nolwithstanding that it 15 somewhat smaller than the
type it has been referred to the same speeics,

4]

TR AL

P T e
\
I\,____L.-

i pe

Fig. 7. Mryacelferfum crappedoliorm,. Lower teeth, crown view (pype specimen, N
42w Wind River Beds, Wyoming, X i

The characters of this species mdicate that it is closely related
ta, and very probably the divect suecessor of, A fapédednum of the
Wahsatch,  Unfortunately the third lower premolar is not pre-
served, so it is impossible to say whether it aprees with A,
erisfadum or H. fapiriewm in the stractore of this tooth, -1t is
more than probable, however, that it will he found to apree with

PAmer. Nac., &8s, pooaygy: Tere Veret,, p. fax,

[ freme, :&f‘d;;i:-.! ¥
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the latter of these species in this character, since the presence of
thiz antero-internal cusp constilutes an acdvance in the structure
of the premelars, and it would be remarkable indeed if a Wind
River species were so backward in this particular as to have this
cusp lacking.

It differs considerably From &, fapirinum in the size of the heel
of the last lower molar, which is large, and inclined to e more or
less basin-shaped. It also differs from this specics in having a
much greater width of the lower molars in proportion to their
length, The extreme, among the large species, of the long and
narrow lower molars 1s seen in /7. crasfadem.  The cusps of the
lower molars of the species under consideration arc low and
obtuse, and the cross crests are bot very little developed—un
additional character which distinguishes it sharply from /7
crivfatum. The antero-internal cusps of the lower molars arc
slightly bifid at their extremities, presenting a parastylid. The
superior molars do not prezent any differences worthy of note
from those of & fagirinum,

The measurements are as follows :

ML

Trlglh of 5d and gth premolars and lower molars.. . ... 34
last lower molat. .« o rensrern- i A b e i AR

2 molars 1 and 3. . ... .. R T SR S T

s 1m~mr:-|..n'~, 3¢ Al 4. & L T5.5

superinr melars and _,d :1|:Lr1 4th prc:mu]arb PN

Hyracotherium vasacciense’ Cope.

The fipre of this specles consists of a :-:]ng]e lower maolar {_\In.
4658} fram the Wahsatch of New Moxico, which I take to he the

2 F A ] )f_!r" E ]

. Apracvdgeriam mascccdeoe,  Dawer wocthy crown siew (o, ghea). Wohsatch
s, I"!lg Hoern Vallew, Wyaming X4

i Proce Am. Phile See., 1872, pog74 7 Terk Yert., o G34.
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second, 1015 wholly uncharscteristic, und the reference of woy
additional material to it is, according to the very nature of the
cage, attended with uncertainty. Cope subsequently obtained
other material aore characreristic which he referred to this spe-
cies,? and distingnizhed the species by the depth of the ramus
This character 1 find is excesdingly variahie, and appears to e in
g large moasure dependent upon the age of the individual,  1F we
sre to accept Cope's determinations, then, n my jodgment, the
gpecics wilt have to Lo abandoned, since chere are no means dis-
coverabie, wath the present materfal at leasl, by which i1 can he
distioguished from & fudtx. There is 1o aor collection Teoan the
Big Horn an almost complete jaw {Neo ghgg) containing all the
malars, togeiher with the third and fourth premolars, which )
prefer ko take as representing this specics. 1 do this for three
teasons, vix o (1) 1€ agrees guite as well with the oncharacteristic
type us does any other speclmen which bas been referred to it (2}
Ly sor considoring it the species is capable of definilion, and (1)
the proposing of a new speciiic name will he avoided,

The chavucter of £ specios 1hug considered wonld then be as
toltows : The ramus is remurkable for its preet depth in compari-
soh with the size of the teoth ;) the third lower premolar is with-
put the antero-imternal cuesps; the last lower molar is unysnally
shert and broad with a relatively small lecl,  “Uhe moessuements
are :

M.

Leagth ol 5d aond 4eh preswass aml Tever molats, o oiaoo0e 38
' Tust lower molar, oo vwei oo oo lll L. T

" b T AT . 15

e premelnm: Jand 4000000 oo iai e el T

Besitle those alresdy mentioned, twe other individuals, Nos,
400 and 4661, ure refurred o this species,
Hyracotherium index* Cupe.

UInder this heading 1 arrange ]l the specimens whiclh Coge haa
velerred bo A fwdex, S empuctidens, I oespidatens, all, in Tact,

' OWlesler Seev. Bep.. VAl PV, Pai il ooy
*I;'llﬂl Hougduie Sucv.. w873, Tuogsn ! Bherler Sore. g, 1Y, D4 G 2 afres Toutbney Yorl o,
p. Ba .
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except the type, which he has relerred Lo F, spesecciense, uswell as
all the Wadsafel specimens classified under the name of £, pendd-
caftens. I also place here Cope's specimens identified as Orotde
ritm vinkansam ( Marsh) (rom the New Mexican Wahsatch, The

ﬂll-l'!‘ f
Fijg. 1

Figa. gaml ro,  Spracediorinm fnder.

]‘:IK. 0= U'p'p!‘l.' teeth, crown view (Moo 4 f ::J Waheaich Tlf"ihl T|||_| Harn 1!r:-||||_.-.-| W}L‘IILLIL,..r
Fig, ro.  Lower teethy coown view [(Noo 48130, Wahsazch Diexds, g Horn, X#.

type of this latter species was originally described by Marsh from
“specimens found on Henry’s Fork in the Bridger Thasing and it i=
very much more probable that it belongs to Oredigpes than o
Hyracotherium,

In bringing together all of these so-called species 1 am sensilile
of the fact that it associates individuals which differ from each
other considerably in the matter of size and the depth of the
ramus, but there are such perfect gradations in this respect among
the large number of individuals which we now possess, that T find
it utterly impossible to make any valid distinctiong, and it is per-
haps better to err on the side of safety and have too few speciés
than to admit a larger number which cannot be defined.

The species thus constituted exhibits a very greal conslancy in
the structure and proportions of the teeth, from which it is almost
exclugively known, The jpeeffie characters may be summarized as
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tollows @ The third lower molar iz very Inng and narrgw in pro-
pizrLion o 8 width ; the heal is large, proninent, and has but a
single pointed cusp, The cosps of the lower molars are well
separated, with very libile temdency to form crests, and the third
lower promolar has bwo anlertor cnsps, There 15 3 very congider-
able difceeniy in slze, logether with marked diMerences in the
depth of the mandibalar ramas, but, as already wemarked, this
latter charactr 1s In smine megsure Jue to the age of the
individual,

The species 15 aionce distingoished from S reseeefoase and £,
critfadum iy the more complex characer of the chird lower pres
mialar ; Erewen A, dupirimus iF clillers nab only in size, but in the
much narrowet and relatively longer last molar, the relative size
of the herl of this tooth, and the degree of separatinn of the
cusps of all the lower molare.  From A craspesbies iU can read-
ily be distinguished by the rmuch smaller size, and the rencrd
narrownes: of the lower teeth i proportion Lo their widih, In
H. rvaspedotum, morenver, the cosps are mnch more robust and
less ulevated.  The Iollowing measyrements indicate the range in
i of Lhe individual ;

POMM. [ M, i MK | ML | M, | WM,

[#ngch of premolars 7 and 3 : ; TYEE
andd Tawer fwrdars. ... oL, L., k1 fc P S . ak 41
Lenygth of Last lower molar. ... ... | oq oy | 1z Lo oo D

- wadars T ool 2. .- 145 | TG TTE | T5 15 | 11§
" promelars 5 and 4..,..4 [z FEEEN DA . T3 T

Al of the foregoing species of Afyracothersem are readily dis-
tinguished from the Hurepean species B deocdd and & depari-
s, by the greater simplicity of sup. pr. 2, which in these latter
species haz but a single external cusp. In all 1he American
species this tooth has two cxtomal cosps. 1L iouy yet be fonnd
that Lhere zre other important differences between these groups
which will fecessitate tecopnizing a separale genus for the
American fotins, in which event Lhe neme Epdigpes, proposed
by Marsh, would bave te be adopled,
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Subgenuz Pliolophus wees.

As already remarked, this is a genus of very donlitful validity,
A number of specimens oceur In our collections in which the
tourth lower premaolar has a more or less distinet fourth cusp,
In ne instance in which T have observed it, however, can this
tooth be said to be fully molanform, almost all degrees of
distinctness belng met with, With few exceptions these speci-
mens agree in every respect with & fudex, and whether they
are to be regarded as of generic imporlance, or are hest treated
as specilic variations, is & question difficult to determine, Froimn
the very great similarity between these specimens and those of &
index, as well as the great variahility in the size of the cusp in
question, one 15 almoest tempted to believe that they are only indi-
vidual variations of this species. I will consider them here under
the subgeneric title 2fafopfes.

Hyracotherium {Pliolophus) cristonense’ Cofe,

The type ol this species consizis ol an almest entire mandible
lacking only the posterior portion {No. 1oz, Nat. Mus. Coll); it

(%

(B

Fia’. N

Figs, vr und 2. FMwassborien (FEalapdur) coisfononse.
L:-i]- 11, Laower teeth, crown wiew (cype specimen, Moo aes Maz, Mus. Coll), Waleaich
By, K4

aw M
Fiz. 1z,

er weeth, crawn view (o, ibg).  Wahsateh Treds, Big Mora. X 4

| Whesler Buev. Reports, IV, po agy; Tert. Vere., p. Gga
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ig from the Wahsatch of New Mexico, 1 is aboul the size of the
larger specimens of & fwder.  The fitst lower premolar is singhe
eesiedd, and separaced by o considerable diastema from the second.
T'he third preroolar haga sery small second anterior cusp, and the
fomareh euzp oo Lhe lastor fourl premolar is rather distinet. {MNos.
1577, 168, 4382 and 4603 of e Am. Musenm colleetions,)  {Ine
spocimen in the colleetion { Mo, 165) shows s, very deelded variation,
upont which I hesitate to propose a new species. The diratcma
hetween the first and sccond lower premeslars iz practically
zbzent, and there 13 a well-developed second anterier cusp upon
the thivd lower premalar. The st pramolar isene-rocted, anel 1he
fomrth Dias s very small Conril eusp. Severalather apecies have hoen
tefurmed here Ty Cope, totably £ foeed andd £ crecfus, The for-
mer of these E regard as a small varnicey of criséemense, and the
latter T comsider to belonpg to Oroddppes, sinee 1t s [rom e
Bridger formaricn.

Hyracotherium (Pliolophus) munta,nuﬁ:. 5T 10T,

I propuse Lhis species wpon two fragments of lower jaws (Mo
4303} of the same individual. The distinguishing character of
this apecies 1s (1) the abscnce of any diaztema between the fimt
and sccond premalars, and {2} the two-rooted condition of the

Fip. 13 Aprpnifen-inm [f’r'r'n'{vj.&w') mapfesxm,  Lirmer reeth, orowm winw [y pe spaci-
e, ;'iu. ool sl Beda, B, Hoon, X 4,

Grst premclar.  In the specimen here deseribed the erowns of the
three anlerior premolars ate not proserved, bul the roows indicate
the characlers mealioned slhove.  The fourth premaolar displays a
small but distinel fourth cosg, The last two molars which are
prescrved exhibit le same strwclure as those 1o A fedaxr, with
the larger of which the present specimen agrees in size.
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Frotorchippus, gen. nov.,

1 come lastly tn coneider the Wind River representative ol the
horse [amily, which led directly vpofe Lhe laer Bridger fom
Crasfipns | Hackymolophus),  he generic characers have already
been tefermed too above, Dot way now be more definicely stated as
fullows @ No vestige of the fifith digitin the hind foot.  Superior
maolars with subcrescencic sxtemal cosps, and having frequently
gmall bur distinet mdiments of mesostyle and hypostyle,  Fourth
superior premolar wich only three peincipal cusps, the fontth
{anterc-internal in this case) small and more ar fess in the posi.
tion ef an mtermediate. Third :opericr proemolar with fonr
principal cusps, Lhe anters-inlernal considerubly enlarged and
shifeed inwards to form & cosp analogons with the protocone of
the true molars,

By giving to this form a separate generic name we have a dis-
tinct gennz for each of the pgroups of species in the fonr great
divisions of the Focene, as represented in this country, viz. .
Hiyracabdberivm in the Wahsatch, Mrodoradigpes in the Wind River,
Evekigper in the Biridger, and Epakigges n the Ulnea.

Of thesc, Ayracotberiva 13 the oldeal and clearly the most
primitive ; this is seen o the vestige of Lhe ifth dygt in the hind
toot, the low conie Jorm of the ¢uler cusps of the superior molars,
without any trace of the mesostyle or hypostyle, as well as the
simple premolars,  This js followed by Proferakipens, which has
made 3 distinct advanee i the loss of the vestige of the Afth
digit im the hind foot, as well as the advance in the structore of
hioth molars and premolars.  Qreddgens (S ecyaciesdns) continues
the phylom into the Bridger, where Uhe sdird and foestd premelurs
become fully molariforoy, This is wgain closely [oflowed by
Epchingaer of the Umta, in which the seeomd superior prensolar has
assumed ehe molariform pattern, while [rom this latter genns o
Mesedippus ol Lhe White River Miocene is Lt o short step, the
only difference bewween the two which 1 am able o distinguish
with certainty being the more perfectly molariform strocturd of
the secumd supeder premelar, and the reduction of the 1ifth it
ol Lhe fere foor to a vostige in the White River genus,
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Protorohippus venticolus {Cupe),

The type of this species is the more or less perfoct skeleton
described by Cope as Myracafberium centicodum {No. 4332). The
specific characters have been so fully stated by this author that
I am wnable to add anything to his original description. The

PR

Figs. 14 and 15.  Mradorohidbus vendicedis.
Fig. 14. Upper teech, zide and crawn views (composicion from Nas, g83a and 48320
Wind River Tleds. X 4. b
Tig, 15. TLower premelars, side and crawn views (Mo, 4554). Wind River Bede. X &,

teeth of the type specimen are badly worn, and without addi-
tional material it would have been impossible to make out those
important characters of the teeth, which In my judgment rake it
out of the genus Hyeacotberiwm. A number of smaller speci-
mens from the Wind River Beds (Nos. 4533-41) display the same
characters as the type of the genus, but I hesitate to group thom
inte a distinct species until more i3 known of them,
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PrixcirLrs oF PREMOLAR EYOLUTION IN THRE AMERICAN HoOkRSES.

A scheme of nomenclature for the cusps of the premolars has
been proposed by Prof. W. B. Scott' for all the mammalia, in
which it i3 attempted to express the homologies of the several
parts of the teoth crown in all lorms. Owing to some differences
in the order of appearance of the several casps in the different

Fii. Fagradugiide gaoenein, Uppor promalacs, crewn amd side views (50, 3374,
p|_.||,| II-.}'_Is of Wew Mesien, Mg, . b (Mo gy,

o
T . MR
r;"._'%z"'uﬁ :
r.u) {ﬂ!h% ._." @__\ "15“
e det

: # i £
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Fig. 17, Lwgredepemir pivdfora.  Lower premeloes, coown and side views (o, gofg)
Puercs Beds of Mew Mexivee X4,

premolars, he selects the fourth sz being constant in the manner
in which the successive parts have been added. He says®

far as I have been able Lo ohserve, the scheme of development
of the premolat crown i3 quile constantl, and for superior pre
malar 4 universally =0, and the nomenclatore which s here

' Prog, Acad, War, Sci, Phils., o8, p. g08.
® Lo, cit,, P. 454-
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[ropazed for the premolar cusps is intended to express their
atder of succession as they appesr in this tooth”

The erown of the premelar io cither Jaw in ibs most primitive
stage, comalsts of 2 single cone implanted Ly o sngle root ;) to
this is adied a seeend cusp, sometines, a3 in the swbersor sesfer
of Huprofogeaie, to the fmster or dingual side of the primilive
cong, and senelimes, as in Fyracoberfen: fader and Sesdemous
grimorzas, immediately posferior to the pomilive cone,  The thind
element always wakes its appesrance cither as Uhis posterior cosp
just mentioned { Expraiorernia), or na the internal ousp [ Hyrece-
fheriant). In this srage of develepment we have therefove a
three-cugped tooth with a teiangular cremn.

The prmitive cone alwavs occaples the same position, vz, .
2t the antero-cxternal angle of the crewn, and s known as the
povdecone,  The cusp which s added to the lingoal side of this
cuep, irrcspective of whether it appoars provioos to or subsequent
to the posterior cusp, 13 given by Scott the vame of desdferocmee,
In like manner the third cusp is called the fdteccae.

In regard to the further complication of the tooth crown Ty
wlhich Lhe tooth passes [rom a Lrilabetenlar o 2 quadrtuberenlar
stage, I'rof, Seott forther says 0 *''he dinal step in the conversion
of the premnlar ta the malar pattern 15 given by the addition of
a fourth main element at the postero-inecrnal anpgle of the crown,
the fedarfocens, which cotresponds in position to the hypocone of
the molars.”  Examples of this addition are to he seen in many
forms, and it has vndoubtedly been the usunal method o the
evolution of these teetl,

In the horse series of America however, the addition of this
fonrth main element Lo the crowns ofF the superior premolars has
pureued an encrely dillerent course, and instesd of appearing at
Lhe prstern-inlernal angle of the crown, & hes deew addsd ar the
eertbero-indernsd oapde, The proof of this asaertion is to he (ound
in the third and fourth saperior premelars of Hyrasediorsum
Eaelene Al Froforehippus ventfeofns,

In ihe formoer of these species the crown of Lhe fourth pre.
molar is made up of bwo strong subicgual more or less conie exlernal
cusps, together wilh o large simple median wore or less lunate
internal cusp. A little anterivr and internal to chis cusp, as if it
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were a slightly constricted off part of the large crescentic internal,
is a small cusp, occupying the position of an intermediate or
protoconule.  In the third premolar this same cusp is to be seen,
biut it is stronger and has a more forward position, giving to the
croven a maore quadrangular outline.

It Mroforchifpus dentivefus Lhis cusp in the crown of the third
premolar s decidedly stronger, and has such a (orward and
internal or lingnal position as to give to the crown quite a quad-
ritubercular appearance,  In the fourth premolar the position of
this eusp is more nearly as it is in the thivd premolar of /7 fedex, |
and the crown has not made as rapid progress towards the guad-
ritubercular condition as the third. It has, however, made con
siderable advance in the ditection of the formation of the antero-
internal cusp, as is seen in the more lorward and inward position
ol the element which is destined to become the fourth tmbercle.

Fig. 1. Orefiidpus. s, Upper s
1998}, Bricger Buds, Wyoming, K3,

1, trown view (composition.irom Moz, 1345, 1715 and

In the Bridger specizs of Oweddppes a siill Turther advance is
made, and both third and fourth premelars have become almost
fully molariform or quadritubercular by the still grester enlarge-
ment gnd growing inwards of this eusp under consideration.

It is thus demonstrated, 1 hald, that the anterc-internal cusp in
these premolars was the last of the principal elements added, and
while it is analogous, so [ar as the date of its appearance is con-
cerned, with Lhe fedasfocons in oLher forms, it 1s not hemelogous with
the cusp 50 named, either in l'JﬁS'i.lil.'.lh ar 1 arigin.

Another fact of much interest in Lhis connection is the practical
assumption of the molariforin strectiure of the thivd superior pre-
molar in advance of the fourth in the American Horses, This is
apparently not true of the European spevies, if one can place any
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dependence upon the drawings of Kowalowsky and Rittimeyer, nor,
an the ouher hand, is it crue that the antero-iotemal cusp was the
basl one 1o he added to complete the quadotubercular crown In
the European species, as I have attempted to show above 1z true
il the American species,  TTpon this ground I hold thae the Lowet
locene Wuropezn and Ametican Horses probably represend
entirely distinct phylz, having in all peabability 2 common Begin-
ving i1 the least modiliad species of the genus Hrsacedbesvzne,
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EXFLANATION O PLATE TL

Lerkr imp Lowar Teern oF Bockere Huese:.

Upper leeth, AN walural sige,

Faprofugroprie puercensis, W, A87040 Taeree Feds, Near Moy,

Shencotkertum éapirinnm, Mos, 13y, 212, Waebhsutch Diols, Bir Flurn,
' raeidfey, o, g2, Wahsateh Recs, T Tlom,

Prufprakippe: wenfiralng, Wos, 4530, #2122, Wind River Bede,

{rriaihders gp., Mus, 1735, 1737 amd 1535, Lindger Beds.

Twwer teeth, Al paturel size,

L Ewpeatomenti plicifers, No, 4084, Pueree Deds, New M exico

Fyracotherinm vesacererrre, Mo, diisg, Wabsatch dleds, Lig Hom.

e criskadum, NuE, 140, 2854, " ie .

“ {Pliefaphoar) reacfnense, Moo LGs, Wansatch  Beds,
B Morn,

; " " (N Toaz, Nat, Mus Coll.},

Wahsatch Leds, Ivow Mexica,

“ “! meonfonnm, Moo 4505, Wahsatch Beds,
Tz Tlacn.
" fupirimaan, s, T2, 4057, Wahsatch Lieds, Big Horn,
o indes, Na. 4673, Wahsateh Lieds, dMg 1loro.
" crifrfedidiane, ho, 4830, Wind River Heds.
Frofurekagdsic vewitenfus, Mo 443q, v " v

AMMREWTATIONG ; pon = prelocoig, sc =metaooTe, AL, - palanons, »e=deatsncane. g =
tritignr, dp.=hyporane, A =prococnnule, ser woRalvly,  prd.=postecooid, fad. poTo-
ronld, met=meseuaid. Apd—bypoconid, el oo, frd-=remrtaconid, ged =qora-
Ay lied, AFt=hbrpocooolid.
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