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The dlscovery ‘of vettebrate fOSSllS‘l the Paleocehe:

v

Ravenscrag Fornatlon exposed 1n the ESti,
p‘.,.u ,‘A Il L.

sodtheastern Saskatchewan docunents ‘the

-Goalfield Of .

M.A

nang dlverse assenblage of nultituberculates,'an extlnct

*

L:~‘group of prd}otheraan mamnals..Hultltuberculate specles of

g

i/
the Roche_yercee local fauna ydentlfled and descrlbed herern

'-d a;nclude,/é_;lgggs . sp.. Proch todon, cf B Eavus~ﬂ ».‘ _wx,a_
.!.QB_aglaulax, cf u. ‘hazeni; !._2;_gsaglax hunterl, gesodgaf

sp. P°‘glletodon 511ber11ng;. j_netodon 511 erllng ?°

.~A”Ectxgodus, cf. E. gove;li- and g_crocosmoddn conus.s 5%

The locallty is only the second in the Ravenscrag ”'f,*

W

drornatlon of Saskatchewan 1n vhlch f05511 lannals have been

recovered Correlatlon uth pther f05511 bearlng 1oca11t1es

‘

in" North Aner1ca provldes evldence that beds gi.' '->.', A

stratlgraphlcally high in. the EsteVan Coalfleld ‘are of '
l N ..
Tlffanlan (late Paleacene) age. T e

’ The recovery of a. nearly conplete postcran1a1 skeletou
“of Pt L us n. sp., the lost conpéfte and vell preserved yetﬂ;

knoun for a nultltuberculate, perlats a reconstructlon of

- "‘.

'fats osteology.,The postcranlnn exhlblts a structnral nosalc

2 7

of p1e51010rph1c and apo-orphlc character states shared,l;v, %’;
,vrespectxvely, Vlth cynodonts and prototherlans on the\one_
'lf hand, and Hlth therlans on the other.

o

f’&«desetdptive:and'functional-analysisief5tnef,

-

o~
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Ta

’postcranlgxiskeleton of §1lo us. Ne sp. provxdes ev1dence
/ e
"that 1t W 5«3 generqllzed, non cur;orial, quadrupedal nammal
. : ’
o “with a flexlble vertebral column, long and heavy tall,",

'hxghly ngblle propodlal 11nb segneﬁﬁs, and forefeet and hxnd

;fggt capable of pronatzon-suplnatlon and 1nver51on ever51on,'»

L

A ;espectlvely. The locomotory reperto*re of Ptllodus 1s;A '
A

'FH”W?‘ 1nferred to bave been adapted for progre551on on a R

dlscontlnuous, spatlally 1rregular and uneven substrate.,

+ oy

A
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,ti-“

anterlor upper prenolars of non-ptllodontld

“]speczes 1n the Roche Percee local fauna, 51te

R

"<ueasurements and descrlptlve statlstlcs of the

~anter10r upper ptemglars of non ptllodontid

,‘__

uleg --....--..‘;..-000.-.-)-.‘.-Io..‘----qoo-.o.'

Ptllodus

knnigg,<:n. sp.o

....-..o-..co..o.o..--.....o.»-.

Ptilodué-kuumae, n.,sp.g Pedal f

’
ot

,.iiv'

Roche Percee

/

JMeasurenents and descrlptlve statlstlcs of - the:o'<

>5233

122‘”

132
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Pigure 1.

LIST OF PIGURES _5;_f_- ‘-'43"

’

~Ptllodus kummae, n.'Sp., Roche Percee local fauna,

'Saskatcheuan, stereophotographxc palIS' (A)lablal,

‘ and (B)llngual v1eu, UA 99&9, 1eft pu, 1ength 7. 1,'

>Pigufeu2;

about x7 ‘........I-‘.............-.....‘.‘.I.......‘ 1'5‘

Ptllodus kummae, n. sp., Roche Percee local fauna,

.Saskatcheuan~ (A)occlusal v1eu, stereophotographlc o

Y-

;Eigure'B.

“palr, conp051te rlght lover dentltlon, UA 10912
(b4 - length 6. a), UA, 9001 (m1 - length 3.4y, UA.

'v10253 (m2 - length 2 2), about x7- (B)occlusal

v1eu, stereophotographlc palr, composlte rlght
uppef dentltlon, 0310529 (P1 - length 2. u), UA

9001 (pzf— length 2. 4 P3 - 1ength 2. 5,~pu -

_.length u a), UA 10330 (u1 - 1ength u 7), ‘UA 9837
'(52 - length 24 2), about x7- (C)lablal, and
,(D)llngual vlew, ‘OA- 9908, 1eft pu, length 5. 2,

‘abont 17 ...q....:..--;.....;..“.;.-?.»..‘.-.‘.C‘...A‘1’7‘

: e
Ptllodus douq1a551, Gi ley Quarry, Montana:

.(A)lablal, ana (B)llngu’l Vlev, ‘AMNH 35515, right’

g ,‘pa length 6.8, abo t x9- (C)lablal, (D)llngual,,

: _and (E)occlusal v1ew, stereophotographlc palr,

fAHNH 35514, rlght Pu, length 4. u, about xq

Pti odus 5ummae° Svan Hllls local fauna, Alberta._'

(P)occlusal V1ew,'stereophotograph1c palr, gaA

i e Y A Savp O e s

: 11999, r;ght-HZ, about x9. Ptllodus kumuae,

.

Badwater Cteek 10calxty, Wyoming: (G)occlusal

view, stetedphotographio pair, CH;1613Q, P3,

XV .-



length 2. 5, about 18 -................:.....}.. 38‘ﬁﬁ,

'

o P1gure u._Prochetodon, cf. P. cavus,»Roche Percee local

| ’ fauna, Saskatcheuan"(A)Qablal,'and (B)l1ngual
>'4f:. x ‘ v1eu, HHHN 523, left pa, length 8. 0, ahout x9--'v
L (C)occlusal v1ev,Astereophotograph1c palr,)UA
10622, rlght m1, _length 4. 1, about. x8"(D)occlusa1 f; 
v1ew, stereophotographic palr, comp051te left C
upper dentltlon, UA 10“33 (91 - length 2 3),,
10432 (P2 - length 2. 6); and oA 10584 (P3 - lenghh-:f
’ 3 5),‘about x9- (E)lablal, (F)llngual, and

vy ) :
")occlusal v1ew, stereoﬁhotographlc palr,,UA

1019a rlght pu, length 5.5, about x8 .........nqiir-“

‘bFlgure 5. Prochetodon sp., Suan HlllS local fauna, Alberta--

| | 7 (A)occlusal v1ew, stereophotographlc palr, UAr;ov

”f{ 11998,~anterlor fragment of rlght Pﬂ ‘and UA |
11997, poSterlor fragnent of rlght Pu, about x8.v

Prochetodon, cf. cavus, Badwater Creek {

locallty, Hyoﬁlng. (B)labxal,,and (C)llngual vleu,

cu 12u51, anterlor fragment of left pu about x8
‘.(D)occlusal v1ev, stereophotographlc pair,.'ﬂ;‘ ﬁ‘
.\16138, rlght P1, length 2. 3, about x8' (B)ocolusal

v1ew, stereophotographlc palr,‘CH 23687, anterlor -

fragnent of rlght pu, about x8.,Prochetodon cavus

Prltz Quarry, wYoming- (F)lablal,vand

(G)llngual v1ev, PU 17923, left p3,pu, length pu-'

A,

7 6' ahout XB o------c.b.oco-oo-.-----..oo.--.--.’Sstjv

Flgure 6. Proghg odon cavus, Prlnceton Quarry, Wyonlng.'

¥ . -
1+

CER . xvi



s .

' f‘ui'q‘uvre 8.

6
.

if(A)lablal,,and (B)llngual v1ew,'PU 10“36, rlght

pa, length 7 5 about x8 grochetodon cavus?,;s,:

' Scbaff Quarry, Hyonlng- (C)occlusal v1ev,

',fauna,usoskatcuevani‘(A)lablal,;and-(B)f&ziuall‘

“stereophotographlc palr, PU 19369, 1eft P1 (lengthj
;;2 1),‘92 (length 2. u), 93 (1ength 3. 6), and pu '

(length u6)' about x9 .......‘..Q..--......... 60

Neoplaglaulax, cf. N. haze 1, Roche Percee local

- view, UA\10923 :riént'pu; lehgthus‘z,,abou x8;

”(C)occlusal v1ev, stereophotographlc palr,

‘ :,c0np051te rlght lower dentxtlon, UA 10593 (m1-—"

fflenglh 3.0), JOA- 10597 (n2 = 1ength 2. 0), about xB'V.

‘(D)occlusal (stereophotOgraphlc palr)r,(E)lablal,

- and (F)llngual v1ew, UA 10122, left Pu, length S

';3 7, about xB- (G)occlusal v1ev,

ostereophotographlc palr, couposxte left upper'ﬂ

’dentltlon, A 11599 (n1 - length u 3), UA 11493 L

27 : .
(H2 - lehgth 2 0), about x8..Neop1aglau1ax hazenl,

Prlnceton Quarry, Wyomlng-f{ﬂ)occlusal

B

A(stereophotographlc palr), (I)lab1a1, and f"'
~(J)11ngual view, PU 14340, left P4, leugth_ﬁ;z,-“"

about xa .....‘.‘....-......-..-....."‘......‘;'.-. 63

ygoplaqxouiu;.hunteri} Roche Percee'local fauna,

SaSkatohéiénff(Aflabiél;'and (B)iinguai‘vieu,'UA .

'f"'9955, left'pu, length 4. 9, about x8- (C)occlusal

-v1ew, stereophotographlc palr, conp081{e 1eft -

~ lower dentition, UA 9787 ‘(a1 - length 2.8}, UA

B

Coxvddl e S



11477 (-2 - length 1. 5),'about x9; (D)occlusal o

_viev, stereophotogxaphlc palr, conposxte 1eft

= upper dentltlon, UA 10418 (p1 - 1ength 1. 6), un'7

“11673 (P2 - length 1 u), about x10-'(E)occlusale

,:(stereophotographic palr), (F)lablal, and

‘,(G)llngual V1eu, QA 10196 left 94, length 3 5,

»,about x8' (B)OCclusal v1ew, stereophotographxc,?ai

~,5pa1r, uA 1061“, tlght M1, lengih 3 3, about xajA

Ly

- pigure 9.

;10725, left uz,,length 1.5, about x8 ......;.75_

Hgkodna sp._P, Roche Percee local fauna,:,” -

(I)occlusal v1ew, stereophotographlc palr, UA

“»

s asaskatchewan' (A)lé%lal, and (B)llngual v1ew, UA

.

vaﬁ11522, left pﬂ, length 2 5,;about x10- (C)occlusalVf

1[v1ev, stereophotographlc palr, conp051te left

e lover dentitlon, ‘A 10258 (n1 - 1ength 1. 6), UA

33110802 (n2 - 1en9th 1. 0), about x11' (D)lablal.,

(B)llngual, and (P)occlusal v1eu,'

bstereophotographlc palr, UA 10151, rlght pu, "

length 2 1, about x10. (G)occlusal v1ew,

stereophotographlc palr, conp051te lTeft upper

o dentltion, oA 1oazo (n1 - length 2.0) 5 UA 11005
A

-fFlgure 10

(uz - length 1. 0)¢,abou\gx10 ..........;.......,87

o

nlmgtodon 511ber11ng1, Roche Percee 1oca1 fauna,."

‘Saskatchevan' (A)lablal, and (B)llngual v1ev, UA o

10788, rlght pu, length 3. 1, about x10°.
(C)occlusal vxév, stereophotographlc palr,4 f

co.p051te left lover dentltlon, UA 10339 (m1 -

Cxviii o



.

 dent1t1on, pa 10126 (pa-- length 2 uL,
| '-".','(m - 1ength 2 9), ua 10150 (uz lengt,h 1\u), ST
:.Tahont x10 ﬂ__ don 51_Q§rllngl yoche Percoe'f'
vlocai.fanna, Saskatcheuan"(ﬂ)lahlal, (lelngual,v .
"eJV,L“f.; and (J)occlnsal v1ew, stereophotographlc palr,.UA
'i"',‘",'10069, left pu, length 2. ¥, about x10 ’?9,6_":"_3“
'f:FiQure 11.'Ect1godus, cf. E..powelll, Roche Percee local f“ 
| . fauna, Saskatcheuen'.(h)lablal, and &B)llngual
vv1ew, UL 11u3o, tlght pu, length 3 6, about x10-'
jﬁ(C)lablal,_(D)llngual, and (E)occlusal v1e}; ‘
L_stereophotograph1c palr,‘U\ 10210, rlght Pa,
ength 2 8, about x10 .........;.,.......:...eiflf
Fiéufe,12}v01agrammat1c outllne, dravn wlth camera 1uc1da,‘&‘
“ v:of 1ab1a1 proflles of pa's of ctzgoduéﬁpouelll -
'?(PU 1#“25 - the only complete and relatlvely
[iunudrn pu frOn Prlnceton Quarry._ﬂyomlng -
:;”unstlppled) and.gggzéedus, cf.'_ BOUelll (UK .
7'f11u30 and UA 1152& --Roche Percee local fauna,:
eSaskatchewan - stlppled) Vertxcal stralght 11nes ‘
‘lark the anterlor and posterlor nargxns- the . |
';nearly honﬂzontal, stralght 11ne is draun through‘
:the peak of the anterobasal concavxty and along

xix T



'ithe top of the posteroexternal 1edge cesseese 115
S ER N ) -
”.frigure'13§ u1croc05modon conus, Roche Percee local fauna,.

"a;‘SaskatcheHan, stereoPhotographlc pGIQS'.

"(L)occlusal,-and-(B)dorsolab1a1 v1ev, UA 10027

viéw, UA 10306, left ‘n2,. length 1. u, about x1o~
1'(D)occ1usal v1eu, UA 10976, left H1, length«Z 5,.j4

iﬂ“about x11'_(E)1ab1a1, and (P)llnguél V1ew, oA

' -11712,'rlght 12, maxlmum dlameter 1. 9, about x10.’

' ?7n-;ﬂ;crocosmodon conus, Prlnceton Quarry, Hyomlng

'1(G)OCC1usal v1eu, stereophotographlc paxr, PU~

(C’

“f_1uu63 length 2.8,. about x10° ..,.;....;,...;.'118

,gu>rign:é 145 ﬂ,crocosmodon coous, Roché_?eroeéliooal féhha,
“ ‘ 'Sasxatchewan: (A)diagnamuatic ouifiue; drawu with-
*acaiera iuciga,‘.f iaoiai side ofnfragménfaryfIZSS
".i showlng progresolve stages of - ﬁeaf‘ UA 11711 -
'?;779_'ffﬁ,5 unvorn, UA 11712 —'noderately uorn, UA: 1171u «f
;f~,, o 'heav11y worn. Stlppled area 1nd1cates ared not.

a'o'covered by enamel. (B)dlagrammatlc outllne, drawm“

'\v1th camera luc1da,,of dorsal view of palred 12'

‘.shovlng anount of dlvergence towards the roots

R N

', » , . - ‘o---.-;..-q.-.--...’-..-.-.;--.;...-.-...-.... 120

’ .,Figuro.15; _nterlor upper premolars of non—ptllodontld .

.  ,301t1tubercu1ates, Roche Percee local fauna. _7“
,Saskatcheuan, stereophotographlc pa1rS°1:

(A)occlutal V1ew, RiEY 10792, Types ‘A (to@ lengthau

‘ 0 7) and B (bottom - length O 8), about x10°

‘-

rlght |1, {:ugth 2. u, about x11- (C)occlusal ﬁ',:-'V 



'(Bforclusal;viey, UA 9978; iype C,'length 0.8,

abbut x10; (CyoccluSal viéu; UA 10793, Type D,

length 1. 8, about x10' (D)occlusal v1ew, UA
'11675, Type E, length 1 7 about x11-v(E)occ1usaﬁ
-v1eu, UA 10688, Tgpe F, length 1. 6, about x10°

3(P)occ1usal V1eu.AUA 11652, Type G, 1ength 1 7

about x11'.(G)occ1usa1 v1ev, UA 11655, Type H,

Zlulength 1 Gp‘about x10-'(H)occlusa1 v1ew, UA

116u5, Type I, length 1.7, about x1o-'(1)occ1usa1

. v1eu, UA 10371,,Type J, length 1 3, about x10-n

f'(J)occlusal v1ew, UA 10783, Type K, length 1 2y

“‘- . o

. Pigure .16.

| 'if7about x10 ...;.;....;...;..;;....I..;..;}.;3.lj30~-'”

- \

Ptllodus kummae, n. sp. (oA 9001)-~1eft=side of

-enearly complete postcranlal skeleton. CD

'(follovedrby number) -'caudal vertebrae; EQ.-C,'
‘lvepipuﬁic° bOne, Lo(followed by number) ; luubar,
f.vertebra, LPE - left femur, LFi 4-1eft'ﬁ1bula,
r.lLIS - left 1sch1un, LT -‘1eft t1b1a,lnbe-7nanualf“

phalanges, PP - pedal phalanges, RA - rlght.

astragalus, RCH - rlght calcaneum, RCS - rlght

o carpus,'RFE = rlght femur, RFI - rlght flbula,.

‘Figure 17.

'i— rlght tlbla, s (followed by number)'— sacral '

vertebra. About 11 5 .___.,_.._..____._,,__..;1u5f

. A

Ptilodus kunmae, n. sp- 1ua 9001) ¢ Tight eide of -

- nearly conplete postcranlal skeleton.,cn

(folloued by nunber)-- caudal vertebra,-Ll”

. (folloued by number),-vlumbar‘vertebra, LFi - .

xxi



 Pigure 18..

~"rigur§_19,

[y

._1eft fibula, LI - left 111um, Lxs.efieft ischium,

“LT - left tlbla,kﬂPQA nanual phalanges, pp -
_pedal phalanges, RA - rlght astragalus,_Rcu -
'f rxght calcaneum,_RCS - rlght carpus,_ RFE - rlght S

: 'fehurw RPI —'rlght flbula, RI —'rlght 111um, RT'—

Ilght tlb]ua. ‘AbO\lt X1 6'~‘.-..-.--.-.--.¢....'_v1u,8‘"'

o
v

Ptllodus kummae, vsp. (UA 9001), -

”-steteophotbgraphlc palr- dorsal vxew of thoraciC'

,and lumbar vertebral serles. L.. (followed by

7,jjnuiber)~— lumbar vertebra. About x2 1 ..;;,;}_153'

Ptllodus kummae, n.,sp. (UA 9001),‘

Ay

v',stereophotographlc pa1r~ ventral v1eu of

xi-Q

f-~thorac1c, lumbar, and sacral vertebral serles. L

er'gu"

-

‘f’figure*ze._

. /
(followed by number) - lumbar vertebra, S///
[

(followed by number) - sacral vertebra. About -

11 3 ..6..‘..."..l........n.’....‘....‘cn.o..‘.-..155—

ptll a _;gggg~‘ﬁ.Tsp. (UA 9001). f;lr

;stereophotographlc palrs- (A)dorsal v1ew of
,sagral -and . caudal vertebral serles, about x2 2,~

-iand (B)caudal vertebrae 1n, frou top to bottom,

',lateral, dorsal, and ventral vlews, respectlvely,'

vAabout xu 1. CD (folloved by number)-— caudal

Pigure 21..

‘vertebra, HS - haenal splne, S (followed by

-nunber)'— sacral vertebra ......;....l......._165"'

Ptllodus kummae, n. sp. (UA 9001),_

',stereophotographlc palrs- (A)ventral view. of

"':'proxlmal caudal vertebrae, about x1 2, and

IXxilJ



.

Figure 22.

i

s

(B)ventral viéw of distal caudal vertébrae; ab)ut

A L

‘'X2.2. CD, (followed by number) - caudal vertebra,

Hs - haémal Spine‘-’-..‘."......‘.a.'--.--..‘.<.-;.‘. 169

Ay

pt-iloaus kummae; n'.' sp. (UA 9001), -

;stereophotographlc pa1rs~ (H)left,sidg, about

<

' x2 3, and (B)rlght s1de, about 12 1, shbwing'vu

' ;Figarev23,

fragmentary rlbs_.......................;....f173,}

-

Scapulocorac01ds of Ptllodus kummae, vsp.v(QA4

19001 - left) and unldentlfled multltuberculate,'

aHell Creek Formatlon (UA 11992 - rlght)

2

.

(A)lateral (stereophotographlc ?alr), (B)med1a1 L

V:(stereophotographlc palr),.and (C)ventral views."’

Cc < coracoxd GF - glen01d fossa, IF -

Figute 24.

:1nfrasp1nous:fossa,-ss - scapular spine. About

s

’ 13.8 o"-v.‘_a'-;.“o'o-‘-:-o-‘.‘;:.--,--NO_o'-',--v.‘--‘.:oc-o_,-'-aod’- . 176

e

.HultitubércﬁiateIhumefifin'K!)véntfalfiahd7._

'”f(B)dorsal vlew,‘stereophotogr p 1c palrs' pr}ﬁwl

funldentlfled multltuberculate, Hell Creek

Fornatlon (UA 11994),'second from top - Ptllodus :

"ajgg_g e,- .fsp._(UA ﬂ1300)* second from bottom -

. Pigure 25.

:Ptélgdus kummag, n. sp. (UA 9001).,bottom -

lodus montanus (USNM 6076).‘DC - deltopectoral

crest, EC - ecteplcondyle, EN —‘enteplcondyle, iG

- 1ntercondylar groove, 'RC -'radlal condyle

(capltulum), uc - ulnar condyle. About x2 2

' ..........‘I...A_'...,.?..I‘-“.'.."_...'-—O.l......_.-q.- 180

gtilodusjkdmhaé;:a;.sb.f(uh_9001j: ¢amera lucida

, xxiii |



dxagran of reconstructed ulna (UA 9001 and UM
- 11302) in (A)medlal,;(B)anterxor (Hlth radlus of
- of 9001 added to show artlcular relatlonship), |
and (C)lateral vleu. AP - anconeal process, CD'—
capltular depre551on, CR - artlcular surface for
rad1a1 condyle of humerus, CU —»artlcular surface
for ulnar condyle of- humerus, 0 - olecranon,‘RN4—’
‘, radial notch, TN - trochlear notch, UT ; ulnarﬁﬁ

tuberosltY' About 18 8 .....-‘-‘..-'_-‘-.--;.:.;'. 18“ "‘

Flgure 26. Ptllodus ;_mmae, n, sP..(UA-9001). (A)posterlor,v}“

- (B)anterlor, and (C)doréél view. of prox1ma1 e
fragment of rlght radxus. AC - artlcular

'i c1rcumference, cp < capltular depre551on, IC —,f

interosseus'crest,.RT - rad1a1 tuber051ty. Ahout

%‘ . . xu 9v.’..‘......;“;....‘.‘...-'.'..-A........-(.;-...._188

Pigure 27. Ptllodgs Kummae,‘n..sp. (UA 9001),

h_stereophotographlc palrs (A)dorsal (about xu u),v;fﬁ

:1} _v?- and (B)ventral (about xu 2) v1eu of rlght manus.
| CE -'centrale, DP - dlstal phalange, H - magnum,'“

L. (folloved by nunberﬁ - netacarpal, P -;f,_ f‘
prepollex, PP - proxlmal phalange,,R -'radxus,:S ﬁ
,‘ sesanOLd,, L - scaph01a, SL - senxlunar, TD ;E"ru
‘ . trape201d TH - trape21um ....;......;.......v190

;ffirlgure 28f\Pt11bdus kummae, n.‘sp. (UL 9001y, .

stereophotographlc palrS' (A)dorsonedlal v1ew of o

=27

- ' left 1nnon1nate, med1a1 v1ev of rlght 11‘un

(about x1. 9), and (B)dorsolateral v1eu of 1eft';

-

xxiv



B RPOF -_rlght post

. Figure 29.

ischiun; vgntral viev of right inndminate (about -

x2.3). E? - epipubic? bone, S - haemal‘sp;ee,

LFE left femur, LI - left ilium, LIS - Teft

1sch1um, LPOF - left post—obturator foramen, LT -

"rleft tlbla; P° - paraf1bula° RPE - rlght femur,

RI - rlght 111um, ROF - rlght obturator foramen,

Bl

obturator foramen, S (followed
'by number) - sacr;g gertebra‘};..;;....;Q;..'199 '

Stnreophotographlc pa rs* (A)lateral (about

-

; 16 3), and (B)medlal (about X6.5) view - bf left

[ischlal fragment (UMVP 1u17), Mgsogma

f rmosa?, i

‘vHell Creek'Formatlon' (C)lateral (about x1 1),;.

*

g
Flgure 30

o ngure 31

xrand (D)medlal (about 1 1) v1ew of left ischlal

fragment (AHNH 16325), Eucosmodon sp.r Na01m1entor

;?orlatlon"and (E)posteroventromedlal (about

x4. 0) v1ew of proxlmal fragment of left femur (UA_

11301)4 Ptllodus kummae, n. sp.. L - acetabulum,'

‘DF'- dlgltal ﬂossa, FCF - fovea capltls femorls,

~GT - greater tuber051ty, OF - obturator foramen,,”
POF - post-obturator forauen ;..;...,,.;,,};; 204

tilogg§ kummae, n. sp. (UA 9001),

' stergqphotographlc palrS' (A)lateral (abﬂut

.

.12 1), and (B)ned1al (about x2 3) v1ew of rlght

' Vg;,felur.‘DE - dlstal eplthSlS, FH = femoral head, o
'l;.LC - lateral condyle, LT - lesser tuberos;ty,-

‘”fwt ledlal condyle ..............{.;........... 207. :

,.“‘

Ptllodus kumnae, n.lsp.v(UA 9001),._"



.‘Figute:32;

ct

Flgure 33.

i.

'stereophotographic pairs: {A) lateral (about

x2.1), . and (B)medial (about x2.3) view, right

tibla and flbula. DEF - dlstal eplthSLS of
R
fibula. DET ‘distal ep1physxs of’ tlbla, LFF -

1atera1 flbular flange, LTP - 1atera1 t1bia1 )
flange, HC - med1a1 condil P - patella .... 212’
Ptilodus nggge, n;,sp.-(UA 9001}, 4 '
stereoPhotographlc palrs-‘(A)anteciqr Qiew<(abobF
x2 3) of left t1b1a and flbula, | | ‘

_-*"P
(B)dorsnlateral v1ew (about xu 3) of rlght

fenoro—crural art1cu1at1on.vDEF —‘dlstal o
eplphy51s of flbnla,_ E - femunﬁ.PT - facet for.
tlbma, FS - fibular shaft, LTF -.lateral t1b1a1
flange, P - patella ....;.,..:...............421u'
Stereophotographlc palrs- (A)posterlor v1ew of
proxllal fragment of right tibla (UA 11995),

unlaentlfled multltuberbulate, Hell Creek

Fornatlon, about x8 7 (Bmdé 1, and (C1de 2 of

a -

paraflbulae° (top - Ua 9001, Ptllodus kummae, n.

sp., and bottom - UA 11996, unldentlfled

o lultituberculate, Hell Creek Formatlon),,about

=S

Flgure 3&.

x6 5. AFv— art;cular facet F% - facet for }
fibula,_ E - 1ntercondylold emlnence, LTF -

lateral t1b1a1 flange ,.......;..l;.;........ 218 b

Ptllodus kummae, n. sp. (UA 9001), o T

fstereophotographlc pa1r5°‘(h)dorsal v1eu of rlght:f

Pes.*about x2 1. and (B)ventral view of 1eft Pes'ﬁAf
‘ R

Coxxvio0



 Piguie 35.

' FPigure 36.

£

Piguré'37.

‘»,nav1cular, 4 - cub01d, 5 —'ect0cune1form, 6'~

f'about 12 3.1 -”calbaneum, 2 - astragalus, 3 -

"letatarsal v, 14 - proxlmal phalanxlI,v1SL—-

o

o

‘

nesocunelform,-a’-,entocunelform, 8 - tlblale,'

‘ ;r-nefatarsalll, 10 - metatarsal II,i11l-

”a»netatarsal’lir, 12 - metatarsal v, 13 -

'pproxlmal phalanx II, 16 - proxlmal phalanx III

~v, 19 - mlddle phalanx II, 20 mlddle phalanxil

'17 - proxlmal phalanx Iv 18 - prox*mal phalanx

’ III, 21 -~t;ddle phalanx Iv, 22 - mlddle phalanx

R 25 - dlstal phalanx III,

. 23.- distal phalanx I

(sp., based - pr1nc1pa11y on U 9001. Detaxls&q{ tne”
‘ )
. : l

”2& - dlstal phalanx II,

'f6 - dlstal phalanx IV,

727 - dlstal phalanx V, 28\- vertehra, 29 - manual_V

P

phalanges. 30 f lun“la o--o-------.o-o..---;- 223‘v

Ptlloﬁus kummae,, n. Sp. (UA 9001),

Steféaphotogtaéhié pai§$= () docsal, and f-;,;éf_

- {B) ventral vieu,‘right-pes;‘Symbels aslin,Fig.

. 3“. Aboutxa;3 ‘vo.‘-'-‘;-'o.:.olono-’o-o“o-‘--’.;o-n----c 225 .

Ptilodus kummae, n. sp. (UA 9001),

stereephotographic‘pairs: (K)medlal, (ﬁylatefal,

“and (C)aorsal vieQ of left, calcaneum.lap'-
yastragalocalcaneal facet, CF - Cub01d facet, cs -
'calcaneal sulcus, PT - peroneal tubercle, SF -

>sustentacular facetﬁ TC .- tuber calcanel. About

o

x6.u ."..-.~-..."..;-...-...-'.....-;......'..'(‘ 227

/Skeletal reconstructlon of Ptllodus kummae, n.

—v——r—.‘
s

N\
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. . pectoral girdle and fé:élimbs,are uncertain and

lithe‘sknll is‘based'on‘that of Ptilodasvhontanus
_(af?ér’ siuipépn, 1937c) 257
',,Figuré 38. AFtist'S récoﬁstruction,'Unéerniheféinéctioﬁ ofv'
| the author, of:tuolfﬁdividuals 6f:g§i;9gg§:

kummae, Q} sp. About two-fifths natural

,Size e eswase --o'-v-",.o-v.,.-.-.o‘-.‘-‘-"o--co,o..'-'ocvnccbo 259
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INTRODUCT ION

_The multltuberculates (nammalla, Allotherla) are anT
extinct group of prototherlan mammals that are common as . -
'f0551ls in late He50201c and early Paleogenefterrestrlal“
.sedlments of North Amerlca, Europe, and ‘Asia. With One
notable exceptlon, the Bear Creek local fauna (Slmpson,
1928b, 1929a, b; Van Valen and Sloan, 1966),
'multltuberculates are represented in all uell sampled Late ;

rCretaceous and, Paleocene 1ocal faunas of North Amerlca by an7

n“abundance of 1solated teeth, but javs and eSPQCIallY skulls

fare scarce. Artlculated skeletons of allotherlans are also )‘
very rarely found and their postcranlal anatomy is therefore;,

"relatively,poorly'knovn;

. In July of 1971 uls< Roxanne Young ‘of Wlnnlpeg
discovered a large, saber llke canlne of the pantodontl
'iigggg;dgg rn overburden trlpped from a llgnlte ‘mine, no¥
':abandoned near Roche Percee, Saskatchewan. Subsequent |
“discoverles of f0551l vertebrates at the same locallty (51teev

'UARZ) by Dr. G.E. Lammers of the nanltoba Museum of Man &
‘Nature and Hlss Young's parents, nr, and Mrs. B.AYoung, ind‘
1971, :and later, in April of 1972, by the Youngs and myself,:

1nd1cated that an abundant dlverse, and wvell preserved

’thanatocoen051s of Paleocene vertebrates vas present.

T
"Durlng the summers of . 1972, 1973, and 197&, fleld
partles from The Unlverslty of Alberta,_Edmonton, collected

lany ‘specimens from the surface and'lnltlated undervater



-

screenlng operatlons for the collectlon of mlcrovertebrate
fossils. Fragmentary remalns of acthopteryglan flshes,
"frogs,bsalamanders, turtles, llzards, crocodlles,
.champsosaurs, blrds, and mamuals were recovered. Exten51ve
prospectlng 1n the area resulted 1n the dlscovery of tvelve
vaddltlonal f055111ferous 51tes, sxx of whlch contalned
rspec1mens 1n undlsturbed strata- however, the majorlty of
spec1mens was recovered fron two 51tes (UARZ and UARZa)
1ocated in overburden strlpped for mlnlng purposes. One"'
snall cutbank (UARZg) resultlng from mlnlng excavatlons

¥

ylelded fragmentary but artlculated remalns of - f05511 f1$h

v‘;g' rtu,vand; 1n August of 1973, a nearly complete and wello-‘

'-preserved skeIeton-of'Ptllodg§. Geographlc coordlnates of
theksites_aré on-file in:theADepartment of Geology, The

'UniVersity”of Albérta, Edmonton.



 ARBREVIATIONS -

_<Lbbreviations@d5eé';n.the text_are_as‘fdlldﬁs:
\31) Instltutlons. E P —

AHNH - Anerlcan Huseum of Vatural Histor:y,~ New

York. R  ;‘

'.CH - Carneéie:!uSeﬁm,of'Naﬁufal ﬁistory,
APlttsburgh..i N ‘ |

«WHHHN - Hanltoba Huseum of nan 8 Nature,_ﬂinnipég{"
”iPU - Pflnceton Unlver51ty, Prlnceton. |

»ROH -~ Royal Ontarlo uuseum,‘moronto.

bh - The Unlver51ty ot Alberta, Edmonton.

4

,_bsun ~'Un1ted states Natlonal nuseum,‘Washlngton.
. A » 5oy
2) »L‘océ_lfity’zr o e e
| UAR - ThéruhiQér;ity{df"Alhéfpa,JRg§enECrag
Pormation.. DR R L
,: 3) Statlstlcé‘ i A;,i/) _-'” ‘; o : -
R cv- °~Coeffic1ent of v;riatlon.. : 0
1Hzf 59333‘ |
w N - $éipiéf§izéf ":_ o i o .-
OR - Obsefved fangé;: . “v f“'”' flfg

3Prob. f Probablllty,
8D - Standard dev1atlon.nv

'"szvfkstandara.error. =

_u)'bentitionSvA.‘

I - gpper incisor.



KN

K

”;iu,l ElUpper or:louer'molaf?;réspegthele 

P,p - Upper or lowver pﬁemola;,ArespéCtively;

- .

5) Yertebrae: .
vi]cd,- Caudal-ve:tebrﬁ(ey;‘ 
L - Lumbar yeriebra(é)ia'ﬂgAam'f o

s - sacral vertebra(e).

.‘ .



~ GEOLOGY
The Ravenscrag Formatlon (Upper'RaVen5crag of authorsy

_of southern Saskatchewan and southeastern Alberta, exposed

as a broad belt parallel to the Internatlonal Boundary,

'.‘_"CODSLStS of flne sandstones, clays and shales, 1lght—gfay

to buff Hlth nuch 1nterbedd1ng and lateral change. ngnlte

beds, many of them workable coal seams, occur throughout the_,

o

formatlon" (Russell, 1950 Pe 31). The lowest coal seam
('Ferrls' or 'No. 1') 1s tradltlonally taken to mark the,

base of the formatlon (but ‘see " Whltaker, 1972). o

Russell (197u) has prov1ded a conc1se summary of d
'§r§§1ous stratlgraphlcvvork, most of thch occurred 1n the
southuestern reglon of Saskatchewan, on the formatlon. The
stratlgraphy of the Fstevan Coalfleld, thCh lles 1n the.oﬂ

;outheastern part of the prov1nce and on the northeastern

K

:. flank of the Wllllston Ba51n syncllne, has been relatlvely

. vneglecteda ucLeign (1930) had early determlned that, 1n -

%'southwestern and south-central Saskatchevan, the Ravenscrad
‘Fornatlon uas d1v151b1e 1nto a lover'"grey fac1es" and an-‘
_upper "buff fac1es.? Only recently, houever, has it been
recognlzed (Broughton,.1972, p.186) that from Blg uuddy
Valley, in south—central Saskatchewan,'to the Estevan reglon

"there is a dlstlnct 11th01091C change frou the grey a

buff facles 1nto relatlvely arenaceous beds.

An exten51ve survey of the- stratlgraphy, Sedlmentology,

Nt

' and paleoecology of the Ravenscrag by the Departnent of

V":v L L o

[
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fnineral'Resources,'Saskatchewan,h nder.the directiontof pr.
: é L. Broughton, is currently in. progress. The recent studies'f
-of Broughton and his co—vorkers support earller conclu51ons
.(ncLearn, in Praser et al., 1935) that the strata in which
: the f0551ls of the Roche Percee local fauna‘were recovered,'
1»are hlgher 1n the sectlon than Ravenscrag beds- to the Hest

: Prellmlnary pollen and: stratlgraphlc correlatlons wlth
t;strata 1n North Dakota strongly suggest equ1Valency Hlth theL
‘Tongue Rlver Pormatlon (Broughton, pers. comm., 1976). _ |
‘Correlations aCIOSS\the Internatlonal Boundary based on
'zev1dence prov1ded by f05511 mammals must awalt the

| descrlptlons of the local faunas of North Dakota from the

lJudson, Brlsbane, and Rlverdale localltles by R C. Holtzman‘n

'@of the Unlver51ty of ulnnesota.

_ . . , , v -
Byers (196¢ p. 333) suggested "that the non-narlne
"’fFrenchman and Ravenscrag Formatlons were probably

derlved from Upper Cretaceous and Lower Tertlary rocks and

"7folder netamorphlc rocks and carbonates to.: the southvest in.

hjnontana."'Royse (1971 p 7&), on the . contrary, has sta}ed

* that "Paleocene sedlnents -ee entered the wllllston Ba51n

from the west,and notthwest-ﬂ

The Ravenscrag«sedlnents are fluv1at11e in orlgln and

Vvere dep051ted 1n an a11u71al plaln envxronnent (HcLearn, ‘in

- J

Praser et al., 1935). In the Estevan,area. the lower

‘ g\vorkable coal seaus south of Estevan are 1nterbedded with -

clays and calcareous 511ts, uhereas those stratlgraphlcally
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'~”hlgher and to the east.(near Roche Perceef are found 1n
'preddmlnantly crossbedded sandstones. Holter (1972, p- 176)
ﬁlnterprets the clays and 511ts "to represent marglnal marlne__

suamp dep051ts in contrast to the sandstones thCh 1nd1cate |

°a progradlng delta fac;es.

kavenscrag'Formation-sediments have been“identffied as.
;'Paleocene by - studles of plants (Davson, 1875;1H0Learn, 1928'1
' (ldentlflcatlons by W. A..Bell), Berry{:1936;;1935;:Beil;"'
1949, 1965), molluscs (povling, 1914; ‘McLearn, 1928, -19'29 ,'
H‘(idenfifiCatiOns;byffaﬂ;.Stanton)élDyer,_in Wiilians and
Dyer», 1-9’30- nus's'éll,”193.é-b',“c, -'191;0", 1974), and. |

' non—mammallan vertebrates (HcLearn, 1928 (1dent1f1cat10ns by

--C’H.ASternberg)._Sternberg,'1932"Russell, 193u- Langston, -

;1958- ‘Erickson, 1972), as well as by negatlve evldence

f_lsupplled by the lack of d1nosaur bone above the lowest coal

"'sean. Palynologlcal analyses of Ravenscrag sedlments are

forthcomlng (Broughton, pers. comm.,,1975) but Dr. E B.
-Robertson, formerly a doctoral student at the Unlver51ty of
“ulnnesota, has found, from a snall sample near Rochﬁﬁﬂsrcee o

(51te UARZg), that representat1ves of Taxodlum, Carplnus,v‘ﬁ

’oU;nus, EnQelhartla, P1cea, Plnus,'and polypodaceous ferns
are present (Robertson, pers. comm., 1973).

Hore reflned datlng of Ravenscrag strata ‘is now
. dp0551ble wlth\the recent dlscovery of several 1oca11t1es :

bearlng vertebrate f0551ls, 1nc1ud1ng mammals. The s

localities are as follows: . .;,' S,

‘e



" 1), Police Point-locality infthetCypressvhillswof

dsoutheastern Alberta (Krishtalka, 1973);

2) Plne Cree Park locallty, near the settlement -of . -

South Pork, in southwestern Saskatchewan (Russell,‘1976)$

3) Unnamed 1oca11ty near the hamlet of Ravenccrag, 1n
southwestern Saskatchewan, currently ‘being worked/hy fleld

;partles of The Univer51ty of Alberta-'and RS o

W) several 51tes near the V111age of Roche Percee,‘ln

southeastern Saskatchewan (this paper)

0

Krlshtalka (1973), in hlS study of the ﬂammals from the
Pollce Polnt locallty,.concluded that the Ravenscrag | |
esedlments at that level are of Tlffanlan agey The
‘,5055111ferous beds at Pine Cree Park were determlned to have'

[

. been dep051ted in Puercan, or, at the latest,-early

§

"t Torrejonlan tlme (RuSSell 197&). Identlflcatlons of the

o namnals -from. the locallty ‘near Ravenscrag, Saskatchewan have'g

_not been made as yet

s
:TheHnuitituberculates of the Roeheeéeéceé'15¢a1'fauna1k
';1dent1f1ed and descrlbed below document a - late Paleocene,_
_or) more prec1se1y, P obably a. late Tlffanlan, assemblage.
thhe strongest faunistic 51m11ar1ty of the multltuberculates
of the Roche Percee 51tes is wlth those recovered from
1Pr1ncetoanuarry, wYonlng, whlch 1s currently regarded as f

""being latest Tiffanian'in"age (§loan,_1969; G;ngerlch,

e



'-'197ub, 1975; Rose, 1975). Detailed biostratigraphic
 corre1ation'§i£h'§£her Tiffanian lécaligies in‘tﬁé Rocky
v”Houﬁtainvregion uéing multituberculates musf‘await‘R.B;. |
7 Si§an;sigonogtdphié'revision of the order. Studies of
priﬁates.(éﬁpeéiallf Gingeridh,'197ub,‘1975{.§ose,‘1§75y; é .‘ 
‘gfoﬁﬁ thaﬁlisvabundéntiy fepreséhtéd in the Rochez?erﬁeé. R
‘local fauha; érbviﬁé é'mofé pquise‘frameuork]for | |
7.bio$£:atigréphic correlétion:.An'anaIYSis_of the:primafes in

"fthé assemblage isfinvptOgreSS.



PART I.\HULTITUBERCULATE TAXA OF THE ROCHE PERCEE LOCAL
4 .

’ PAUNA R o o
1) VD‘E'NTA'Lv”TERnINo'LOGY. AND MEASUREMENTS
o o o
The termlnology and measurements used 1n descrlblng the
‘ dentltlons fcllow Slmpson (1929c, p.10u° 1937a, pp.73~80),’
Jepsen (19140 pp- 2u6 262), Clemens (196u p.30),"and" "
'_KfiShtalka (1973 p. u)_ Heasurements were taken with a
‘Bausch ‘and -’ Lomb zoom mlcroscope havrng a.mlcrometer dlSC
1nserted 1nto the ocular, and are expressed in mllllmeters
re(nm). Raemakers (1975) has presented a. perceptlve analysxs
of errors usually commltted 1n mensuratlon of smallrif
‘nammalxan teeth Owlng t0’these restrlctlons, as uell,aszto"
'llmltatlons of the optlcal equlpment at.hand,'certain
;neasurements (e g. wldth of pl) were omltted.gIn almost all
,cases only complete teeth,‘showlng no or very,llttle
vpostmortem wear, vere employed 1n measurements.ﬂEstlmates,
h‘neCessary because of snall sample 51ze,.have been noted as
such. ‘The enumeratlon of cusp fornulae can also beAx‘
rzlmpreCLSe.QIn the case of- the 1nternal row ofvﬂ7
lultltuberculate M1's espec1a11y, the number of cusps llsted
must be con51dered as valuatlons, rather than accurate |
.Fqu‘ntsf' U 'uw Co L '\V |
‘The ternm ‘exodaenOdont”lobe' is'used throughdut the
paper in reference to that portlon of enamel on pJ that |

'labxally overlles and extends ventrally down the anterlor&'

10
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root. Thls term is not currently in uge for multituberculate
‘pu's but wvas suggested to me by R. C. Holtzman and R E. Sloan

¢

(pers. comn., 1975). ‘ o o ‘ . l : ujh, ‘

Invmost ptllodontld and.taenlolabld01d spec1es there

;re three rqus of cusps on. P4 external, mlddle, and j o "
1nternal.‘The number of cusps 1n each row 1s glven as. a

formula x.y.z, where x, Y. and z de51gnate the number of'
3cusps 1n the external, mlddle, and 1nterna1 rows,:

respectlveay However, in Pu's of spec1es of Ptll_ggs and
7K1mbetoh1a, there are no’cusps present in the 1nternal rou

(z) and a neomorphxc 'row' of cusps 1s developed lab1a1 to‘
hthe external Low (x) on an anteroexternal bul@e. The number
) of cusps ln thls neomorphlc 'row' should not, therefore,vbev

'1ncluded ‘in the cusp formulae of Pu's of the two genera. To

. do so. would obscure the homologles of the cusp rows;f

wflnvolved. Por example, 1n PU'S of Ptllodus montanus L
Douglass, 1908, from Gldley Quarry there are 0 3 cusps Lo
' deé%loped on the anteroexternal bulge, 5 8 ln the external

. row (x), 9- 10 1n the ulddle row (y), and an 1nterna1 row (z)
: . . R
._1s absent (Slmpson,_1937a); The cusp formula for these Pu's J;

should be llsted as 5-8:9- 1030 _not as 0- 3 5-8: 9- 10._,;,7%‘"”

.. B) HETHODS OF IDENTIFICATION =~ .

Association of isolated elements of  the same taxdn is a



comnonjand dlfficult prohlem to any paleontploqist ‘working
with microvertebrate samplesl.hﬁy“asSociations.reqnire
subjectlve deC151ons and are, 1h essence, worklng hypotheses
that are tested by future discoverles of larger samples
and/or more complete laterlal. In thls study “the followlng

A
approaChvuas employed:' ’

A. Isolat;ng Dlscrete Phena‘,pu
1) As far as posshble,‘complete and well preserved
3homologous'teeth were-grouped-lnto discrete phena by

mlcroscoplc observatlon.

/ 2) Heasurements,-as well as cusp or serratlon.

'

counts, uere taken. | .
3) Blvarlate scatter plots were made for each
tooth p051t10n from each 51te (e g. anteroposterlor length

,.nd transverse vxdth for all ml's fron 51te UARZa) to detect

1
R S

.a"Y CIusterlng. R “”f'W1“
u) Hlstograms were . plottedégor each varlable from

o each 51te, also to detect clusterlng but, further,,to check

L

-

for any blmodal oL nultlmodal dlstrlbutlons, il ea'vwih,z.i

) subclusters Hlthln clusters. ZL‘W | |

| | 5) Outllne drawlngs,lu51ng a camera 1001da,1were
"made for each tooth p051t10n. ThlS method (adapted from

B Ranaekers,.1975) was applled to all complete and unworn,‘or

sllghtly uorn teeth, uhlch“were drawn 1n occlusal v1ew f_f
(molars) or 51de proflle (fourth premolars),, nd proved
ffect1ve 1n vlsually dellmltlng the agrlatlon 1n shape and

s

‘1'512e for each phenon. hs Ramaekers elphaSLZed, great care

1



i3f,fh

Vlust be taken to orlént each spec1men about the-same'
: reference polnts and in exactly the- same way; | |
| 6) Dlstanctlve qdalltatlve attrlbutes oﬁ each
phenon were noted (e g. dlstrlbutlon of rldges descendlng
from flrst‘serratlon on- pu). | |
' /7) Pragments or: damaged teeth vere allocated to_-
.feach phenon. Obtalnable measurements were. added to those'
¥ taken on complete teeth and anorporated 1nto hlstograms.
| - 8) Descrlptlve statlstlcs tradltlonally employed ";T“_n'

1n sbudies of mammallan teeth vere computed (U,'SE SD, CV)

9, students t tests uere applled to any samples of

overlapping 'or . contlguous size ranges from dlfferent 51tes.

=

< B. Assoc1at10n of Phena and Identlflcatlon of Taxa

1) Three of the multltuberculate spec1es from
Roche Percee are represented by partlally assoc1ated .

materlal. Assoc1ated wlth the skeleton of Ptllodus N. so..'

I

uere the lower 1n01sof, pu, ml¢/P2—u. Jav fragments

contalnlng m1 2 of ulmetodgg 511ber11nq1 (Slmpson, 1935a)

"and pu, m1 of nesodma sp, P were also recovered. Isolated

teeth at these p051t10ns could therefore be associated 1n

. y

thelr respectlve taxa Hlth confldence. L o
2) Taxa vere 1dent1f1ed, prlmarlly using fourtha

’

;pr"flars{ on;the basxs of dlagnoses,already in the ;

-

*literaturevas'mell as those’to be~employed in R-E: Sloan's
: monographrc rev1sxon of the Hultltuberculata. Previously‘
knovn artlculated or assoc1ated materlal of the same, or -

closely related taxa were utlllzed,‘uhemever pos51hle, inf



‘ o o v T14
Ce T . v

ifthe'identifiéations. In éll'cases, actual spec1mens, not o -
casts or photograpbs, vere used as comparatlve materlal..

3) Slze and frequency dlstrlbutlons uere uSed to

Fes

double—check assoc1atlons and to allocate prev1ously unknown

tooth p051t10ns to known taxa (e-g- 'm1 of Prochetodon and

/

‘ H1 2 of Hlmetodon 51lber11ng1).
- o . . ) . ) 5 ‘;“

T T
C) SYSTEHATIC PALEO“TOLPGY

f:C1ass Hammalla
V~l- ﬁubclass Prototheria
'Infreclass,glletheria
-suboideﬁ Ptilodontoidea
éamily Ptilodontidae
Genus Ptilodus |

;; d k ummae, ney spec1es'

(Figures 1,2; Tables 1-4)

‘gtxmglggz.- Named for Liﬂaé Sttong (ne= Kummj, who -

discovered thejtype'specimen and many others.

‘_Txpg specimen.— UA 9001, a nearly_qpmpiete‘poStcranial
skeleton with associated left louet/ingisor and F4, right-
p4, m1, and P2-4.

|

Type locality.— NW.1/4, sect. 33, Tp. 1, R; 6, W. 2,

 site UAR2g, Révenstrag.?brnation, Saskatchewan. -
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'Figdre 2.

Ptilodus-khmmae, n. sP., R0che‘Per¢eé local ﬁauna,

‘Saskatchevan4 (A)occlusal v1eu, stereophofographi¢: 
- palr, comp051te rlght lower dentltlon, UA 10912

| (pu - length 6. 8),‘UA 9001 (m1 - length 3.4), UA

;‘10253 (m2 - length 2. 2), about x7' (B)occlusal S

v1ew, stereophotographlc palr, comp051t° r1ght ‘

s

‘upper aentltlon,,UA 10529 (P1 f 1ength 2 u), UA

9001 (PZ - length 2 ﬂ P3 - 1ength 2. 5, P4 -

vlength 8- u), ua 10330 (M1 - length 4. 7), Ua 9837 -

'(nz - length&Z 2).'about x7- (C)lablal, and

(D)llngnal yleu, A 9908 left_Pu' 1en9tha$.2; 3

" about i7,15s7"',.'“'.»A‘, SRRV o

o
R
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‘TablevZ;' ueasupémehts
~ dentition of

,Percee'local

~ p4 Length. - . 28

'm1 Length - 1

Width ' L2

w2 width - . W

and ‘descriptive statistics

" Ptilodus kﬁmmae; D. SPes

,fauna, site UAR2.

Leggth  e

p1Length 7

width . . 8

P2 Length . . 12

wiath 13
'PéfLengt£ ‘

rwidﬁh
jiath

M1 Length '

RS IT  C

&

owidth 4

W2 Length - . 4.

Width . - -3

6.92£.06

—

 1.65£.05 .
©2.25:.03
"2;00;.ouf
'12.u61,05‘
1L90¢{65'
2.56£.05
'2.09&}03'4“
%é;7ég.o7, :
' 1.93£.06
,Au.82£;12
2,30£.08 .
w7ss.10
2.284.05
2,1é£.0§ﬁf

2013£.12
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.07

.06 -

.08

213
e
a7
.‘10,.. o
18
RS TR

.28
a2
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' 'Table 3. Meastarements and descripfive:statisticsrof“the
dentition of ptilodus kummae, N, Sp., Roche

Percee 1ocal,fauna,'51£é UAR29.

_measuresent N OR MtSE "% SD cy
pu Léngth 1 6.6 - -— -
n2 Length 1 2.3 —— — -

Width 1T 2.0 —— - ---

P4 Length. ' 2 4.7-4.9 4.80£.10 .10 2.9
{7.wid£h 3 gf2;1—2,2 \f 2,17i;03 _ ',dﬁ,fi\2.7
AHW‘Lethh':" C ii,"ﬂlﬁ;u |  v‘ - “.”“i  e
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Measurements of teeth of Ptilodus kummae, N. SP.s

preserved in association with the postcranial.

Table 4.
B skeleton (UA 9001).
. [
Specimen , al
' ‘ L W 'L
UA 9001 (right side) 3.4 1.6 2.4

UA 9001 (left side) -

. P3 P4
W L W L ¥
I -
1.'8 2-5 1¢7 uou 2;1
——— —==  --- 4.4 2.1
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;Rgferre'd spe;cimgnfs..—- pt: MMMN nos. 3~35‘, 564, 565, 572,

" UA nos. 9751, 9758, 9769, 9773, 9800, 9801, 9853, 9858,

- 9863-9891, 9912, 9914, 9916, 9922, 9923, 9925, 9949, 9959,
9967, 9968, 9974, 9985, 9986, 9989, 10004, 10089, 10093,
10108, 101{7,v1o1uu, JO176,H1023ig 10236, 10237, 10206,
10250;v;0261,“10262; 10273;g10280; 10289, 10307,. 10325,

10326, 10328, 10337, }03&1,v10346, 10393, 10405, 10488,
10507, 56517; 16520, 10524, 10553,'10558,'10575, 10576,
Iosig, 10586, 10596, 10602, 10607, 10610, 10621, 10624,

| -10628,'10632,,1063u;ﬁ0637, 10639, 10641, 10644, 10645,
10659,'10650,'10662,'10669.‘1067i,_10676;-10677, 10694,
10708, 10719, 10722, 10731, 10734, 107u7,.10750;”10753,
10756, 10758, 10789, 10912-10316, 11293, 19294, 11298, .
11307-11316, 11318, 415uo-i15ue, i1$so; 11551, 11637, 11638;

Ik uA'pog.f9777,'9794;'9195L-9aos,1§erj,'9822,'9357;49898,?.
9902, 9907, 10063, 10081, 10082, 10094, 10156, 10172, 10185,
10198, 102692'10235, io§u9,'1628§;'10292,fi03u2; 1o369,_v'
"10402, 10543.1ioszs;,10651; 10652, 10740, 11289-11292,
711315-11325,.1155d;:31555; m2: ﬁ;rﬁbs,'97qa; 955&;“98§2( _»’
9353;[§932,'9958;”1oo7§; 10096, 1bjés;4jo1sd, id2os, 10227;mfv 
_;iqzju;;10?53; 102é3} 19327;716356; 16&14%4105{5, 10551, < |
‘-»idebo;'107oh,'1o7io;'1oé§u;f11u15-1{h17, i1A79; 11480,
_11556} i5557:‘p1ilun“n§s;_9791} 58161:9845:;§§21;'§936,
'j99u7;'996149964,-9966;f9976;_§931; i9§11; 10131, 10382,
7;j0391; fou19, 1b455; 10937,_10439,;1ouuv,_10a50,710u5u;*"
10460, 10867, 10484, 10503, 10529, 10549, 10559, 10560,

10655, 10728, 10748, 11327-11340, 11549,.11552, 11664; P2:



MEMN nos. 354, 370, UA nos. 9812, 9815, 9846, 9855,,9915;:_

| *9926, 9927, 9929, 9934, 9935, 9946, 9953;-5956. 9965, 9972,

9973, 10008,,1Q00§;.19012f1oo1u, 10016, ip181,'10386,.103gi,"

'16398; 1ouo1,;1oqoa, 10426, 10428, 104§§;~1ou34, 10436, -  -“ ;-i;J"
10441, 10644, 1ouuéj ioa53, 10#61;‘10464, 10470, 10473, - -
1ou7u, 10476, 10477, 10379,.1on85,330u86, 10493, ‘10810,

10511, 10555,‘106is; 1o736,'11341-11354,Fq1553, 11687 11690.

' ,pz,ér P3: UA h§s.'98ﬁ8,'11695; 11696{'p3~ UA nos. 9774,

79832, 9é20;'9928, 9930; 9942, 9943, ésua 9971, 9980,‘9990,

10015, - 10389, 10400, 1ou1b€;10431,,1ou35, 1ouu6, fdhu9, “
'.1ou51, 10455, 1Q459,'1bu62; 19@#1,-1@@72, 1ou7s, 10qs§}f”'

{qﬁe7; 10497, 10504, 10530-i0532;'i05u5, 10563, 10693, o

10733, 11355- 11368, 11691 116945 P4: HMNN 331, 'U;fﬁ0§i;§8gz;ﬁ

ééso;’gagq—ssgj, 9899-9901 9903, 9904, 9908, 9639; 10059; 

 '19072;_j0688,'16103, 10119 10189,'i0215, 10239, 16241,.
“192554 10256i i0271,'10282 10285;.10286 10309, 110332,

10338, 30352,?1035a, 10362, jd377,[iou27, 1ou90, 1053a,
10569, 10572, 16559,;1dsoj,f1oéj3; 1Q6u7 10661, 10679,

10695, 10703, 10756,;10762;'16573,_1oi7s,.11295—11297 |

:i11569411386, 11563-1&565,fii636;l11639~ 1--nnuN nos. 330,.:'”
,jsss;'Up;nos.79763;'97é8,;9798;798q3 9817, 9819,.9839, 9905,
9906, 1ooos;f1oouj,'1ddsq,f1oo75,’1oqzo,'10173, 10225

10230, 10274, {oabs; iq329;.1033o,u16349;l503672 10388,

' 10915;'1ou2a, 10568,'10588; 10612, 10625; 10674; 10739,

10763, 10776, 10984, fofo1i, 11399, 11387-11392, 1139u-11uou
11560-11562; H2: MMEN 470, UA hos. 9799, 9837, 9909 9911,

10003, 10050, 10085,,10087, 10096, 10135,‘10136, 10139,



.

10164, 10182, 10187, 102u3, 10266, 10303, 10319, 10345,
110383, 10556, 10627, 1o7u9, 11006 -11oo7=v11a05-11u1h;

11496, 11558, 11559,~11697—117oo- humeral fragment- uA

'11300; fenbral'fragnent;iﬁh‘11301; ulnar fragment° UA 11302f o

_‘§_t_ 7'UAR2, UAR2a; UAR2c, and UARZg;'Ravenscragf’ ¥
- ”Formatlon, Saskatchewan. .

Al -

'Known‘diStributiOn. Roche Percee local fauna,‘,“' Loy

.
Ravenscrag Formatlon, Saskatchewan. Baduater Creek locallty,

- Shotgun uember, Fort Unlon Formatlon, Wyomlng (Krlshtalka et
g;;, 1975); and, questlonably,»ln the Swan H;lls local-
'fanna,7Paskapoo-Fermaticn,'Alberta and_the Riverdale -

_ : o A _ , o T
"locality, Tongue River Formation, North Dakota. .
"Diagnosis;?'Smallest of the»known Species of gtilddusu

‘nxcept PtllOdUS douglassr Slmpson, 1935a?hangle'910ngi

anterior margln of,croun on p4 (that is, between anterobasal -

‘concavlty and ventral peak of exodaenodont lobe) more.obtuse

.than 1n k. doug1a551~ ratlo of 1ength of pa length‘Of-ml
greater than 1n P. douglassm- d1mensxons and ratlos as 1n
'Tables,1-u' cusp formulae as 1lsted in text- 12 15

serrations“onlpu (node 13}).-

DESCRIPTION -

Lover 1nc1sor.— The lower incisor of the type spe01men
(U 9001) is 1ncomplete. Preserved is the central part of

the tooth* the tlps of both the crown and root are broken

o-
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avay. The enamel'of‘the internal face begins much further
d1sta11y and S consxdenably thlnner than that on the

external face. The external face is evenly convex. a

o vdlstlnct longltudlnal rldge marks the junction of the

mesial and external faces.’The root is- e111pt1Ca1 in cross,
section. Isolatedtxnc1sors are not a551gnedr

v ‘ 0 . »

pa - The crovn is ngh symmetrlcally curVed in proflle,'

vlew, and bears 12 (three spec1mens), 13 (24 spec1mens),, Q

(13 spec1mens), or 15 (one spec1men) serratlons. Thevmargln

'between the anterobasal concav1ty and the flrst Serratlon is ¢

'v1rtually stralght ventrally but curves posterlorly near the

fxrst serratlon. Three rldges (one anterolablally, one |
rmedlallYA\and ‘one anterollngually) descend from the flrst
’,serratlon. The anterolab1al and anterollngG!‘xrldges are
3short and termlnate after mergadg wlth or qpigbxlmatlng the

»correspondlng labral g%d llngual rldges t“

"“the second serratlon. ‘The medlal rldge frOm the first
' serratlbn extends ventrai%y touards the mlddle of the
'_anterobasal concav1ty but is. deflected lablally at

.;appr011m 1y hq}fway along 1ts length and termlnates

'1ndlst1n at a level horlzontal to,‘or sllghtly above,
the dorsal peak of the’ anterobasal concavlty (1n UA 10337
lthe nedlal rldge is Spllt and deflected both iablally and
fllngually) r-: i »f ”g:,J .”b,;t 'h'h,l -

The widths between ridgeszon'the‘lingual ‘surface

increase posteriorly. Lingually, even on unworn specimens,

26
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'1the last three serratlons do not bear rldges.'TheVSerratiOn'-'

,anterlor to these usually possesses a short llngual rldge,

'vhlch beglns at a p01nt ventral to the serration.

The posterlor .two or thre= rldges on the 1ab1a1 surface

onf the crown are often obscured by ‘wear but appear ‘to- have

j_'been 1rregularly spaced and probably anastomosed tc some,ﬁ'

'degree. Posterlorly, on the lablal surface,,a shelf descends
fron the last serratlon in ‘an anteroventral dlrectlon. The
'shelf 1s varlabiy developed and offen ethblts wear; -

,hovever, even on heavlly worn spec1mens, it is never totarly

r,obllterated. "" | h‘t

The serratlons become progre551vely wlder transversely

.and are relatlvely blunt posterlorly. o

The anterobasal concauity ls vell deflned and deep. on’
'?nost spe01mens the most dorsal poxnt 1s peaked, but on some
{;t is. rounded.;The enamel labial to ‘the anterobasal
'ic0ncav=ty extends further ventrally than does the

}correspondlng enamel on the 11ngua1 51de.,

ml.- Cusp formula 6 54 In occlusal rlew, the“anterlorv'
edge of the croun is v1rtua11y stralght -the posterlor edge
‘;s ‘rounded but 1s orlented obllquely anterollngually from o
the posteroexternal corner of tbe tooth The external and
'1nterna1 narglns of the crovn are stralght or sllghtly

convex; A sllght bulge 1s usually present 1ablal to and
' &

','belou the second cusp in the external rav. On two Spec1mens,

l

LoaR
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UA 102&9 and UA 11289, a small CUSPule 1s developed,on‘thish;
svelllng, but these are undoubtedly 1nd1v1dual varlants._Ther
two rows of cusps dlverge posterlorly, and are convex .
'[dorsally 1n proflle v1eu, the external cusp row helng

'approx1uately two—thlrds the helght of the 1nterna1 one.

The flrst three cusps in the external rowv are‘”p
pyramldal-‘the 1ast three are subcrescentlc.pThe most
anterlor cusp in the external row is var*ably develaped but
is: usually small, belng obllterated 1n heavily wern
'iSpec1mens. In the external rov, the cusps usually decrease

progre<51ve1y in. 51ze and ‘height- antetlorly and posterlorly
vfrom the thxrd-' in some spec1mens, hovever, the ultlmate

-'cusp is sllghtly 1arger and taller than ‘the penultlmate one.

'"fThe snall flrst and the second cusps are partly jOlned along

i‘fthelr helght, as are the flfth and sxxth The thlrd and
,fourth cusps, by contrast, are relatlvely lsolated from

h other cusps in the external rov. The 51xth cusp, unllke
. other cusps 1n the rov, bears a 1arge, shallow groove on its

o

ﬂnedlal slope.

The cusps of . the 1nternal row are 1arge.and pyramldal,
- the thlrd belng 1nvar1ably the 1argest in that row and
hlghest on the crovn. The flISt and second cusps can bez
partly 301ned, the thlrd is 1solated and the fourth and‘
hfzfth are closely j01ned, alnost to thelr aplces. Snall
»suelllngs are often present on the x;dge descendlng

’

'posterolablally from the fifth cusp in the 1nterna1 rowv. on’

Ny

:



' -cusp in ‘the external row. On UA- 9OOT afsuall accesSory

29

-unvorn spec1nens, this ridge'is continuous with the ultimate

’cuspule is® developed anterlor to the flrst cusp of the

~

;1nterna1 ‘TOW. Other spec1mens show a small swelllng.an thlS

4

Ve

d:p051t10n.:The third, fourth, and - flfth cu5ps, and
occasxonally the second, each’ bear one or tvo vert1ca1 f _?1'
grooves on their med1a1 surfaces. These grooves ‘are commonl} ‘

' effaced by.uear, espe01a11y anterlorly. Heav1est Wwear on the
Crown OCCurs on the med1al surfaces of the anterior cusps in

the external rov. '

'

m2.— Cusp formula u 2..The crown - 1s longer than it is
vide. Both the anterlor and lab1a1 uarglns of the crown drei
“virtually stralght and perpendlcular to one another.iThe
"posterlor edge, hovever, 1s orlented obllquely
'anterollngually from the posteroexternal corner and nerges ,"
31mpercept1bly wlth the strongly convex llngual edge.’The
ﬁflrst three cusps of the extennal rov are 51n11ar in 51zexl
hand helght and are crescentlc. The fourth°cusp is closely
| jolned to the third and may or nay not have adistinct apex..
A rldge, which" beglns from the apex of the thlrd cusp, ;" oy
,' extends posterlorly along the fourth cusp and then
anter01nterna11y to- the apex of the second cusp of the 1‘”}4-.
1ntetna1 LOW. The labial surface of the outer roe of cusp5‘ |
is snooth, but the uedlal face is narked by numerous_‘

yertlcal grooves,

viﬁq the ‘cusp$ and, especlally

fposteriorly,:on’tﬁg'Cusps thegﬁelves.'
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The two cusp& of the internaliroi are much larger and

have broader hases than those‘of.the'external~row;,The,first

6

. ‘cusp is larger ana,higher'than;the second.rltgis quadrate in

occluSal outline,'subcrescentic to crescentic in horizontal
sectlon, and bears a deep, vert1ca1 groove (occa51ona11yg'
two) on 1ts valley fac;ng SUrface. The-secondfcnsp,*velll
separated from'the first,ili triangular,wppramidal,vand'

bears tvo vertlcal grooves lablally. A small swelllng is .

present posterlor to the second* cusp of the lnternal row in

‘@pprox1mate1y one half of the spec1lena
SRE

a small groove separates the tvo. Wear?ls heavlest on the
'lablal surface of the ;nternal rov of cusps ‘and along the

»furrow betueen the twb Lous. of cusps.

<

P1.- All‘specinenslof“91 have three'nain”cusps on the

crown, one anterior and'two posterior. The anterior Cusp is

"*,er and lower than the two posterlor ones,'

i

o,

Ayvn. is convex, the lablal andfllngual 51des are

. i T
bsllghtly constrlcted at m1d 1ength and the posterlor edge,‘

1s'stralght, belng orlented noderately anterolablally from"n

-the poster01nternal corner of the tooth.- )

.. A1l of the cusp slopes fac1ng the center of the crownj

are smooth .but on alnost a11 other surfaces the enamel is

vrlnkled to some degree. The poster01nterna1 cusp is

pyramidal and trlangular 1n‘cross sectlon; the rema;ning:tuofﬁ

)

cusps are lenticular, the anterior one being oriented.

\ﬂin these cases,v,'

}egual in 51ze and - helght The anterlcr margln.;

30
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anter01nternal—posteroexternally along its longltudlnal arls

and the posteroexternal one lying. 1n a more obllque ’

5. -

orlentatlon,

P2.€ All P2's here referred have four:cusps Subequaliy:‘

spaced in a square on the coronal surface.,One spec1men, Uh
‘10426 bears a snall accessory cuspule 1mned1ately anterior
to the anteroexternal cusp. The labjial, llngual, and |
posterxor marglns of the ‘crown are usually concave 1n
.occlusal v1ew, although in any spec1men elther one or more
N of these 51des can be stralght or sllghtly convex. Thei
posterlor margln extends posterollnqually from the lablal

edge of the crown. The anterlor border of the tooth is

convex. S L SR

‘The enamel on the Croun,is'urihkied.peripheral to the
center¥facing surfaces of theﬂfour'main Cusps.

»

The tvo 1nterna1 cusps are trlangulat 1n horlzontal»

'jSect;ou- the. outer two are lentlcular.

e - . ‘;n A

. P3.- The number of cusps can be elther four, flve, or
six (meah-u 76- mode 5). There are 1n all cases,'four maln
usps subequal 1n helght and equldlstantly spaced in a

square about the center of the crown..

.

- The crown, in oc¢clpsal view, is irregularly ovate,

belng vlder anterlorly As‘in P1 and-?2, the valley~facin§

,surfaces of the. cusps are snooth, the outer faces ur1nk1ed.“\

31



P4 .- Cusp fornula 6-7:8-1020 - (mode 6:9: 0) . The outline B

”of ‘the croun, in occlusal vlev,'ls approxlmately an
1sosceles trlangle with the base belng anterior. The
trlangle is dlsrupted by an anteroexternal bulge on wh1ch T

l'the enanel is paplllate or wrlnkled, and uhlch occa51ona11y

-~

bears from one to three ‘small cusps or. cuspules._,' e g,,f"

' The cusps ln the external row are arranged in a’ gentle{

arcy ponvex‘lablally; and are-conlcal, although, at least

e

anterxorly, each often possesses one. crest runnlng

anterlorly and one posterlorly from base. to apex. The cusps -

‘:.extend fron the anterlor border posterlorly to a level

'opposxte the antepenultlmate or - penultlmate cusp of the
jledlal rowv. The second cusp is usually 1argest in the"

‘external rou},5pall,cnspules

> ten 1nterspersed between

'_thefnain‘cnsps of the exte:nalvfoq.

The nlddle rov conS*sts of ‘CuUSps of,subequal helght and

51ze, and s;nllar shape, arranged in a neaﬁly stralght 11ne.‘v:

.The cusps are )01ned along thelr helght almost to their

apices..

The” enamel is smooth about the basal'ho:dersfof'the

. crown bntvis‘irinkled on the cusps themselves.

Few of the PU4s show nuch vear, hut ev1dence of sllght
 wear exlsts along the aplces of the cusps posteriorly on. the

-edlal rov and along the 11ngual face of the crovn.”

'51.# Cnsp fdrlula.7f8;8+1i;u—8 (node 8:9:6) . The: .

32
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posterlor border of the crown is rounded 1n occlusal v1ev,

'-vhereas the anterlor end is stralght and orlented

'anterolnternal posteroexternally. In side proflle the

coronal surface is concave dorsally.

The cusps of the 1nterna1 row are varlable 1n number
and development. They are largest and hlghest posterlorly,

and decrease ln 51ze and he1ght anterlorly The relatlvely

e

large, dlstlnct posterior cusps gradually bec0me less

4dlstlnCt anterlorly and form a paplllate rldge, wh1ch on

unvorn spe01nens, extends to the anterlor end of the crovn.

_'_.-1.

twear may abbrev1ate‘thls rldge conSLderably.,

The cusps of the mlddle row are’ quadrate and

[subcrescentlc, the ultlmate cusp belng the tallest on the_:

n*f crovn and the antepenultlmate the 1argest in bulk:

.vIrregularly developed snall grooves and rldges are ev1dent ; s
on. the labial and lingual 51des of the cusps On ‘the mlddle

r oy of unwvorn teeth. Even sllght vear tends to obllterate

,these structures.vj~ E ]‘ﬁ‘ e <‘h

The penultlnate cusp is’ usually the 1argest and tallest
in the external row. he pyranldal cusps of the external row'
are snooth lablally but’ bear rldges and grooves on thexr
ledlal faces that are. nore prom1nent than those on the cusﬁs:

of(the-nlddle rowv. 'f:;" o d L a

iearvisrheaviest on the anterolingual surface of the-

crown.



. M2.- Cusp fotnhla 1?3:3—h (node 1-3~5), ThevoCCiuSal
surface of the crovn ‘is concave anterlorly and convexly'
rounded'posterlorly. The transverse Hldth of the crown
'decréaSesiposreriorly. | |

¥

\

"The 51n§1e cusp in the external rov is the 1ouest and
' smallest on the crown. From 1t one rldge extends‘

‘posterlorly to the base of the ultlmate cusp of the mlddle
row and:then.ventrally to 1t5‘apex. Another ridge’ passes"

llngually fron the external cusp to the flrst cusp in the

gllddle rov, across xts apex to the llngual hase of the cust

The three cusps of the mlddle row are well separateé

froa one ‘another.. The flrst is lov and transversely

'elongate. The second cusp is pyramldal to subcresentlc,

‘tallest on the crown, and sllghtly curved anterlorly. The_:

-ultlmate cusp is: subcrescentlc and 1s more curved than the

Tsecond. Elther or both of the last two cusps can possess
grooves on thelr 11ngua1 Surfaces.. "a

."

The 1nterna1 row has three or four pyranidal cusps of

‘subequal helght that bear rldges and grooves -on- thelr basal N

' -edlal surfaces. The cusps are closely approx1mated and L

301ned to about two—thlrds of thelr helght._

RISCUSSION
The characteristic shape andgcuspidation'of'Pu_and the

‘comparatively sYnnetricalllateraipprofile of,pu-arep
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aponorphic features shared by the specimens described above
Accordlng to Sloan (1n Van Yalen andnsloanf’1966, fig;
Q), there are at least 51x spec1es of gt;lo‘ugz'an'

u ndescrlbed specmes from the Puercan,»gl ferronen51s Ga21n,

'19u1, from the basal Torrejonlan Dragon beds of Utah, P.

,ledlaevus Cope, 1881, \P. montanus, and P. wyomlngen51s ‘

Jepsen, 1900, from the Torrejonlan of New nexlco,'ﬂontana,
and Wyomlng, respectlvely, and another undescrlbed spec1es,‘
‘Ptllodus sp. A fron the Tlffanlan. Krlshtalka (1973) and

lSchlebout (197&) extended the stratlgraphlc ranges of P

,nontanus ‘and  P. medlaevus respectlvely, 1nto the T1ffan1an,v

“

but both of these exten51ons are based on 1nconc1u51ve e
eqldence. The known spec1es of Ptllodus are remarkably
_similar to one another;'Tradltlonally, the three broadly -

" _contemporaneous species, P. mediaevus, g.'nontang§, and,g.

.fvzrningensis, have'been Sepafated by the nunbers'of“

i serratlons on p4,. the ranges of whlch overlap in all three'

‘spec1es (Slmpson, 1937a- Jepsen, 1940), and by the frequencyt"

of occurrence of cuspules on the anteroexternal bulge of P4,

ﬁbelng "generally present" in P medlgevus,:"usually 1ack1ng

: _ /
'1n,g, gontangg", and "absent fron Py 1uu68, the only

”?descrlbed pu of P. wzonlngensls" (Krlshtalka, 1973, p 9).

‘.

;0bv1ously,‘a spec;es aSSLgnment usxng these tvo characters
regulres an adequate sample to give sone 1nd1cat10n of the

ranges of varlablllty. Furthernore, numerous- Pu s of P.‘v"

uzonlngen51s 51nce collected from Rock Bench Quarry (PU

35



'collectlons) bear from zero to three cuspules
,_anter0externally (the same range of varlatlon as 1is known

'for P. mont nus and P. kummae) and have a comblned cusp

- formula of S— 8 9:0 (personal observatxon).- pecimens ofx

' Ptll_dus, or near Ptllodus, but of 1ndeterm1nate spe01f1c
) :
affinities, have been recovered from several addltlonal
; - .

Paleocene 1oca11t1es in the Rocky Hountaln reglon (L. S.
Russell, 1932a-1Gaz1n, 1956a, b, 1969~ Dorr. 1958'-Keefer,
1961- Krlshtalka et al., 1975). Plalnly, monographlc .
reVisionvqf'the genqs ;saneedea. ‘ e

y-

In correspondlng parts of the dentltlon,lg.“goﬁmgg can.

e e

ea51ly be dlfferentlated fnom P. ferronen51s and P.

Y

gedlaevus, as well as from Ptllodus sp. A (Sloan, pers.

conm., 1975), by 1ts relatlvely snall 51ze..P.‘mont nuSﬁandi

vt

uyonlnqencls are closer to P. kummae in size; - however;

aopllcatlon of . Student's t- test to lengths of pu 1n the
,three samples results 1n a probablllty of < 001 that Pr
'>kumnae 1s conspec1flc with elther of the former 2ﬁofspec1es.
Pnrther, appllcatlon of the Hann-whltney U test, u51ng the‘
»,nunber of serratlons on pu to compare samples of B. kggggg.
vlth B. montgggs, 1nd1cates that the dlfferences are
'=519n1f1cant (0 01>Prob >0 001) . The same result obtalns on-

.conparlson of Bo kummae ulth P. uzom;ng 51s.

1 Data for the above statlstlcal tests yere derlved from
_ Siepson. (1937a) and Simpson- et al. (1960) .for P. lontanus
nd from Jepsen (19&0) for B. onlngen51s. .

—
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Ptilodus kuhmae is most similar(to ?Ptilodus Aduglagsi, ..

-a speciesvknown from the Torrejonian Gidley and Silberling
‘gua;rieshofeuontana (simpson, 1935a, 1937a) and fﬁOm'H
lloéality'501ﬂ7; Black‘Peaks Formation,gTexas (échlebout,
1974) . In. 1966, sloan (in Van valen anhd S‘loan,' £ig. 5‘)»

transferred 7p. douglassi to Mimetodon, but, more recently,

he (pers. .COMM. . to'Schiebout,‘197u) placedethe species in

yeoglaglaulax.«SpeCLmens collected by the Amerlcan Museum 9{ ,

Natural Hlstory 51nce Simpson's publlcatlons (1935a, 1937a)

‘1nclude sxx teeth (four pu's and tvo Pa's) that are probably

'referable tO-thlS form, and.the opportunlty is taken here to
‘111ustrate (Flg. 3A- E) and 1lSt measurements (Table S) of

them.

"The ratlo between lengths of pu and m1 normally rangesl~h

, from 1.4 to 2. 0" 1n neoplaglaulac1ds (Sloan and Van Valen,

'“1965, p 221). 2P, douglass1,'w1th a ratio of.1 76g'was

presumably placed in- the Neop&aglaulac1dae for thls reason.l'

L4

ThlS ratlo, however, is. not as clear cut between’

neoplaglaulac1ds and ptllodontlds as wvas orlglnally thought -

For 1nstance, 1n both Weoplaqlaulax macrotomeus,(wllson,

:‘1956), nd Ptllodus kummae the ratlo 1s 2. 05 (the ratio for

P. k ae was computed from the means of the lengths of pu

and n1 in the large Roche Percee sample) part from the lov'

ratlo of p4: ml 1n ’P dougla551, there appears llttle -

"lquantltatlve or qualltatlve reason to separate °P dougla551

and P.'montanus. The lengths of pu in the two samples do not'

overlap but are contlguous and, vhen coublned,'shov a CV of

Ll
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Figure 3.

Ptllodus dougla551, Gidley Quarry, Hontana

]A)lablal, and (B)llngual V1ew, AMNH 35515, right

.p4, length 6.8, aborut x9; (C) lablal, (D)llngual,

and (E)occlusal v1eu, steregphotographlc palr,

AMNH 3551“, rlght P4, length 4.4, about x9.‘

‘Ptllodus kumm e’ Suan Hllls local fauna, Alberta*

"(F)occlusal v1ev,vstere0photograph1c pair, A"

}11999, rlght Hz,'about x9. Ptllodus kgmmae,

:Badwater Creek 1oca11ty, Wyomlng (G)occlusal.

v1ew, stereophotographlc paxr, CH 1613“, P3,

‘1ength 2 5, ahout 18.!
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Table 5. Measurements and cusp‘formulae or serrations of
o - ' ) | . : E *
fourth premolars of Ptilodus douglassi, Gidley

Quarry, Lebo Member, 'Fort Unibn‘Formation,

. , o , N
Montana. ” - - ‘ L
’ R N e . . .
| —-\-———-—————Jf—'—a——J_—;f-—__;___¢—,_.;-._‘ ___________________
Specimen '"Length'-»hwidpb_”m"CuSpvarmula
. : or serrations

xuun 3S511'- pl 6.3 - ARY.
AMNH 35513 - p4 69 -~ 12
xunﬁf3$515 - pl 6.8 ——- BRE
ANNH. 35516 - pb 6.7 —- 13
AMNE 35512 - Pl ot 2.1 6:7:0
AMNE 35514 - P4 4.8 2.2 8:9£0f"



6.8.1 B o A\
. S . . - - ~’-"’;.‘ . . : ' -

© The two P4's, AMNH 3551 and AMNH 35514,” are smaller' '

g than those of P. montanus, thereby correlatlng well Hlth thev‘

'l sxze of pu'S of ’P. glas51, and are probably correctly

]

" the Qenus.

‘ku

1 Data for g. montanu. oa Simpson et gl.l(1960, p-40).

referred to the latter spec1e§ If so, the speC1es can be

R4

—— e et . e

other species of Ptllodus, are 1ow, do not rise posterlorly,,

hdve many cusps in the external row, and exhiblt an .

anteroexternal bulge Hlth or ulthout cusps’ (AMNH 35514 has a .

51ngle cusp and ‘AMNH 35512 has none). Further,vg. douglass

1s larger than and has fewer cusps on m1 than any specles of

Neoplaqlaulax. As such, in all known featuré§'of its

dentltlon, douglaSSL appears tozbe correctly placed 1n

.

Ptllodus' the lou ratlo of the 1engths of pu to n1 shoula be'

vsed as a criterion. dlagnostlc of- the spec1es (%;, 1ndeed,

1tﬂlS dlstlnct from P. ggntagg§) and not to separate 1t fnom

v g

o

ThlS a551gnnent creates further problens 1ngfhat, in

terls of sxze, serratlon counts,‘and cusp formulae, P..

ag nd P dougla551 cannot be ea51ly dlstlngulshed.

Hovever, relative to pl's of P. kummae, those of P

ouglassl are lover and have a nore convex and sloplng

anterlor nargln (conpare Flg. 1A B wlth Flg; 3A,B). The -

A

anter;or margin of p4 ;n,g‘ ku g g rises relatively sharply

P 4
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and, near‘the first serration, bends»posteriorly;”Thee'

' t
dlfferent rat1os between lengths of pu and m1 is the most’
dlstlnctlve crlterlon separatmng these two spec1es.

5

Krlshtalka et al. (1975) described‘specinens of .

Ptllodus fron the Tlffanlan Badwater Creek 1oca11€y o'

Ly 7
wyonlng; Krlshtalka (pers. comm.m 1975) agrees that the
vspec1nens are referable to P. gmmae. Several‘of the«

,.Badvater spe01mens, houever, pertaln to Prochetodon (See

below). Furthermore, tvo speczmens (Cu 1613& and cu 16129)

;are P3's (see Plg. 3G), not P2's of Ptllodus, as Krlshtalka

et 1 (1975) 1nd1cated. f : ‘]_ "*e'lyf'

Also probably referable to P.,kummae 1s - - PY (UA 56&5)

/

fron the suan Hllls 1ocal faunafghlberta, thch Krlshtalka

&

(1973} descrlbed and flgured, along v1th Spec1mens from the -

' ”

‘-Pollce P01nt locallty, ‘and allocated to P. montanus,vand a'

-

‘fragnent of. H2 (UA 11999)3§c011ected in 1972 by- D. O'Brlen,
'uhlch I estlnate to have neasnred 2.4 (length) by 2. 3
u(vldth) ne (see Flg. 3P). The neasurements of UA 56&5 4'l . mmo
':suggest closer afflnltles u1th P. kunmae than wlth P o | o
v_lontanus, but the eV1dence 15 1nconc1051ve and a decrslon “‘ h(
-ust aualt the recovery of a 1arger sample fron the Swan |
folls. L.s.ﬁRussell (1967),51n his treatment of the Swan

Bills_local fauna,'did not'refer'any‘spec1mens,to Pt;lodus;

A
@

In‘1962, a Pleld uuseuh of Natural Hlstory expedltlon
‘recovered three 1solated teeth (pu, B1, 93) of a small-

~spec1es of Ptllgdus fron the R1verdale 1oca11ty 1n the



Tongue River Pornation of North Dakota (Holtzman, pers.

43
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,e N
[ :
’ - . a

,.%v,

conn., 1975). All three teeth are structurally similar to,
. ‘\M’

' and.fall u1th1n the-llnlts of size var;atlom ofy’homologous_

teeth of B. kunuae in the.Roche Percee sample. Holtzman Hs4
"':' .

| preparlng a thorough descrlptlon of the mammallan fauna from5

Lo

‘ “the Rlverdale 1oca11ty, thch is now submerged beneath

._3. .

‘between 5. 2 ‘and 7 8, vell within the range expected for a’

LI

approxlmately 50 feet of«water in the Garrlson Dam .
; v A

LSl
Reserv01r.
Sinpson,(1931a,Ap,87) found that the sample of P3's of" .
P. montanus exhibited a great degree of,variability in
length'1CV=18‘S)Iand‘cusp numbef7(four to seven) and

concluded that P3 was "in the process of reductlon and that :\Q

C 4

.1ts great varlablllty is: a feature of degeueratron," as had

Granger and Slmpsou (1929) earlier. Varlous authors

‘(e.g. Jepsan, 19uo Clenens, 1966) have 51nde accepted that.\

the P3 1s exceedlngly warlable.;Uslng_data fron Simpson gt

al. (1960 p 66) for P. gontangs; ‘it wvas found that Simpson

had nade an error in calculat10n° ‘the Cv'for the'length of

P3 of P. tanus, based on the parametrlc nean a%a standard

dev1atlon, is 6. 2, not 18 5 (using sanple statlstlcs, E@@ Cv
is 6. u). The: lengths of’ the anterior upper prenolars in the

sanple of P. Eummae, lncludlng that of P3,.shov CV's of

" single. mamnallan spe01es (simpson- et al., 1960- but'seel-

Gingerich, 197ua). Therefore, although dlfferent 1n S e

function, the anterlor upper premolars (P1 3) and the more

I

posterior fourth prenolars and molars appear to shou-broadly
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eguivalent'amounts of variation”in ‘size. The evidence from -

the large samples of P3 of P. montanus and P1 -3 of P. kumnae-

appears toanot strongly support Szalay s (1965 ~p.9) belief
that "the non- grlndlng and non occludlng three anterlor'
iupper premolars of ptxlodontlds are mnore prone to var1at~on'

!

than are the remalnlng teeth."

The h1gh varlablllty in the cusp number of P3 (four to '(n\f\\\v

&
seven in P montanUS' four to six in g..gummae) 1s,_hoyever,

stilllunexplained;'mhe rariation=is;probabif'notgokiig
simply to the lack of occl@ﬁal.relations y?th any'
corresponding'lower prenolars:'The number of cnsps on thé,
non—occludlng Pi's and P2's of both B. montanus and gff,
kummae,(};r instance, is constant three on P1, four.on P2
(one P2; UA'10426, of«g. gggﬂge bears a small cuspule' |

anterlor to the anterolabial cusp).

It'shoulh be~noted that the cusps present on the,
'-external Cowv of uost neoplaglaulac1d P4's are not 1nvolved
in- shear v1th the pu and probably served -the same. functlon

'as the cusps of P1—3. Novacek and Clemens (1n press) suggest

',that,_late xn ontogeny, the Eﬂ beconlng hea711y Worn

. aplcally, nay assume a nev role,,perhaps functlonally

j'extendlng the crushlng actlon of the molars or comlng 1nto
occlusal contact wlth pu. In Ptllodus, the functlon of the
anteroexternal cusps of P4 is augnented by the presence of
- two r0ws-ofvcusps-1ab1a1 to the nlddle rou. The f1rst '

external row of P4 in P. !ontanus has f1ve to eIght cusps

)/

O



'(Sllpson, 1937a), in. B. kummae, as in B. wyomingensis
(personal observation), flve to’ seven are present In all
>three specxes, the anteroexternal bulge/Kthe second external
.'row ) bears zero to three cusps or cuspules. Therefore,,
'although most students (e- g- Abel 1912- Slmpson, 1926-
Clenens, 1962,:1964' Szalay, 1§65- Novacek and Clemens, in
press) belleve that the anterior upper premolars served to.
grasp, secure, and orlent the bolus of food prlor to 1ts g
posterlor mlgratlon to the shearlng premolars,-lt appearsb
'that P1 and P2 1n Ptllodus, belng the flrst teeth to'

encounter the food after the 1nc1sors, were pore 1mportant

w

in these functlons and consequently are more conServatlve in -

coronal constructlon.lThe cusps of P3 and those developed

dopr ‘\‘/

‘ 1ab1a1 to the nlddle row of Pl are more varlable 1n number,,p

: perhaps lnplylng that these cusps uere functlonally less
-cr1t1ca1 than those developed on P1 and P2 and vere
therefore not nalntalned in constant nunbers by stab11121ng
selectlon, One could also argue, however, as, for 1nstance,

has Van Valen (1965, Pp- 386), that varlatlon is malntalned

*'_"by adaptatlon to dlfferent parts of a nlche." Although that‘

,p0551b111ty nay exlst for the varxable nunber of cusps on p3

and, anteroexternally, on Pa, such an 1nference uould he

'.entlrely speculatlve.

45
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GenUS Prochetodon . .

Prochetodon, cf.,g avus Jepsen, 1940

(Flgure 4; Tables 6 7)'

;aeferreg'specimens.-ipa: wna 523, UA nos. 9830, 9919,

'9§79,‘100364160uo, 10060, 10098, 10106,_10305,.10317,'10397,
10421, 10542, 10565, 10533, 10619,. 1Q5{%, 10643, 10659,
10729, 11308~ 11306,‘11317ﬂ 11537,’11538?“m1: UA hqs.»9796;«‘
A-jbosé,'10095, 10124, 10161;1i0622;_1o768, 11326, 11418,
119, 11539; P1: UA nos. 10390, 10u33,-10465;v16uéz. 11420;

_P2: UA nos. 9753, 9825, 9960, 9975, 10417, 10432, 1ouu2

10523, 10668; P3: UA nos. 9991, 10017, 10385,_1ou09i'10557,

10584, 10730, 11303; P4: 'UA nos. 10194, 1,1450.

Sites.e UhR2fahd'DAR2a, Ravenscraé;Fotmetion,

Saskatchewan.

. DESCRIPTION

,put- ThlS tooth bears 15 or 16.serrat10ns 1 The lingdal‘“t

A N

' surface exhlblts 13 rldges- the labial surface has 14 (thtee
.fspec1mens) or 15 (one spec1nen). The helght of the flrst :

'iuserratlon above the anterobasal concav1ty is. approx1mate1y

1 These numbers are con51derably hlgher than the 12 or 13
~1listed by Jepsen (1940). for P. cavus but, from his fig. 5
“ (pl. IV) and from an earlier discussion (1930b, p.510), it

- .appears’ he chose to not pount the serrations postéerior: to

‘those giving: rise to rldges, or, that his specimens were too

vorn to observe the posterior serrations. My observation of

PU 14436, at least, lndlcates that the latter vas probably

the. case.‘
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Figure 4.

Prochetodon, Cf. P.'cavgs, Roche Percee local

"v1ew, HHHN 523, left pu, 1ength 8 0, about x9;

'fauna, Saskatcheuan* (A)lablal, and (B)llngual

(C)occlusal v1ew, stereophotographlc palr,'UA‘

10622 rlght Rl, length-u 1 vabout~x8~ (D)OCCluSai

3v1ew, stereophotoqrnphlc palr, c0mp051te left

upper dentltlon, Ui 10&33 (P1 - length 2.3y, ‘UA

'/Jousz (P2 - length 2 .6), and UA 10584 (P3 - -length ;
3. 5), ab-at x9- (E)lablal,-(F)lingual, and |

»XG)occlusal v1ew, stereophotographlc palr, UA,

10194, “right P4, length 5.5, about xa.'
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Table 6. Ueasuregeﬁ(; and descriptive statistics of the

dgptfiion_qf Prochetodon, cf,' £.?i cavus,

“«

Roche Percee local fauna, site UKR2a.

@ e et 2 2 s e e 2 i 2 o o e e e e Ly 2 . 2 A 2 o e 2 e o o e s o e e

 Heasurement N OR ' MiSE sD . cv

p4 Length 2 8.1-8.2  8.15£.05 .07 0.9

]
-—h
o
o
=]
\Q
rf
=2
w
W
L }
w
A
F—
L]
N

3.88:.13 .29 - T.4

©1.76£.05 .11 6.5

=
"
[o})
‘+
=4
wn
" —b
e
O
-t
.
ANV~

P1 Length 2.1-2.3  2.18%.04 .08 3.8
| | 1.7-1.9 - 1.82+.04 .08 -~ 4.6

’-,,PZ-Lengthv : 2;5-25£,’i ©2.61£.04 . 110 - T4 8

IR I T T,

200-2.2 0 2.11%.03 .09, 4.2
B3 Length . © 4 . 3.5-3.7  3.55:.05 .10 - 2.8
Width . - - & 2.0-2.2  2.08£.05 .10 . 4.6

P4 iength I § ; 5m5v ' ‘ R e - --=
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 Table 7. Measurements and desc:iptive étatistics ofithe

' dentition of Prochetodon, ‘cf. PR.° cavus,

Roche Percee local fauna, site UAR2.

Measurement . N-  OR M4SE sp oV
p4 ‘Length .~ "1 8.0 - e =R e
P2 Length . 2 .2.7-2.8 2.75:.05 .07 - 2.6

$
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one—half the length of the tooth. The margln betueen the
ventral apex of the exodaenodont 1obe and the flrst
serratlon is . smoothly arcuate 1n lateral view. The crown is -
arched far posterlorly and the posterlor slope, although
.convex, lS consequently almost vertlcal. The exodaenodont
‘lobe does not extend far ventrally, as 1t does in Ptllggug,
zand i§ gently rounded along 1ts,£;;e In 1atera1 proflle, o
_ therefore, the crovn closely approx1mates the shape of a
kldney wlth the hllux of the kldney sxtuated betueen the two

The roots, compared to those of Ptllodus, are
'relatLVely small and slender. A lov, bulbous 1nterrad1cular

crest ls present between the tvo roots.

B ;1 —.Cusp fornula 7 8: 5 (mode 8: 5). The posterlor
'nargln of the crown 1s sllghtly convex and orlented
'anter01nternal~posteroexternally, anterlorly, the margln of
:the tooth is. alnost stralght.<The llngual and lablal edges.ﬂp
'g~are straxght to sllghtly convex and converge anterlorly. The

'anterlor portlon of the crovn overhangs the anterlor root.”

o The cusps of the external rov are four-SLded, the first
.flve belng pyramldal, the last three subcreSCentlc. The ‘
cusps progres51vely decrease in 51ze anterlorly from thev;
.fifth (uhen elght cusps are pregent}f—the last three are
;-subegual in srze and are’ sllghtly snaller than the flfth.t
ASIall, p01nted cuspule occurs ventral and labxal to the

'~‘ junctlon of the thlrd and fourth cusps of the external rou

»



‘on UA 10622, but surely tepresents-anwindividual'variant;

' The flrst four cusps of the 1nternal row are’ subequal
~in helght but increase in bulk posteriorly. The fifth- and
ultllate cusp is 1ouer than the precedlng four but is the

largeSt in 51ze.

I
ok

The promlnent rldges and grooves on the valley faC1ng
surfaces of the cusps of both rows are present as on the
ni's of most ptllodontold genera, but, in addltlon, the m1's
of Pr che odon also possess shallow rldges and grooves on

[}

””the outer surfaces of these: cusPS, espe01a11y On those of

the external.row.

_ . ‘ | .
SP1.- The crowvn of P1 is- trlangular 1n occlusal outllne,

with- one anterlor and two posterlor cusps. The anterlor cusp.

-jand the posteroexternal Cusp are 51m11ar in shape, both

"belng tall and each bearlng a crest orlented

' anteroxnternal posteroexternally and extendlng from base to

apex. The poster01nterna1 cusp is relatlvely 1ow and conlcal :

and bears an 1ndlst1nct crest, oriented perpendlcular to

those on- the other. two cusps.

P2'~.Foérviarge cusps ﬁominate‘the*croWn'offPé; The
'anter01nterna1. anteroexternal, and posteroexternal cusps,
arran.; ed in a guarter—Cchular arc about the poster01nternal
cusp.,are subegual in size and helght, and each bears a
}dlstlnct crest runnlng from base to apex,_orlented along the

,1ong1tud1nal axls of the arcs The poster01ntetna1 cusp, by

o
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contrast, is low usually three-Sided and nearer the center
. . . / ' . ) D e
- of the crown than the other three cuSps._- R i S 4

£P3.—'The croqn of P3‘hears five cuspslin‘the external .
ro; and four in the internal row. The rows10f‘cusps are f’ N
/parallelzto one another and are- convex Iablally. The crown
is subrectangular and is constrlcted at approxlmately mldway
along its'length”anchRCusp 1n_g¥e external'row is elongate
'anteroposterlorly and lentlcular 1n Cross sectlon, hearlng a
10ngltud1nal crest along its surface. The thlrd cusP 1s thr |
:elargest in the rov¥ and is- not closely 301ned to those'
vanterlor or p;sterlor to it.. The flrst and.setond cusps‘a%e
j01ned to approxlmately one-half thelr helght and the fourth‘
and flfth to about two thirds of thelr height. Small,,;

-lrregular paplllae and Vertlcal wrlnkles are . present on the

.ablal surface of the external row. of cusps.. :

Low and triangular ﬂn croSs”section, ‘the four cusps of
}the 1nternal Low’ are 51tuated opp051te the junctlons of the

cusps of the external rov. The cuSps of the 1nterna1 Y ow are .

‘subegual.ln, and shape in most spec1mens- 1n UA 1058u, .

" the ultimate cﬁ p X horter than any of the preéedlng
three. .

"pu;~ The 51ngle COmplete spec1men (OA 1019u) referred
" here has 11 cusps in the llddle row and flve trrangular or .
lentlcular cusps folloued posterlorly by three snall conlcaL"' ;4'1:9

icuspules in the external rou. Asin Ptllodus, an 1nterna1

rov of cusps'is7absent. No paplllateaor Cuspldate

S
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" characteristic of pa's of Ptilodus, is

anteroexternal
fydeveloped;
‘ [ : . ' ‘o
n/;_-

. i .
'on the lablal surface are rlght—angled, g1V1ng the cipwn a

rectanqular appearance in 1ab1a1 view.

DISCUSSION ° ‘ o ‘ .

—~

Prochetodon has been reported to - occur at only tuo

R A

‘Paleocene 1oca11t1es, both of which areamlffanlan and 1n.

'-..x. )
N2 o

North Anerlca. Prlnceton Quarry, Polecat Pench Format10n,~

' Hyonlng (Jepsen, 1940) and Swan Hllls 1ocallty 1, Paskapoo

"Fornatlon, Alberta (L S. Russell, 1967).;The two spec1mens

‘from the Swan Hills (Rou 05607 and ROH 05608~- both purs), -

_vhxch Russell referred to Prochetodon sp.. are much smaller_

than any known pﬂ's of Prochetogo and are, 1n\fact,a

1ndlst1ngnlshable from pu's of ﬂggglaqlaulax, cf. N. hazen1

(Jepsen, 19&0) frox the Roche Percee local fauna and should

»

be transferred to that speC1es. ?urthermore, ROH 05603, an

_-1i and ROM. 05606 “an anterlor fragment of pu are also

referable to. Neoplaglaulax,'cf hazenl. Russell (1967)

_’,

”jreferred these 1atter speclnens to 'c gg_dus cochranen51s.'

T

ag(L.S. Russell, 1929) (gctxpod s .Cco ghranensls has been

‘transferred to Ancongdon by Sloan (1n Van Valen and Sloan,

L 51966, flg. 5) and g nodon sp;, respectlvely. However,

fragnents of tuo Pn's (Uh 11997 and ‘TA 11998 - see F1g. SA),
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rlgure 5. Proghetodon sp., Suan 81115 local fauna, Albetta',n

fragnent of rlght pu, about xs. Prochetodon cavus

?, Frltz Quarry, wYomlng~ f})labxal, and

‘(A)occlusal v1ew, stereophotographlc palr, UA
'511998, anterlor fragnent of rlqht pu and UA

11997 posterlor fragment of rlght.Pu, about x8.y

BN , h

Prochetodon, cf P. cavus, Badvater Creek.

‘mlocallty, ¥yomingz:- (B)lablal, and (C)llngual view,
'Cu 12u51, anterlor fragment of 1eft pu, about xe-

":(D)occlusal vlew, stereoﬁhotographlc palr, CM. ¢

A S

‘16138, rlght.Pl, 1ength-2.3, ahout x8; (E)occlusal

1

“‘v1eu, stereophotographlc pair, CM 23687 anterlor

R
(G)gingual view, PU’ 17923, left-p3,pu, length pli:

2

‘7.6, about x8. . %

s>
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V1,'are undoubtedlyrreferable to Prochetodon, but ulthout

‘better nater1a1 a deflnlte spec1es a551gnment cannot be
nade. I estlmate the length of the comp051te swan HlllS P4
\‘(Flg. SB) to be about 5.8 mn. The ‘width of UA‘11998 an

anterior_fragment, is 2.0 nm.

',The genus 13 also known from the Wasatchlan Hlllvood

- ®

'Formatlon, Wyomlng (Jepsen, 19&0, p- 327) HcKenna (1960a,'
P- 39) reported the occurrence of two upper premolars of "an

'_undescrlbed genus and species 51m11ar to Prochetodon" from

‘the early Fasatchian of Colorado, but these teeth are’

structurally qulte dlfferentrﬁrom PB's and, espeblally, Pu's

‘of the ‘known species of Prochntodon. ‘A °P3 from 1oca11ty T‘

, of the Porcuplne Hllls Formatlon (formerly thought to be 1“

the Pasiapoo Formatlon - see Carrlgy,’1970, 19710 near

vn

'WCochrane, Alberta, vhlch L S. Russell (1932a) referred to :
Pt11gdus7 sp.,_evokea the comment fron HcKenna (1960a,»
P uO),,"Hhether this tooth represents Prochetodon 1s not

Y

known.ﬂ Thls spec1men (UA u27) is undoubtedly ‘a P3 of ¢

Ptlgodu Its sﬁgi (1ength 3 2-‘w1dth 2 3) and cusp formula
(51x) are Hlthln the range of varlatlon forJPtllodus
| !ontanug But more’ mater1a1 is requlred for specific -

identi?icatlon.

A P3 (CH 161351 from the Tlffanlan Baduater Creek _."“

'jlocallty, Hyomlng,'vhich Krishtalka et al. (1975) recognlzed

as nesenbllng “P3's of - Prochetodon cavus but a551gned to

Ptllodus sp., is: 1dent1cal to PB'S of Prochetodon from Roche'

57
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Percee and should therefore be a551gned to that genus.'
" Further, an HZ (CM 12u5u). thch those authors also referred
“to Ptllodus sp., should probably also be allocated to

"Prochetodon. If correctly 1dent1f1ed, this spec1men 1s the

flrst knovn M2 of the genus. Its width (2 8 mm) is .

' con51derab1y 1arger than. the wldth of cM 16165 (2. 1), an M1

referred to Ptllodus SP.s and hoth of 1ts 11near dlmen510nsv

_._—

.. fall uell out51de the range of varlatlon of M2's of Ptilo
kummae from Roche Percee. other specimens referable to

Prochetodon, ut whlch Krlshtalka et -al. (1975) a551gned to“

Ptllodus sp. are as foll sg CM»12451 (pu - see'Plg. SB,Q),

cn 12u90 e, ch 16120 {p4) . GH 23685 (p4), CH. 16138 (p1 -

see Flg. SD), CH 16133 (P3 ’not- 4 as llsted), and CM 23687

(pu, not m1 as 1lsted - see Plg.‘S ) ifﬁi.

Holars of'Prochetodon‘other than‘{i;zg;e/not recognized

~ g ,'\‘._dv
1n ‘the Roche Percee sample aﬁd, in fact Still‘remain"

unknown ‘for the genus. Jepsen (1940, pe .310), however, noted
.that an- u1 descrlbed by S1mpson (1936) and an m2 by Slnpson
(1937b, p .3), both 115ted as ptllodontld 1nde£., may belong

'to_Drochetodon, as may the HZ (CH 12&5&), whlch Krlshtalka

_g alﬂ (1975) referred to Ptllodus sp.’ (See above). The

possxblllty does e11st that m2's, Mi's, and/or u2's of the

f‘fRoche Percee sample of Prochetodon gere mlstaken as, large

_varlants of Ptllodus kummae although no dlstlnct quwlltatlve.

-

5

or guantltatlve gaps uere noted in the large sample of the

)

latter.
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The specimens of Prochetodon fron the Roche Percee

51tes show - several mlnor dlfferences from those of Prlnceton

Quarry, prlmarlly 1n that they are sllghtly 1arger, the

P

anterlor margin’ of pu is more ezfnly curved (compare Flg.

T \

uA B ﬂlth\Flg. 6A,B), the exodaenodont lobe of ‘pY 1s 1ess’

dlstlnctly set off from the\rest of the crown, P2 has fouﬂiﬁx.

»rather than three, cusps (PU 1uu3u,'a maxxllary fragment

from Prlnceton Quarry, bears a P2 Hlth an- 1nc1p1ent1y

developed anterlor cusp), and P3 has, in the external row,.‘

five, rather thanvfour,,cusps.vThese dlfferences may he

_thaxonomiealiy;significant°but,vuntllvmore'spec1mens a§§~.

—\\

',discouered,'a formal separati\n\here would be" premature.
x .

\—;\;N

*lntlj collected fron “the . Schaff and

Several speclmens :
: &

Ed

. e
LFrltz Quarrles, whlch are stratlgrapglcally and "7 it

geographlcally near the Prlnceton Quarry?(Glngerlch, 197ubf :

b g

'Rose, 1975), appear to show characterlstles possessed &y

N -

both the Roche Percee and Prlncetoanuarry spec1men$. PU

1§Q\?,,a left ma11llary fragment from Schaff Quarry

o contalnr\g P1- 4 (Flg. 6C), has a four cusped P2 and a P3

3 B \\'

- with five cusps. in the external row. This specimen

.

fcorroborates Jepsen's (19&%) tentatlve assoc1atron of pu.j

'SP,G), respectlvely) are‘closer, ;n.51ze and shape, to those'7

'_v1th P1 3 of Prochetodon. Lowergrourth premolars from the,i

,Schaff and Frltz Quarrles (PU 19503 and ‘PU 17923 (Flg.

'

from_Princeton,Quarry,'
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Figu:e‘s.

,Prochetbdon cax Sq PrinCeton'Quarry, WYdming:'

gSchaff Quarry,»wYomlng- (C)occlusal v1ew,

(A)lablal, and (B)llngual view, PU 1uu36;iright>‘

.pu, length 7. 5, about x8. Prochetodon cavus?,

£t

wstereophotographlc palr, PU 19369, left P1 (length

’2 1), P2 (length 2 Q), P3 (1ength 3 6), and pu

- (length u 6) » about x9. &
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'jﬂ:1b357;.10358, 10385, 10392

-"Iaiily Néoplagiaulacidae.i

Genus Neoplaglaulax

Neoglaglvulax, cf. . hazeg;-(Jepsen,'19u0)~

Plgure 7A G"Tab1e$ 8-10)

Referred spe'iméns,¥ pﬁ~.UA nos. 9779, 9783, 9802,

9328, 9833, 9844, 9854, 9918, 9933 19937, 2954, 9987, 9988,

"”~1oo1;m10026, 10061, 10067, 10073, 10100, 10102, 10138, -

‘101¢¢ 10165, 10171 *10183,.10211,-10214,“10219510321,

.10223,'102u7, 10257,! 10265, 10277, 10336, 10359, 10376,
A \ o R . ,
Jgraoueé'w1oug1,f1ou99, 10500, 10506, 10516, 10526, 10538,

'10552;'10566; ]n§§7;1gﬂsﬁq,”10581;'1b582,'10590i 10595,

"1osou¢'10606, 10617, 10638, 10682, 10660, 10665, 10666,

10672, 10675, 10690;'1°691;;10697,]1o7o1,_io705, 10711, - fﬁ
10714, 10721, 10723, 10737,-10754, 10761, 15767, 10784,

’30922-10929,'11423-11u2 , 11566 115735 mi: ﬁ%hu 338, UA nos.
"97505,9775, 9818, 9841, 862, 10071, 10078, 10080, 10110,
10127, 10140, 10141, 10157, 10158, 10167, 10192, 10199,
';10292;“10259, 1027C,=1028 ;»10290,,10318, 10320, 10331,
' . ©10395, 10535, 105¢ . 10562,
| d0593, 10692, 10713, 10732,| 10755, 1Of65,fio7tb 153é7,;57 L

'””*joésiijsas,“1nqu1’ ,1uu3 11¢u7, 1151, 1452,

Ll

11574—11576* m2y UA nos. - 9809, 9809, qezo 9826, 10105,

10175 10179,‘101au, 10486.*.0260, 10269 10212, 10275,
L o
90279, 10311 10322, 10353, 1 375, 1ouqu, 1osgu
’%§30597-10599, 10683, 10687, Vo863, 10995, 10996, 11000,

11466—11u7u, 11577 11579~ pg.',a nos..9és1 9931, 9969,:‘
9970,;998u 9992, 9993, 9995)"9 96, 9998,"9999, 10028,:



Figure 7.

BN

" about 18,0

’ 1

Ne Qlaglaulax, cf. N. hazenl; Roche Percee local

,fauna, Saskatchevan- (A)lablal,'and (B)llngual
- view, UA 10923, rlght pu, length 5 2, about x8&;

‘(C)occlusal vleu, stereophotographlc palr,‘

c0mp051te rlght 1ower dentltlon, UA 10593 (n1 -

: length 3. 0), A 10597 (m2 - leugth 2. 0), about x8

t(D)occlusal (stereophotographlc pair) 4 (E)labla

and (F)llngual v1ew, Uk 10122, left. P4, 1ength

3. 7, about xe- (G)occlusal_v1ew,

‘stereophotograp?lc pair, comp051te left upper

dentltlon, oA 1?1599 (m <, length 4. 3), UA 11093

(n2 - length 2 0), about x8. /Neoplaqlaulax hazenl,

» I si

"Prlnceton Quarry, Hyomxng..(ﬂ)occlusal

'(stereophotographlc palr), (I)lablal, and

;A‘v

(J)llngual‘v;ew, {w 1&3&0 left Pu, length 4. 2,
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~dentition of Neoplagiaulax, cf. N.

_Roche Percee local fauna, site UAR2a. |

[

Heasureﬁent

" 28

37

25

© 29
29
kR
A3
29

' 5.004.03

1.39+.01

'1,95t.02

‘1olf 11901 *
©3.91+.03

D 1.64t.02

3.91:.04

2.92£.02

1.71%.01

1.96%.02

1075801

Table 8. Measurements-and descriptive statistics of the

azen

=16

=11

.06
.09
.07

.15

.16

3

.09

.08 -

CV

- 65




- 66

Table'9_..' Héa'svuremenAtsland: d'escri.étive statistics o_f the v
1 dentjtion of Neoplagiaulax, ‘<':'f‘._ N. ".MZEJ!L' !
, : Roch% Percee 1OCai fauna, site UAR2. .
"'—’7f—'_;_:7;;_ff- _____ ;_--f,f_ff--_f-~f,---;_;;-_f;;_-_%fé-f
| neasurgEZnt S I oR . 3153  . sp cv
g . , S ) = | S
plh Length 10 4.8-5.3 | '5;03;.05,' 16 3.2
nl _I‘.e,ng._t;h | o a1 2.9 R S _— )  —-_-4-' _
Width a3 S 'f‘
P4 Length . . 5 3.6-4.1  3.845.10 .23, 6.0
. piath 4 1.5-1.7 . 1.62£.05 .10 5.9
M2 Length - 2 2.1‘—'24‘.2 :2.'1"51'.'05 .07 3.3
L owiath -2 1.8-1.9 o 1.85£.05 .07 3.8

5
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Tible?10.iﬁﬁgasurements and désgriptive statistics of the

" dentition of Neoplagiaulax, .cf. N. hazeni,

. Roche Percee local fauna, site UAR2g.

Measarement N OR .  M#SE . SD  CV

‘W2 Length . - 1 S 1.8 SR

P4 Length ~ 1 b2 Cemm T and
Vidth‘ R N Ceem o emmemns
M2 Length - 2 2.0-2.2  2.10£.10. .16 6.7

 wiath 2 1.8-1.9 . 1.85:.05 .07 3.8

o‘” *
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10029, .10054, 10053,;10068, 10086, 1009(""10101' 10ii5,
*10122,‘Joi55,‘1011u;_10190, 10370,'163?8, {5596,'1ou52, S
10508, 10544, 10564, 10571, 10574, 30592, 10608, 10631,
10633, 10670, 10675,‘1068u;fi6585, 1@120, 10727 10738,
1674i, io7u6, 10753,j1o769,f10771,;1077u, 1078§§
10956—10953; 11953-r1u55, 15589;11593}f. : UA nos. 9765,
| "“L9768, 9771, 9840, §81u;55335;:éede,'éesa,,geso, 10062, -
.10665 10112, 10121, 10123, 10125, 10142, 10195, 10207,
10218, 10276, 10333, 163y7,‘103ué, 10384, 106%3, 10657,?
10699, 10702, 10706,i40725,“10957; 10985, 1099u,"
'11502—1isou 11521‘“i159u411603g ﬁéseuaenos. 9792, 9829.i
19935, 1oou2. 10043, 40091 110107, 10118, i01us, 10180,
10238, 10248, 10278, 10298, 10301. 10310, 10315, 1‘§%q
10587, 19589, 10752, 10781! 11008- 11015 qissn, 11a83 11&95',»ﬂ

. ) ;.
°

1tes.f UARZ and UAR2a,.Ravenscrag Fo# atieh} g

"Saskatchewan..‘;”‘ ; 3 4'7;;“ "‘”f,f AR
R . ;

‘DE‘SCRIPTION_V , . e

o h&on the hlgh,_arcuate crown of pu. The helght of the " i
setratlon above the anterobasal concav1ty is betue'

 ?e one tylrd to one half the length of the crown and;theehelght J‘fﬂ

' of the crown is. sllghtly 1ess thqp the length. Tﬁree rldges,v

jtuo anterolablallﬁ and one aptgrollngﬂally, pass : o .g/’ |
'anteroventrally from the flrst serratlon. The last two to. '_J

L

/ P . ‘ N a3 N . - . B " v “

.r”. I
cof e
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S A

four serratlons may bear ‘no rldges at all. Belov‘these-

serratzons vert1ca1 crenulatlons arlse both 1aU1a11y am%

RS

\

t'lxngually. In about two—flfths of the referred spec1mens a

ylfalnt rldge, usually term1n4t1ng rn a suelllng{ descends

ventrollngnally from the ultlmate serratlon. The anterobasal /
'»concav1ty 1s uell-deflned, deep,‘and somevhat sguared

.,dorsally. p3 uas obV1ously present and has been descrlbed

~

(Jepsen,.1940) for N. hazenl. hs An° spec;mens of pﬂ of N;l

»hazen:. from Prlncetdn Qu—arry (pu 1u323 and PU. 1uu22) the/ﬂ

vE

~_margin %f the enamel between the anterobaSal concav1ty and

- tﬁe ventral apex of the exodaenodont 1obe 1s not - stralght

1.

»fbut rather follows a srnu501aa1 curve.f:a"‘

¢ o

oy hlgh, 1nterrad1cu1ar crest abuts the large anterlor

v

sfroot: wthh }s trlangular ‘ins cross sectxon. the most acute“'h

ﬂganqle 51tuated pOSterlorly. The snaller posterlox root 15-}*"

I

I

) 'quadrate in hor120nta1 sectxon.~n.‘v ?,jf'vﬁtj‘ 'rfi';‘*fi

'

), 2. o

- N . . ) ’ Q‘ .
enllllgusp formula 8—9 5 (node.S:S) The aplces of the o

69

'p-external rov of cusps, 1n occlusal v1eu,_follow a lablally

i Aconcave path The cusps themselves are four~51ded,. yram*dal -

v e

‘Fanterlorly and crescentlc posterlorly. and 1ncrease 1n"
'helght from the fltst to the fourth cusp. posterlor to the
: fourth cusp the cusps are subequal. ‘The cusps of the.

‘1nterna1 rov,‘much taller than those externally, decreaseeﬂ

progress1ve1y ln helght, but not in 51ze, anterlo y and

posterlorly from the thlrd (oﬁservable only on “DVOrn'fMVf:n

? R
spec1mens). The,nlt;mate cuSp 15 1nVar1ably the nost T



“‘valley fac1ng slopes' llngually they are rounded. The

naSSLve. The first, second. and thltd cuSps are usually

the th;.rd aﬁd fo\urth '~

'7i<jolned to about one~ha1f thelr helghtc
"fare separated by a, deeper trough, and _the fourth hnd flfth N
' fiare j01ned to: about three quarters of thelr helght or aIEOStfj

"7to thelr aplces.'All of the ;ntéf al cusps areoflattened and,’

'\j;nprked by 1rregu1ar deep vertl_ 1. grooves on. thelr ?; f{,

-ultlmate cuSps of both rows, vhlchtdlverge posterlorly, are -
‘connected by a 1ong hlgh rldge that 1s coé%ex posterlorly.i

<.

UA 10071, an anterlor fragment of m1, has an anonalous Set

of three cuspules developed lablal to the fourth, flfth, and ”V;vf;

| sixth cusps of the external rov.':"“ -

., nz,— Cusp formula 5 63 3—ﬂ (lode 5 3). All of the cusps

fof the external row, e;sept the bast,-are subegual in sxze o “

.

and helght and are CteSCvnth ln hof&zontal sectlon. The‘_ ‘,_‘?

'ultlnate cusp 1s generally lower and bears a shallow ':" o fi,u; B

"vert1cal groove medlallyf The cusps of the 1nternal

v?nuch larger but decrease 1nzhelght from anter10r5
‘posterlor. The segond cusp is ‘the sﬁallest lﬁ‘
'dfxrséibnd second are crescentlc 1d cross sectlon. thevthlrd

T lis trlangular vlth the apex dlrected posterlorly. All threef}3f

-

‘are grooved on. thelr Valley~fa01ng slopes. 3 R fﬂyv"'t - T
: , “g_ :

Pu'- Cusp fornula 1 3: 8 10 O (mode 2 8 0) .In occlusal‘g7
o vrev the crown 1s gently concave llngually, convex 1ab1allyf
Vbut Hlth a large 1ndentat10n at mld length, and v1der

anterlorly than posterlorly. In lateral proflle the :

B
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tr

posterlor slope 1s concave, the anterlor slope convex, and
Lo \
w[the penultxnate. antépenultlmate, ot the fourth from last

- Lo

”ui cusp 1s tallest 6n the crovn.,Theqanteroexternal cusps, uhen
";lore than one 1s present, are latger posterlorly. The enanelv.T

Mi¢‘overly1ng the anterlor root bulqes out and overhangs the

- root both anterlorly and lahlally. Rudlments of both the

av{aposterobasal and posterollngual hasal cuSps are: devetpped.~

Q- - L

K1~ Cusp formula 7= 9 10-13: 5-7 (mode. ‘8:12: 6. - '; |

"Deternlnatlon of the nunber of cusps in the 1nterna1 row 1s

adlfflcult and nay welr be 1naccurate. The cusps are- dlscrete:.~" '

-

'posterlorly but, at about nld length, blend 1nto a
"contlnuous tldge that, in unvorn spec1mens,.can extend to

the anterlor margln of the crown. Fut?hermore ,unllke Jepsen
'(1940), I have not counted the ralsed rim on- the ’ ‘

e-'anteroexternal corner of‘the crovn as a dlscrete cusp
- v R

'belong1ng to the external rou and, therefoge" have obtalned '

‘a lower cusp 4§rmula.,"' W\ﬂ.,f‘ _ ,.'”"575

a -

)

;

In 1atera1 aspect the crovn 1s concave dorsally. 1n
),

, R

”occlusal vleu, 1t is concave lablally and convex llngually. ’

-4 P RS
.All of the cusps of. the external row are flattened and e

: g300ved medlally, rounded and oftentlmes Hrlnkled labnally,

and subequal in slze ‘and helght, except ﬁor the ternlnal

s

cusp, vhlch is snall, low, and closely attached, souetxmes

| 1ndlst1ngu1shably, to the penultinate CuSp. The vusps of the

'ﬁ“\llddle rov are four-sided and become pr0939551veiy 1arger<

and more crescentlc posterlorly._' ' '

iy
By



L

QVCusps bf the mlddle rou.~i;lj7_‘1 rl:rfii'f '\’

Ce. .

E v_ ‘\"' .

o uz.— cusp fox:mulam 3-« u-s (node 1 a 5) The 52-
gene;elly have a; hlgher length w;dth ratlo thah those |

f

referable to other spec;es represented 1n the 1o al fauna.-'”

S - X
S . v_

The flrst and second cusps of the 1nterna1 rou are

.u

pS‘

"'hﬁsooner than the second, vhereas those f0110w1ng are

"‘;progre551vely shorter.‘The cusps{of the mlddle TV, areti;'“'ﬁt

Jl

fcrescentlc and larger, and are generally subequal 1n helght.*

SN

:: ’The s;ngle cusp of the external row 1s not a dlscrete cusp
Hffbut 1s .an anteroexternal exten51on of the ralsed r1m of

'fgyenanel\connected to the aplces of both the flrst and last’ .

-

i ."‘_‘ ‘, | ,', ‘ DISCUSSION 3 : R

Jepsen (19“0) orlglmally descrlbed Ectxpodus hazen1~,,t?

:(nov ass;gned to Hgdglaglaula (Sloan, 1n Van Valen and

“7ﬂfsuhequa1 Ln hnlght although wear tends to reduce the fIrst;{’*‘“

'Colorado, and Gazln (19$6ay a pu from BLSdn Ba51n, Wyomrng,

v'to Ectzgodus cf._-~ hgzenl., '}T "W' 'fh:_7n

A{Sloan, 1966, flg 5)) from Prancetan Quarri'ln the Sllverb”‘

: Coulee beds of Hyen;hg amd the known dlstrlnutlon of theﬂ

-

~ hspeczes 1s nestrlcted to thab locality.-ucxenna (1960a) has

Q

‘asslgned a. fragmentary m1 from the Eocene Pour nlleffauna of

@

e
/"“h 2 o

va’“ 3
The sgec1nens of H. hazeni. from the type locallty,

Prlnceton Quarry, fall wlthln, oT. very Sllghtly heyond the

_upper extreue«of varlatlon o; the much larger sample of

L .




.

N
!eog aglaulgx, cf. N.‘hazenl fron Roche Percee in® both
diaensaons and cusp formulae. Hopefully,

further collectlng

populatlons.

frol levels stratlgraphlcally proxlmate to Prlnceton Quarry
-ay pernxt a. aore accurate comparlson betueen the two f0551l

n

Qualltatlvely,

wlth the exceptlon of pu,
co-parable teeth 1n the tVO samples»are nearly 1dent1ca1.
B Only two spec1lens of pu,

~—
b

PU 1&032 and PU 1u3uo; are known
from Prxnceton Quarry. %he last three or four cusps oF PU

-
nauaz are broken away but the recency of breakage is® unknown

(the tooth is shown conplete in- Jepsen's (1940) .

pl- IVp flg.

K4

3 3a). Jepsen (p 306) stated that "t he %ast cusp is the

hlghest" on Pu.‘On PU 14340, hOVeVer, the ultlmate and

penultlmate cusps appear to be suhegual in stature (sée Flg.
7H—J). The sumnlts of the crowns of Pu's from Roche Percee,

by contrast, are occupled hy the penultluate (occa51ona11y).
antepenultlnate (usﬁally).ior the fourth from last
(occa51onally) cusp.

Further,

the Pu's from Roche Percee ' '
have a more ‘convex and less steeply 1nc11ned anterlor slope,

P

-ore concave posterlor slope,
lld-length,

-are 1ndented,

and the 51des of the crown,‘at%
rather than parallel. Apart from _
the cited dlfferences betveen Pa's of the tuo samples, the r'__k\
specimens. fro- Roche Percee could \vrth 11ttle questlon, be
't;luiped,witﬁ-gz hazeni. I

s



pl g;aulax hunterl (Slnﬁgan, 1936) A _
v (Plgure 8-'Tables 11-13) uaﬂ$=?a5;@f}71={'hl

1
S
L3

9920 9950, 9?51, 9955& 9982, 9983,v10051 10052,_40ﬂﬂ6

unnu 469, UA nos. 9749, 9787 1011u, 10314, 10680, 1fuuo,alﬂ".

‘ 11uu2r;m2 oK nos, 9952 11475,_11&77, p1-'un nos.;9851.__£1

. ;a10010,-10373,v10u18 1ou57 1ou58, 10u96, 10536, 105no,,;ff¥%'?*
‘_v.iiéésg“sz-un nos. 9809 99uu 10u30 10“63¢ 10528, 10780,v

b 11666[f11673- P4: UA mos.. 9823, 9913, .9945,°9957,.9977, -
19997, 10001, 10005 10007 70133, ;0137, 10195, 10254

~-10300, 1ou03, 10611 1095u, 10955, 11u57, 11#58,_ . A[;n‘f”
11529-11532; m1: -Ux nos. 10206, 1oe1u, 115335 B2: UM nos. . - -

e

X

,9821;~10213,.10296;3i0316,_1o725 11482,

§ites.- UARZ, Ulea, UARZd, and UARZg, Ravenscrag

Fornatlon, Saskatchewan.

10707, 10759, 11421, 1%“22, 11520 11527 11528 11640' m1ﬁ

Y
‘ ST ,ﬂ . N o R N
‘ o S . . . . : M

': Referred spec1mens.* an uuun ua? UA nos. 9757 9917 ” 

T _govn dlstrlbutlod.- Roche Percee 1ocal fauna,

jelv111e uenber,_Port Unlon Fornatlon, Hontana,(slmpson,

.\ ] -
1936); Clrcle local fauna, Tongue River Formatlon,‘nontana
7@
vkavenscrag Pornatlon, Alberta (Krlshtalka, 1973)._“

- C % : °
* DESCRIBTION .
v A : » ;/_./_/.“1""“ o A .' . L ’_ B L ‘ B \3
p4.- In lingual view, the crown, which bears ‘15
- ;

(Sloan, in D.E. Russell, Q967), and Pollce P01nt lpcallty;')



T

ngure~8. g E;aglaulgx hunterl, Roche Percee 1ocal fauna;"‘v

RN s
T T I

B i
5

,'SaSKatcheuan-‘(A)lablal, and (B)llngual v1eu 'th
“‘;, 7i9955,-1eft pu, length u 9, about x8-‘(C)occlusa1" N
't;;;;gl‘Av;ev, stereophotpgraphlc palr, comp051te lef%

'"{‘Qlohép,aentltlon, LIY 9787 (m1 - length 2. 8.

R "

‘3'11u77'(n2 = length 1. 5), about’ x9- (n)occlusal;;f*"”" .

AT
_..“vieﬁ,fstereophotoggaﬁhqugflr, comp051te 1ett

\

',upperA

11&3-

N

LT L
(stereophotogra A% ) (F)lablal and o
' xc)lxngual Vlev,_nQ 10196, left‘Pu length 3, 5,*

o -~

}about x8- (H)occlusal v1ev, §tereophotograph1c

oy palr( UA 1061u, right n1, length 3.3, -about x8;
| “(I)OCClusal v1ew, sfereophotographlc palr, Ua

S At

N :i"f,'-‘10725 left HZL leng;h 1.5, about x8,,. i';' .

% 2p1 - length 1. 6)( UAfH”"'

‘-b x10- (E)occlusalp_; -
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'Table'1j; ueasurenents and descrlptlve statxstlcs of the
| ' dentltxon of " Neo g;gg;aulax hunterm,' Roche .

Percee local fauna, SLte UARZa.

»
—————————————————————— d———_————_—__-,_.—..d-_——,-—p-.---———--———u——,-—
Measurement N OR - - M4SE - 8§D . GV o
: _ R . . _
e e oo cme o i o o e o i A o e S o e e e T O o 2 S e o T S e v e ' e o e

- p4- Length

m1 Length

width

- w2 ‘t.ength""

‘“'r"width

PJ;Lengthf

width
P2 Length
- width

o4 Length

B

wldth

H2 Length f_

‘wldgg,

o

s

Tals
T2-13)
1.5-1.8
1.3-1.5

1.4-1.6

1.2-1.5
0 3.4-3.6

1.4-1.6

g

“?  5fF

BN

:f{:5-1;6 »t

L 4.75%.15 .-

M.13£.02

rQiQZStbos
'{1.61;;03
11.36¢;0337
1;d5¢.d3*
_’1.301}04
| 3.52:.03
1.52e.02

.21
T

.07 -

C -

;ogvA
".07
| .08
Ce1

~.08

. 1.564.02

1.4084.02

’ -05
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. . .Table 12. Measurements and descriptiVe'statistiééxpf_ghe

for

N

[N
»

pt Lemgth . . 2 4a7-4.9 4.80£.10 .14 2.9

~ dentition of Neoplagiaulaxihyntefi, Roche - -
Pétﬁge 1o¢a1 faud&, site UAR2. DI .

. . = . . ; . v . A . . .

Co SEDEE I

- Measurement N ux‘fORi"

. m#SE . SD . CV

\E2§Length: 1. 1 ‘y_%—-;i’, e

P1 Length . - 1. o V.7, === JUEMEER
wiath . 1 ;1;3". RPN it
. P2 Length - a'v o ir‘ ' :i;5¥ _ L mem e ;
 Width o 1 Ta L e : v'-g;“ ———
P4 Length . k 7 '3.1f3.5  ©3.33:.06 .15 4.5

Ridth. 7 1.4-1.7  1.56:.04 .10 - 6.3



' Table 13.

/

e

Neasurements and. d'esg::ipti-v_e‘ \'s_:tati,sfi'cs' of the
dentition of Neoplagisulax hunteri, . Boche

Percee local fauna,._f site UAR24. 'f_ ) :

Y e am s wme s o s o e o e e S A e T W D i S Y S S i A e S S S g VD IS S . S S o i o )

§

“

-

- e o o G G Ay o

' Measurement © K OR- . ' W&SE ' .. SD' ' - CV

. - . .
Pt e e . > W A o A S T S W S T A S0 AP D A A b s W Y o G e S NS S T VD A T AN WD SN S D G U S U D A o e =

P2 Lendth.

[
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?straight posterlor uargins slope B

fposterodorsal anteroventrally and

_(,'sertations (only four conplete Speclmens uere recovered) 1s,.

nearly trape201dal. The baSe und top of the croun ‘are

dparollel to each other and the sllghtly convex anterior and v.

'

“anterodorsal posteroventrally, respectlvely.gThe dlstance
"between the botton of the exodaenodont 1obe and the dorsal
.riargln of the crown isuapproxlnately four flfths that or\thev
‘f‘]anteroposterlor length of the tooth.,The helght of the fxrst:

‘ Qserratlon above the anterohasal concaV1ty 1s between

~

":one—thxrd and one-half the anteroposterior length. The
lpattern of r1dgés descendlng from the first serratlon is
:varlable but usually con51sts of a short lablal rldge that?;f

iAconverges with or joins the rldge fron the second serration,~'t
‘a central rldge that blfurcates early after 1ts orlg1n and

‘:contlnues as tvo, mndlstanct ridges to near the anterobasal'

concavlty (1n Uk 10707 an 1ncipient serratxon and 1n UA

__l.1152Q_a_snall_sselllng_ls developed at the;point of

blfurcatlon), and a llngual rldge of lnternedlate lgngth

- thdt roughly parallels the other rldges ef the llngual sxde.‘,-
'The area betueen the tuo blfurcatlng rldged 1s lat,' o
'7wasonet1|es grOOVed, and faces anterollngually. In ahout

one-thlrd of the.spec;nens, the llngual rxdge of the second _

}ﬂserrat1on 1s dlverted posterlorly and joxns the th1rd rldge

{is deep ‘and squared dorsally. R -.' - RN

j'vabout half vay along 1ts length. The anterobasal conoa//ty

- . One of the diagnostic‘features of the crown is that the
PR : ‘ o : g s

» «

80
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’

lubial side is decidedly cOnvex in end viev, cather than
concave or flat as An nost ptilodpntoxds- the lingual side

“is flat. R ‘n, o » R

L

-1.—/'Cusp foraula 11-12;4-5 (wode.11:4). ‘The crown .is

‘anteroposterlorly elongate and overhangsvthe anterior, but

o

not the posterlor, robt. Anterxbrly, the cusps of the

external rov are pyranxdal but becone subcrescentlc by (,\\m ‘

o

lld 1ength and crescentxc posteriorly.yhll_of the external
cusps are four-sxded<but.1ncrease 1n siie and helghtljrou'
anterlor to. posterxor to about the sixth cusp, fromluhich‘
p01nt on they are relatlvely unlform. On most of the
;. spec1lens a sxngle vertxcal groove 1s present lablally on
: 0

each~of the cusps of the eiternal row, but wear, at least

anterlorly, tends to nake this a hlghly varxable feature.

¢ -

Thelcusps of the.anternal row are taller and larger, and arev

~flat and 1rregu1arly grooved on the valley fac1ng slopes and

EJ U ¢ 0

rounded 11ngually. The last three cusps are subequal in

4__he;ght.and_arestaller and.largﬁr,thanlihglgng_Q:,tlo e

a:
anggrlor cusps. T LT 0
- ) . ' B * g
0

| P All three referred dzas have a cusp fornula of 6:2 l'

°and, in occlusal vlew, reselble a right- angled trxangle :‘
’ [

although the hypotenuse, co-prlsed of fhe 11ngua1 and
“W

posterlor narglns, is convext The cusps of the external rov
are unzforn in 51ze, helght, and shape, belng broad, short,
and crescentlc. Those of the 1nternal rov are much nore s

'nassxve,cthe>f1rst belng'crescent;c and_tpller than the .

5
B

. L . ) - o .
0 NN K - €
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. cdnd, vhlch is trlangular in crpss Sectlon, taperlng e

-posterlorly.’h third cusp tan be unc1p1ent1y developed on

AY

¢

_the posterlor slcpe of the second. ‘

3

' :Pl;— The Sﬁ's referred here are. 51m11ar to those of

Type E,: whlch are tentatlvely a551gned to Neoplaglaulax, cf.

ha (see below) Uper ‘first premolars of XN. ugterl,

however, are more nearly trlangular in occlusal outllne, the.
posterlor margxn is flat rather than bluntly peaked as in

' Type 3,'fhe poster01nternal cusp is usually dlrectlye

7opp051te the pqSteroexternal cusP rather than- also being .

sllghtly behlnd 1t, ‘the cusps are mOre closely crowded

N

together, and the enamel tends to be urlnkled.’

P2.~ The PZ's of M. hunter1 are structurally llke those
e v -

_guestlonably neferred to Neoplaglaulax, cf N. hazenl (Type

F) but dlffer in the folloulng resPects~ sllghtly smaller,
'11dge connectlng lablal Cusp and anterollngual cusps weak or
absent, posterlor face more steeply lncl*ned and wlth

ftendency-for more wrlnkllng of the coronal enamel.
T ‘ '
P3.- No P3's definitely referable toN. hunteri were

found although it ;s poss;ble ‘that they‘uere mistaken for,

‘3's tentatlvely referred to Neoplaq1aulax, ctf. N. haz n

(Type G);/}t appéars, hovever, that 93'5 of N. hunterl»do bﬂxi

not possess a posterlor exy6n51on of the croun as is
preserved on the posterlor fragment of P3 (PU 1&&32) of N.

hazgg; and those placed in Type G. o !

3



/A

e

«“" y

?‘cusp of the external row, when present is large and . con;calf'

PU .- Cusp formula 0-1:8- 920 (mode 0:9: 0 . ‘The -s'ing'le'_v

-

and 51tuated dorsalfand opp051te to the second thlrd,=or-'

/
fourth cusp of the mlddle rqw. Subegualtln sxze, “the. cusps

_of the mlddle row frogre551¥e1y 1ncrease in helght

v,..’,{

posterlorly to the penultzﬂate'or ultlmate cusp. Although p}

wear 1s heav1est at the péak of the croun, the anterlor
s

slope on unwcrn or sllghtly w rn spec1mens is sllqhtly

convex in 51de view; the pos erlor slope varles from almost'

R

stralght to- markedly concave. One Spec1men, UA 1025“

/

7
an
/
,

worn down to the pulp cav1ty such that a broad flat faCet'

is produced parallel to the Mase of the crown.
N1.- Cusp fbrmula 8: 12 7 (onlyvone complete spec1men).

/ T U 'l : .
The cusps of the 1nternal row orlglnate opp051te the fourth

e,

=y
-

cusp of the mlddle row and progressxvely 1ncrease in size
/h 1ght pcsterlorly.-Those of the mlddle rov are
jour 51ded, crescentlc, unlform in helght, grooved on. both
51des, and 1ncrease in ‘bulk from- ante;;onito posterlor. The
external cusps are also unlfo;m 1n,helght and increase in
size fraom anterlor tdbposterloc- they are convex lablally
but medlally are flat and marked by several 1rregular
grooves. The presence of promlnent grooves on the: !
valley—fac1ng slopes of the cuSps 1s a dlagnostlc

characterlstlc dlStlngulShlng H1's of N.

unterl'and

ercee.

Neoplagiaulax, cf. N. haZen; from Rpche

-,

82.- Cusp fornula 1:4.:04-5 (mode 1:4:4).. The general

83 .



b‘flrst of uhlch can be confluen

‘fcoronal structure of the referreH‘HZ's 1s typlcal of most

:*ptllodont01ds-'the 1nternal row con51sts of creSCentlc cu5ps'

9

‘ﬂecreasing 1n 51ze and helght from anterlor to pnsterlor,_:~

o

'the mlddle row of larger and more. crescentlc cusps,‘ he

',Hlth the second and\the'

: external rov 1s comprxsed of a sangie lou cusp placed -

h‘anteroexternally o; the crown. A promlnent rldge extendsi'
across the apex of the anteroexternal cusp and |
poster01nternally to the base of the ultlmate cusp of the

qlddlevrow,

 DISCUSSION

Tn size,'serration cohnt, and certa‘n qualltatlve,‘
features of the crown (e g. the trape201da1 11ngua1 proflle
; and convex 1ab1a1 51de) fhe pu's referred above are very/

'close to those of N. hunterl from Scarrltt Quarry.lhuNy‘
u.&A *

33869 an. 1solated Pu, closely resembles the spec1mens from -

Roche,Percee 1n 1ts cusp formula,'concave posterlor slope.
convex anterlor slope, and h1gh crown.! The Scarrltt Quarry
"Pu's, however, are, on the average,'sllghtly shorter, the;
:difference betueen the;two samples approachlng‘51gh1f1cance

[(0.01<Proh.<Q.05Y in thisﬂmeasdrement.

1 The extreme helght of the crown, espec1a11y, is not vell
illustrated in slmpson's (1936) fig. 2 of AMNH 33869.
151npson, in fact, noted that the Pd's of N. hunteri most
closely resembled those of Ectypodus musculus Matthew and.
‘Granger (1921) (see Granger and Slmpson, 1929, fig.: 35),
vhich are, very high. crowned.




+t

’

1n the external rowv. than those from Scarrltt Quarry (11 or

12 as opposed tp 8 or ’9 (slmpson, 1937b)), hut the m1 s,

- from Scarrltt Quarry are generally poorly preserved and

covered ‘with shellac, thereby maklng observmtlon of the u_;'

minlscule anterlor cusps extremely dmfrlcult 1f not

1npossab1e. USNH 33996 is perhaps‘the best preserved and, on:;[

thls tooth I obtarned 2 cusp formula of 10 u'm'j“;ﬂ‘f

AHNH 33390 and AHNH 35213.-H1's from 5carr1tt Quarry, o
. are 51n11ar to UA 1061“ but have a more complete 1nterna1 o

7 row, that 1s, 1t extends cranlally to near the anterlor

.'v.

vmargln of the tooth, whereas 1n UA 1061& vhlch exhlblts

very 11ttle vear, the rowgorlglnates opp051te the fourth

et

- cusp of the mlddle Tow. . ‘}rg.ﬂ‘ - 3*«'}::5;‘ .»'Tlﬁir:.7

Prom the close and dlagnostlc 51m11ar1tles between

fourth premolars in the samples fﬂom Roche Percee and

vere probahly conspec1flc.'1n 1ts generally sllghtly larger,"

"size and hlgher cusp«formula on m1, N.whunterl from Roche
¥
Percee appears to be further advanced than the 5carr*tt

o J ‘
Qnarry N. hug;gr; aﬁm:ghnds towards the condltlons seen in a .

The mi's from Roche Percee con51stently have more cusps.

- Scarrltt Quarry,'lt 1s 1nferred that the anlmals represented”il{_

later, larger, nore cuSpldate spec1es of Neoplaglaulax to be,f‘ .

descrlbed by Sloan (pers. comn., 1975).v --fl.fi'_ '1, p_//[.

B
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e Saskatchéwap. R -;i‘f S i“ y

' Genus' Mesodma .
e _':' ; ,:-.‘ nesodma sp. P
. - (Flgure 9 ables 1u 15)

“§ . . 0 .

. Refg‘l‘d E‘time '—'Jaﬁ‘fragﬁent éontaining‘pU,mi::UA IR

U 10796; ph: UA nos. 9752,’975u, 9755, 9767, 9782, 9789,

'710a11,:1o1ua, 10163, fozzu, 10233, 10245, 1o33u;f1o71et'f

"-e10743;]10791, 10794, 10798. 10930, 11433- 11435, 11522,
".’1i523._11529—11632, 1163u- ‘w1z UA nos. 9952.\10229v-‘°258"
' © 10268, 10949, 11448, 11uu9- §2: 0 ‘nos. 10802' “°°2 Bls

- nos. 10151,.10252.'10291, 10170,-10972, 10973;.° M1s .A-nos.'}

'iqaao, 10988, 10993, 11519; W2: UA mos. 10790, 11005.

t s.- UAR2a and UAR2g, Ravenscrag Formation,
" : , _ yenser cpataen

m -

!
A

no d trlbutlog.— Roche Percee local fauna,

o

'1

.

Ravenefrag Fornatlon, Saskatchewan. Gldley Quarry, Lebo

.Uenber, Fort Unlon Pornatlon, uontana (Sloan, pers. comm.

it}

: Krzshtalka,”1973),,Shotgun local fauna, Shotgun nember, Fort
Unlon Fornatlon, Hyonlng (Sloan, pers. comm. “to Krlshtalka R

*et gl.,‘1975). advater Creek locallty, Shotgun nember,,Fort

‘Unlon Pornatlon, Wyom1ng (Kt1shta1ka et al., 1975),\Pollce

;Po1nt locallty, Ravenscrag Formatlon,_albe:ta (Krlshg\Ika, ff

:1973). and, guestlonably,vfron locallty uo1u7, Blaok_Peaksvki‘

SSPoruatlon, Texas (Schmebout, 191“).‘

wl
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Plgure 9. Mesod d sﬁ. P,

Saskatchewan.

11522, left pa,

©

Roche Percee loca

(3)labial, a

length 2.5,

AN

e
:
i
1 fauna,

nd Ll ngual’view,:UA_”

about x10'

(C)Oéclusalj

 view, stereophotograph‘c pa1r,1c¢mp051te¢1eft

lover dentltlon, Ug 10258 (m1 - 1ength 1. 6); UA

10802 (m2 - 1ength 1.0),

v
[

. '// (E)llngual,‘and (F)oLclusal view;
| stere?ghotographlc pair, .UA- 1015
length 2 1, about’ x10°

_ stereophotographlc palr, comp051¢e left upper B

)

(G)occlusa

bout x.1

o 4.0 W

x
!
(

‘ dentltlon, UA 1ou20 (u1 - lengthLZ;O),

(M2 - 1ength 1. 0), about x10. . Q;

n, rlght Pu:

(D)lablal,v~\

,

K

1 v:.ew,

©

-

~'ru_noos‘

o






- Table 1. »ueasurehentsAénd descriptive statistics

[}

-

dentition of

local faunay site UAR2a.

- ————— — > —— . o - -

nl

- Width .

a2

- Pl

- u

: yu,i ngth
B4 Lengt

Length

Width

Length
Width

Lehgth.';~'-

" Width

‘M2

. Width

Length

Length -

A8

e ———

esodma Sp-. P, Roche Percee

" 0.7-0.8

‘>1i0.j

o;e

—— T — -

1.8-2.1

B

2.0-2.2

¢ B
0.9-1.0

 '1;0'7

”7i1;1 :;‘

2.61£.03

1.70£.03 -

 0.76%.02

 2.00£.07"

~vo,sef.03'”'

2.104.04

. 0.93£.03

‘0of the

-4

.05

89



[« - . B . R - «‘ . . . .

} . o - —

Table 15. Heasurements and descrlptlve statlstlcs of the

"dentltxon of Me §gdma 'SP« P, Roche Percee Ichl'

‘fauna, sxte UARZg.

p4 Length | ‘; 8 | zQséz,a i} 2.62+¢.08 .15 - 5.7 .
ni“Léngth R TR P  3 ..;5; o :;7f;_} ,541;'
Length pu/Lquth ml 1 ..-1,65 - 'f' !f-f;f,‘ ':—5;[fl i
a2 Length T ."  — ’ ——- —
Width . S ) 46;8'-f e e ogl
P4 Length - 2.0 ' »
| Width »
N2 Lehgth":;' 1   R ;; 1.0 | : R ';;f
H{ﬁih f‘ ",'f;d 1 e f f,-'_' —

o
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"DESCRIPTION

pl.- The pu's referred to nesodma sp. P have.nine (one

'spec1len), 10 (12 spec1mens), or 11 (one specimen)‘ o f?h;
~. . '
serratlons. In proflle v1ev the relatlvely lou crown 1s

'taller anterlorly than posterlorly. The posterlor slope is .
8 ’

gentle and stralght, comnenc;ng from the thlrd or fourth

serratlon, thCh és hlghest above the base 11ne for

-

p‘leasurenent oY the anteroposterlor length The enanel

L‘overlylng the exodaenodont lobe 1$ peaked ventrally. The
.he1ght of the flrst serratlon above the anterobasal eff
concav1ty is approxlmately onexthlrd the length of the
Hcroun. Three short rldges, one antexolab1ally and tuo .
anterol;ngually, descend from the flrst serratlon. The most

K

1 11ngua1 of the three 1s varlable 1n length and p051t10n but e
: 4 : € -
.,1s nsually very short and ternlnates by abuttlng the rldge

Vdescendlng from the second serratlon. All of the serratlons,_?

L except the 1ast two,.bear well—deflned arcuate rldges thaﬁ

extend anteroventnally doun the lablal and llngual s1des of
- the crown and hecone progre551vely more vldely separated
'posterlorly. Irregular wrlnkllng of the enalel occurs lab1a1

°}and ventral to. the ultlnate and penultlmate serrations -on

'unvorn spec1mens. The anterobasaltconcavlty is notched forl¢;

o

t_the receptlon of p3.“ ST

f-l‘ - Cusp fornula = a. The n1's of nesodna Sp.,P fro-s:'
Roche Percee dlffer only sllghtly fron the s1ngle referred 3

i

uspecllen (UA 5752) frou the Pollce Poxnt locallty



‘; (1975) of 3: 6.

L . ( - .
(Krishtalka, 1973) in that, in  the latter, one tewer cusp is

\

present in the external row and the §ro rows of cusps are

'pore nearly parallel. The r1's fronm the Baduater Creek
~

locality (Krlshtalka et al., 1975) are larger than those

_.referred here and are referable to chrocosmodon conus

Jepsen, 1930b (see belou). ~
'n2.— Each of the two referred m2's has a cusp formula
of u 2. although the last tvo cusps of the external row arev
'closely joinead’ and separated only by a vé?tlcal groove .
ledlally. The groove zs lndlstinct on nost of the m2's of
-'euesodma sp. P from the Police. P01nt locality (Krlshtalka,gw

R ;
1973),.wh1ch have a cusp formula of 3 2, but’on at least tuo

" of the spec1nens (UA 5753 and UA 575&) the groove 1s_

k1nc1p1ent1y developed ‘Theé. m2 from Gldley Quarry (\HNH _

35298) also has a cuSp fornula of 3:2.

.

-'PY§ }~ The cusp fornula of 3: 5-7 0 (node 3 6 0) for the

N,Pa's fron Roche Percee 1s clos

for Pu's of uesodna sp. P by Krlshtalka (1973) of 2 3 6-

: (one of hlS 5pep1-ens (ur 5758) clearly has only flve cusps o

~in the nlddle rov, therefore yleldlng the fornula 2 3 5-7 0.

'-(lode 3 6 o, personal observatlon)) and by Krlshtalka g; g;, .‘7

’ UA 10972. a pu fron Roche Percee, has a snall cusp
i'developed posterlor and dorsal to the tallest cusp of the
' liddle row-'hovever, thls is regarded as an 1nd1v1dual

'varlant 51nce sznxlarly placed cuspules are inc1p1ent1y '

1' . ; . ‘ o .- ..

'fﬁ couparahle to that llsted :
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developed and barely discernible on two other specimens (UA

10291 and UARA 10973). In the 1atter tvo- specimens and all
Aiother referred. P&'s, the ultimate cusp of the mlddle rov 1s'
_the ;allest on the crovn, one of the condltlons usually -
tcon51dered dlagnostlc of g_ggggg (Sloan, pers. comm..to_/

Krlshtalka (1973)). Krlshtalka (1973) has adequately

.descrlbed other features of_the crovn.,

'ﬁ1.f Chsp formula 7- 8 9- tp B-5. The structure of the'

4

Crown of M1 of § odma sp.‘P has been descrlbed by
"Krzshtalka (1973) and the spec1nens referred here do not
f:dlffer apprec;ably. The spec1men from the Baduater Creek

';locallty (Krlshtalka g;'g;t, 975) 1s sllghtly larger‘."
_52 - The u2's of gesodma sp. P have a cusp fornula ofv
1:3:{3 and fall u1th1n the range of varlatlon of the same'e

-"spec1es from the Pollce P01nt 1oc311ty as outllned by

,Krlshtalka (1973). The only qualxtatlve d&fference uorthy of
note 15 that the flrst cusp of the nlddle rov tends to be-

- 1ouer and nore closely jOlned to the second cusp in the'

pecinens fron Roche Percee. . S

ey o A o
,,DISCUS-SI'Oil~,- R A

The sPec1lens descrlbed above clearly f1t the revxsed

’generxc dlagn051s of nesodna for-ulated by Clenens (196“)

';f‘Tsee also Krlshtalka (1973) and Krlshtalka et g_. (1975) for/*,

- dlagnostlc characters of Pu).‘The teeth of Hesodna fro-vff

| Roche PerCee are alnost xﬁentlcal to those of d 'p,vPA_
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fros Gidley Quarry,.the propqsed type localitfw(Sloan, pers.
,-co-n. to ershtalka, 1973) ana.espeCLally to those from the
Police P01nt locality (Krlshtalka, 1973). The fev sllght
dlfferences, OUtllﬂEd above, are not considered to be

taxonomically 51gnificant.

uesod a sp. P is snaller than all other known species

of ﬁe.gg!g excypt n.\hensl ;g hi Llflegraven (1969) with
vhlch it is br adly comparable 1n 51ze and very S1m11ar in
Structure. feeth of M. hensl_;g_i froa the upper part Of the
innonton Fornatlon, Alberta (OA collectlons), however,

._dlffer in the follovlng respects: p4 slightly louer,

dlstance betueen first serrat1on and énterobasal concavlty

less, P4 with well developed posterobasal cuspule and Vlth

only one cusp Ain external row rathehﬁthan three or four, and'f

/

" length: Hldth ratlo of P4 relatlvely low.

Llllegraven (1969, P- 19) found "only neager ev1dence
for con51stent norphologlcal dlfferences" between M.

hensl g 1 and % (narsh, 1889).,Spec1mens of ﬂ..

~fornosa, SeSer although'sllghtly larger, are therefore also’

y very 51n11ar to Hesodmaisp. P. In fact, the cusp fornula of' 

2: 6:0 for the pu of n. fornosa glven by Llllegraven (1969)-

land the tendency for four cusps to be developed 1n the}l;v;

'external rovw of n2 are features closer to. ;esogma §p. P than:'“=

exhlﬁited by n. hensl elgh - Clelens (196&) gave a cusp

'3»forlula for{the Pu of n. fgruosa of 1 0 5 7: G-1 but, at that'

time, had not recognlzed the taxon later 1dent1f1ed as H.
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‘ X
hgn§1gighi in the samples from ﬁhe_Lance Pormation. Whgéﬁéf
subsequent recognition (Clemens, 1973) af fected this formula .
vas not stated although measurements of the pi's cf both"
species vere given. In any.case, Mesodma sﬁ. P appears to
Oriﬂ.

-—

have ‘descended froa ah ancestor such as n. foﬁggg

———

I

the Pﬁréatoty Hill lbcal'fauﬁa of‘nontana (Van jélen and
Sloan, 1965), whereas n,'ﬁggglg;ggi has been recpgnizeﬁ'only
at Lanc1an horlzons (Llllegraven, 1969; Cleﬁehs, 1973) .
Following a detalled ana1y51s of 1ntragener1c varlatlon in.
ngggggg; Novacek and Clemen; (in p ess) concluded that the

Paleocene 3pep1es of. gesodma were ikely derlved from n.

'fornosa or M. thompsonl Clemehs, 1 6“.

. . . _ £ ,
Gehus gigetbdo '
n;!etodon 511ber11ng1 (Slmpson. 1935a)

(Plgure 1OL ~-G; Tables 16-18)

_ ‘ Referr&d spec1meﬁs.— pﬁ- Uﬂ qbs. 97&5; 9756, 9759,
9761, 9764, 9772, 9776, 9778, 9781, 9786, 9793, 9797, 9824,
ng1oo3o. 10032-10035, 10047, 10655.'16657, 10104, 10129,
.10132,;1o1u9, 10159, 101605,10&57,*10163,,10153,.10201,'
""ibzég,51ozuq,_1ozé9;10312,.f0313; 10328, 10333,fjo335,;
lidséc;ﬂ10411;,1oq§s;;10509. 30515;-103:5.-10585,'10591,
v;;i&éoQ,-10616;j16629;;106;3?f166&6; 10688, 10658, 10667,
':-59395}510700, ié?az; 16715,,10729;'1074a, 10757; 16760,



»
Fiqure

P

10. Mimetodon silbertingi, RocKe Percee local fauna,

~ Saskatchewan: (})labial; and (B)lingual_view, UA

. | ‘ | u
10788, right'p4, length 3.1, about x10;

_(C)0cclhsal view, stereophotographic pair,

”coﬁp&Site left lover denfition, GA- 10339 (m1 -

length 2.1), U2 10162 (m2 - length 1.2), about

: xiO{ (Dflabial, (E)iinguai, and (F)occlpsaLAvieu,

stereOphotoﬁraphic pair, UA 10168, right P4,

length 2.3, gbouf x10; (G) occlusal view,
] i '

: : : : i ) s
stereophotographic pair, composite right upper

dentitiond, UA 10126 (P4 - léngth 2.4), UA 10066

(M1 - length 2.9), UA 10150 (42 length 1.1),

about x10. Mimetodon,silberlihgi?,‘Roche Percee

ldbal'fauna; Saskétcheﬁan: (H);abiql,'(l)lingual,“
and (J)occluSal view, stereophotographic pair, UA

10069, left P4, length 2.4, about x10. ¥
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peasurehents and descriptive statistics of the

Table 16.
dentition of Mimetodon silberiingi,:.ﬁoché
/ ' Per¢ee 1ocalbfaﬁna; sifé pARZa{~

;Heasurénent / N ‘OR . HtSE :SD‘ cv
S _---___---__--____---___---;_-;----;__74+--,;-
p4 Length 28 3.0-3.6  3.275.03 :,15,.:‘u;§“
a1 Length 28 2.0-2.4 2.221.02* -“;1of”]fu;6
Width 31 0.8-1.1 o.9u:,o1' .07 ,-5;1

m2 Length a1 1.2-i. 1.31£.02 .07 5.4
- Riath 11 1.0-1.1 ‘1;671,o1i 05 4.y
P4 Length 26 2.1-2.6 2.35£.02 .12 5.3
midth o 25 0.7-1.0 0.83:.01 .07 9;0
M1 Length 39 2.3-3.0 2.75¢.03 .19 . 6.8
width 55 . 1.0-1.3 1.18£.017 .07 6.3
2 Length 15 1.1=1.4 '1;221.02 .09;‘_'7.i
. Width 15 1.1-1.3 1.25£.02 .06 5.1
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Table 17. Measurements and’ descriptive statistics of the

\

dentition of Mimetodon silberlingi, Roche

Percee local fauna, siﬁé UAR2; 

ue'asurelme’r‘{‘t N ‘.oﬁ o :‘HiSE s oy
1-_;--;;_;-_-;-_---; .......... ‘--;--_-_T-;;-,Z;_;__;--_;__f;; 
p4 Length 2 3.1-3.2 3.15£.05 .07 22
:l2uLgngth i :1 ‘ 1.4 - | .;r* o f;+ _—
width Co 1.3 - ;'-,—- B
M1 Length A T 2’.49_ L - -—=  ---
Width o u C1.1-1.2 - 01.1.5'_1.1043 .06 - 5.0



+

. . - ’ _3’

.

-2

v ! . - . LT - ' i )
Table 18. Measurements and descriptive statistics of the

dentition of Mimetodon silberlingi, Roche

_';Percee,locdl fauna, site Unﬂzg.

—-,-—--—-—_—‘_---,-—-_—'—_—.—...-._—-—-.,_'._-_—__.-..—__—-—_—__-——...--—

¥-

aéggqgémeht N oR M$SE so o
N U ST
pY iéngéh - 1 - 3.1 - SR
a1 Length 1 2.2 -— - —{-

Width 1 0.9. ——- —— -
a2 Length  ° 1 1.2 _— il s
w;aﬁh 1 1. —=- _— ---
24 fength 7 3 2.3-2,5: . '-2.401.05.' L1062
Width 2, 0.8-0.9 o;esi.os;.’a.o7_ © 8.3
M1 Length 4 2.6-2.8 - 2.551;05 .10 '
width b 1.1-1.21.158.03 o .06 5.0
- ! ’ ‘ . <
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10786, 10788, 10801, 10351;1o§53, 11a53;_§fu29, 11u31,
{3a323j11415, 11604= 11624, 1163Si'11762; mi1: UA nos. 9770,n;
9785, 10084, 10152,;10169,.1ozu2, 10244, 10251, 10267,
*10238}v102§7,'1o302,.1032i '10339, 10350,.1ouos,'10533;

10686, 107&2, 10795, 10800, 10936~109ue, 10950, 11&37 11u39,

%1526,‘11625 11627 Jaw fragment with m1 m2. OA 10000- m2.

/

HHHN u1u, TA nos. 100““ 100&9, 10097, 10162, 10191 10197,'f

10355, 1066&, 10764, - 10997- 1o§99, 11001,'11476 114785 Py:
U nos. 9836, 9842, 9994, 10092, ib126, 10130, 1013;,§1o1u7
10168, 10170, 10204, 10228, 1926u, 10287, 1o37u,.10379,
10413, 10527, 10656, 10673;-16779, 10799, 10881, 10895, g
1096u;'10966-10§71,!1du59411465 11628, 11633; K1: mEEN nos:
417, 561,,ua nos._9766, 4780, 9g9o,'1oou5 10048, 10055, |
tiooes,-1oo7o,,1oo7u, 10077, 10109, 1Qu13; 10153;'16208,_
Q16212, 10216, 10217, 10226, 10232, 10263, 10293-10295,
10306, 103u3,_joshu,f1036$;‘1o387, 10354;”36912, 10577,

10578, »10594, 10603, 10605,“10615, 166305,10654;‘10689,

110717, 10745, 10772, 10797, 10773,“10787,~1036#‘.10337,’

10974,. 10975, 10978-10981, 10983, 10986, 10987, 10989,
10990,f10992,;£1505 11517- M2: UA nos. 98?6, 9840, 10150,
10166, 10178, 10200, 10351, 10365, 10368, 1ou23, 96,

1ﬁ003,*11poq, 11u97—11u99, 11501, 1701,

RIS

'_§i§g§;—,nhn2,jnARZa, and UAR29. Ravenscrag F°r‘at1°“" 

Saskatchewan.

'fKnovn aistribhg;gg;— Boche Percee local fauna,
havenscrag Pcrnatidn, Séskatcheuan§’Ro¢k Bench Quariy,

-

ki
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) 102
/

' . . . i . \ ‘ 2 ’ ) n... .

Polecat Bench Formation, Wyoming (Jepsen, 1940); Gidley’

Quarry, Lebo nenber; Fort Uhion‘Formation,'uontana (Simpsonq
1935a:-1937a); 011ve 1oca1 fauna,‘Tongue Rlver Formatlon,

(Hontana ($*oan, 1n D. E. Russell, 1967); Pollce P01nt

locallty, @avenscrag Formatlon, 1berta’(Krlshtalka, 1973);
localltles uo1u7 and u1365, Black Peaks Formatlon, Texas

'(Schlebout 197&), and, questlonably, from the Shotgun 1ogal

. . .ﬁ' Lo
fauna, Shotgun Hember, Fort Unlon Formatlon, VWomlng (Sloan,
1h'D.E. Russell, 1967)., |

"nnstRIPTIOh"

3

The dentltlon of ulmetodon 511begllnq1 has never been_

=
Tadeguately descrlbed and therefore wlll be treated in detall

here. ’ '

pu;e Ten (16 spec1mens), 11 (13 spec1mens),'or 12 (four
vec1nens) serratlons may be present on pu.: wo short
rxdges, 51tuated anterolablally and anterollngually, descend
fro; the flrst cerratlon and are separated by a central
rldge that blfurcates a short dlstance ventral to its -
orlgln._At the 901nt of blfurcatlon a‘small swelllng (three :
'-spec1nens) or serratxon (seven spec1mens) can be present, |
'Durlng the . 1n1t1a1 analys;s it vas thought that those ps’ S'-
having thls relat;vely 1ov ‘first! serratlon represented a

Al

sepatate phenon, but they are now belleved to represent only -

d1nd1v1dua1 varlants, espec1ally751nc ‘1ntermed1ates ao occur

and no other structural dlfferences were found. The helght

v
$RIR,
B

5§



(.

of the true first serration above ‘the anterohasal concav1tyr

is sllghtly greater than one thlrd the length of the crown.

In 1ab1a1 v1ev/the crovn 1s relatlvely low, front
hlgher than rear, and the thlrd or fourth serratlon is .
;hlghest above the base line for measurement of the
anteroposterlor 1ength. The exodaegpdont lobe, although
varlably developed,-ls qu1te peaked ventrally, havxng an
obllquely stralght anterlor margin and a relatlvely ' ‘w
:rvertlcal, and again, stralght, posterior nargln. Vertlcally
vorlented, 1rregu1ar rldges descend both lablally and, to a
tlesser extent, llngually ‘from the last tvo or three- -

!

”serratlons, o

'n1 - Cusp formula 8—11 4-5 - (mode 9: u).,The flrst fourr
or flve cusps- of the external rov are. four-sxded and
lpyramldal and 1ncrea$e in 51ze and helght posterlorly. The :
:remalnlng cusps in thls row are subcrescentlc to crescentlc
" but are all subequal in- helght the terminal cusp is” 1onger‘
‘;than those anterlor to it. When f1ve cusps are present 1n
~ the 1nterna1 row, the flrst cusp 1S\mere1y a small cone'
hyhen only four cusps occur, the first cusp is much 1arger
'and set well back. from the anterlor mardln of the crown. The
four main cucps of the 1nterna1 row are much taller than'
those externally and are subequal 1n helght (except for the
flrst, Vhlch is usually shorter in~ unvorn spec1mens), but‘
‘1ncrease in bulk from anterlor to posterlor. They are
rounded:linguatly_and flattened on their vadley—facing

—
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o ]v
'slopes. The ultlmate cusp in this row 1s very long and could
be con51dered to be tHOvCUSpS. An anomalous rov of six tlny

cuspules is developed ventral and. 1ab1a1 to the s1xth to

nlnth cusps of the external row on UA 10938.

Only one’ speclmen, DA 10251, bears an accessory r00t
-'but all of the referreq m1's possess a’ low, interradicular '
‘crest betueen the quadrate or rectangular anterlor root and

the anteroposterlotly compressed poster1or root
[ . L0

'n2,- 5usp formula 5: 2, but 1n at least four Spec1mens
'gthe fourth and flfth cusps of the external rov are so
closely joxued that only a- 51ngle cusp appears to be
present. The cusps of the external row are. crescentlc in

\ DRI

' cross sectlon and subequal in size. and he;ght, except “the

5
ultlmate cusP, uhlch is llttle more thau an elongate, raised
rim attached to the penultlmate cusp. A short vertlcal
':groove is present medlally on the flrst external cusp of
‘lost spec1mens, uhereas a- much longer groove 1nvar1ably
:ascends the. med1a1 face of the ultlmate cusp, blfurcatlng as-:
it passes dorsally. The two 1nternal cusps are much larger

than those externally, “the anterlor one belng taller,

,shorter (lengthulse), and ‘more. cre5cent1c.

The tvo anteroposterlorly compressed roots can be

'j01ned at the1r bases for a. short dlstance ventrally.

'pu‘—ACusp for-ula 2-5: 6-8:0 (mode 3:6: oy. Schlebout

(197“,_p 12) recently descr1bed tvo posterlor fragments of



—~
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P4r's of M. silber;;nqi from Tiffanian}beds,offTexas. These
fragments "have a‘slightly concave pdsterior slope" and "the’
ultlnate, penultlmate,‘and antlpenultlmate (51c) ‘cusps are
very nearly the same he;ght." The large sample recovered
from'Roche.Percee permitsrdelimitation of the variability in -
these and other attrihutes.'The majority of P4's do have a
slightly concave posterior slope whereas a fev'haVe a-
stralght slopa. The ultlmate cusp is usually tallest on the
crowvn but, in four spec1mens, the ultlmate and penultxmate
‘are subequal 1n helght and, in tuo, the last three cusps are
iof nearly eqhal helght Occa51onally (in two spec1nens), one
or tvo anomalous cuspules are developed along thq posterlor

slope' the basal cuspule is usually developed to some. .

degree. The anterlor slope is lnvarlably sllghtly convex..

- -

FThe relatlve sizes and the p051tlons of the external
cusps vary greatly but, most. commonly, three maln cusps are
developed 1ateral and sllghtly posterlor to the flrst three
"cusps of the mlddle rovwv. Smaller cusps or cuspules may ‘be

present anterlor and/or posterlor to the pr1nc1pa1 cusps.

v

q

A low 1nterrad1cular crest and occas1onally accessory
<

'roots are 51tuated between the twé prlmary roots.

LU

» M1.- Cusp formula 8-10 11- 13 4-8 (mode 9: 12 6) .- I
proflle aspect the crown is concave ventrally._The 1nternal
cusp row term1nates 11ngua1 to the fourth flfth, or s;xth'
'cusp, usually the fourth _or fifth, of the ‘middle row. The. .

mrore central cnsps of the 1nternal row are larger "and nore"



o

crescentic than_those either anteriorly‘or posteriorly. The

first two or three cusps of the aiddle rou are four—sided'
’and'pyramidal, theffoorth and fifth,are"usually
suocrescentic;cand the renainder,are crescentic in
horizohtal sectlon. They progress1vely 1ncrease 1n size from
'anterlor to posterlor, as do those of the external<row,k,\

vhich are flat medlally and rounded labially.

Tae base of the anterlor root is very 1ong,
.occa51onally extendlgg for over one—half the 1ength of the
crown, and is laterally compressed. The posterlor root, by
contrast is anteroposterlorly,flattened. Accessory roots
are COmmonlindevelopeg‘aﬁdj'when present; can oumber qp_to,
four. | o : |

- M2.- Cusp formula 1:3:3-4 (mode 1:3: 3). The cusps of
ltae 1nternal rowv are crescentlc and decrease in helght from
anterlor to posterlor. Those of the nlddle row are taller
and even more crescentic. The rlrst_cnsp ;n the rou 1scthe'

lovest.

The anterlor root is very ulde and anteroposterlorly
conpressed whereas the posterlor root, although of the same

lenqtﬁ .is smaller and round 1n Cross sectlon.

DISCUSSION

Jepsen (1940) erected the genusin* etodon to inClhde

i

Mimetodon ghurchllll Jepsen, 1940, Ptllodus trovessartlanus
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(Cope, 1882a), and ’Pt;lggg§ douglassi, a v1ewp01nt that
vSloan followed 1n 1966 (1n Van Valen and Sloan, fig. 5.
Sloan (pers. comm,, 1975) currently believés that the‘latterb -

tvo species should be allocated to Parectypodus and

,Ngoglggigg;gg,Arespectively. Houever, there is:good-reason
‘to’regard the. dou g1a551 form as a spec1es of Ptilodus, and
-one that may, in fact, not be separable from tilodus

montanus (seexabove). Further, Sloan, who in 1966 referred:

‘?Eotxpggg§ silberlingi to ueSOdma,_novjwould recognlze 1t as
‘the ‘'second species of simetodon {(pers. conmm. to Krishtalka
(1973) and Schiebout (1974)). R - . T

etodon sxlberl*ngl is a spec1es wldely dlstrlbuted

,1n space (Texas (Schlebout, 1974) to Alberta;(Krlshtalka,
1973)) and tlne (Torrejonlan to. Tlffanlan). Except for the
Qtvo fragmentary P4's that\Schlebout (197&) descrwbed, the

upper dentltlon was prev1ouslynunknown. Although .
tentatlvely, pec1mens of upper teetb from the Roche Percee .

N

-local fauna are assigned to H. 51lberllug1 on the baszs of

size and freguency (and structure in the case- of Pu's)., -

sxlberllngx, Ne g;aglaulax, cf. N. hazenl, and: _; d
:k mmae are by far the most common nultltuberculate spec;es

in the fauna and are qulte disjunct in- 51ze, u. 511ber11ngl\\

N

)belng the: suallest of the three. Relatlve to other teeth of : S\\

g. 51lber11ng1, m2's and H2's are about one-half as
numerous. These teé th probably fell thrngh the Screening

. boxes, vhlch had a'mesh of 18 openlngs ti the inch.
i
!
|
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sliﬁkt‘!tfﬁﬂ?*hces are discernible between the Roche

Percee n.'gi}bggligg; and USNM 9798, the type specimenzland

AMNH 35899, both.kewer jaws from Gidley Quarry. For th

present, these'dissinilarities-are interpreted as

geographlcal and chronologlcal varlants of the same speCles‘

0

Lower fourth prenolars of USNH 9798 and AHNH 35u99 have a

deeper anterobasal concav;ty for receptlon of p3, the

¢

i}

exodaenodont lobe appears to be sllghtly smaller, and the

‘rldges are~parallel, rather than dlverglng sllghtly

ventrally. Apprec1ab1e dlfferenoes betwe?ﬁ the lower molars

of USNM 9798, ANNH 35499 (only m1 preserved), and the Roche.

' Percee specimens were not observed. _ R t

Y
LY

Fourth premolars of gesodma sp. P and"Himetodon
511ber11ng1 are very difficult to dlstlngu1sh in the Roche-

Percee local fauna and vere 1n1t1ally dlssoc1ated by.the,

'drawlng of camera 1uc1da outlines -to dellmlt the ranges of

0

~var1at10n in both size and shape. Subsequent comparlson of

a
the tuo clusters shoved that,pu's of gesoggg sp. P are

'snaller than those of Mimetodon §;lherlingi andldiffer in

the followlng gqualitative attrlbutes' very sllghtly 1ower
flrst serratlon, posterlor slope sllghtly more 1nc11ned, and
last two or three senratl ns-v1thout vertlcally orlented,

anterlorly ‘convex urlnkles on the llngual side as in

'

n_!etodon 511ber11nq1. Upper fourth prenolars of the tuo'"

‘/

'spec1es overlap in size and are therefore even nore

t.

dlfflcult to dlstlngulsh. Upper fourth premolars of Mesodma

are, however, generally lower and have a stralght rather

o

A\ . .
‘(l"" o
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thaﬁ.slightly convex anterior slope, straight rether than
usually’cohca;e posterior slope, and bostefobasal eusps
absent. Theee distinctions are nevertheleés minor end
consequently ohe or nore of the smaller P4's here identified
as Mi e;gggg __;p g_ may in fact be correctly allocated

. to Mesodma sp. P and vice versa.

Nimeto d on ilberling;?l'

(Figure 10H-J) -

‘Referred specimen.- Pu4: UA 10069.

§1§§.-'UAR2&,_R@venScrag'Formation, Saskatchewan.

' DESCRIPTION AND DISCUSSION-

A 51ngle pu measuring 2.4 by 1.1 mm'ana vith a cusp.

fornula of 4:7: 0 is probéﬁiy an extreme variant cf

,H;_etodon 511ber11nq1. It differs from other P4's of. H.
11§erl;ng1 pr1nc1pally in 1ts taller crovwn, 1ower -
1ength uldth ratio, the absence of a posterobasal cusPule,

'and its generally more ma551ve constructlon.ﬂ
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Genus Ectypodus _ o , ‘ @f
Ectyrodus, cf. E. powelli Jepsen, 1940

"" i ) . (Figure 11)

Referred specimens.- p4: UA nos. 10031, 10663, 11430,

s . % L .
11524, 1153“-11536; P4: UA nos.L1O210,'103uO, 10965.

S

'Sitgg.— UAR2a and UAR2g, Ravensérag Formation;

Saskafchewan. o ' ?

DESCRIPTION

/

“pl.- Eacﬁloffthe two complete plts, UA 11u3d (19ngpﬁ -
3.6bmm) and UA 1152“ (length 3.5 mm), have M serratioﬁs.
Relatlve to pu's of Mimetodon silberlingi and jg§9ggg sp. P,
these pl's, in profile view, have a 1onger and more gentle
anterior slope and the Qosterior po:tion of the blade is
’highér,»thus giging the c:oyn;a more syﬁmetrically arcuate
appeérance. Thevhéight of the first gerration abévé the
: éntérobasal coﬁcavity is about two-fifths the |

anteropostnrior length of the crown.4The ridges descending‘

ventrolablally from the second serration on both the labial

TS

_and 11ngua1 51de§ of the crown usually (in five of six
“specxmens)lmerge falpfly vith those descending from the
'fitst serration. In-UA 11524, however, the éecohd“lingﬁal
ridge‘turﬁs to join the third, ratherlfhan-the first, ridge..

One of the most distinctive features is the prominent.

posterolabial shelf, which is much larger than in”either

Mimetodon sxlberllngi'df nesodma-sp.,P; Opposite to this



Figure. 11.

re

Yo

Ectypodus, cf. E. powelli, Roche Percee local

. ’ AR
fauna, Saskatchewan: (R)labial, ‘and (B)lingual

- A . :
- view, UA 11430, right p4, length 3.6, about x10;

{C)labial, (D)lingual,‘and (EyochuSal v%ew[
stereophotographic pair, UA 10210, right P4,

length 2.8, about x10. o , . b
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landmark (that is;~posterolinguallyhon the tooth)-a.coniCal
" cuspule, projecting lingually, is developed on UA 11524. The

enamel labial and ventral to the last twvo serrations;.
although worn by . tooth-on—tooth contact, vas crenulated. The-
exodaenodont lobe is not large and is peaked ventrally. A

short 1nterrad1cular.crest 1s deve10ped;

°

P4.- The op}y coiplete and unvorn specimen referred

here (UA 10210 - 2. 8 by 1.1 mm) has the followlng features:

-

’_cusp formula 3:7:0, stralght posterlor slope,-sl;ghtly

convex anterior slope, and terminal cusp tallest in the

piddle row.(although the tip of this cuspfls hroken'away;.it
‘appears to have been the tallest). In occlusal aspect the
lxngual margln of the crown ‘is concave, ‘the 1ab1a1 margin 1s ’

,1ndented at mld length.

The three cusps of the external row 1ncrease in size

vlosterlorly, the last one be1ng opp051te the thlrd cusp of

the mlddle rowv. The enamel at the base of ‘the 1ab1al 51de of_

2y

the crown is not straight as in nesodma sp- P but rather is

'fy small basal'
cuspule is developed at the bottom of the posterlor slope of -

o - L e Ny.\\i

deflected dorsally. up the’ posterlor root.

the crown.

iThe roots of UA 10210 ate-neaflyfegual“in»size-and are

relatively stout. = °
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™ A " DISCUSSION

- The association of the P4's with the pl's, both of g
which arekinfrequent in the sample and tend to be .

,lntermedlate in 51ze betueen g_metodon 511ber11ng1 and

Neoplaglaulax hunterl, of thls taxon is tentatlve.

.

‘\, ' . .
Isolated pu'svof,Neoplag;aulax and Ectypodus can be

: very dlfflcult to dlstlngulsh but in “c_igodus ‘the fourth
serratlon, rather than the flfth, sixth, or seventh is the Ly
hlgﬁest on the crown, and the anterior slope is generally

. i

"nore convexvthan in NeoplagiaulaXx (Sloan, pers. comm.,

' 1975). In these features the Roche Percee pu‘s probably

vshould be referred to ggtlgodus. ThlS ‘nterpretatlon galns
support vhen the PU's are taken 1nto con51derat10n. On UA
11430 and OA 1152u the term1na1 cusp 1s tallest in the
nlddle row, both anterior and Essterlor slopes are almost
_stralght, and . the posterlor basal cuspule is very veak, all

dlagnostlcvcharacterlstlcs of Ectypodus (Sloan, pers. comm.,
1975).

Of the known and descrlbed species of Ectyggdus, the
Roche Percee SpeC1es is slgnlflcantly larger than E. tardus
(Jepsen, 1930a) and. smaller than E. gggggigg. Lower fourth

premolars of E.- g_welll are, however,'only sllghtly smaller,\h

are 51m11ar in serratlon count, and have a 51m11ar1y small

rkexodaenodont lobe but, when drawn to the’ same scale (qu.

12), have a relatlvely higher crown and a greater dlstance

~ between the aﬁterobasal concav1ty and the flrst serratlon.

o
% .



.Figuré 12. Diagrammafic out1ine, drawn with camera lucida, -

pf labial profiles of pt's of ?étyﬁodus powelli
(PV 10425 - the only complete and relatlvely
unvorn pu from Prlnceton Quarry, Wyomlng -
‘-unstlppled) and Egglg_dus, ‘cf. E. g_!glll (UA o
| 11430 and UA 11524 - Roche Percee local fauna,
Saskatchevan - stlppled). Vertlcalfstralght 1;nes
mark Fhe anterlqr an@iposté:ior margips;€thé h
”néafly ﬁdriéoqtal, Stfaight line is drawnlfhr§ugh

the peakibfithq;anierobasal‘cdnCavity and.

: A\ ‘ ) :
the top of the posteroexternal ledge.
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The posterolablal shelf, or ledge, of p4's of E. gowelll is .
1less vell developed than on the UA spec1mens. ‘These | |
differences probably preclude a- conSpec1f1c ass1gnment
further collectlng, both at Prlnceton Quarry levels and at
Roche Percee may, hovever, prov1de ev1dence that Hlll negate K
or ennence‘the differences between the two groups: Upper
"fourth.urenolars of E. Eowe111‘55é unknoun.fBesides‘the type
._locality et Princeton Quarry, E. gowell‘&is also known from
ﬁDell Creek Quarry, Hoback/Formatlon, Hyomlng (Dorr, 1952y

end from. the Ollve and Circle local faunas, Tongue Riveru

_>P0rmation, Montana (Sloan, in D.E. Russell, 1967).

Suborder Taeniolabidoidea

. Pamily Eucosmodontidae

- _Genus nicrocosmodon

Bi crocosmodon conus Jepsen, 1930b -

(Flgures 13,14; Tables 19,20).‘

q .

',geferreg7speeigens.— Lover incisor:_ﬁA 11705; nts oA
'nos.v10027,f10203; m2: DA nos._1oo75,’1o3ou; I2: UA nos.
11710-11714; M1: UA nos. 10083, 10143, 10976, 10982, 11518.

B 2N

§;tes.—’UnR2 and UARZa,.Revenscrag\Pormatibn,

Saskatchewan. -

-

Known gistribution.—'Beche'Percee 1eca1~fauna,l

Ravenscrag Fcrmation, Saskatchewan; Princeton Quarry,



»

_&croc05modon conus, Roche Percee local fauna,

———

: _Saskatchewan, stereophotographic pairs:

(A)occlusal, and (B)dorsolablal view, UA 10027,

right m1, 1ength 2.4, about.x11' (C)occlusal

‘vlew, oA 1030u left m2 length 1. u about x10-

k (n) occlusal vieuw, UA 10976 1eft Mt, length 2.5,

about x11 (E)labﬁal, and (F)llncual view, UA

11712, right IZ, maximum dlameter 1 9 about x10.

- chrocosmodon conus,»Prlnceton Quarry, Wyomlng

(G)occlusal v1ew, steraophotographlc palr, PU

14463, length 2.8, about x10.
. o : .

v
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FPigure 14. Mi rocosmodon conus, Roche Percee local fauna,

Saskatchewan. (A)dlagrammatlc outllne, drawn w1th}~
camera 1uc1da, of lablal side- of fragmentary I2's
showing progressive stages of uear “UA 11711 -
nuorn, "OA 11712 - noderately worn, UA 1171u -
heav1ly WOLTN. Stlppled area lndicates area not
covered by enamel. (B)dlagrammatlc outllnn, drawvn
a

‘u1th camera 1uc1da,'of dorsal view of palred I2's

shou1ng amount of dlvergence towards the roots.

e
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Table 19. Measurements and descriptive statistics of the
“ déhtitibh of Microcosmodon copus, Roche Percee
\ rey T :

local fauna, s}te'UAFZa. o

Measurement N ©R - M#SE  sp oy
......... f;i—-_—¢‘-—__—-—‘K————-’_-—-_—_—-°—°-¢~‘°__;‘_~-f-
11 Length‘ S B 2.4 . Cee- e

Ridth . o e e -

- m2 Length ' R f  1.ﬁ . - R Lo’
width ' 2 1.2-1.3 - 1.25£.05 .07 - 5.6

I2 Max. diameter 3 C1.7-1.9 ) 1-33%-07f, .12 6.3

_Hin.diameté£  3 1;1f1.2‘ | 1.17£.03 .06 5.9
Mt Length 5 2.5-2.7 7/ a.s8r.on .08 3.2

-/» © 1.3 ' . - e —

Width

-\
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Table 20. Measurements and descriptiv® statistics of the

dentition of Microcosmodon conus, Roche Percee

local fauna, site UAR2. _- | | .

e i b o - " ain o " o A 2 S S

Measurement N OR | M1SE SD cv
Lower i"nciSOr , . . ’ ' , .
_uéx;cgiameﬁer' P4 2.1(esty) - e emm -
Min.. diameter . 1 . 0.9 (est.) -—- e
a1 Length . LR 2.4 ' — _— _—
| ﬁidth , 1 1.,1. — e mm
12 ‘ﬂva_):('. diameter | 1 1.8 - _— -—
min. diameter 1 1.0 L B —--—“@. -
= A
: t Y
.
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Polecat  Bench Formation, Wyoming (Jepsen, 1930b);¢£chaff
- . a ' .

Quarry,‘Polecat‘Eench Formation, Wyoming (personal
‘observatlon), Badwater Creek lOCality, Shotgun'Member, Fort. .

Union Formatlon, Wyomlng (Krlshtalka et al., 19795).

DESCRIPTION

Lower incisor.—-Only a single, fragmentary, water—worn

lower incisor (UA 11705) can be"assigned to this srecies

ulth any conf1dence~ both the tip of the crown and the root

are broken avay. A ralsed rim marks the ventromedlal margln

o

of the transversely flattened and curved crown. Further
'Adetalls of the crown are marred by extensive abra51on ot ths

tooth.

rd
P

'm1.4hCusp.formu1a 9:5 (U2 10027) ana 8:5 (UA 1C203). U2
10027”is'almost unwdrn and a distinct separation of tr - last

cusp of the external rovw into’ tvo is ev1dent..In both

spec1mens, the cusps of the external row progr6351vely

decrease in helght anterlorly;and posterlorly‘from the

-fifth, which is also the most massive. Anteriorly, the cusps

e

are subcrescentic but . become stron:ly crescentic

posteriorly.‘AlmpSt'parallelxto_oneJanother, the two rows of

cusps are separated by a highly irregular, labially eonVex

furrow. The cusps of the internal® row increase in size from-
t. B N . ) ( . \

anterior to poSterior, but increase in height from both ends

tovards the thlrd thus reflectlng the arched nature of the

crowns.,A promlnent vertical groove ‘marks the valley—fac1ng

124
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slope of each cusp except the last, which bears two. -The
’ . . . b $‘.‘:‘_I“:]

ultimate cusps of both rows are connected by a high,

'paﬁillate ridge, which is sigmoidal and strongly angled

’antetointernal?posteroexternally.

. Only the bases of the two, apparently subequal roots
. are breserved on UA 10027, but lingually;'at mid-length, a
-émall‘accessory roo% alsé supported the crown. UA. 10203 does

‘not possess accessory roots.

m2.-a31thbugh'theﬁcusp.for;ula of the fwd coﬁplete mn2's

réferred heré is_u:Z} the ultimate"cusp of the gxternal row .
is litfle mbre_thdn‘a faised, posteriorly-extending“rim
attached to the;pepultimate‘cusp. The first thrée‘éxtétnal

- cusps ére crescentic in cross section and are Subéqual»in
height. Huéh‘larger; more widely separated, and hore 
strqngiy inclihed posteriorly thansthé cusps éf thevextérnal'
‘row, the two internal cﬁspé aré both strongly greScentic’and
are grooved on their'valley—facing slopes; As on‘m1,‘tﬁe'4 |
poSterior margin of the c£own_is not straight but.sigmoidal;

The two. rows of cusps are subequal in height.

'IZ.—tTﬁe second upper incisor is a long, curved
bicuspia tooth that,is completely covered by enamel o .
labially. Lingually the enamel is presented as a nérrou,

dorsal strip;>uhigh follows the curve of the tooth and -

-]ggxpands distally Eo cover the tip of the crown. The root of
"‘the tooth carries no enamel. A shallow longitudinal trough}

which becomes shallower proximally,~iﬁterrupts the



* elliptical cross section of the crown labially. Distally
‘this trough divides the tooth into a large anterior cusp and.

a smaller posterodorsal cusp. Wear produces.a broad facet

that effaces the distinction between these two cusps.

=4

M1.- Cusp formula 7:8:52?, 62?, or 72?. In iateral'profile‘

the crown is concave. The internal row of cusps terminates

opposite the junction of the fourth and fifth cusps of the

'middle row and bears approximately five or six ‘irreqular and
1ndlst1nct cuspules. ‘Cusps of the external rov, of which- the

/’fourth and fifth are the 1argest, are conical except for a-

medial flattening; The cusps of the middle row .are

four-sided and crescentic, especially posteriorly, and also

progressively increase in size ‘posteriorly.

0 N
From four to eight accessory roots, of varying sizes,

augmentAthe two stout and’sho:t p;imary roots in-suppott‘of

“ he crown. The anterior root is iectangular'and‘late:ally

compressed, whereas the’pcstetiorerOt, extending

dorsolingually, is anteroposteriorly flattened.

nxchSsde,'

‘ c %
The louer 1nc1sor and the 1ower molars from Roche

Porcee have been compared wlth those of Mlcrocosmodon conus

fron Prlnceton Quarry that Jepsen (1930b - 1940) described

and wlth three undescrlbed spec1nens (PU 19366 (p4”m1); PO

19393 (pu m1); and PU 19438 (lower 1nc1sor, pu)) from Schaff

. Quarry in. theﬂPolecat Bench Formatlon. Honologous teeth in

i i"‘ -
n L
CE . : e . o,

I fa i
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these spec1mens are almost identical and. aﬁe clearly
freferable to the same species. Second upper incisors fronm

Roche Percee are very similar in size and structure to PU

)

14429, referred to either M. génus or Pentacosmodon pronus
: : -

Jepsen, 1940. The occurrenc of these unique I2's at Roche

Percee vith several ot teefh:of M. conus but with none of
P. pronus strongly bSuggests rhat.thie kind of upper incisor
belongs to the formar species Sut, of courée,gnowpositive |
‘evidence eiists to suggest that:g.:gggggg did not have a

sinilar I2.

The allocation of by
~inasmuch as they were‘_;‘:;ﬁd‘,tF
lowers. "However, -this 1dent1flcatlon is supported, 1n
addltlon ‘to the size and frequency data,

by the'occurrence

.of 51mr1ar, but slightly smaller, M1's with an undoubted pl

~

e(CH 16123) of M. conusl at the Baduater Creek 1 callty in

‘@.Wyomlng (see Krlshtalka et al.; 1975) and by a perf1c1al

%~resent1ance to M1's of several other eucosmodontfds (e gq.

Styqimys, ggcosmodog, etc.) (curiouSly enough, here is also"

a veri striking resemblance to q%'s-of'the eoplagiaulacid

Ci exomys mlnor Sloan and. Van Valen, 196

Pgn1qu63, an M1 that Jep n‘(19u0, p 309} qnestionably

assigned to Ectyrodus powell¥, is identi

1 to the M1's from

' CN 16183, identified by Xrifftalka et al. (1975) as a Pu
of Mesodma sf. lS, without questlon, a pu of Microcosmodon
conus..

5
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. . » J'\;
~Badwater Creek and Roche Percee referred to M. conus (see

” “

Fig. 13E) and is therefore placed in the ‘latter species.

*

3
The m1fs of g.‘gggus have, characterlstically, an
arched profile of the crowu-anGQStrbngly rrescentic cusps in
 the external row (especiallyfposteriorly); the internal -

. cusps, when little worn, are tall.anu'recurved, and tue
crown is’usually supported by cne ‘or more aceessory roots.
This combination of features islpreSeut in the Roche Percee

'specimens but not in those m1's ‘that Krishtalka et al.

-—._.._

(1975 ‘see flg. 19; also note that the m1 flgured is CHM

,16151, not CM 16149 as listed) assigned to n. conus; the

[N

latter m1's are also con51derably smaller than mi1's of M.

conus fronm the Polecat Bench Formatlon (Jepsen,'19u0).

! ‘,(

Instead, hovever, m1's ‘that Krlshtalka et al. (1975)

referred to gggodmg Sp. are unquestlonably referable to M.
conus (see fig. 14 in Krishtalka et al, 1975y . Details of
ithe crown of one of the spec1mens (cH 16188) are obscured by

"exten51ve wear hut the croun 1s supported by three roots and -
is therefore questionably referred to H. conus wlth the \
.

other, more well preserved, specimens. ,;w"-f' ’ o K

- . RN ’ v V-
Three of the upper 1nc1sors of H. ggggs from the Bocﬁ\
“Percee local fauna are preserved distally and are in \\* B
‘dlfferent stages of wear (see Fig. 14A). A med1a1 ' |
ihterdental_wear‘facet (see}Pig. 13G) is preserwed on.two of |
.these teeth (the-third is unuorn)-and indicates thatuthe '
npper,incisors converged distally from their alvecli at an

a ’ - '
.
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internal angle of.approximetelv 500 (Fig,'1UB). The lower
incisors, houever, were almost parallel to one another.’This
relationship between upper and lower incisors readily
explains the funct10nal relatlonshlp hetween these teeth.
'The vert1ca1 axes of the upper and lower 1n01sors met at an
angle, the lover 1nc1sors belng guided by and flttlﬁg 1nto
_the termlnal part of the 1ongltud1na1 groove on the labial
51de of the upper. 1n:Lsors.,As‘a result, the vear surface ..
observed on the lover 1nc150r of PU 19438 from Schaff
Quarry, is transversely convex, rather than flat &The
b\cuspld nature of the term1na1 part of 12 was, @arly in
ontogeny, obscured by wear but the longltudlnal groove Stlll
served to 901de the 1ouer 1nc1sor into proper occlu51on.

1tt1e vear vas regulred before the pulp cavxtrgs on the

upper and lover incisors vere exposed.

R

NON-PTILODONTID BNTERIOR UPPER PREMOLARS

(F;gure 15; Tables)21 23)

.0f the non-ptilodontid species represented in the Roche
- Percee local fauna, anterior uppef;premolars have been

previously recorded only for Neoplagiaulax huntegi‘(P1-3§‘

see Simpson, 1936). and ﬁeoplaqieulax hazeni (posterior .
fragment of:P3; see_Jepsen. 1940).. The first and sgcondi‘

. upper premolars of N. hunteri enva3'(see Type G below) of

v

S : Lo, e ..
Neoplagiaulax, cf. N. hazeni have been identified in the



Figdre 15. Anterior upper premolars of non-ptilodontid

(=3

»

multituberculates, Roche Percee local fauna,

Saskatchewan, steredphotographic pairs:

(Afocclusal Vieu,uUA,10795, Types A (top ;‘1ength
0.7) and B' (bottom - length 0.8), abdpt x10;
(B)occlusal view, UA 9978, Type C;.lengtﬁ 0.8,
about jio; (C)?cclusal view, QA i0793, Type D,
length 1.8, abéut x10; (D)occlusal‘view, UA
11675, Type E,>length,1.7, about x11:J(Efdc¢lus;I‘
view, UA‘10688; Type F, length‘1;6; about x10;

(F) o¢clusal view, UA 1]652; Type G, length 1.7,

' abouf x11; }g)océlusal'view, UA 11655; Type H,

’1ength 1.6, about x10; (H)occlusal view, UA

11645, Type I, length 1.7, about x10; (I)occlusal.

‘view, UA 10371, Type J, length 1.3, about x10;

(J) occlusal view, UA 10783, Type K, .lergth 1.2,

y

' aboht‘x10. . S L e
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Measurements and descriptive statistics of the

anterior upper premolars of non-ptilodontid

spécies in the Roche Percee local fauna, site

UAR2a.

———— o oo, i - " — " — > i —— > - e

Table 21.

Type Measu

A Length
width

B Léngth
Width

D Length
Width

E . Length
Width

F Length
| Width

G Length
 width

H Length
- Wi@th

I Length
. Width

J  Length

1
i
S

12

13

18

19

RE]

14

e o® o

wn

11

12

0.78+.02

0.621.02

0.85+.05

1.71£.02

1.344.02

1;73:.01

1.40+.02

1.68+.02

1.21¢.02

"1.78+.07"
©1.10%.04
" 1.741.05

_1;201.03

1.79+.03

1.02+¢.01

1.35:.05

.04 5.7
.04 7.2
.07 8.3

.08 .6
.08 5.7
.06 3.4
.07 6.8
.07 4.3
.07 6.0
.11 10.0
11 6.6
.07 '5.9:;
A1 6.3
.04  °3.8

© .07 5.2

132
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rTable 22. Measurements and descriptive statistics of the

anterior upper premolars of non-ptilodontid

species in the Roche Percee 10Ca1~f§una, site

UAR2.

________________ T
C Length
Width
D Length
Ridth
E Leﬁgth

—— - — > o o s >

- o —— —— A~ o —————

M+SE SD CcvV
1.75+.05 .07 4.0

1.35+.05
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Table 23. Measurements and descriptive statistics of the
anterior upper premolars‘of npn-ptilodontid

species in the Roche Percee local fauna, site

OAR2g.

Type Measurement N OR M+SE SD cv
A length B 0.7 L
Width 1 Q.6 e c.e o
B Length 1 0.8 e
Width . 0.7 “ —— — —
D Lemgth o 2 1.7-1.8 1.75£.05 .07 4.0
width 2 1.3 ememee e
K Léngth 1 1.2 — e —ee

: S ,

Width : o 1 0-8 (eSt-) » - y - -
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Roche Percee sample, the latter uith some indication of
heterogeneity (perhaps-P3's of N. ﬁggtggi are included). An
attempt is made below to tentatively"assoeiate‘and-assign‘
anterior upper premolars of the-remaining nonvptilodontid
taxa, primarily on the ba51s of size and frequency
correlatlon yith the more well known parts of the -
dentltlons. }ormal allocatlon, however, 1s precluded untll
more nearly complete materlal is known. The approach taken - ‘7€J
by Clemens (196“, pp 97 =99) to de51gnate the individual
,phena of anterlor upper premolars as 'Types' followed by a
'letter desxgnatlon, 1s adopted here. " SuppOSed decxduous

‘prenolars were 1dent1f1ed as such by reference to Szalay

(1965) and Lillegraven (1969).

DESCKIPTION , . '

_1pe A.- Very small two~rooted teeth wlth three cusps

that are trlangular in cross sectlon and e stantly

spaced on the crown, one anterlorly and two posterlorly. . v
f e

These teeth ‘are almost certainly P1's as evxdenced by the ,é%ﬁ ™

~ -,

anterior margin, vhich does not overlap the anterior root,
the lack of an 1nterdental wear facet on the anterlor

rsurfaée, and by the occurrence of a supposed P1 and P2 in

maxlllary fragment (OA 10792) .

ES

o
et

Txpe-g.e very small,.tvo-rooted p2's, one of whiéh
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\

ope labially and two lingually. One specimen, UA i1647, has

an additional cuspulée developed anteroexteﬁnally.

:Type. Co~ A single tiny, two-rooted tooth, the crowp of

which daffers from the preV1ous three types n being longer

*

relatlve to'its width and much lower. It bea s four'cusps .
(2:2) and is very likely a P3. .
. , . ‘ | _.é
( ‘ T&Qe Q.F Hedium—sized, tvo-rooted P1's wigh\threel
cusps,’one posterolingual in position and theiother_two,

v

which are lenticular in cross section and joined to about
'one—half their helght, belng orrented
anteroldngual poste;olablally. The crown is sem1c1rcular in

occlusal outllne, the lrngual 51de being flat.

Lk

Izpe g;— Hedium—siZed, tuo rooted P2's’ wlth one labial
and two smaller 11ngual cusps. A r1dge~passes anterlorly
from the lablal cusp, then llngually and finally posterlorly

to join the anterollngual cusp.
I | 9

Type §.~ HéHLum~51zed, two-rooted P3's Hlth three to

flve cusps (mode 4y and with an expanded posterior lobe. A

ridge 51m11ar 1n development and pos1tlon to that on

-

prelolars of %ibe E is- present.

: N . i
‘Type G.— Hedlun~51zed teeth thought to be decxduous

P1's. The anterlor face of the crown slopes gentlyfand

lerges vith the anterlor root without an overhang as.usualhy
e, v

‘is seen on PZ's and P3's. Three (one anterroréandﬁtwo-'

ppsterlor) or four (2:2) cusps may be presenttow.
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vhich charéeterigtically is inclined to one side on the

root (s) . No cemplete root(e) are‘preserved on these teeth
but the short;bases remaining indicate that oﬁly a single
root supported‘the crown: however, it may have bifurcated

@5\

distally as in 'Type H. - : -
oLy : .
Txpg.ﬂ;— Medium-sized teeth, thought to be deciduous
P2's. Four (2:2) cusps dominate the crown. UA 10514, the
e . R ’
only tooth of this type preserving a substantial part of the

root, bears a single root that arises from the base of the

crown but then bifurcates distally.

Iype I.- uedidm;sizégxteeth, thought to.be-deciduoﬂs
P3's. The crowns are elongate and bear five (six in the case
 of UA 10522) cusps. a single low cusp on one end of the
kcrown followed by (or preceded by, depending upon which end
ishanterior).tée rovws ef two cusps each. o

"Exgg g,—tSnalIrto nediem—éized; tworroeted teeth;
'probably p2's, vith four (2'2)‘1eﬁticular cusps'ﬁlaged on

the crown, thCh is elllptlcal 1n occlhsal view.
. @

_1§e K.- A fpall to medlum—glzed, two-rooted tooth,
‘,,b‘
probably a P1. The three coronal’ cusps are arranqed in an
egullateral tr;angle.
DISCUSSION
"BeCause'of their exceedingly small Size'Types A, B, and

c (p1, P2, and5P3, respectiveiy) probably pertain to Mesodma

R

£ SRR
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‘ assoc1atlon in the same max111ary fra%:ent (UA 10792) .

'gﬁy P and/or Mimetodon 51lber11ngl. At any rate, Types A and

B ‘are referable to the same spec1es bocause of their

1@

¥ Types D. E, and F are'probably P1, P2, and P3,

frespectively of Neoplagiaulax, cf. N. hazenl as they are

'the largest non ptllodontld anterlor premolars 1n the sample

and are also the. most common. Furthermore, the posterlor
[ .
fragment of P3 preserveﬂ ‘in the type specimen (PU 1uu32) of

N. ha eg;\ébes not d1ffer\apprec1ab1y from premolars of Type

P.

The lack of long, stout, wéll»formed.roots on Types G,

H, and:l'ahd the general7coronalvshape and topography (see

'Szalayv(1965)kana Liilegraven‘(1969))’lends support to t he

inference that'these are degiduous teeth. Again, tased8n

R

sizeffrequency data, these three types may well be deciduous
precursors of Types D, E, and P.

The small to moderate 51zecand ihfrequency in the
2

sample of Types J and K suggest that these teeth may be

—_—

-,referable to Mlcrocosm dog cnus and/or Ec ygodug, cf. E.

'Qowelll, but there 1s,no‘evidence to suggest which.

The possibility, of course, exists that one or more of.

the above '*Types' belong to a species not represented;in the

sampie by any'other tooth positicn or that more than one

El

species may be included inva'single "Type'.

Al
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PART IY. POSTCRANIAL OSTEOLOGY OF PTILODUS KUMMAE AND OTHER

i

MULTITUBERCULATES

1) Preqious'ﬂo:k on nu%titdberculate Postcrania

In 1909 Gldley reported the dlscov f‘fg"an incomplete

#r jaws of

Ptilodus montanus from the Torrejonlan of Montana. Bones of
~the postcraniun described%by‘Gidley include .a cervical and a

few caudal vertebrae, a phalanx, and fragments of a humerus,

B

‘radius, ulna, femur, tibia, fibula, pelvis, and metapodials.
“Broom (191&)'originélly'disputed Gidley's~idéntification of

the pelvxs and proposed instead that the elements
- 3

'represented a pectoral girdle. Houevex, in an addendum to

the saﬁe paper, W. Grahge:%»at Broonm's request,_ccnfitmed
-Gidley'e original intefpeéeatioh. From the same specimen,
Simpson (1926) enalyzed;locomotofy endufeediﬁg habits and
w.derison (1973) provdded_estimates, which have since been

c:iticized by Radinsky (d975), for the body length and

An excellent speciﬁen of the hind limbs and pelvis of
an undetermined §pe¢ies of Eucgsmoggg was recovered from
Puercan deposits in New Mexico and was referred to

preliminarily ip seveta1~reports (Grange%, in Broom, 1914;

Granger, 1915;,51mpson, 1928a). Simpson ‘and Elftman (1928),

139
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frem a reconstruction of the ﬁina'”"
lusculature, made inferences concernlng the habits of
”_g_~smodon sp.; and Granger and Slmpson fﬁgzg) added a
detailed osteological description ofvthe spec1men; Slmpson
(1§37a) briefly compared the postcranﬁ&i osteology of

Ptilodus and Eucosmodon. | o et

i

.,,‘ AN

Recent dlSCOVGfleS by the Pollsh Mongollan
Palaeontologlcal E7@ed1tlons to the 1pper Cretaceous
‘Djadokhta and Barqﬁ Goyot formatlon% of Hongolla include
1ncomplete postcranla of at 1east three spec1es of - ,' ' _ ‘

s

lultltuherculates (Klelan—Jaworouska#p1970 197&)

Kryptobaatar dashzevegi Kielan-JaUOrouska/(1970);

hulsanbaatar vulgaris Kielah4Jawofowska (197&);.and

Nemegtbaatar gobiensis Kielan—Javerowska (197&).-Détai£§iA,
descr;ptlons of these spe01mens are forthcomlng, buf' \
Klelan-Javorowska (1969) has already reported the presence

of epipubic bones ig the skeleton of K. ggghgggggl. \
S, - o

Less compleue skeletons and Lsolated elements of
.allotherlan postcrania have been ldentlfled by varlous

authors and are llsted below. o o .
. . . . IS .
B o e

1) Cope (1882a) - an. astragalus and/ caudal vertebrae of

. ) Q:SIA}}
Iaenlolabls taoensis (Cope, 1882a). The astragalus,‘

redescrlbed -and flgured by Cope in 188ua, was later shown by
Matthew (1937) to. probably belong to a condylarth.Alt is, at
least, undoubtedly therian). However, Cope (188ua) also

£
descrxbed andqflgured a humerus andvulna of the same

~

'y
b

o
£



- fig..7g, and Cope, 1888, fig. 949).
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species; Matthew (1897, 1937) .did not discuss these. &
Although I have not studied the specimens firsthand, Cope's

figures . (1884a, pl.XXIIIc, figs. 3 and 43 1884b, fig. 4b,c)

appear to illustrate a humero-ulnar articulation of the ‘ /

—

condylar  type posseSSed'bx multituberculates (see Jenkins,

1973). B 4 | ) o

2) Cope- (1882b) - the distal extremity of a humerus of

Henlscoessus conquistus Cope, 1882b (figured by Cope, 188ub,

Co
3) Marsh (1889$ - a scdpula, interclavicle, astragalus,

and calcadheum of Camptomus amplus Marsh, 1889%9. Not all of

3 .
Marsh's identifications have been accepted (Simpson, 1%28a,

b; McKenna, 1960b, 1961). UCKeJna (1961) agreed that the ¥

-calcaneun and astragalus are allotherian but questioned the
identificéti0n4of?the'interclavicle énd prdviéionally
'referred the scapula, the type of C. amp us, to the

Harsuplalla. Harsh (1889) also figured the dlstal end of a

humerus of "Dlprlodon lunatus" (Harsh, 1889), a left

semllunar, probably of "Dlprlodon robustus" (Marsh, 1889),

and the pr011ma1 end of a femur of "Halodon sculptus" -

(Harsh, 1889). All- three species are now referred (see

¢ )
Clenens, 1964) to nenlscoecsus robustus (narsh, 1889); The
hupmerus and femur are Undoubtedly.allotheriah: the'sehilun@f 7

does not resemble the bone tentatively‘identified as a"

semilunar of Ptilodus kummae (see below) .

4) Simpson {1928c, p;Qj —v"seyeral associated foot

e



bones, five fragmentary vertebrae, the lowver end of a
scapula, a large part of a_humerus, ribs, and several other

fragments" assoc1ated with the type skull of

'S

RN

3 dochtatherlu attheul simpsoh (1925) from the Upper

Cretaceous Djadokhta Formatlon of Hongolla.v /

5) Granger and Simpson (1929) - several skeletal

fragments of Styglmxs teilhardi (Granger and Slmpéon, 1929)

including fragments of both.ulnae and ‘femora, the rlght

'humerus and 111um, the left t1b1a, a. phalanx, and lumbar,

sacral, and caudal vertebrae.v

6) Simpson (1937¢c, p.737) - “Skull,...ulth assoc1ated
femur, ulna, and some other fragments" of Ptlloggs monta_gg.

The postcranxal remalns lnclude left and rlght femora, a

lumbar vertehra, a proxlmal fragment of a phalanx, and the

olstal end, of a. left humerus; no ulna is present. ‘The femora -

are_deflnltely allotherxan, the phalangeal fragment is much
" too large’ to belong to the same 1nd1v1dual, and the humeral
fragmént, as Deischl (1964) prev1ously noted belongs to a

thérian.

7) HcKenna (1960b 1961)'—*redescribedvthe‘fragmentary_7

o

' scapulocorac01d of Diadochtatherlum and descrlbed two

partlal scapulocorac01ds from the Upper Cretaceous Lance

Formation of,wyoming, de51gnat1ng the latter as "Lance Type
e and "Lance Type 2." Cle:¥ns (196&), on the ba51s of size
and frequency, prov151ona11y allqcated the Lance Type 1 and

o e e o E—

Type 2 scapulocorac01ds to nesodma formosa and Cimolodon

142
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nitidus Harsh 1889, respectlvely (the scapulocorac01d
14

1llustrated by Jouffroy and Lessertlsseur (1967, fig. 11)vis

that of Mesodma formosa’ -not DJadochtatherlum as labelled)

> 8) Deischl (1964) - ScébdlocOracoids,'humeri, ulgae,,
radii, pelves, femora, t1b1ae, calcanel,_andeastragali from
a large sample from the Upper Cretaceous Eug Creek Anthllls

locality, Hell Creek Formation variocusly assigned, on the

basis of size and frequency'data, %o Mesodma thompsoni,
(

. Hesodma formosa, Clmexomys “‘minor, “gimolodon nitidus,

:styg_mx_ kuszmau11 Sloan and Van Valen, 1965, and Catopsalls

joxnerl Sloan and Yan Valen, 1965.

ES

9) Deischl and Sloan (in Sloan and van Valen, 1965) -

isolated_elements of nesodgg'thompsohi._

&

10%) Sahn1 (1972) - dlstal part of a humerus referréﬁ to

nesodma, prox1ma1 fragment of a femur of Mesodma’ Erlmaevus

(Lambe, 1902), and calcanea of Meso@ma’ prlmaevus and

Henlsggessus gaqpr (Russell, 1937) .

11) Jenkins. (1973) -'a left ulna (unldentlfled) ang a
right humerus referred to cf. C topsali is, both frcm the Hell

Creek Formation of Montana.

143
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'B) Materials and Methods

Unfortunately, prior to discovery of‘the type sPecimen
(03.9001);,the sknil, both louer jaws, several anterior
vertebrae, théfpect6ral girqies, the greatdt part of the
_forelimbs,»and some . caudal Vertebrae had neatheted out and

’werevdisplaced for a Short disfance‘aiongsan e¢rosional .
crevice descgnding from the skeleton. Fragments'of these
 anter1or elééénts were recovered by surface collecting and

by vashlng and screenlng the surroundlng rockxmatrlx. The

'sevenal teeth (left i1 and P4; rlght pl, m1, and P2 u); the
,‘distalvend of the right scapﬁlocoraéo;d, fragments of the
right»hu;erus,.proximal parts of both radii, a PIQX1R?1y'
segment of the right ulna, ten phalanges,'and three céudal'
vertebraeQ A55q¢iation of the isolated elements. with the

o

'attiz;:;}ed specimen_cannbt be subject to question owing to
the ~qldse proximity in which they were found, the v1rtual.

absence of bone in the 1nmed1ately surroundlng area, the

anatomical correspondence to comparable allotherlan skeletal
: oA

_——— e =

’montanus descrlbed by Gldley (1909)), the absence of

. dupllcatlon of anatomlcal pOSltlonS, and the close f1t of
- ‘some of the articular surfaces of apposﬂhg elements,wlth:;
N . i . . a . _

each other (for example, the humerus and ulna).

4

“The " specimen, as presérved in §ith‘ vas lying on its

"right 51de, which was the flrst 51de to be prepared. When.

¢ ‘k

- al,
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prepéred the right side was covered by a.uhi{e moldmaking
rubber (Sllastlc A RTV, Dow Corning. Corp ). The specimen was

then ﬂnverted and the 1eft 51de prepared, a mold made,_'

'photographs taken, and»flnally embeddeﬁ in a ligquiad casting.

o

Inc.). This technlque flrmly Secured the fragile -and

plastic (Bio plastic, Hard's'irtural Science Esteblishment,

delicate bones and permltted observation of both sides of

the Specxmen. During preparatlon, several of the Lones were

removed because they prevented preparation of more critical

’ : : * k¥
areas of the skeleton. Bones removed for this purfpose :

'uclude'l left calcaneum,_left ectocunelform, leFt metatarsal
,.three~phe1anges of the left pes, a paraflbula? (see

elow), an&{severel smaller fragments, 'primarily pedal

¢ et
Lo g

sesamoids. f _:»

The aftlculated portlon of the skeleton 1s v1rtua11y

v

complete posterior to ‘the anterior part of- the rib cage'

¢

(FlgS. 16, 17). The only portions of the pectoral llmbs

remalnlng 1ntact are a poorly preserved distal segment of

the r1ght° radlus7 most of the right? carpds (v1th attached»
netacarpal and complete dlglt I and the proxlmal port1on of

letacarpal II), and some mlddle and dlstal phalanges of the

left? manus. The tail  was obv1ously very long and had curled'

faround the anterlor part of the body. A ‘tentral segment of

Y

the tail, contalnlng at least ‘six vertebrae, had veathered

out prlqr to discovery.

Although theispecinen.(ua 9001) of Ptilodus kummae is

. .% l
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>f Figure 16. Ptilodus kummae, n. sp. (DA 9001) : left side of

n 1y\¢pmplepe postcrahial skeleton. CD
(folldved by number) - caudal vertebpae, E? -
epipub}c?‘bbne,{i (followea by number) - 1uﬁbarv
vertebra, LFE - left femur, LFI - left fibula,
LIS ~ leftlischiuh; LT - 1eft tibia, MP - manual‘
phalanges; PP ?4bedai phalanges, RR - right |
astragalus, RCM - right c#lcaneum, RCS - right
carpus, RFE - righﬁ femuf, RFI’-.right fibula, RT
- right tibia, S (followed by“number) - sacral -

vertebia. About x1.5.
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Figure 17.

Ptilodus kummae, n. sp. (UA 9001): right side of

nearly comﬁlete postcranial skeleton. CD
(followed by number) - caudal vertebra, L
(followed by nqhber)»— lumbar vertébra, LFI -
left fibula, LT - left ilium, LIS - left ischiunm,

LT - left tibia,_nP - manual phalanges, PP -

'pedal phalanges, A'-.ridht asttagalhs; RCH -

right calcaneum, RCS - rlght carpus, RFE - rlght

femur, RFI —vrlght flbula, RI - rlght i1lium, RT -~

right tibia. About x1.6. N
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Comparative material of all the known art1cu1até®

postcran1al remains, and many disarticulated and fragmentarw

A

bones, of North American multituberculates was avallable for »f@

ST
this study. Structural features exhibited+by theSe - T A
c0mparat1ve materlals, but not by UR 9001, are also o }& ::

described below. For each bone, or serles of bones (1n the

case of ve;;ebrae), a description of UA 9001 followed by a
description of ether,kbuf pore complete or better-presef%ed,
‘specimens of that eiement or series of elements, is
provxded It is essentlal to empha51ze, however, that
structural 1dent1ty of the - varlous postcranlal elements of
different multltuberculate taxa is not implied by ‘this
procedure; it is simply:#ﬁlended tovprevide an outline of
shat may have been the ba%}c-structural.plan, at least for
'ytilodontoids and iaeniolabidoids;‘It'appears that, |
'generally, the. amount of structural varlablllty in knowh

k

postcranial bones between . ptllodont01d and taen101ab1d01d

-

species isvnot great.

Comparativc materials described, or otherwise used in <;~

"this study, are as follous. :' ' o )

a) USNH 6076 - 1ncomplete skeleton, Ptilodus montanus,.

L

Gldley qmgg y, Fort Union Formatlon, ‘Montana.

b) Aﬁkﬂ 16325 - 1nc0mp1ete skeleton, Eucosmodon Spe,.

£

Nacimiento Fdrnation, New Hexxco.

c)'UHVP 1414 - ulna; Hesodma formosa’ Bug Creef



o

UARZg,'Ravenscrag Pormatlon, Saskatchewan.

Anthills site, Hell Creek Formatlon, ﬂontana.

)

ﬁ@ d) UMVP 1417 —‘lSChial fragment, Mesodma formosa’ Nuyg

;Créek Anthills sxte, Hell Creek Formation, Montana.
m» Lo '

. e) UA 11992 ~ distal ftanent of righ@?scapulecorarnid,
Unidentified multitnherculate, Bug Creek Anthills site, Hell
Creek Formation, Mejntana- _' Y | |

. f) UA 11994 - d15tal fragment of humerus, unidentified
nultltubercuégte, Bug Creek Anthllls 51te; Hell, Creek

Formatlon, Montana.

—~

9) UA 11995 -~ proxlmal fragment of t1b1a, unidentlfled‘_

-multltuberculate, Bug Creek Anthllls 51te, Hell Creek

R:l

Formatlon, Montana, _ .

_h)vﬁA 11996 - parafibula?, nnidentified ' ’
m“ultituber.culate, Bug Creek -Ant’hil/fls,s”vite', Hell Creek
Formatlon, Montana.

i) UA 11300 - dlStal fragment of humerus, Ptilodus

v

ummae, 51te UAQZg, Ravenscrag Formatlon, Saskatchewan.

———— i

j) UA 11302 - ulnar fragment, Ptllodus kummae, 51te

'
&~

.ﬂk) UA 113071 - prox1mal fragment of femur. Ptilodus

kgmgae, site UAR2q, Ravenscrag Formatlon, Saskatchewan.

o -
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(C) DESCRIPTION

. (i) Osteology of the Postcranial Axial Skeleton
“’X"ﬂ V ’ N

{a) Thoracié seri=s

(v

QA 9001.- If the number of lumbar vertebrae is

-

correctly 1nterpreted at seven (see below), then there are

preserved in UA 9&%1 seven posterlor thorac~c vertebrae; the

.more anterior thoracics vere»not.recovered. The preserved

« - N . : 6‘ N ’
thoracic vertebrae are variously disarticwlated, crushed,
o ro , , ’
and fragmenteqi(Figs. 18, 19) .
The centra ln the posterlor part of the thoracic series

are platycoelous. Theeanterlor;artlcular end of eécn'centrum

1s transversely elongate, almost Tectangular in outline, and

o

' _ , . N
1ts concavlty, althOugh shallov, is situated along the .
tventral half of. the artlcular surface' the dorsél'half is

almost flat end;ascendeppquuely anterodorsa;ly. The

- posterior articular end is almost circular in outline,

except for a slight‘dorsal flattening, and is shallowly

Lconcave. The lateral marglns of the anterlor end extend

anterlorly for a short d~stan£e and artlculated with a

laterally rcunded facet on each 51de of- the posterlor end of

tpe precedlnq centrum.}

- Cranial costal foveae, or demifacets, are clearly

! ~

visible on the ventroleterél margins of the anterior ends of

the fourth from last and antepenultimate thoracic verteBrae(
) o N . - )

.
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Figure 18.'Pti;9dus kummae, n. sp. (UA 9001y,
stereophotdgraphic pair: dorgal view of thoraci¢
and lumbar vertebral series. L (followed by

' number) - lumbar vertebra. About x2.1.
v
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»

Figure 19.-Ptilodus kummae,Ln. Sp. (UA 9001y,

stereophétographic pair: ventral view of
thoracic, lumbar,‘ahd sacial vertebral-series. L

}(fbllowed by number) - lumbar yértebra,»s
ifoiloﬁed'by number) —,sacral’;értebra; Abou;

x1.3..
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The terminal thoracic vertebra is'tehtatiﬁely.identified as

‘'such by the presence ofga'less clear and'smaller cranial

demifacet.

Two shallow fdssae; separated bf'a:median'crest, or
keel, mark thegyentral surface of each~ef the thoracic -

centra of UA 9001. . ' o _ ‘ | ped

The bed&cles on each of the preserved thoracic
vertebras are. shorter tha& ‘the 1%m1na and the vertebral
canal is consequently transversely elllptlcal *n'frontal
sectlon. The 1am1nae of the ultlmate ‘and what is ‘taken to 5é
rlngltta 11y
< g ""or neﬁﬁfgy/

ﬁyderate;

the penultlmate thorac1c vertebrae each gl

\| . s,

~sp1ne. The splne of each thorac1c venieb »

s sectlon, the acute angled
4

_length aagbls trlangulae'
apex of the trlangle b5‘

:margln. It appgars thaw,;f

. . &0 A ol e . . .
spinéus processes, at léast farl posteriorly in ‘the thoracic

1 The presence or absence of ribs 1s the traditio al
criterion employed for differentiatg between -tle thorac1c
and lumbar regions (e g. Todd, 192 fchultz ang’ Straus, .
1945: Schultz, 1961) and.is also use@{here. Other workers
{e.g. Washburn and Buettner-Janusch, 1952; Ankel, 1967) -
prefer to delimit thes two Series by the orientation of the
zygqpophyses,_the cha ge alwﬁ&s ‘occurring within a 51ngle
verfebra, that is, the "diaphragmatic vertebra". This . =

- vertebra bears thoracilc zygapophyses anteriorly ‘and lumbat
ZY9 og ses poeterlorly. Ankel (1967) has called this

. vertebra the "anticlinal vertebra" but this is 'in contrast,
_to Slijper's (1946) usage of the terps anticlinal and

" .diaphragmatic vertebrae, the former indicating lntermedlacy

of orientation of the neural spine, the latter 1ntermedlacy

of zygapophyseal orlentatlon. Slijper's termxnology 1is

adopted here.m

Lml
=y

o
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series and anterlorly in the lumbar series, uere of low’
k‘
enough inclination to be wedged between the posterodorsally

directed postzygapophyses of the precedlng vertebra 1n a
tongue in-groove arrangement. The splnous process of the

P

thoracxc vertebra 1s more vertlcally

antepenultlmati
llncllned and the a t1c11na1 vertebra is probably the fourth-
fromjlast.thora01c. The varlatlon in 51ze and attitude of
Athe'spinous processes of the remelu;ng, more anterior

- thoracic vertebrae cannot be. determined as the spines are

either ‘crushed or'broken‘auéy.

The zygapophyses are- dQVeloped as promlnent;‘:p
protuberant processes, the prezygapophyses fac1ng.
ventrolaterally, the postzygapophyses dorsomedlally‘,
-‘”rldges, one pa551ng anterlorly from ‘the dorsal aSpect ¢£

. oy
pach postzygapothSLS, converge along the dorsolateral

g 'M N

‘.uarglns of the neural spxne,'and meeﬁ at the splne s dlstal “
/

termlnus. The prezygapophyseal facets are . cdncave, the

fpostzygapophyseal ones convex.’ -
;; N ' ' f;ﬂ-‘ BN

o S ‘ ) . ¥ )
~ The diapophyses of“the thbracichertebrae a ~:de'veloped

N P . . R

: X : E A N
on the lateral walls of the pedlcies as low, horlzontal '

iriﬁges'thatiprovided'artlculatlon for the rlb tubercles. A
smeli;'short process dlrected posterlorly arises fgum the
reduced'diepophysi5~on'at.least'thevsecond—; thlfd‘ and’
four%h-from-lesr.rhoracic vertebrae;vnone'appears to be‘

‘developed3&n the last thoracio, C L

ST



k2

IR (b).LumbarvSerieS'
J‘e_ o . n.

OA- 9 01.- The 1umbar vertebrae, with the exception of

_.the flrs are tlghtly artlculated with one another (Plgs

18, 19). The pleurap0physes, directed anterqyentrolaterally,

become progressxvely longer and wlder posterlorly and less

'~p01nted, ‘that is, more truncate, dlstally.

L)

Theuseventh.iumbar vertebra is mapkedly different from

~ the preceding six in that thevpieurapophyses were positioned

perpenaicular to the sagittal plane.:'

id ventraL‘keels‘are; as on the thoracic vertebrae,'
developed on® the lumbars,‘at least anterlorly.-I

anteroposterlor sequence the 1umbar vertebrae becomef

'1ncrea51ngly 1onger and w1der, u1th the exceptlon of L 7,

ihlch 1s Shorter buat stlll;wlder than - L 6 (see Table 2&)

From L 1 tol 7 the SpanuS processes become more slender

and more erect (but still 1nc11ned anterodorsaIIY), and the

vzygapophyses beccme more robust.

s

. 0 ther Haterlal.- The splnous processes on the known

e e i e st i S S

'1umbar vertebrae of Eucosmodo sp. (Granger and Slmpson,

1929) are much more yertlcar ; orlentatlon than are those

of P.'kummae.'Tnis"feature;ta uell aS'the “well developed

\'pleurapophyses, 'ndicate that‘the lumbar vertebrae‘knoun‘in

the spec1men of Eucosmodon sp (AHNH 16325) are probably well

posterlor in the serles.~,8 - ' S N

- =

Lo : - - A 5
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Table 24. Measurements of vertebrae of UA 9001'(Ptilodus_"

' Vert. Length Pre-

P

. to Postzyga.

ca 2
CdIBAj
‘.cd A‘
ca s
Cd'6}
ca 7

ro

'CQ_9

cd 8

cd 10

Cd 1672

cd 192

v
ca 182

Length

kumnae, n. sp.).
Width .

#idth

Ridth Tr.

Centrum Prezyga. Postzyga. Processes

7.8x%

10.3x%

°10'o u*

13.6%
1&.9*

19.0#

11.0%

8.9%

8.8%

10. 7%

10#“*
9.9*

9. 2%

8.0x%

160



Table 2u.‘(continued)

cd 207
cd 21?2
cd 227

cd 237

cd 247

——— — . —— - T e - ———— — ——— S " o — o " oy —— e — - -t = e i -

‘Hﬁ?o

sxapproximate
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(c) Sacral Series

_A 9001.- The first sacral vertebra is slightly shorter

T -

than the termlnal lumbar and bears short anqystout
transverse processes (Fig. 19) . The transverse processes a:e
directed laterally and slightly posteriorly. In ventral

view, the anterior half of the terminus of each frocess of

-

s 1 is flat and parasagittal in orientation; the posterior

half is concave and is directed posteromedially. Thevventral

L4

surface of the centrum is4esééntially flat; posteriorly the
centrunm expaﬁds slightly transversely to accommodate the

centrum of S 2. The fusion between the centra of S 1 and S 2
appears to have been.incompletelas'theivare diéart}culated ¥

'

*in UA 90071..

"The second sacral vertebra is less robust than S 1 and
) R . 4 ) , N
is firmly synostosed with S 3. The transverse processes of

S'2 are oriented obliquely anterola:erally and probably.

contacted the posterolatera}lf.directe@ tr e processes
of .S i, thereby jointly providing 3an auricular_facet for
articulatipn with the%ilia. A prominent pair of ventral
foramlna occur 51de”bf 51de near m1d length on the centrﬁm

of S 2. , ‘ : . -

~ The.position of the line of fusion between S 2 2and s 3
is unclé;r but it is thought to be just anterior t§ the‘
‘transverse.procésses, vhich ére short aﬁd project
~anterolatera11y,Aof.$'3. As preser#ed, the 5ulkxof S 3 énd

its articulation with the next posterior centrum are

g
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obscured ventrally by the proximal end of the left femur,

vhich overlies them. Dorsally, althouqh the posterlor sacral

o

vertebrae are qulte fragmented, it ‘appears thaé the centrum
of S 3 is fully fused Ulth the next posterlor one,

'1nd1cat1ng that the specimen has four sacral Vertebrae.

- -
'

At least on 5 3 and S 4 a promlnent medlanrsacral crest_
is developed dorsally. The centrum of S 4 is elongate “and -
: relatlvely narrow transversely.pIts tranSVerse processes are‘
broken away but, from thelr bases,'an anterolateral
orlentatlon is lndlcated A promlnent ventral foramen is
developed Just posterlor to mld length- and Just to the rlght'
of saglttal on.S- a° posterlor and lateral to this: foramen
are developed palred and smaller foramlna, one- on.the
posterlor part of the base of each transvexse process.ﬁh;
fragmentary haemal arch Js preserved in assoélatlon Hlth the”
posteroventral margln of the centrum of 5 u. The dlstal
parts of the two prongs of the arch are broken away but,f
proxunallyﬁthe prongs are jOll’led by a- crescentlc - \.

crossplec presumably homologons to the 1ntercentrum and\

prlmltlvely preSent in the tails of reptlles (Romer, 1956)b .

. D
- . . \‘f] M .
(d) Caudal Series”

UA 9001.- Lessertisseur and Saban (1967) have separated

the caudal series into two types of vertebrae; anterior g0

caudals and posterior caudals, the latter of which lack,



vertebral arches and have reduced or rudiment@r% Frocesses.

The tran51tlon is gradatlonal however, and, although not

all of the details of the- anterlor caudals can be seen, it

is thought that the specimen of P. kummae possessed at least

. . . : \
five, probably six, anterior caudal vertebrae.
The transverse processes of €d 1 to Cd S5 arise from

almost the entire length of the centra and are‘pdihted

.dlstally (Fig. 20A) In dorsal view, the anterior margins ofgﬂ

the transverse processes of Cd 1 are orlented obllquely

enterolateral posteromedlally. Oon succeed*ng caudal

vertebrae the anterior margin becomes progressively more .
perpendicular to sagittal in orientation. The posterior
margin of the transverse processes of all anterior caudals
are slanted anterolateral- posteromedlally. A forampn plerces

the posterlor base of each transverse process of at 1east cd

1, Cd 5.,and Cd 6; this area is not visible on Cd 2-u.

The centrumiof ca 1 is only Slightly"lehger then‘its,
Uldth. The remalnlng anterlor caudal vertebrae bec0me
progressrvely longer, the nost rapld 1ncrease occurrlhg
betueen Cd 4 and Cd 5. (see Table 2u) The artlcular ends of
the qentra of Cd 1 to Ca 6 are not glearly visible. Twe
zygapophySes of Cdi1 to Cd 4 are‘lerge-and well develoéed;
on Cd 5. they are reduced ‘and on Cd 6 the prezygapophyses are

reduced, the post2ygapophyses rﬁdlmentary. The

'rezygapophyseal facets on the anterlor caudals face

dorsomedially, are’sl;ghtly concave, and artlculate Ulth the

e S
f‘lz s
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WFigute 20.. Ptilodus kummae, n. sp. (UA 9001,
' . .
sterepphotographic pairs: (A)dorsal view of |
sacral and caudal vertebral serjies, about *2.2,
and_(B)éaudal vertebraéJin, from.tdp to hottonm,
- lateral, dorsal, «and ventral views, respectively,
about'xu.1:‘cﬁ”(follbwed by number) - caudal’ o

vettebra, HS - haemai spine, S (followed by

number) - sacral vertebra.
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:vpdstZYgapophyses,‘whlch, correspondlngly,bfacev»t’.v i
?Zventrolaterally and are sllght1§ convex. A deep, u- Shaped SR
.?notch separates the pOStzygapophyses posteromedlally.,The
[fnotch separat1ng the prezygapophyses anteromedlally is. 1n‘;
-.the shape of an. open V.‘The SPLnons processes oﬁ Cd 2 to Cd L
f;6 ‘are centrally 1ocated along the dorSal 1ength of the' -
‘ecentra,‘are nearly vert1ca1 1n orlentatlon, and decrease.b
“progre551vely 1n helght posterlorly such that the sp1nousﬂw"'
'process of Cd 6 1s nerely ‘an elongate, lov, saglttal erest:‘ze ,”’:"
The neural splne of Cd 1is hldden from v1ew as Cd 1 wasi ; f‘;;ﬁ‘g'"
k"”dlsplaCed after death to A posrtlon beneath Cd 2.ru. L f' .
The haelal arches\ventral to the anterlor caudal
rtebrae are relatlvely large and well developed.‘The,F”
canals formed betweeh the xnterbentsa\and the arches are o df'»\\\\
: dtriangular in cross sectton, "the aplces belng dlrected ,H;;v
" ventraﬁ}y. The haenal splnes betueen;Cd 1’ and Cd 27 ‘and Q;f' _ -3.3
“betueen Cd 2° and Cd 37 (the splnes are somewhat dlsplaced

2

idfrom the centra) are 1atera1 '-compressed, spatulate ;n side
\'»-v1ew;vand were slzghtly 1ess than ger?endicﬁlar to/the o J{_ ' Ly
ntra in orlentatlon, Further posterlonly, the splnes ,
z?dbecome progre551vely 1ess perpendlcular, prOJectlng
anteroventrally unt11, as seen on Cd A2 and nore posterlor
‘caudals, the arches are parallel to the centpa. The haemal
v‘arches and splnes sxtuated between the centra of¢Cd 37'to Cd
e are either not preserved in Un 9001 or: ate hldden from ;ﬁ
\ view by the overlylng 1sch1a. The haenal splne betueen Cd 6.

Y

and Cd 7 dlffers fron those descrlbed above ln being f
. ,,\" B

cou

L °



_ ot f' N

\g dorsoventralln~depressed and spatulate, rather thanf

a3

:Q_. laterally compresséd and spatulate. The dlstal tetmlnus of }

\ .
the haeaal splne of Cd 6 is eVenly rounded 1n ventral

?.profrle,-i‘

%o 28 gertebrae (probably about 26)

nunber of caudal vertebrae Can only be estlmated.
M r'd

: The flrst four conplete proxlmal posterior caudal vertebrae

4
preserved xn UA 9001 (an anterlor fragmemt of the flfth (Cd
o

11) 1s also present) are Stlll very sllghtly 1ncre351ng 1n

poster;pr to or 1s Cd 10 (F1gs. ZOA, 21) If thlS 1s 'S0y and

consrderlng_the lengths of the 21 preserved caudal vertebrae

(see Table zu), it can be estlmated that the tall of the-

spec1men vas probably betueen 160 and 180 am, long and had 2@

-

on Cd 7 to cd 10 are developed palred rudlmentarr
prezygapophyses, rudlmehtary transvérse processes, small

pa1red processes anteroventrally, and a@low, elongate

o

splnqps process, all of vhlch decrease in, 51ze posterlorly.gf

T

The centra,are elongate and cyllndnlcal, expandlng sllghtly

at thelr extremltﬂes. The 1ntercentra and haemal arches on

- .

Cd Twto Cd 10 exhlblt trends 1n1t1ated 1n the anterlor
‘\.

.‘

_ caudal vertebrae, whlch have been descrlbed above. The

haenal splnes, hoveven. beglnnlng/at Cd 7 bear "3, g- shape&

notch saglttally on the dxstal ternlnus, rather than belng
EN

evenly rounded as om Cd 6., f,-' o S .*3

. f. o
12 . . . . * -

"~

. B R ° I
w - 2

" . . s o . . : S R

'The‘positions‘of.the*ﬁhree ¢audal vertebrae recovered.’

a

- 19“9th posterlorly, that 15. the longest caudal vertebra 15;,51
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- e . ,
'Plgure 214 g;;l__g_ ngg_e} n. sp. (U1 9001),‘ . L ;'l"" :
- .ESteteOphotograggzc palrs- (Ayventral V1ewvof
‘f;.. Vprrgxlmal ‘caudal . véttebrae, ;bout x1 2, and ,‘

Z(B)wenhtal v1ew oi dlstal caudal vertebtae. about
‘:12.2. cp lﬁolioyed’by number)'- caudal vertebra,






ﬁ__lengths,'or est;nated lengths, ﬁre glven

©ca 20? to ca 23? )Uﬁllke ca 15? -ca 18 and ca 197'

e "';‘..j : /' .‘ A" u i ‘,'_ | : : 171 o

' by wash;ng and screening are uncértaln. govever,. £or ease of
reference, the thre; Vertebrae vlll be :Lferred to as Cd |
‘_16?,_Cd 18?,kand e 19?, which should be close h f_
approxlnatlons Of thelr corﬂect p051tipns (Fig. ZOB). Therr.

A

in Table 2& Thej

~processes and crests therved on Cd 7 to Cd 10 are bnly

.\;~<

_:_7slzghtly developed 6n these caudals. In la eral vleu, the<'

orsally cdnvex and ventrally c ncave.~The f-t k-

prlnary dxfference from cd 7 to Cd 10, hou Ver, is that the

* T

The tern1na1 segment ’

the tall is preserved 1n
‘f59001 and the 1ndlv1dual centra\are tentatlvely labelle
a

vCﬂ 20? to’cd 26’ (Plg. 21B). emal arches are preserved on

,'B

'ﬂfthuever, the arches are not fused to the centra and are o ah"”

T;exceedlngly delxcate struCtures that lie parallel to and.
A

e beneaﬂh the centra._The postegﬂbr n1d~Ventra1, U shaped
otch 1s nuch deeper than the anterlor notch on Cd 20? and

:v'ACd‘21°: on Cd 22’ and Cd 23’ the notches are equally deep.

gther Haterxal.f»structurang very sxnllar to’those of

ngnae, the knovn caudal hertehrae of Eucosmodon sp.v; -

'”7(LHNH 16325 - Grahger and Slnpson,(1929) and Stzg ays

ot _g;lharg; (AnNH 1602u - personal observat;on) are relatlvely

K \N ® A
large and robust and lndlcate rather large and heavy taﬂdS»;,

‘! o ) . : o . o .4,,\—\,,.’?/-

R
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for allﬁthreentaxaf.

e

(e) R Lbs L

UA 9001.— Fragments of at least flfteen rlbs, belonglng

, tOJboth left ‘&nd right sraes, are preserved in UA 9001 (Flg.

&

.neck and the body of  the rib is’ elllptlcal in cross ssirion.

The moré anterloE rxbs (exact p051t10ns cannot be * o
- Q
ascertalned) have a longer nesk regxon and a less open

A
dorsolateral "angle" The ribs exhjbit a longer e111pt1cal

K . .

*~cross,sectionvat the angle in the hore,anterlor rlbs.vThe

4 - X K .

" surficial ereﬁ‘of"the tubercular faéet is larger than that -

of the capltulum ln all of the preserved fragments. ' ,
/o . e . o ' . .



Lo v

Figure 22. P_;l d s kunmmae, 4h, sp. (UA 9001), .

stereophotographlc palrs- (h)left 51de, about

x2.3, and (B)Elght 51de,‘about x2. 1, shoulng

L . , .
"~ /f£ragmentary ribs. C L. - '(

o
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o . . . . A'v‘ " ‘."'_ . .L‘) . . .

‘:(ily:osteology of -the Appendicular skeletonf

2 B
! . .>nn " .V\‘ . v‘ . . 4-
K ';wi 'l.(aY_Scngulocoracoidw‘ "

A -_A 2291 .- The rlght scapulocoracorﬁ is represented bY a-

jﬂsnall dlstal fragment froam Vhlch all ‘or most of Whe fused .
-‘coracold has been broken auay (F;g. 23). he 51ze of. the " d,ﬂ :
',area of’breakage xndlcates that the corac01d uas large_-";
tfrelatlve ‘to: that of nost therlan mammals.‘The glen01d fossa

‘is shallow and, 1n ventral outl1ne,.ls pyrlform, belng broad

( a

f’and obllquely flattened along tbe posterlor surface and

Q‘tapered gradually tovards'the corac01d.,, } 'f;. if_ T

The ventral base of the scapular splne 1s 51tuated
'about 1 1.mm above the lateral border of the glenoxd fossai»
but, Lmnedlately dorsal to 1ts orlgln, sveeps anterodorsally

oto hecome the cran1a1 bor‘er of the scapular blade. The

.

suprasplnous fossa 1s therefore llMlted to a Small area'

dorsal to the corac01d as 1n other known multatuberculate
.

.e?_scapulocoracoids (see ncKenna, 1961, flgs. 1= 3). The i
_1nfrasp1nous fossa of UA 9001 1s relatlvely expan81vevand,
.”lfalthough the nore proxlhal parts of the blade are not o
%‘preserved, presunably occupled alnost the entlre lateral
: tsurface- R _.4; . "_ ) '\hv L | |

. ’;,,~9' ‘.f“.'[ . " - _ o
On the costal surface of the scapula is developed a low"

’_rldge that parallels the cran1a1 border and extends from

near the nedlal rlm of the glen01d fossa posterodorsally for

i
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‘rigure 23. Scapulocoracoids of g&;;_ggs k mmgg h.‘sp. (UA

T/

9001 - left) and unidentified nu;tituberdulate.

Hell Crgek Fo:nation (UA 11992 - rlghf) in

1(A{1atet§1 (stereophotographic pair) ; (B)medial
.(stereophot§gr§éhié’paif); qnd (Cyventral vievs.

¢ - coracoid, GP - glénoid fossa, IF -
'ihftdspinous'fdssa,‘sS‘— écapﬁl@: spiﬁé.kgbout

5x§,8.f-‘
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approiinately 3 ma. A shailov, elliptical'fossa.“carryihq a

pforanen'%ear itsxcenter; is developed posterolaterally on. o

the costal surface. Its Pésterodorsaillimits'cannot be

deterninedpbecause of'breekage.p ‘ . N

o

g_heg ngter .~ UA 1199&‘.3 right scapulocoracoid of e \\\

an unxdentified nultltube‘culate from the HeLl Creek ;

F—

coracoxd preserved (Fig. 23). The.

o\"

- coracoid is indistxnghis ably synostosed Lo the scapula. is

Fornatlon, has the entir‘

transversely expanded to a sllght degree dzstally,‘and,y-,
. together wlth the: glen01d fossa of the scapula, provided a - .

1arge artxcular arc (approximately 90°) to recelve the head
of Jhe[hu-erus. U B
s B S
Y large part of the d15ta1 portlon of the scapular ) . ,
-spine, but not the acromlon process, is- preserved on Uh\ - 0

'11992. ‘The splne projééts 1aterally and then posterlorly,

: ! o :
transcrlblﬁg a broad quarter c1rcu1ar arc (1n frontdl L A

El

l'sectlon) and thereby prov;dlng an extensive area fom nu5c1e L

R

attachnent anterolaterarlyg . o
- L . e,
rd ¢
! . N . 5 N 0 —
S I T f(bj HuleruSQ' : ey - I
) . I . ¥ .

UA 9001.— For descrlpt1ve clarlty the humerus u111 be
d_treated as 1f lylng 1n a horxzdntal plane,'as rp
-iynon—cursorlal namnals 1n general (Jenklns, 1971b), ‘such that S -

the elbow aud shoulder jolnts_are_at orvnear the sape level.
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The hﬂmeral head is represented by four small fragments .
that provlde llttle rnfornatlon. The size and curvature of
the hemlspherlcal head 1nd1cate that it does not belong to,

'the femur,'a cencluSLOn ‘that 1s supported by comparlson with

2

,the humeral head of USNM 6076, ‘the spEC1men of P. mo B&Q.E_

o from Gldley Quarry. Furtherlore, both femora have been

. T
completely preserved in UA 9001.

\
L

The dlaphy51s 1s 1ncomplete, but the’fragment recovered‘
shows that the humerus 1s moderately short and’ stout (Flg.'
'2a). The deltopectoral crest is deveﬂbped ventrolaterally.
| Prox1ma11y, the crest produces an acute-angled corner on the
shaft dlstally, the crest assumes a more - ventral p051t10n
and becomes 1ndlst1nct. At approx1matd1y mld—length on the
‘dorsal surface of the dlathSlS two small dlstallx dlrected
nutrlent foramlna are developed* A shallow groove extends/

eproxlmally for about 2.4 mnn from each foramen.ﬁ

»Dlstally the shaft expands laterally, g1v1ng rise to a
promlnent ectep1condylar crest, whlch is not preserved in
'1ts entlrety. The ecteplcéndyle 1s uell developed and

Vextendsvwell out fromvthe radial condyle.

The radial condyie'(capitulum) is 1arge’and snheriCal.‘
‘mdventrally and extends as a broad llnear rldge onto the'. |
dorsal surface. Ventrally, a shallow: groove Separates the
rad1a1 condyle from theé egteplcondyle. The ulnar condyle,

'separated fron the radial. condyle by the wlde 1ntercondy1ar -

"groove, is elongate and uraps around the distal end of the



_ Flgure 2“.

Hultltuberculate ‘humeri in. (A)ventral, and

(B)dorsal v1ew, stereophotographlc palrS' Top -

Jun;dentlfled multltuberculate,AHell Creek

Pormatlon (UA 1199&), sec0nd.from Fop - Ptilodg§

kummae, ‘n. sp. (UA 11300), second from‘boﬁiom -

Ptllodus kummae, n; Sp. (U\ 9001). boftoﬁ =

_-Ptllodus montanus (USNH 6076). DC - deltopectoral

crest, EC - ecteplcondyle, EN - enteplcondyle, IG

- 1ntercondylar groove, RC - radlal condyle

v RN

'(capltulum), UC - ulnar condyle. About x2.2.

L






humerus. The extensor surface, 51tuated dorsally, is .

or1ented prox1molatera11y. its flexor surface, sxtuated

ventrally, proxlmomedlally,p .j*:’ L .- . .
. L ) ' ! o .

) N

* .Other Haterlal.— The olecranon fossa is- not preserved

on the humeral fragment of UA ;P01. Hovever, URA 11300, a -

dlstal humeral fragment of P. kummae from the same 51te

o

_(UARZg) shovs that the fossa vas deep and perforate, as it

: . ‘7,3'.“:
. <
The llnear ulnar condyle, in dlstal v1ev,‘1ntercepts

1s in P. mggtanu§ (Usnh 6076). _f

A

the 1nterepic0ndylar axis at an angle of approx;nately 72°:

on UA 11300 as - vell as on the humeral fragnent of P. ;'}

/

nontanus (nsuu 6076). The enteplcondyle is not preserved on

e1ther UA 90016§E?UA 11300 but a dlStlnCt groove separates,-,

;;if/froa-the ulnar condyle..uore nearly complete humer1 of‘.-

multltuberculates recovered from the Hell Creek Fcrnatlon ln

ONVP and UA collectlons (for example, UA 1199“, see Flg 2")

-shov that on these the enteplcondyle ls much larger than the~yi

ecﬁeplcondyle, and that 1t prOJects dlstomedlally as a’

broad, dorsoventrally depressed flange of bone and bears a.va

vell developed enteplcondylar foramen (See also Jenklns,

no . .

1973, flg. 19{.

o '9001.- The rlght ulna is represented by a suall Ll

proxlnal fragnent hrohsn sllghtly dorsal to the radlal

-

'182”f'
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. ‘ | (11 c fo T
notch; the leftxulnay'or'fragnents thereof, vas not . —

recovered. e T e , R . C -
e g ' "Lm o o R : ‘ S

The olecranon is. four—sxded, laterally compressed,‘and Wi"
extends approxlmately 3 ‘5 mm)dorsal to the proxamal rlm of
_the semllunar notch (Flg. 25) . At 1ts posterodorsal apex the'f
olecranon is. 1nclrned medlally. The art1cular surface for
the radlal c¢ndy1e of the humerus is presented as a.T
promlnent flange on the dorsolateral corner of the semllunar iff' t%?T
-”notch Dlstally,.this artlcular Surface is 1ess expanded g
laterally and extends to ‘the top of the rad1a1 notch._The.
- ulnar condyle of the humerus 1s=accommodated by a smooth,;p
:.deeply concaWe, artlcular surface ‘On - lhe ulnaf’whlch ‘
nlprox nally 1s expanded nedlally by a th1n shelf but dlstally'r
Ils narrouer and occuples the nedlal two thlrds of the_" A
‘semllunar notch. The proxlnodlstal axls of the: facet for the e
fulnar condyleﬁls obllquely orlented (estlnated'at about 10°)
"to the ulnar shaft. The artlcular“surfaces for the ulnar and“ i
hradxal condyles on the ulna are separated by a. prcmlnent ,,??
'_rldge, the trochlear notch, uhlch 1s orlented\sllghtly | ‘
‘obllquely (pr011molateral dlstomedlally) to the axis of the tihl'ﬁ

| ulnar shaft ‘and artlculates ulth the 1ntercondy1ar groové\Qn
N = . Lo : . \\

.

:the humerus. The' trochlear notch 1s extended f- 14ﬁ@] f,x-h' ST
‘h.proxlnoanterlorly lnto a vell developed anCOneal process
R that f1tted 1nto the olecranon fossa of the hunerus when “the

elbov j01nt vas extended.-p :

3 RS

Other naterlal.-'Uh 11302, £~u1nar fragment of P.
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'Figute.zs.
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il : .8
g o . .
' . o, o R
-~ - L, . N e e .
s
Cd -

e
h—-
o)
P
s
-l(nvv
!” -

'dlagram of récohstructed ulna (UA 9001 ahd UA

11302) 1n (A)medlal,.(B)anterlor (thh rad;us of

UA 9001 added to shov attlcular relatlonshlp),

'f‘;and (C)lateral vxew. AP - anconeal process, CD -"”
3‘cap1tu1ar depres516n,”CR -:artlcular surface for
;frad;al condyle of humerus, CU - artlcular su*faceld

_for ulnar condyle of huuerus, o - olecranon, RN —,

l

»;radnal notch, TN - trochlear notch, UT - ulnar

:ggé n: sp. (UA 9001)- camerh lucida |

RS
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ot N

-\ R

.‘ RS | | |
.;g!!ge from sxte hRZg preservzng the dxstal half of the‘

senxlunar notch and a arge part of the shaft, affords the R

followlng descriptlon and tontrlbutes, long w1th UA. 9001, T
L . ’ (’ N
‘to the reconstructlon in Flg. 25. . - .
' U o - v fﬁ': h/ : ' - "-, IRCEE
The radial notch, whlch artlculated wlth the artlcular

C1rcunference of the radxus, is a 1arge, shallou,.concave

facet dlstal to the articular surface for the rad1a1 condyle‘:

,and both 1ateral and d1sta1 to the artlcular surface for the

ulnar.condyle\of'the humerus.'x L

M

Dlstal to the senxlunar notch the shaft of the ulna'

'beccmes narrouer transversely. Just below “the artlcular |
esurface for the(ulnar condyle and nedxally on the shaft, a
‘raised long;tudanal rldge, the ulnar tuber051ty, borders a
lateral depressxon.;h nutrxentéforanen is sxtuated at the~£._. »

ventral base of" thlS depre551on. o ER- I

R

,ulnae of UA 9001 and UA 11302 ase‘g:t preserved

5bdlsta11' ‘but the shaft of a 51ngle speCLnen (UHVP 1“1@) fron' |
”the H'11 Creek Fornatlon, descrlbed and tentatlvely referred B
to Hg__dna fornosa by Delschl (196&), ‘is’ conplete e;qept for:‘
_ the dlstal artlcular surface. Near mld 1ength,_theoﬂ1a;hy51s
';s; in cross sectlon, in- the shape of an 1sosce1es trlangle,h‘
the . base belng 51tuated anterlorly and the apex at the
Abosterlor border._Distally the . shaft arches posterlorly and

v \
‘becones luch snaller in dlaneter and cyllndrlcal.

R I ce ' . o ® . R

\
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(d) Radius )

UA 9001.- The head of the radlus is 1rregular1y
‘ellxptmcal in dqrsal outline and is hlgher posterolaterally

’than_anteromedlally (Figs. 258. 26). Ehe-shallouly concave,

.oval capltular depre551on artlculates with the radial

!

‘condyle of the humerus. The artlcu lar c1rcumference of the

~

fadlal head'ls developed for approiimately'180° perlpheral
to the capltular depress\on except anterlorly. A flat area,
‘uon the rad1a1 head developed lateral and perlpheral to the

'capltular depre551on, artnculated wzth the shallow groove

“
‘that separates the ecteplcondyle from the radlal condyle on

ﬁthe dlstal end of the hunerus. f’.. 'l. a2 o "
’ . I - Nty o
‘The’shaft is obliguely conpressed such that its
greatestfdianeter'is in an anteronedial—posterolateral
plane. T;e rad1al tuber051ty is developed dlstal to the neck

on’ the posterlor surface and 15 hlgh and crested, runnlng

Ca

‘dovn the longltudlnal axis of the shaft. Dlstal and somewhat
Aanterlor to thg rad1al tuber051ty an 1nterossens crest is
jvdeveloped, but 1ts dlstal extent cannot be determined ‘.f

‘because of breakage. A small nutrlent foranen is developed

) anteriorly on the neck of the radlus.

‘A crushed segment of a 1ong bone 1s preserved prOx1ma1
"to the right’ nanus of UA 9001 (an. 27).;The dlstal end is
'expanded and 1t is, for thls reason that it 1s presumed to

-belong to the radlus. .

187



~ Figure 26. Ptilodus kumpae, n. sp. (UA 9001): .(A)posterior,

(B) anterior, and (C)dorsal view of proximal

]

" fragment of right radius. AC - articular

hi . A o . N .
' circunference, CD - capitular depression, IC -
interosseus crest, RT - radial tuberosity. About

-

[x4.9.

n,
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Pigure 27. Ptjlodus kymmae, n. sp. (UA 9001), |
| stereophoﬁograbhic pairs (A)dorsal (aboﬁt ia.u),
and (B)ventrdl-(ahout’xu-éfVQiew of right manus.
CE - bént?dle, DP - distal phalange, M - magnunm,
-  MC (follgued‘bj number) - metacarpal, P - “

prepbllex, PP - proximal pha}ange; R —.radius. S

- sesamoid, SC * scaphoid, SL - semilunar, D -

trapezoid, TM - trapeziud. R
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(e) Carpus

gA‘gggl.~ Identification of the‘individual carpal.bones.-

nust be considered to be very tentative, inasmuoh as 1) |
carpal bones have%previonEIY,not been described for anj
rultituberculate,-neitherfare,they well hnoun for, any other
'non—therian fossil’nammal (Jenkins and Parrington, 1‘9’7(;)7,,~
zor, for that matter, cynodonts (Jenklns,'197fa); 2) the .,
dcarpal bones of UA 9001 are. sfightly dlsartlculated, ” |
esperally laterally. 3) at least two of %he carpalla‘of the
preserved carpus vere not. recovered° 4y detalls of ‘most of
the articular facets are 1nd15t1nct or are hidden from v1ew-
and 5) most lnportantly, the orlentatlon of the manus cannot ,
:be confldently determlned. The dorsal and ventral surfaces
dof'the lanus nerelldgntlfled from the metacarpalsjand from
"the dorsallylconvex aspectbof sevenal of the carpals,iand is
reasonably‘Certain.'waever,’whether the preserved carpus .

’ belongs to the rlght orjleft side is the cr1t1ca1 problem.s. |
| Tentatlvely, the carpus of 132} 9001 is con51dered to be a.d
rlght one for the follouxng reason5° 1) the. complete
netacarpal preserved on the left 51de of the manus appears
to ‘have been artlc ated vlth only two ﬁhalanges 1n
. proxlnodlstal seguence; therefore 1dent1fy1ng that dxglt as
_the pollex-'2) the dlstal end of a badly crushed long bone
:attached to. the left szde of the proxlnal carpal row 1s.3f‘
hthought to be the rad1US (see above). and @) the three
'carpals preserved 1n the dlstal rov each appear to be -

N

‘Uartlculated wlth a sxngle netacarpal If these metacafghls

Lk
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,;belong to the right vrlst they are; in medlolateral
seguence, the trape21um, trapezFld, and magnum (Fig- 27).
- This leaves the unc1form to attach to dlglts Iv and V whlch
g v_1s usually the case in mammals (Lessertlsseur and Saban,
'1967) (lt is, however, unknown rﬁ multltuberculates, 11ke,
many therap51ds retalned all flve dlstal carpals)., The
@ﬁ;followlng descrlptlon assumes the above 1nterpretat10n to’ be

\ .
correct. The elongate bone to. the left of the carpus 1s,~ ‘

therefore, a prepollex (radial sesam01d), and not the

.plslform,'as would be the case if the manus ‘was a left one.: -

<

Tho only preserved elements of the proxlmal row of A
~ carpal bones are the semllunar and scaph01d- the cunelformh
~and, if present in llfe,vthe plslfcrm have not been
recovered. The scaph01d is a large bone, of irregular'shape,
‘that dlstomedlally bears a dlstlnct sem1c1rcular facet for
artlculatlon with the trape21um. Proxxmolaterally, the
scaph01d artlculated v1th the semllunar-'dlstolaterally,>
_with the centrale. Sllght_contact,may have also been b. o
} possible‘between the scaphoid and trapezoid bones but no

articular facets are visible.
. L3
Ve

Tbe semilunar is a very small, wedge shaped bone
‘51tuated prox1molateral to the scaph01d proxlmomedlal to
:the'centrale, distal to the radlus, and, pre unably, medial

to‘the cunéiform; | |

The centrale, 2 rectangular bone 1ocated between the

by . P

Aprox*mal and - dlstal rovs of the carpus, is an elongate bone

G} B . . : ) ‘ o A-I‘T



vuhose long axls 1s dorsoventral in orwentat;on, "and which is.

~

strongly convex prox1mally and strongly concave d;stally.

Its articulatlons are presumed to have been as follovs- with -

the

/

cunelform pr011molaterally and laterally, the semllunar

v

, proximomedially; the\scaphold'med;ally, and_the magnum

distallg.

: The trape21um, the furthest medial of the distal”

car

palia,'ls roughly equlvalent to the trape201d 1n 51ze

and,_in dorsal view, is guadrllateral in shape,. 1ts dlstal

nar

mar

gin belng 1cnger than, but parallel to, the proxlmal

gin. It articulatedVQ1stally wlth,metacarpal I, latarally

ulth the- trape201d .and proximally with’thé scaphoid. Its

art

but
- X.
the
an

' sha

1cular relatlonsh;p u1th the prepollex is vagu

_Tﬁﬁftrapezomd art1culate%>dlrectly with metacarpal II

also contag the prox1molatera1 corner of metacarpal

La{erally, a broad, flat, vertlcal facet artlculated Vlth

magnum and, medlally, the contact with the trapeZLum is

o~

obllgue one. In dorsal v1eu, ~the trape201d assumes the

pe of an egullateral, rlght angled trlangle, the

.hypotenuSe belng situated prox;momedaally.

The magnum is. very 51m11ar to the centrale in shape,

belng convex pr011ma11y, concave dlstally, “and

dorsoventrally elongate.»Its dlstal artlcular surfaca is

andivided and articulated with metacarpal III, although

sli

11

ght contact with the proxlmolateral border of metacarpal

Has.maintalned. Both the magnum and centrale have very

" 194,
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large, flatlarticular facets on their lateral surfaces, for

articulation with the unciform or perhaps.with bpth the
unciform and cuneiform. The fact that the lateral facets are

.more or less continuous across-the't#o:bones‘may indicate
that they articulated'vith'only”a single medial facet on the
unciform and that'thehunciform, therefOre,‘waslrelati€Ely

i

A.large. ’ T _ .

The prepollex is an elongate bone that is expanded at S

both ends. The proximal expan51on, whlch artlculated with'
. \ .
both the trape21um and the polllcal metacarpal,‘ls the

larger of ‘the. two.- The prepollex mea sures 2. 8 mm in. length

and is thereﬁore sllghtly greater than one-half the length

of netacarpal I. -

Three small, fragmented pleces of bono occur ventral to
f_the carpus as preserved These nay be - other sesam01d bones,

r1b or vertebral fragment-, or ‘even fragments of carpalla-

./the ev1dence does not permlt a ch01ce.ﬁy

'.(f)~uetaoarpus 'A,

A 9001.- preserved with: the right carpus of UA 9001 is

-—

’a complete uetacarpal I (5 3 nm 1n 1ength) and the prox1ma1
portlon of netacarpal II (Flg. 27). Four~metapod1al
fragnents were also obtalned by Hashlng}and screenlng the
1lled1ately surroundlng rock natrlx but more prec1se

1dent1f1oatlon of the bones was not pos51b1e.

-
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i

Altho@gh not preserved dlstally, metacarpal 11 was more'

slender ~and probably longer than the polllcal metacarpal._

196

The base of metacarpal I is expanded and large, much more so~,1,f

than ‘the base of metacarpal II~ The distal termlnus of"

metacarpal Iis also expanded The- prox1mal juxtap051tlon of:'

metacarpals I and Ix appears to have been sllghtly 1ess in-
llfe than as preserved in- OR. 9001 but the dlvergent angle‘
hetween he two metacarpals was s€111 approxlmately 35°f The

angle between metacarpal I and tbe prepollex cannot be

, resolved owlng to the postmortem d;;placement of the latter.

/

(9) Hanual:phalanges

A 9001.— Both'distal 4ungual)‘andwproxlma1 phalanges';"

of dlglt I are assoc1ated in the rlght manus (Flg.'27).-Tl»7l””"
proxxmal phalanx 1s 2 6. D long and, at m*d-shaft 1s 1 RE mm o

Cdn wldth. Both the proxlpal base and to a - lesser extent

-

the dlstal head are expanded relatlve to the transverse

- !

dlameter of the shaft» The base lS dorsoventrally expanded.~

) . R
-The head, in dorsal proflle, is very sllghtly convax,f'n[

@earing‘no median furrow..

Tk

The‘distal phalanx is 2huvmg-long.‘The/aroxinall

'artlculatlon is strongly concave 1n 51de v1ew. ‘The flexor

tubercle is low, rounded and‘ls»offset from the articular:jl

surfac> by a notch that carrles a large nutrlent foramen,“'

Vthh 1s dlrected anterlorly. The ungual process, vhlchc



1 A - o »,‘ o -

supported the claw, is sllghtly recurved and dorsouedlally

-~ and dorsolaterally, exhlblts a lonq1tud1na1 ﬁlssure, the . -

’ Qfdorsolateral one belng longer and deeper. In dorsal v1ew,v‘

o edge,

e

. the ungual process 1s constrlcted near mld—len th, then .

texpands dlstally, ‘and flnally tapers to a rounded aplcal . L

et

e

A small sesam01d bone loosely assoc1ated Hlth dlglt I

-f:may have artlculated ventral to the metacarpalwphalangeal

]Olnt or ventral to: the lnterphalangeal ]01nt. Its 1argeu'f.

‘51ze 1nd1cates ‘that it wvas. probably assoc1ated wlth the .

!

. ' " N ’,
oﬂher. o :

) 4
& »

| Three mlddle -and three dlstal phalanges are preserved T

-

liqear the tlp of the rlght hihd foot. Whether these phalanges

belong to the rlght or left forefoot 1s uﬁknown but that
) L3
'they are manual phalanges is, certaln, by process of T

;- ellmlnatlon- all ten dlglts of the hlnd lxmbs,are preSerVed

-

'1n thelr entlrety 1n UA 9001. Also,'51x prox1mal cr mlddfe
' phalanges and one dlstal phalanx\gere recovered by washlng

ﬁhand screenlng the 1mmed1ately surroundlng matrlx. These too
SR

”fare almost certalnly from the manus._wlthout preC1se‘;-

-,1dent1f1catlon of the phalanges, i. e., to whlch dlglt they
: ~ SRR S
'fbéiong, descrlptlon *is somewhat meanlngless.,It can,-

\“;phowever, be noted that the dlstal phalanges are longer (2. 7i

T.to 3. 2 mm) than,the dlstal phalanx of dlglt I of the Ilght ”fﬁ*'

manus-
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(h) Peitfsfe R T
: o . : L : “
' g_ 9 o= Both 111a of UA 9001 are preserved 1ntact( as

s m65t»°f»5he 1eft 1sch1um. the right 1sch1um and bot“];«.

‘fpubes are crashed (Plg 28). None-of the pelv1c bones arej '

K

.retalned as separate elements but, rather, ,are fully

"e

fsynostosed to each other.

A

';1atera11y. nedlally it 1s expanded at the aurlcular sunface.-tj

| ﬁiwf“
AR . . - : R T
The ilium. 1s long and rod 11ke and, anterlorly, curves

Ly . N T

.H,Posterlor to the sacr0111ac unlon the 111um is e111pt1cal in .

-'cross sectlon but expands agaln, both dorsally and
'ﬂventrally, near the ant&rlor rlmeof the acetabulum.jThe‘fh
yentral expansxon, the 1llopub1c emlnence, is laige;andkx

flmperceptlbly merges wlth the publs. Detalls of the.

acetabula are hldden by the tlght artlculatxon w1thﬁthe..‘J”

’.:femoral heads. It does appear, however, that the acetabulum;

‘.

"ls not completely bounded by bone dorsally and that 1t was

’dlrected dorsolaterally, as i ther known multl uberculate

pelves. |

f The 1sch1um, juSt pdsﬁerib to the ace&abulux:”is;ﬁin

'{”cross sectlon, flat laterally anv

~ dorsal margln 1s arc1form, concave anterodorsally. The,;;iggj,u'

.fcaudal margln is strongly convex posterlorly.aposterlor to
‘ ;the acetabulum the ventral margln of the lschlum descends

.posteroventrally.

A

:.&he“distprtion»of%theﬁpubes;and'thefright};schinﬁi(thej:ﬁfjg;fglﬂ,

rounded medlally. The_'fﬁ55 |

..f"




‘Fidn:e 28.

” ;;1sch1um. LPoF - 1eft post—obturator f&ramen, LT ~' ,‘

|

A SR .“v\,

Pt;lo&us kummae, n. Sp. (UA 9001),,

"left 1nnom1nate, med1a1 view of rlght 111um

?'MbOUt x1. 9)1 and (B)dorsblateral v1ew oF 1eft'

:{chxum,'ventral v1ew of rlght 1nnom1nate (ahout

ﬂx2 3). E’V— ep1pub1c° bone, Hs - haemal splne,

‘:ATLFE left femur, L¥ - left llium, LIS -‘left

m“,hleft tlbla, pv --parafxbula ‘ RFE = rLght fenur,

\

L RI - rlght lllum, R0F4— rlght obturator foramen,

:_'RPOF - rlght post obturator foramen, S (folloved .f i,

' \,.by number) - sacral vertebra..,ll f7

1

 :stereophotograph1c palrs-‘(A)dotsomedlal vxew of f;j

w
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ventral part of the 1eft 1sch1um ‘is covered on bnth 51des by
‘»overlylng bone) makes structural 1nterpretat10n dlfflcult
_but it appears certaln that posterlor to the obturator

_fenestra there is another, smaller fenestra,,hereafter

referred to as the post—obturator fenestra. hlthough sutural

contacts betyeen the 1nd1V1dua1 pelvic bones have synostOSedo

-'and therefore prov1de no topographlc markers, the anterlor

- fenestra_ls,probably the homologue of the obturator fenestra

'of,other'mammals and cynodonts by virtue of its p051t10n and

’its‘largelsize,;both of. whlch are 1nconc1051ve and,
therefore, tentative orlter;a 1n_thlsv1nstanoe.
' .

The obturator fenestra 1s sxtuated dlrectly ventral to
the acetabulum,'lts anterlor margln belng 51tuated at
Auapproxlmately the same level as the anterlor margln of the

'acetabulum. Ventrally, 1t 1s bounded hy a thln strap of

. bone, whlch has not been preserved in any other~
multltuberculate spec1men. eformatlon precludes prec15e'
'measurement of the. marglns of the obturator fenestra
although 1ts anteroposter or length appears to have been'

"close to 4 nm- e

The post obturator fenestra 1s separated from the

‘obturator fenestra by- a plate of hone measurlng ]

approx1mate1y 2.0 mm long (anteroposterlorly). The fenestra‘

1tself is approxlmately 2.5 nm . 1ong and about 2.0 mm hlgh.

'Although breakage has occurred,‘lt appears that, ventrally,f

the posm obturator fenestra was rrmmed by a very thln and

201
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delicate strap of

The cranxal r mus of the. pubis descends

-hposteroventrally, thereby formlng the anterlor border of the

“
¢

obturator fenestra. Ventrally, the publs swlpgs posterlorly
to form the ventral border. No dlstlnct artlcular facets for
vthe epipubic bofies are ev1dent ‘on the pubes, prlmarlly
hecauserof deformation.' | | | |

The eplpublc bones are elongate, slender,_
:hoomerang-shaped bones (Flg.AZBB) that are’strlklngly
simllar to bones tentatlvely 1dent1f1ed as cla{i:}es‘of'

Bozostrodon by Jenkins and Parrlngton (1976).- is 10cated_g'

4hnear'the‘right 111um- the other, near the 1eft 1sch1um.,The
possibility of the clav1cles alone havxng drlfted
posterlorly to the pelv1Crregron, while. the rest oF the

‘1pectora1 appendages appear to have remalned anteraorly, is -

".small.-

other ‘aterial.— The ilia of’ Eucosmodon sp.'(See

' Granger and Slmpson, 1929) and Krvptobaatar dashzeveql (see .

Q

Klelan—Jaworowska, 969) are ba51ca11y 51m11ar to those of

kummae. Unllke the lllum of P. kugmae, however, th%t of ‘\

Eucosmodgg sp.ils, anterlorly, compressed transversely.

The presence of two‘fenestrae in éaeh innominate of N
ltltuberculates 1s a150 borne out by several specimens of
unldentlfled multltuberculates from the Hell Creek Formatlon

and by the spec1men of Euggs d sp. (AnNH 16 25). "f
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In UMVP 1417 (see Fig.v§9A,‘b); for instance, a left?

ischial fragment from the Hell”Creek Formation assigned to

— e e . . s o A St it

- margins of both fenestrae are preserved. The fenestrae are

: separated by a cyllndrlcal bony rod of small diameter. The

ventral marglns of -the fenestrae are not preserved.

In AMNH 1'6325 (see Fig.‘29c, D), t'he:specine,n of ..
Eucosmodon 'SPy the dor!hl outllnes of the obturator
fenestra are well preserved and correctly deplcted by
Slmpson and Elftman (1928, flgs. 1,2) and Granger and } f//

e

Simpson (1929» fxgs. 19, 20). The . 1sch1um is broken ventra}ly

e but along the llne of breakage there Is a small, dorsalf;

concave margln that is not broken; it is a natural edge of .
bone and represents the dorsal border of the posb obtqrator

fenestra (thls observatlon has. been 1ndependen 1y

»

corroborated by R.C. Fox, B G Naylor, and B.-D. Sues).'The//:

fenestra is apparently enclosed entlrely ithinﬁthe ' //b e,
~ . 7o . // - ’
symphyseal reglon, a’ p051tlon that is e@en more COnf“Slng 1n o

functlonal con51derat10ns._It 1s fugfher 90551b1e that the,/
/

‘post—obturator foramen was not boynded by bone ventrally, as'

‘ . -/
it ls.ln g; gummag.. _ //

As recontructed by Klelan Jaworouska (1969, fig. 2, but
not flg. 3C) the dorsal/,ndentatlon ln the pe1v1s of

lggggaatgg ggshzeveE; alc he ventral rlm of. the-ischiun/

“and posterfor to the obturator foramen may represent the'

post:obturator.fenestra but,. agaln, it may not have been



Figure 29.

[]

Stereophotographic pairs: (A)lateral (about

x6.3), and (B) medial (about X6.5) view of .left

ischial fragmeht (ﬂHVP'1Q17),_Hesodgg formqsa?

Hell Crenk Foruatlon' (C)lateral (about x1. 1),>“

.and (D)medlal (about 1 1) view of left 1sch1al

fragment (AHNH 16325), gucosmodon SPey Nacxmlento-'

‘Formation-wand (E)poéteroventromedial (about

x4.0) view of proxlnal fragment of 1eft femur (UA

11301), tllodus kummae, n. Sp.- A - acetabulum,‘

'DP - dlgital fossa, FC? - foveg gEltLS femo;;s,

GT’— greater tuberosity, OF - obturator forauen,

POP - ppst—obthrafor fotamén; !
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rlmmed by ‘bone” ventrally._51nce my observatlons of the

specimen of Kryptobaatar are based entirely upon

Klelan—Jauorowska's (1969) flgures my conclusxons about the

pelvic structureﬁfre therefore necessarlly conservative.

’Forthcomlng detailed deSCtlptlonS of the postcraniarof

K 12 tebaat 'g and. other muLtltuberculates ‘may shed 1lght on

'the above 1nferences, although the presence of ‘a

post obturator foramen in one’ or more Spec1es of
.
multituberculates does not pecessarlly 1nd1cate that it is

unlversally present, or at 1east-well-developed,‘1n all

members of the order. h

(i) Pemur

UA 9001.- For-desériptive'purposes, theﬂfemdr,hili be

treated'as if 1ying in a horiioﬁtai planef;w;t?g‘

; - : ' BN S

The geonetrlcal shape of . the femoral head, uhlch 1s set’

'off from the shaft by a welﬁgdeveloped cyllndrlcal neck, is

‘_greater than a hemlsphere (Flg. 30) & In elther prox1ma1 or

dlstal v1ev, the femoral head is: set obllquely to the shaft,

.rising dorsomedlally,,

‘ The greater trochanter extends the long axis of the

_ shaft proxlmally to a 1eve1 sllghtly beyond that of the .

head ~The proxlmal term1d$s is expanded ‘and overhangs the

aln part of the greater trochanter dorsally, medlally, and -

'laterally. In side proflle, the ventral margin of the

rd

206



FiguteABO. Ptilodus kummae, n.‘sp. (UA 9001),'

o . .y -
. stereophotographlc palrs- (A)lateral (about

XZ. 1), and (B)medlal (about xX2. 3) view of rlght
1:' ' ‘ femur. DE - dlstal eplphy51s,;F femoral head,
'LC - lateral condyle, LT - 1esser tuber051ﬁy ‘MC

. e - med;al condyle. ;

4
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greater trochanter lS gently convex. A low crest passes
dlstally along the ventral 51de of the shaft from the
greater trochanter to sllghtly beyond mid- length ;Thel

dlgltal fossa 1s not extensrve but 1s narrow. deep, and :

'elongate, and is 51tuated in the apex of the v betueen the

‘proxlmal termlnus of the greater trochanter, the 1esser

'S

:trochanter, and the femoral head- The 1esser trochanter o

: approxlmately one-%hlrd the size of the femoral head. A low,
rounded ridge extends proxlmally from the lesser trochanter4

* ,towards the femoral head°‘another extends towards the

o . '

'greater‘trOChanter. A‘shallow longltudlnal'fOSSa 1s-“

a

'developed 1mmed1ately lateral to the lesser trochanter.’
Accordlng to Slmpson and Elftman (1928) thls fossa may be .

'the second~part of a d;v1ded digital fossa. .

The shaft 1s 1ong, slender, and is “round in cross

,sectlon at m1d length but more elllptlcal proxlmally. A

nutrlent foramen is developed dlstal to the leSSer

trochanter aboutépne—thlrd of the way down the shaft.

The distal'epiphysis of the femur was not completelj

,fused to the dlathSlS at the txme of death and the’ p051t10n'

‘of the eplphyseal cartllage is Stlll V151b1e; The dlStal end

presents three artlcular surfaces- a med1al and a 1atera1
condyle - and a femOral'trOChlea,'or patellar groove. The
patellar groove is asymmetr1cal relatlve to the mld line of

TN
the shaft, runnlng ohllguely proxxmomedlal—dlstolateﬁgply

'prOJects ventrally and is 51mp1y a ralsed, rounded enlnence,‘ -



M‘and termlnatlng dorsal to the 1até}51 condyle. The two"

hcondyles are dxrected ventrally and are, separated by a‘

jbroad -0 shaped notch, the 1ntercondy101d fossa. The

‘popllteal fossa proxlmal to the 1ntetcondy101d fossa is not
deep.lThe condyles assume only a ventral pos*tlon and are ’ SR
not extended onto the dlstal part of: the dlstal eplph7515..g
'%;The lateral condyle 1s transversely nofe expanded than the :
:medlal condyle, the lateral eplcondyle is also larger than ;f
:f:the med1al one. The eplcondyles are 1rregulan 1n topography

and are rugose.’They prov;ded proxxmal sxtes of attachnent~

:vfor the collateral llgaments of the femoro-trural j01nt.vkn6a. S
| hallou hut dxstlnct,ground fossa, presumably the extensor ',:
‘abfossa, thCh prov1ded orlgln for m. extensor dlgltorum |

lo‘ "s 15 1ocated anterodorsally betveen the 1ateral rldge

vof the patellar groove and the lateral eplcondyle.-:\

Other naterlal.f A fovea caglt;s ;nterngs, for

attachment of the femoral head 1lgament cannot be seen on - N
i1y 9001 owxng to the head's tlght artlculatlon Ulth the

acetabulum. Houever, an: 1solated femoral fragment of P..- ’

. it

'3k mmae pre§erv1ng the head and greater trochanter (BA 11301)
‘exhlblts a fakrly largé, flattened, sllghtly roughened area

on the posterodorsomedlal 51de of the femoral head (Flg. ¥ jgﬁ,;.‘
29E) Suggestlons of a 51m11ar1y flattened area can- be seen . e
a'on femora of gtllodug monbanus (AHNH 35490), and

S4B ——— e v

'71dent1f1ed by Delschi (196&), Hesodma thompsonl (UMVP 1423)

and Clmexomzs mlnor (UHVP 1“21), as well as on severall

unldentlfled allotherlan femora 1n Uk collectlons from the



Hell Creeﬁgﬁormatlon. ThlS area 1s faxrly dlscrete and

I

"probably prov1ded attachment for the l;%amentum capltlsf o

femoris..: LT r.,'f-;'"-'iT‘”“r-

-lt';"’f(j)gpatélla

,U 9001.- The patella 1s a. small, elllptlcal bone that

. 1s preserved only on the rlght slde and dlrectly oberlles

~the la&éral condyle of the tlbla (Flgs. 31A, 328)..A1though

‘_VY

'f;somewhat crushed: pears to have been concave proxlmally

’(.";‘. >
SN Y

H7‘ and éonvex dlstally, as. would be expected.'

[N

IS I _,,('k)‘";;T'i'b’ia ERITE L

00 : The proxlmal surface 1s comprlsed of a small,er= o

Leov01d medlal condyle (see Flg.»31B), Wthh 1s orlented

anterolateral~posteromedlally, and a much larger lateral }f"”.

condyle, whlch 1s covered hy the patella and crushed on the
/

frlght Slde (Flg. 34A, 32B) and wedéed between the femoral

_-ani)lllac bodles en the left (Flg. BQA). Although crushed

“and broken, 1t appears that the lateral facet was convex and,:

1extended posteroventrally. ThlS exten51on graded 1nto the

-“promlnent 1atera1 flange descrlbed below hut in a01ng so,

"ﬂqprOV1ded~a large, flat'facet on the posterxor surface that o

artlculated wlth the flbular head The 1ntercondy101d -

“;,,7

femlnence 1s dlstlnct and is hlgher posterlorly than R

P

211 .
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Figure 31. Rtilods < i<'uﬁuniav!e.: ni sp‘- (or 9001). o
B | F reoPh°t°graPhlc Palrs‘” (A\)lateral (ahout _
o }2‘1)' and 8y medlal (about x2 ?») Vlew, rlght’w::’j_'_,fi;'
AF ‘.,;tlblai and flbula. DEF - d:.stal eplphys:Ls of | ‘ S '
’-‘flbula. DET dlstal eplphys:.s of t:.b:.a. LFP _ S
_ ._‘_’v-lateral flbular flange, LTP —' 1atera1 tlblal ‘-’.:‘.;‘_ R
. lf.flange, Hc _'med:.al condyle, P Patella_/:',» .
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‘-".;':Flgure 32. P_t;l_;_gg__q_s‘_. kummaé, n. ;p. (UA 9001),
L ';jstereophotographlc pairs: (A)anterlér view (abdgt
i}, x2 3) of left tibia and flbula, and | '
1;;f  r-(E)dorso1atera1 v1ew about xu 3) of rlght
:" fy“ :rfoemor0-crura1 artlculatlon. DEB - dlstal
>4‘;eprhy51s of flbuia, PE - femur, FT - facet for
tibia, FS - flbular shaft, LTF - lateral tlblal -

'_.flange, P - patella.‘
C /
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anterlorly. h large.hook—like flange descends
entrolaterally from the posterolateral corner of the
proxlmal termlnus. A web of bone separates the’ protuberant

flange from the shaft of the tlhla and, anterlorly, forms a

shallow‘fossa.between the two ‘structures.

?

The anterior surface of the tibia is eienly-convex,
there belng no dlstlnct tibial tuher051ty develoPed |
proxlmally. Posterlorly, ‘just below the proxlmal artlcular

.sur face, the tibia: is very deeply excavated. b

-

At mid-shaft and dlstally, the shaft is, in’cross

sectlon,hconvex anterlorly and rather flat posterlorly. _ I

As’ oa the femora and flbulae; the diStallarticular

[sﬁrface can st111 be dlfferentlated fron the shaft by a

dlstlnct eplphyseal llne. A medlal malleolus is- but sllghtly
developed There are tuo facets on the dlstal artlcular

surface; one is located on the 1atera1 slope of the medlal
'rmalleolus, the other occuples the lateral half of the dlstal
surface and lies in a nearly horlzontal plane. The tuo, L
-facets are closely con301ned but are separated by an obllque

groove that accommodated the obllque rldge separatlng two'_f

. corresponding. facets on the astragalus._

other . at jal.- The very deeply excavated
'posteroprox1ma1 surface of the tlblal head appears to be
cons1stent1y developed in allotherlans. ThlS fossa can be.

better seen on several spec1mens in UA. collectlons from the'

)
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Hell Creek Formation (e g UA 11Q95, Fig. 33A) . It is\fide
transversely, extends dlstally for approx1mately one-fo\rth
the length of the shaft, and, in fact, undercuts the

s
posterior half of the proximal articular surface. The result

~of the deep hollowing out.is’that, in cross section just
below the proximal terminus, the shaft is ienticular,

"i.e., anteriorly convex and posteriorly concave. ‘ s

'Alsoabetter seeh on UA'11995‘iS the large, flat facet
on the‘poéterior surface of ‘the tibial head for articulation

with the fibula.

(1) Fibula

DA 9001 - The fibula is a very;pooriy known bone in -
multituberculates- its preservatlon ‘in UA 9001 prOV1des the
“flrst record of the complete bone (Flgs. 31 32). The.
orlentatlon of the flbula, however, relatlve to the tibia,
'15 not certaln- the most pars1monlous 1nterpretatlon is

given heloy. _
v ‘ 'ff‘>

It appears that, on the t1b1al head, the large flat
tfacet that faced posterlorly and vas 51tuated’on the lateraf.
side of the posterior margln of-the head artxculated’wlth a

'correEponding large,.fiat facet on'thevfibalar:head.(Figr
\EZB). If.this interpretatioh'is correct ‘tﬁe fibula'waé, at
,least prox1ma11y, sxtuated posterlor to the tlbla but | |

towards ‘the lateral “side of the t1b1a1 head. Dlstally, \



()

Figure 33. Stete photographic pairs: (A)pdsterior view oﬁ
‘ éro* mal ragmqpt‘bfjtight tibia (UA 11995),
unidentiftied mulfitubercuiate; Hell Créék s
For ion, about i8.7;'(B)side'1,‘andf(C)side 2
of‘parafibulae? (éop - UA’9001, Ptilodus kummae,
n. sSp.; and-bdttqm - OA ii996,'unidentified
multitubérculate, Hell Creek Fofmatioﬁ);.ébout
x6.5. AF — articular'fa¢e£, FF -~ facéf fbfv |
fibuia, IE - iﬁteréondyloid'eminénCe, iTF‘—

lateral tibial flange.
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hovever, the fibula articulated directly lateral to the.

tibia.

‘THe. posterlor surfaces of both the left and right

"flhnlar heads are sllghtly hldden by overlylng bone. The

‘posterlor margln of ‘the left flbular head, hovever,‘exhlbits

o

a 1arge, convex facet that artlculated with the paraflbula.

1)

From ltS posterolateral corner, the fibular head is extended
‘as an elongate, ventr?laterally dltected, protuberant )
flange, uhlch 1s very s;mllar to that of the tlbaa but
‘dlffers in belng 1onger and more slender.‘OHLng to the
anteroposterlor allgnment of the' proxlmal ends of the tlbla
and flbula the lateral flanges of those bones uere also

: closely allgned in an anteroposterlor relatlonshlp.

Presumably, the flanges prOV1ded 51tes for musoulotendlnous

iattachment. o :f,f S - N ~1 S %

§
The shaft of the fibula lS cyllidrlcal, ly s fobust

.than the t1b1a1 shaft,*sllghtly boued posterol
‘_mld length, and expanded dlstally ‘to accommodate the large
distal eplphy51s. The eplphyseal llne can still be 0
dlstlngulshed on the rlght ilbula. The dlstal eplphy51s of °
the left flhula is separated and dlsplaced from the
diaphySis. The dxstal surfaces of both eplphyses are hldden

" from view by overlylng bone but 1t can be seen that the

d*al 51de presents ‘a concave artlcular facet (for the :

3

’1unu1a, see below),'the 1ateral s1de presents a convax one,

,»and a small'prOJectlon 1s developed on the posterolateral

220
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corner.

¥

,, (m) Parafibula? |
_A 9001 Two,small bones, obv1ously a bllaterally
symmetrlcal palr, are 1oose1y assoc1ated wlth the hlnd llmbs

and are thought to be paraflbulae (Flg.,33B C).-Each -
paraflbula bears a'small,lelllptlcal, concave artlcular
_surface that dlstally glves rlse to a short, constrlcted'“‘
neck reglon, and, flnally, to the dlstal end, uhlch is ‘ D
‘flattened in one plane and expanded in the plane |
perpendlcular to the flrst. Trial artlculatlon Vlth xhel

1arge convex facet on tﬁe posterlor surface of the proxlmal

end of the flbula prov1ded an exact flt ang was the prlmary

crlterlon used in 1dent1flcat10n of thls bone. The bones.

are,’ however, exceedlngly 1arge for paraflbulae.
B .

other Hater*al.f only one other sgeGimen of a

‘multltuberculate panaflbula ‘has been ° found Thls spec1men

(UA 11996 = Flg 33B, cy is from the Hell Creek Formatlon,. °Aﬂ-o
and pertalns to a relatlvely large multltuberculate. The

‘bone 1s strocturally very 51m11ar to tha paraflbulae of UA



e

#

(n) Tarsus R ¢

A 9001.- The ‘bones of the r*ght ‘tarsus are preserved

—_—

‘.1n an- almost artlculated state (Flgs. 34A,'35), those of the

b

i

]left tarsus are much more dlsartlculated and only the

!

calcaneum, astragalus, cub01d, nav1cu1ar, ecto— and,

“entocuneiforms can: be 1dent1f1ed with confldence (Flgs. BQB,

s
S

36). .

i

The calcaneum lS superf1c1ally of typlcally mammallan»
aspect (Fig. 36) . The tuber calcanel is large,'comprlslng

the posterlor half of the bone, and is 1atera11y compressed-

N

Its posterlor terminus 1is dorsoventrally expanded and convex

in lateral proflle. Directed dorsally, the prox1mal facet
for the astragalus (astragalocalcaneal facet) is 1arge,
Astrongly convex, tapered 1n transverSe wldth dlstally, and
is 51tuated just medlal to the mld ax1ai llne of the tuber.

A small, anteroposterlorly elongate emlnence is: developed

‘]ust posterolateral to the astragalocalcaneal ‘facet. A’

$

Cay

promlnent and ulde calcaneal sulcus separated the

RPN

astragalocalcaneal facet from the sustentacular facet, wthh

is dlrected medlally and someuhat dorsally (approx1mately

T ..500 to the astragalocalcaneal faCet) ‘and is flat angd

°

tear drop shaped, 1ts apex dlrected dlstally. An expan51ve,

round’ and convex area on the dorsolateral aspect of the

e

HdlStal end of the calcaneun prOV1ded for tendlnqus

attachment. The roughéned ‘area also extends onto the plantar

aspect of the. calcaneum but narrous and termlnates be tween

.
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Figure 34..

‘mefatarSal'III; 12 - metatarsal IV, 13 -

Ptilodus kummae, n. sp. (UA.9001),

-

Stereophotodfaphic pairs- (A)dorsal view of right
/ 9
pes, about x2.1, and (B)ventral view of left pes;,

‘about x2.3. 1 —_calcaneum,‘Z —'astragalus,.3 -

navicular, 4 — cuboid, 5 - ectocunelform, 6 -

mesocuneiform, 7 - entocuneiform, 8 —'tlblale, 9
B X . . L » \

- metatarsal I, 10 -'metatarsalﬂII, 11 -

Y

'metatarsal V. 1u - proximal phaianx I, 15 -

"proxlmal ?halanx i1, 16 - proxlmal phalanx X171,

17 — proximal phalanx IV, 18 - proxlmal.phalanx

v,'19'¢ m;dqle.phalanx II, 20, middle phalanx

III, 21 - middle phalanx IV, 22 - middle phalanx

v, 23 —-distal phalanx I, 24 - distal-phalanX“II, “

—

-25 - dlstal phalanx III, 26 - dlstal phalanx 1v,

27 - dlstal phalanx v, 28 - vertebra, 29 - manual

8
phalanges, 30 - lunula.
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Figure 35. Ptilddué'kummae,vh.'sp. (UA 9001y,
| sgereophotographlc palrs- (A)dorsal, and

3 .
(E)ventral v1ew, rlght pes. Symbols gs in Flg. _

¢
w






Flgure 36. Ptllodus kummae, n. sp. (UA'9001),_
| stereophotographlc palrS' (A)mediél, (B)l#té;é;,
‘v‘“ | and (C)dorsal view of 1eft calcaneum. AF ~- ¢ .

- astragalocalcaneal facet, CF - cub01d facet, Cs -
;calcaneal sulcus, PT - peroneal tubercle, SF -
.sustentacular facet,_TC ~ tuber calcanel. Abont “

x6.4. B
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the cub01d facet and the deep groove separatlng a large

‘distolateral process, the peroneal tubercle; froﬁ\the‘

calcaneal body. The cuboid facet is round, sllghtl{ concave,,

and faces anteroventromedlally. The peroneal tubercle 1s

very prominent and projects auteroventrolaterallyh It bears\

an elongate, roughened area dorsally;vhhiCh'was probably
structurally related tthhe round area (described abové)

developed dlstally on the calcaneal body. The tubercle &s ¥

.oval in cross sectlon and . termlnates by swlnglng sllghtly

dorsomedlally.,

. 'r;
The dorsal surfaces of both astragall of UA 9001 cannot

“be seen oving to overlylng bone but structurally,»they

'probably do not dlffer con51derab1y from that of Eucosmodon'

5p. (see.Granger and Slmpson,‘1929,~flga 2QB) other aspects

of the astragalus appear very 51m11ar in the two genera.

)

The astragalus-is dorsoventrally'mﬁch-thicker”medially -

_ o ’
than laterally. The calcaneoastragalar facet, 51tuated on

'the plantar aspect of the lateral 51de of the astragalus and

fac1ng ventrally, is almost circular in outllne, Hlth a 7

marglnal 1ndeutat10n medially, and is concave. The medlalw

- half of the*plantar‘aspect is occupied by -the astragalar'

;

sustentaCular'facet, whlch is directed ventrolaterally. The‘,

eastragalar foramen plerces the astragalus mldway along an

lmaglnary llne drawn between the posterior margln of the~
calcanebastragalar and sustentacular facets. A canal, formed

by the calcaneal>sulcus_and the plantar_surface of the
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astragalus, is developed as an anterolateral contlnuatlonmof/“e,
the astragalar foramen. In pelycosaurs, an honmologous
passage is presumed to have allowed passage of an artery or

ligament, wh

vein, wherea in mammals it is occupled by an 1nterosseus
EZh stabxllzes the sub talar joint (Jenklns,

'1971a). The astragalus is expanded posterlorly behinad the
astragalar fgramenanhe convex nav1culoastragalar facet on
the promlnent astragalar head follows an oblique path,j
‘pa551ng, from its lateral border mldway along the anterlorv
surface, ventromedlally and then posteroventrally. In’
’perpendlcular sectlon to the longltudlnal ax*s of the facet,

the facet is concave, thus forming, a saddle—shaped- ‘

artlculatlon with the navicular.

\ “ T
The-navicular is an elongate bone, which, alcng its

,longrtudlnal ax1s, is concave prdxinally and convex
dlstally. Through manlpulatlon of the rlght pes of
Eu _gdgn SPp- (AMNH 16325) the nav1cular was determlned to
have lain in an oblxque plane, belng orlented
'dorsolateral ventromedlally. The right pes of UA 9001
preserves the naV1cular in a 51mllar orlentatlon. The facet .
. for the astragalus is concave. Although the dlstal surface
"1s generally convex there are two facets contalned wlthln
'it;-one is concave and.artlculated dlrectly anterlorly wlth
~ the ectocunelform--the other appears flatter and‘artlculated
with the,mesocunelform diStomedlallyg Contactvwith a |
dor§oventrally concave facet,on the cuboidfdistolaterally‘

wvas also present.



The shape of the cuboid is tabular, the 1atera1 profiie
beingvalmost square. Only the distal and medial cuboidal
'facets, of'which there are four, are clearly preserved in UA
9005 and are as follows: 1) a snall, rodnd fécet for the
ectocunelform developed dorsally on the med1a1 face~ 2) a
,shallowly concave facet for the nav1cular on- the |
' proxlmomedlal face; 3) a concave, vertlcally elongate facet
for metatarsal'iv present. distally; and Q)Va rather flat
facetvforwmetatarsalfv distqlatetallyi Altﬂcugh not ey611y
viSible, the,facet-for the calcaneum vas large,‘elightly
cohcave,»ahd de;eloped dorsally on the pfoximOlateral corner

'of>the cﬁboid,J

. The ectocuneiform is also tabular and oriented

‘vertically. Both its distal and proximal articulations, with

detatanSal III and the navicular, respectively, are

‘dOrsoventrally'coﬂcaVe. PrOximodorsally, on its medial

'_surface, the ectocunelform contacts the mesocunelform via an

oval facet, orlen\ed proxlmodorsal dlstoventrally. Along the
proximal third of the lateral surface an elongate facet

~

malntalned contact ulth a correspondlng facet on the cub01d.

Only the dorsal aspect of the mesocuneiform, which is

rectangular in outline, can be seen. It is anteroposteriorly

shorter than the ectocuneiformland'aiticulated'ﬁith tﬁe‘
navlcular proxlmally, the entocunelform medlally, via a
slightly- concave distal facet w1th metatarsal II, and with

“he ectocunelform laterally. :

4
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The entocuneiform is the longest of the three cuneiform
bones. It is laterally compressed land bears a strongly
¢oncave facet dlstally and a shallowly concave facet f
‘ proxlmally. The ventral pro;ectlon of the distal facet 1s
more slender and less ‘transverse than the dorsal pro;ectlon.
The distal facet -formed an 1nterlock1ng saddle—shaped £
artlculatlon vith: metatarsal I In the rqconstructed pes of
Eucosmodon sp. prov1ded by Granger and Slmpson (1929, fig.
-23) the narrow ventral llp of the entocunelform is dorsal
rather than plantar 1n p051t10n. Trlal artlculatlons wlth
the hallucal'metatarsal of Eucosmodon SPes accordlng to
Granger and 51mpson's orientation of the entocunelform,
restrict the dlglt to an awkward, nearly perpendlcular
.pOSLtlon. Further, the metatarsals of the rlght pes of UA
9001 are preserved ln tight artlculatlon wlth one another,

at least medially, and the narrow Ilp.Op/the-entocunelform

is clearly in a ventral position.

Preserved Vlth the more or less 1ntact right tarsus of
UA 9001 are two rather problematxcal small bones. The flrst
(Flgs. 34A,'35A) almost certalnly artlculated via a convex
facet with the prox1mal termlnus of the entocunelform. Itst
‘other artlculatlons are less clear hut contact w1th the
navicular laterally 1s hlghly probable and pérhaps also with
‘the astragalus prox1mally. The p051tlon of the hone would .

indicate that it is probably the tlblale, or tlblale

nav1cular, the homologles of thCh haVe recently been

y
\
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discussed by Lewis (1964)". Lewis reviewed thz occurrences of
the tibiale among mammals, namely, in the Monotrenmata,

Rodentia, ggleopithecus, Hyrax, Dinoc¢erata, and certain

fossil ongulates. In'monotremes the tibiale axticulates

pipximallyandlaterally with the astragalus and "distally

with the naﬁicular. The obligque orientationiof the navicular

in UA 9001 provides space for the tibiale to art':ic-ulate‘ with
the entocuneiform. The entocuneiform'of kqouo Aliotﬁeria
probably did not, therefore, articulate with the navicular,
contrary to the;statemeot‘by-cranger ah&-simpson (1929).5@
The second bone of dubious howolooles is preserve& in
tlght artlculat;on wrrh the dlstaljartlcular surface of the
fibula (see Plg. 30B). It is w;thout‘doubt, nelther ithe
astragalus nor the Ealcaneum ahd it is orobably oot»ad
'se;am01d bone, as ev1denced by its tlght artlculatlon wlth

3

the distal end of the fibula.*Only the medial surface of the

T~
~—

bone can be seen; 1t is oval 1anut11ne and quxte small. If
the tentatlve orlentatlon of the flbula 1s\correctp the”

;small bone,artlculated on tye medlal 51de or\f\e\d}stalz
terminus of the fibula. More than two tarsalia in the
proximal-rou are,'however,'dnkoowo among'mammais. Farly
workers (see review by Leqés,.196u) reported the occurreoce
of a thlrd prox1mal bone {the 1ntermed1um tarsi) in pedes of .
> :

several‘marsuplals, as well as in humans (named thc os
.trlgonum in humans but thought>to represent the 1ntermed1um

tar51).vLewls 11964) conclgded, however, (p.‘207) "that the

so*called marsupial intermedium‘;s merely'a‘luhuiavuithin an

Lo
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Mintra—arficglar meniscus"nand that,(pr 203) "there is ...
lltrle reason for regardlng the- anomalouq human os trigonum
as an,lntermedlum tarsi. Perhaps it is not even the
homclogue of the marsuoial lunula, ahd‘nothing more than an
» aberrant 0551flcat10n of no morphcloglcal 51gn1ficancej§
oo
Although the ev1dence is unclear, the mlscellaneous proximal
tarsal bone of P. Kggggg is here alsp cpn51dered.to be a
lqula,.burrqiSCOvé?iea'of orhér'adi-therian articulatad
- pedes aay'subvert’thisoconcldsion;'If the bone ;; a trqe
o rarsal,*its_pcéition is irreconcilable‘with~preSent1yv s

‘accepted interpretations of homologies of individual

mammalian tarsalia.

(o) Metatarsus

'sg_ 9061.— The 1engths of the metatarsals, in-décreasing

¥

v

order, are III, IV,"II, V, and 1’ (see Pig. 3&).

Ca .- - \

The prox1mal artlcuLar area of metatarsal I is

dorsoventrally convex and a;tlculated vith the

demsoveutrally concave saddle artlculatlon of the! *'@

_s 1h all the metatarsals, is elllptlcal belng

N -

dorsov»ntrally compressed. The distal artlcular surface

' . . «

4

R4
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. caphot be seen. a RS

Hetatarsals II to Iv are basxcall& srmllar except>1n~';
!length and in the shape of the prox1mal bases, uhlch become
vprogre551vely wlder from II. to IV Metatarsal V hears a_s
promlnent rounded 1ateral progectlon just dlstal to the"
‘proxlmal facet. A 51mllar process. is developed in. the |
_a-cynodont descrlbed by Jenklns (1971a, p._196); uh1ch~1s

."slmllar to that in many mammali\vgere short fldxor and

:peroneal musculature may have 1nserted." The prox1mal

‘ artlcular surfaces of metatarsals II to IV are

_&orsoventrally convex. That of metatarsal V is llm*ted to a
small dorsonentrally elongate, flat facet on the

prox;momedlal corner of the bone.
-An _obligue groove between theiapposed,nedialus}de:of;
metatarsal IlI“and tﬁé’lateral‘side'of metatarsal'II,‘just“
dlstal to the proxlmal bases, probably prav1ded passage for
the perforatlng metatarsal artery from ‘the dorsal to’ the
. . ¢ P
plantar aSpect of the hlnd foot. f»:, , s S
Two onal‘plantar SeSamoids arefaSSOCiated ulth,the
distal ends of metatarsals IV (left pes) and V (right pes),
~whereas.a conjoined one is present onVnetatarsal II (le¥t

pesl.

NI

(p) Pedal Phalanges



236

@

_g 9001.- Pedal phalanges of all tenvdlglts have been

'preserved in UA 9001 (Flg. 34)..,

The proximal and middle phalaﬁges of the digits are all
very 51m11ar,'except in lengﬁh (see Table 25),_and are of
txplcally mammalian conformatlon. The prox1mal attlcular

'surface of each is expanded and concave- the dlstal

artlculatlon is also eXpanded but is’ dorsoventrally convex. £

:The distal artlcular ends of the proxlmal phalanges 4except
'IX are transversely sllghtlxzconvex but those of the mlddle‘*
phalanges and. proxlmal phalanx I have a bromlnent trochlea
developed to accommodate the distal phalanges. The shaft of
each prox1ma1 and distal phalanx,tapers dlstally and is ', r”
elliptical in cros3 section. Several élanter sesaﬁdids‘aré’
loosely distri£u£ed thfeughouk7themphalanges of boih pedes.
Distal phelangee ef”thefpesvare'eimilaf in stfucture to

“those of the manus but are considerably more elongate.

i
! ~
®
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vTable“25

'pPtilodus kumpae, N- SP.. Pedal,neasutements

pigit I - 1T’ .‘III IV v | “v%&
e mm—mmmmmmSmomo—oo—omes .
Metarsal length  ° 6.9 0.4 11.8 | 1.2 1.8 e
. Proximal phal;nx length —-=- 6.4 6._2~ -'6.3 4.5 {ﬂ- g .
ﬁiddle phalahxflength - } 5.7 5.7 5.5 3}8 ‘f; 
‘-‘_Distal.phalanx length | 3.3 3.6 3.4 3.5 3.3 |
__.__‘_.-_.--____._._..._..__;_’ ___________ A

sapproximate !
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D) Postcranlal Adaptatlons of Ptilodus kummae and Other

Hultltuberculates

(i) Axial Skeleton

Ankel (i967; 1972y, folloﬁihgnthefvofkvof Rockwell et

-

al. (1938) on\human vertehrae, has determined that three
: different orlentatlons of the zygapophyses occuf‘in the
presacral reglon of prlmates. The surfaces of the .

 zygapophysea1 301nts are arranged relative to the saglttal

Kd - .

plane such that, in end v1ew, th@y lie on a c1rcu1ar arc,
the center, of which occurs on the sag1tta1 plane. In the

cervical series, the center of the,zygapophyseal circle lies

B
<

dorsal and exterhal to the vertebrae- in the lunbar serles,
‘the center of the circle also. 11es dorsally bat the B :
01rcumference is much’ smaller. In the thoracic serles, by
'contrast"_the center lies ventral to ‘the ngapophyses and
haulthln the Centrum (see Ankel, 1967, fig. 6) and,
¢onseqﬁently, allows more tor51onal movement than in elther
the‘éervical er lumbar regions. Torsion ln the thorac1c
seties, however, is prlmarlly restrlcted by the presence of

\

" ribs (Ankel, 1967} .

~In P. at least the last twelve presacral

=

___e
P
i di

vertebra , in l" ng five.thdracics (here»defined by the '

presence of demlfacets for the rxbs and not by a dlfﬁerent
orientatioh of the zygapophyses), exhibit a zygapophyseal
j " .4"’ v

il
LR
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c1rc1° whose ceﬂter ‘is dorsal to the neural arch. The same
Y . % )

holds true for the thoracmc ‘vertebrae of Eozostrodon, as is

apparent fyom the flgures of Jenklns and Parrlngton (1976),

and, 1nc1dentally, in ?le51 pls as well (Slmpson, 1935b-vf

Szalay et al., 1975). Presumably, therefore, tor51onal
movements rn the thorax of these mammals is restrlcted not’
only’ by the rlbs but arso by the orlentatlon of the

zygapophyses. Furthermore, “the degree of thoracolumbar

;‘(

dlfferentlatlon in P. kummae and Eozostrodon appears to be

“

ntermedlate in development between cynodonts and more,'

advanced ‘mammals.

Unfortunatelyc_the'artlcular ends of.most'of the.“f
presacral vertebrae are not v151ble because of deformatlon,
the presence of overlylng bone, or c105e apposxtlon of
contlguous vertebrae, and the reglom of maxlmum mobility

cannot be determlned That the column was capable of

,cqn51derab1e flexion and extension is,

“the following features: 1) the transverse broad and

dorsbvéntrally'depressed centra (Hatt,p1932);\2)»the»far;
amterlor”position»of the'anticlinal-vertebra (Slijper,
1946) ; éna 3}’the shape\of the‘artioular emdspof.centra,
posteriorly in'the thoracic series.:The anteribr‘emd'of each
centrum is, in 51de vlev, obliquely» | |
v

,anterodorsal posteroventral 1n orlentatlon- the posterlor'
;end is flat. The 1ntervertebral wedge that results probably

permltted sonme flexxon in thlS reglon.-Extreme.exten51on,

however,‘at least rg\the posterror thoracic And lumbar

1nd1cated by.”-

239
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,i.ﬂregions, would have been prevented by the low,'anterodorsal_.
inclination,of the spinous processes,,vhich, on extension,

would have abutted-the nenral arch, betveen the.
postzygapophyses, “of the precedlng vertebra. The

tongue—ln -groove relatlonshlp of the splnous process of one -
vertebra betueen the postzygapophyses of the next most |
anterlor vertebra also dlsallowed lateral undulatory

movements_of the trunk. o 8
The caudal vertebraz of UA 9001 represent the most

:Complete tail known for a multituberculate and indicate

~

that, in P. kummae,,the tall uas large and extremely long, f

as earller suggested frem more 1ncomplete materlal by Gldley

“

(1909). Cope has variously descrlbed the tail of Taenlolabls
as v"large" (1882b, 188ub) or "stoutﬂ (188ua). That of j

e ot et

Eucosmodo nvgp.grs portrayed as’ havxng been "lOng and heavy"

'i

(6ranger and- Slqpson, 1929). The length and number of

1vertebrae riconstructed in the tail of Mesodma thempsoni by

Delschl and Sloan (in Sloan -and Van Valen, 1965, flg.'3) may
have been underestimated and 1S‘probably further;lncorrect
‘in' that the: elongate caudal .vertebrae of knovn allotherlans
;ar \EEE 1mmed1ately posterlor to the sacrum, as 1llustrated,

3b%}, rather, are preceded by a serles of short, robust

' vertebrae that bear well-developed.proceSSes.

Relatively short centra in the anterior caudal_region,i~

as exhibited by'bothgg.lkummae and Eucosmodon sp., indicate

. L e .
. a propensity'for-dorsal_flex;on of the talln as, for
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example, 1n raHblts and squlrrels. By contrast, almost all
-rxcochetors do not dorsally flé& the tail and show little or

no abbreViationeof proximal caudak_centra (Hatt, 1932).

‘-Unfortunately, there appears 11tt1e that would f‘ie <Qv
osteologlcally dlfferentlate prehen511e from mon- prehenSLle |
tails, (Halnes,- 1958) , although Matthew (1904) ‘has suggested B
‘. ¢hat the talls of allmprlmltlve Tertlary mammals vere |
vtprobé§1y prehen511 Thls hypothe¥l ‘remalns to be
badequately tested. It may be pertlnent to note, houever,'
‘that‘the large 31ze and uer51stence of the haemal arches;
which allowed passage of the medlan caudal artery and veln,
into the term1naL~cauq\l vertebrae of UA 3001 suggest a
relatively highly. vascu, rlzed and therefore, probablgta'
muscular tail.'Furthermora,-the nerve supply-to the tail
'_.appears to have been consx&erable, as 1nd1cated by the.'v> ;n»

: . o\
.npresence of a rudlmentary nehral arch as far posterlor as’ Cd

A

7. However, unllke prehensilextalled anthropozds (Ankel

‘1961 1962), the termlnal caudal vertebrae are not

<

:dorsoventrally ‘flattened or abbrevlated 1n length.
.ﬂ_ \

v



.Creek ?ormatlon (see Flg. 18) cannot be taken as ev1dence

lplaced lateral to a saglttal plane through the shoulder

A

\
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(ii) pectoral Girdle

Nd bones resembling an 1nterclav1cle or Cl&VlCle were

found in UA 9001. AR 1nterclav1cle has,/ houeVer, beene

-

tentatlvely ascrlbed to a multltuberculate by ucKenna (1961)

” ‘ .
and .- both Lnterelav1cles and clav&cles are reportea'lo.occur

in the trlconodont Eozostrodon (Jenklns and Parrlngton,

LA

_1976).‘Conc1u51ve evidence, that is, assoc1atxon 1n complete,
Jor partlal skeletons, to lndlcate that these bones are

rpresent in elther multltuherculates or trlcon@donts is- still

1ack1nga The - promlnent and posterlorly dlrected acromion on

the allotherlan SCapulocorac01d (UA 11992) from the Hell

for the'presence of a clav1c1e. Several normally
lav1culate Recen+ mammals possess a well developed o

acromlon (Jenklns, 1974a). Houever, other structural.

: features of the postcranlum 1nd1cate that P. kummae'
"_possessed a. generallzed(quadrupedal stance similar to most

therians in which "the welght bearlng forefoot is commonly,

,jolnt oo In thls p051t10n - the clavicle .. prevents o ,\

medlal dlsplacement of the shoulder" (Jenklns, 197Qa, p.

'.81)_. | ‘

The orlentatlon of the glenoid fossa of the

Y

: scapulocorac01d in multltuberculates (See McXenna, 1961,

figs. 1-3) is basically the same as - that of: therlans, 1n4

w

which it Eaces primarily ventrﬁlly, rather than

/
S

S ‘_ : = <



~

posterolaterally and only slightly ventrally as in cynodonts

l(Jenklns, 1970, .197 .>The‘orientation of’the glenoid im
monotremes can be related to fossorlal hablts (Jenkins, | .
1970, . 1971a) and a comparlson, therefore,lwould not,be
partlcularly 1nstruct1ve. The c0ntr1but10n of the coracoldv
’to the anterlor part of the glenold cavxty adds consxderably
to the cranlocaudal curvature of thls séructure, thereby
permlttlng further retractlon of the humerus than vould
otherwlse be p0351b1e, preventlng dlslocatlon of the humeral
head from the. glen01d fossa durlnq\flexlon, and
necessitating a relatlvely small amount of scapular
'rotatlon..Some therlan mammals develop an analogous
artlcular facet by the anteroventral elongatlon of the

glenoi . fossa of the scapula, rather than by contr*butlon

from the corq'01d (Roberts, 197&). However, dlslocatlon of

the shoulder ]Olnt 1is prevented 1n therlans lacklng such an»’

' anteroventral lip by rotatlon of the scapular blade forward
on the: thorax (Roberts, lbld.. Eaton, 19uu~ Haynard~$m1th
and Savage, 1956) , an actlon that perhaps was unnecessary 1n

multltuberculates. i R o ,'fl"~f wfv €

The contribution of the coracoxd to the shoulder jOlnt

}
is a prototherlan and reptlllan feature, and 1s not the

_condltlon generally shovn by adult therlans (ROmer, 1922'A

McKenna, 1961- Crompton and Jenklns, 1973). The'

‘scapulocoraCOLd of Eoz d for 1nstance, Shousﬁa'large,

contrlbutlon of the porac01d to the glen01d artlculatlon,~7

wy

- however, .as in’ monotrenes, the largu procoracoxd, although'

243
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retaining contact with the scapula. is excluded.from the
glehoid.gacet (Kermack and Hussett,‘1959; Jenkins and
Parrington,’i976)- In both.pelyCosaafs and cynodonts the
procoracoid.contributes to the'glehoid fossa but, in

‘ cynodonts, it is conSIderably reduced (Jenklns,‘1971a). The
procora001d as 1nferred by McKenna (1961), appears to have .
been absent in muItltuberculates, at Least ;n specxes for -

' uhich the scapulocoracoid is known.

The pattern of muscuiatdre attendant to the allotherian

pectoral girdle has been" outlined by McKenna (1961) angd

4

-

Jouftroy and Lessertlsseur (1967).

.(iii) Forelimb

It 1s.obv1ous, both from the shape of the glen01d fossa
on the scapulocorac01d and from the evenly rounded head of
the humerus, that the glenohumeral artlculatlon did not
frestrlct humeral posxtlons as it did in pelycosaurs
(Jenklns, 1971a). More detalled 1nferences concerning the
'structural organlzatlon and functlon of the shoulder joint
must awalt descrlptlons of the Mcngollan speczmens
'(Klelan—Jaworowska, in prep.)- Present knowledge of the
anatomy of the proximal ‘end of the humerus in allothetlans
is‘restrlcted to fragments from P. montanus (USNH 6076) and

P. kumm (UA 9001) and a relatlvely complete humeral head~

of Djadochtatherium matthevi’(ANNH 204480) . The humerus of

g
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)
AMNH 20“40/ however, was not seen for this study and

Simpson's/(1928c) figures are not adequate for precise

/

functional interpretations.'The'preSumed proximal. portion of

a humerus of Mesodma thompsoni (UHVP 1402) has been .
desoribed and flgured by De15ch1 (1964) and prOV1ded the

| basis;for the reeonstructed humeruslrn fig. 3 of Sloan~and
‘“Vam valen (lQBS). UMVP 1402, houeuer, is the g;§§gl‘fragment

of an anpuran humerus. : o (

The distal artlcular surface of the multltuberculate
humerus 1is comprlsed of a lateral radlal condyle and a
medial ulnar condyle, separated by an 1ntercondylar groove
(Jenklns, 1973), as in other known non—therlan humerl |
‘(Jenklns,blb;d., Jenkins and: Parrlngton, 1976). ThlS
condylar pattern of humero- ulnar artlculatlon dlffers .
_ba51cally from the trochlear pattern of therlans (Jenklns,

1973; also early recognlzed as belng dlfferent by Broom,

.'1910) and, therefore, has certaln functlonal 1mp11cat10ns.

‘During 1ts pr0pu151ve phase - the humerus of.
‘mon-cursorial llVlng mammals (Jenklns, 1971b),'and urohably !
in at least some Jura351c mammals from the Morrlson
Formatlon (Jenklns, 1973), is orlented obllquely to the
saglttal plane and adducts,‘elevates, and rotates medlally.
.The'anatomical-similarltyvbetween the dlstal ends of humerl'
of the Jurassic mammals andwgi'gumgge squests that a
51mllar type of excursion . was present in the 1atter.fThe

“ T

restricting surfaces of the ulnar condyle ‘On the humerus and



the app051ng artlcular area on the: ulna prevent any
orlentatlon of the ulna other than in a nearly sag1tta1
plane, that is, ““the forearn remalns parallel to the |
direction of locomotlon de5p1te complex humeral mcvement"
(Jenkins, ibid., p- 288)..Furthermore, as Jenklns has
Sugéested for Jura551 mammals, the obllque orientation of

the facet for the ulpar condyle probably malntalned the

ulnar shaft 1n a sagxttal plane dduring the propu151ve phase-

»

Relatlve to other observed allotherlan humerl, the

perforate olecranon fossae on’ the humer1 of P. kumpae and P.a

'/
ggnus imply that the humero ulnar artlculatlon 1n these

A

speC1es permitted a greater degree of extenSLOn of the "

“antebrachium. . - li

I

.The extensivefdévelopment of-the,articular
’c=rcumference of the radlal head, in addltlon to the
_C1rcular dorsal outllne of the npdlal head (that part that
articulates with the radial notch of the ulna), a sllghtly
concgve radial notch on the ulna, and the free-and ‘more  or
tless evenly develoPed radlua and ulna are features .
assoc;ated wlth max1mal amounts of pronatlon and suplnatlon
of the manus. The capaCLty for pronatlon and suplnatlon in
B. ggmg_g appears to be conslderably greater than the

-condition prev1ously eétlmated for known Jurass;c (Jenklns,

1973) “and Triassic (Jenklns and Parrlngton, %976) mammals.

As 1n pozostrodon (see Jenkins and Parrlngton, 1976),

however,‘the capitular,depression on the radlal head of P.

¢
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ummae is oval and set obl;7uely to the lonc

shaft. This feature presumdbly limited. the antebrachium to

: . . (Y )
only moderate amdunts of pronation,hnd supination.

3

Functional considerations of the carpal anatcmy of P.

1=

ummae are pefhaps semeyhat p;emature‘owing to the tentative
identifipatibn of the indibidqal thesvas well as of their;
articularare{;tienShips. Furtﬁe;more( as Yalden (1970,19,
'Q82)‘p¢ists out, "All the muscies which affect movements at
the wrist inSert distally to it, elther to the metacarpal
bones pr iqtd the phalanges ... Hence the.prec1se_Lorm of
movement betueen‘the carpal benes*dependslvery la;gely on
ﬁhe shapes of the\surfaces 6f,these'bones.".Few of the
‘artlcular facets can be Seen or clearly dlscerned on the

‘carpus of UA 9001- hpwever, the general shapes of the carpal

bones preserved on the medial side'of the manus may be

"indicative of the positions of the moveable joints.

‘dThevpossible*mdéements pf thélﬁrist'ih mdmmals‘¢as be
resolvea inte three.EQméeﬁeﬁis;sflexion%extension,:or
~hingeing in,ﬁhe s;gittal plané;vulhar dr.tadial deviation;_
hingeing in the trapsverse piane; and éxial rotatich,

E supihatioﬂ;prbnation" (Yalden, 1972 o 38B). The amount of
.radlal (medlal) or ulnar (lateral) dev1at10n cannot be
meanlngfully ascertalnedbﬁlthout the lateral portlon of the
carpus. Furthermore, the funct;on,ofsthe carphs durlng
'supinéﬁion—prdnation has not heen‘adeqﬁately‘deterﬁined,

A _ , ‘ : J
even for living mammals (Yalden, 1972), but, in any case,
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"the forearm. The\

N
oL [
N S

)

fthe carpus cont “”Qted a mlnor rol

_carpus, ‘however, appg%Fs tq have b
N w
nggge. In fleXOr-extensor section

W;nstance, the strongly COﬂVeX prox

. III artlculated ulth an egually st

AN
Y3

“the distai“Surface of the magnum.

xeclprocallYnconcavo—convex artlcu
malntalned between ‘the magnum and
p0551bly, between the centrale and
semiiunar. The retentlon of the ce
prov1ded for a. double “mid- Carpal j
artlcular relatlonshlps betueen Eh
metacarpal banes are leSS clearly
between the trapezoid and metacarp
« .

concavo-convex but appears to be s

between the magnum and,metacarpal
. :

The presence of a prepolllcal

£

kummae 1s not surprlslng. As>deter

(1894y, the prepollex is a normal
pentadactyl forefeet, but 1n feu i

1lur g da (see Davxs,'196u). T

mamnalsathb. ppollex is 3ssoclate

1cus lonqua, abductor

y

een ‘considerable in P.
(sensu Yalden), or‘

1mal suEface of metacarpal

rongly coﬁpaVe facet dm

An almost 1dent1ca1

la(@ relatlonshlp is

the centrale and, ' 2
‘the: cunelform and

ntrale in the carpus has

oxnt in thlS posxtlon. The

e more med1a1 carpal and

v131ble The‘artlculatlon

al II, hoyover, is also
ghtly less so\than |

III.

carpal 1n the manus of P.
mlned by Bardeleben
component in mammallan

s 1t as vell developed as.

248

n Allurogoda and othor., e

d wlbh}muscles (Mm.e

polllcus brev1s, opponens“

g cus, and, palmarls lo g ) that, in the absence of a

Aprepollex,-normallyrlnge:t onto th

(Davis, ibid.; Lessertisseur and S

;

x\base of the thumb

) .

aban, 1967). In any casz, -

u
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the presence of a preéollex and its attendant musculature
'impiies a functional Ysixth digit® that probably?acted in

concert with the pollex and considerably enhanced the grip

i
V-

of the ;hand in P. kummae. M.

Unfortunately, an enaluation‘of the mobility'of'the

~

pollex is severely 11m1ted by the 1nab111ty to see the

entlre dlstal articular surface of the trage21um. In any - B
case, however, the carpo—netacarpal ng%t'ls not~of the —
nsaddle“ type (Napier; 1961y§ana, ae_suen, the thumb‘was not'
capable of ax1al rotatlon and, therefote, was not opposable- '
Furthermore, tpe artlcular facet'on the base of ne acarpal I

is dorsoventrally short but transversely elongate,

suggestlng that the amount of axial rotation and

abducthn adductlon ugs con51derab1y'restri§ted. A fiat
1ntermet%carpal artlculatlon between the bases'of S
metacarpals I and II further llmlted:the%cdpéoity.for‘.
abductlon and, espec1a11y, adductlon‘ of the\pdliex.“The

amount of dlgltal convergence and, hence, prehénsilityﬂ

(asqesséd from the relatlve depth of the transverse carpal

arch {Napier, 1961)) ofvthe hand,of P. kummae cannot be

determined without the latera%_carpals.

(iv) Pelvic Girdle

The Slgnlflcance of the dorsally open acetabulum of the
pelvis 1is unclear.»Van Valen and Sloan (1966 P 276) state

;
A



Nl

,j(Slmpson and Elftman,,]928) and perhaps exerted llttle t B

--all these cases.A'

.

that this cohdition "suggestSAa near or complete lack - of

‘rlcochetal or qlldlng hablts among multltuberculates and may

!

vhaye perm;tte 108t only a low p0551b111ty of arboreal

/
activity;ﬂ‘Elitmdn 41929), however, had earlier'determined;‘

‘in a functlonal a§§ly51s of marsupial pelves, that a

dorsally 1ncomp1ete acetabulum, as in Pseudochelrus, is.

1ndeed correlated wlth an arboreal hablt,’allou1ng greater
A

"freedom of. movement of the femoral head. Glldlng phalangers

';femur,'at least in E_ d p; and P kummae was orlented

Zln a nearly horlzontal plane in the normal standlng p051t10n T

‘,1976y:an the ,trltylodontld Oblqokyphus (Kuhne, 1956);

have an even less complete dorsal rlm, allowlng the femur to'

be abducted durlng the anlmal's gllde..Furthermore, the

,ldorsomedlally dlrected stress. on the scetabulum.’ 'Similar

vaemarglnatlon of the superlor rlm of the acetabulum ‘has been

o found ln the TCLaSSlC trlconodonts Fozostrodon,

Ajgggggoétrod_g,aand E_ithrotherlum (Jenklns and Parrlngton,

' Jenklns and Parrlngton (1976) suggest that flbrocartllage

may have fllled in. the dorsal border ‘of ‘the acet@bglum in: "

b g

o3 ‘% S &5 . \ i 5] "‘h o e VAl
« . o o s S
A .

(v) Hind Limb x
Jenkine’(1971a)vhas lucidly analyZed fenoral positions
in pelycosaurs, cynodOnts, ahd "non—specxallzed" mammals.

W
Through thlS phylogeretlc sequence of tetrapods, the dlstalj



‘o

end of the femur is progressivelf oriented~further vehtfﬁily'
g
and medlallyswlth concomlttant changes occurring at both
: prox1mal aaﬁ distal artlcular ends. The ventrally dlrected
'medlal and lateral dlstal condyles on the femur of ()% 9001
»suggest however, that the femur of P. kggggg was normally
,held An a nearly horlzontal plane. If the rather flat fovea
g_é_t;__ﬁ__gg;g is correctly 1dent1f1ed on UOA 11301 jan e
isolated rlght ﬁemor”% fragment of P. kummae; further_
1nferences can be nade concernlng femoral p051t10n 1nasmuch
bas, to paraphrase Jenklns and Parrlngton (1976), the gglgg
nd its 1lgament move Ulthln the acetabular fossa, the
'deepest and central part of -the acetabulum. if thlS 1s/e
granted, the femur was normally posxtloned at about a/30° to
- yoo angle to the sag;ttal plane (a pore accurate est mate
’would requlre dlsartlculatlon of the pe1V1s and femora of uA "
7

9001). Furtheﬁ?conflrmatlon of thls orlentatlon is- prov1ded

—_

¥

by the dorsomedlal pro]ectlon of the femoral head from,the'j
shaft, whlch\ in generallzed ‘non+- cursorlal mammals "lS
apparently correlated wlth a femoral posture in which there
1s a relatlvely large angle (approx1mately 250 or more)
Petween the femoral aéi body axes" (Jenklns, 19712, p. 178) .

A s*mllar normal standlng posture has been determlned for-

Eucosmodon Sp- by-Simpson and Elftman (1928).'

» ) v'P -

The acetabular-femoral articulation shous‘unusual
freedom of moblllty of the femur in that the acetabulum is

relatlvely open, especxally dorsally, and the femoral head
N s

chon51sts of greater than a hemlsphere, typlcal of scansorla-

A

A

251

.
¥



252
but.gpt.oflcursorial, fossorial, or volant mammals
(Hildebrand, 1974). ’ o o

The. knee ]01nt of P. kummae, although the contained
artlcular relatlonshlps are still far from clear, appears to

wrepreSent an enhancement of condltlons Seen ln Fozcstrodon,

‘MeJazostrodon, and zthrotheglum. In Eozostrodon, for ... -

1nstance, Jenklns and Parrlngton (1976) have_shovn that the

J

femur is also large and expanded dlstally, the medlal
]

condyle belng narrower than the lateral, the,corresponding
medial condyle of the tibia is alsc narrover than the
laterai, nd'is éoncave rather than convex, andpa'prominent,»;
1atera11y pro;ectlng tlbla}/i% nge. is present (althOugh much |
- T B . N . - o . L ’
less developed thap 1n P.. Lgmmae). Jenkins and Parrington

'(1p1d.)’have suggested that similar \conditions (with.the p”

exception of the-tibial flange) exist

-which some rotatlon at the knee 301nt is effected durlng the

PrOPUIslve, welght bearlng phase of lOCOmotlon. e k\,

'; ‘The flbula appears sllghtly shorter than- the t1b1a and
probably dld not retaln contact with the femur as 1t does 1n

~monotremes (Ha nes, 1932)~ most marsuplals (Barnett and

k3

Napier, 1?53b), and at 1east some Triassic trlconodonts‘

~

(Jenklns_and Parrington, 1976). The functional 51gn1f1cance

of the peculiar articular relationshipsgqf'the»prcximal head &
\ , . ;

of the fibula of P. kummae is unCIeEr but, in any'caSe,

o accordlng to the termlnology of Barnett and Napier (1953&),,

-
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‘ ' : ' w ,
the fibula of P. kumpae was a mobilefone, in- that it is not

‘anywhere fused to the tibia. Mobile flbulae in eutherlans
’ .

_ are Uv;rtually llmlted to cats,and-bears among the Carnlvora’
: . L RE i

and to the majority ofnPrimates --- All these anipals are.

either renarkably vell adapted to progre551on, often at‘high

s

75peeds, over rocky and uneven surfaces:%.. or are uthly or

partly arboreal" (Barnett and Napler, 1b1d., ..17)._ o 3

1 Extrapolatlon of the ahove statement to Po kummae,.however, S R

» - o

must await the determlnatxon of the type of t1b10~f1bular

artlculatlon, -as 1t appears to be gulte unllke that of any

11v1ng mammal.

The horlzontal and flat artlculatlon between the tlbla i

and astragalus of P. kummae and Eficosmodon sp 'clearly

,;Plaﬂtlgrade. Plantar contact of
:Lﬁ A

vthe calcaneum with the substrate prov&ded a}tr1n51c

-~

1nd1cates that the foot‘

s
. ,

stah llty for the‘tarsus and thus for flexaon égd extensxon .

fat the cruro—pedalv301nt- ThlS stage had already been fﬂt'
i * 3
: attalned by therapsmds (Jenklns, 1971a) except that both hhe

calcaneum and astragalus uere 1n contact. Hlth the substrate. d, !

Kl

(RN

’The relatlvely flat prox1ma1 surface of the astragalu% 1nv j\k

v v
ooy

'mult tuberculates lndlcates that - a rather l‘mlted degree of ¢
'<f1ex1on and exten51on, relatlve tg most therlans, uas
possible at\the cruro pedal ]Olnt In therlans, a prox1mal

trochlea, the 51des of whlch artlculate w1th the medlal and » g'

,1ateral malleoll,‘ls developed on the astragalus and thus

~ >

,permits a great degree of moblllty.cThe presence of malleoll
T o
in therians stab1 1zes the cruro- pedal joint (Jenklns,

.



'_calcaneum may 1nd1cate some addltlomal cruro—pedal

crus. If thls emlnence 1s an artlcular facet,u_ preszably

artlculatlon is present An the same pos1t1on=1n cynodont

254

At . . v : : ™ )
1971a) . "Mafleoli are absent in cynodonts (Jenkins, ibid.),

possibly in the'Triassic'triconodonts as vell (Jenkins and

Parrington, i976) but are at least incipiently developedz
P. kym_e_

The presencé of a small elongate eminence just

posterolateral to bhe astragalocalcaneal facet on the

% :
artlculatloh other*than that betueen the’ astragalus and

would have contacted the osseus lunula, Uhlcﬂpls developed

dlstal to the flbula, descrlbed above. A facet for fibular

calcanel (Jenklns, 1971a, fig. 6231&.

. ‘ R ) : Y . . ."‘;‘} - -
-+ ‘The calcaneoastragalar, Siksubiﬁalarp a

- . » () . e
“ku ae and Eucosmodon Sp. is very 51m11ar

_ —— e e e s

i

ﬁ&

fball and socket jOInthlth the p0551b111ty of&h.ae than the - -4

'r yer51on ever510{

: rotatlon about the 301nt, aﬁq%

;1nver510n—ever51on of the pes. The presence of a strong

,vements that characterlze thlS 301nt in

-;pqpmals The astragalus, w1th 1ts two plantar facets
useparated by an astragalar sulcus,,was partlélly superpqgﬁﬁﬁ
.om- the dorsomedlal surface of the calcaneum. As Jenklns Mas h ;

\901nted sut for cynodont astragall, however, the ggo facets

are -part of the same ‘arc and therefore permltted axial

onsequently,

transverse ta€§£1 arch precluded the astragalus from plantar

‘0,
A . " o
s

N . . . L. e

£



contact. . "\ o : » S - \

A dlstlnct astragalar head for articulatlon Hlth t@e

navicular, a cOndltlon that apparently appears for the flrst

“,1:1

t1me 1n Tr1a551c‘tr1conodonts (Jenkrns and Parrlngton,
: ' W
1976), 1s alip deVeloped in P. kummae a

“Fucosmodon sp..'

. L)

A transverse\tarsal arch is promlnently developed 1n_'

both P. kummae and Eucosuo gn sp. In. P. kummae, only the

w

gdlstal artlcular surfaces of the cub01d .and of the écto—'

and entocqnelforms can be observed. All three bones are
.transversely ulder dorsally than ventrally, there%’
dproduCLng vhat Jenklns (1971a) tegms a "keystone" arch ‘The

mesoduhelform of Eucos g on sp. is almost rectangular 1n."

dlstal v1ew but the cub01d, ecto— and entocunelforms are

| . - o . W . RS

-shaped much as in P. kummae. Furthermore, the. nature of the Wy

-

calcaneocub01d arxlcuiékaon produces a*plantar angle betweaﬁ

Z:the two bones. that is much less than 180¢°, therefore further

)

: 1ncrea51ng the helght of the transverse arch. | -‘a.

The pedal phalanges of both P. ?ummae and Eucosmodon

- SPp. . retaln the basic pattern seen ‘in the Tr1a551c

'“trlconodonts,‘whlch Jenklns and Parrlngtén<11976) conclude.

v D
IVerg capable of pedal prehens;.on. Osteologlcal features in

- '

—_—— e

include elongate, transversely compressed claws,

_ S
,wellfdeyeloped trochleae at the dastal ends of the mlddle-

.phalanges,'and.large flexor tubercles on the dlstal
‘ ‘ H N .

.phalanges.

[y . ’ ' . o w
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The amount of dlvergence of the first ppdal digit is

‘unknown but 1ts basal artlculatlon (Hlth the entocunelform)

is certalnly unlike those of . the other dlglts. The tight

rsaddle artlculatlon probably llmlted the dlglt to flex1on

and exten51on, there belng llttle opportunlty for lateral

and medial»dev1at10n_and probably none for axial rotatlon.
' : ; L

L o ‘ (v1) SkeLetal Restoratlon

‘.. .
) . .,,'f i
Considering'the skeletal adaptations of PT kummae in -
W
},‘..zn‘_ ~,
con&eft,;a restoratlon of the skeleton in a normal standlng

'posture 1s prov1ded fﬁ*Fl&& 37 and of the uhole anlmals in

et

"Flg. 38.

256
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Figure 37. Skeletal réconstruction of Ptilodus kummae,‘ﬁ.
sp., based principally on' UA 9001. Details of the
pectoral girdle and forelimbs are uncertain and

the skull is_based on that of Ptilodus montanus

K

(after Simpso%, 1937c) . -
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Figure 38.

Actist's teconstruction,

under the direction of

the "author, of two 1ndlv1duals of Pti lgg_g

About two- flfthS natural 51ze.

kummae, n. sp.-
' .
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The'SPecimen‘of Ptilodus montanus described by Gidley

(1909) and the spec1men of Eucgggggon sp. described.
‘prlmarlly by Granger and Simpson. (1929) have prov1ded the
bases for 1nferences of locomotory habit in
multltuberculates. Ptilodus was characterlzed as saltatorlal
by Gldley (1909), as it Vas by Broom (1910, p-767), who
stated that Ptllodus vas "a ground hopplng _animal which vas

—— s i

probably_qulte pnab%e_gg climb trees."

Simpson'(1926)'measured the 1epgth5‘of femora and

humeri of many Small and medlum—51zed mammalS/aﬁH’Eo;oiqdede*

S

that the ‘ratio- between the tvo, the varlate employed by both

Gidley (1909) and Broom (1910) to suggest a saltator1al

habit for Ptilodu§ was not partlcularly dlscrlmlnatory

fhetween saltatorlal or cursorial habits and was espeC1ally_

hpoor in deggfmlnlng 1f the mammal was terrestrlal or
arboreal Slmpson (1926) dld houeyer, conclude (p- 247)q

' that Ptllodus nyas probably a swlftly moving and aglle
‘quadruped" but that (p- 2%9) "to settle the problem as to
whether they (hultltuberculates) vere arboreal or _ ';
terrestrlal COmplete knowledge -of . the llmbs is: requlred
indeed even thls might. not settle things. deflnltely. It 1s,
houever, a fact that they are accompanled in the rocks by
,abundant*eVLGence_of arboreal vegetation and we have seen
tﬁat ihey depend_in,1anoe_mea5ure‘oo these teees fof £heip

P e
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sustenance. It would be remarkable if many of them were not
- . :
‘at least semi-arboreal."”

e e e B e \

,-Elftman (1928, p 18) as ‘a "chlefly arboreal" mammal, the
1nference derlved frOm a detalled ana1y51s of 1ts hlndllmb

;mqsculature and the orlentat;on of its limbs. VA

Slmllar conclu51ons are, derlved here from the-
osteologlcal analysis of - the almost complete postcranlal
*skeleton (UA 9001) of Ptllodus kunmge. In UA*9001, the t1b1»
‘1s consxderably shorter than the femur, a ratlo that, in

[ g

itself, clearly 1ndlcates that_g kugmae vas not saltator*al

.t

nor hlghly cursorlal That P. kummaeawas;not cursorial is
'also Lnferred from the orlentatxon of the propodlal 11mb
segments,'whlch were held obllque to saglttal and, in

“lateral vlew, almost horlzontally 1n\the\normal standlng ‘f Ty

' posture. The structure of ‘the humerus, partlcularly the lack

of hypertrophy of the deltopectorab rest, 1sxa clear b

s

'1nd1cator of non-fossorlal habxts. i
’ : {

SETSS o L
. ! [
Cautlon has recently been advocated regardlng

_ 1nferences of locomotory hablt from skeletal form. Jenkins

v(197ub), for example,.has\empha51zed the false

—
—~

1chotomy

‘that EXlStS in v1ews on mammallan arboreallsm

~

—

: %
“1ocomotlon hn a 5pat1ally 1rregular habltat ,111 not only
/
, : / a
: 1nclude adaptatlons to arboreal actlvl;y ;7¢ to 1cromotlon

7

: y
eon almost any uneven suvstrate. Conﬁersel an osteolog cal

bl
’ a
/
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analysms of a mammallan skeleton that results 1n thé

263

-

1nference that the‘aa;mal vas a generallzed, non- cursorlal

- g

quadruped capable of pronatlon suglnatlon of the forefeet,

1nVer51on-evec510n of the hlnd ﬁeet con51degab1e o

-+

flexmblllty of the vertebral column,.eét.. does not

necessarlly 1mp1y a strlctly,anboreal hab't. Structural and ®

phy31ologlcal adaptatlons to spatlally dlsckntlnucus and

-uneven surfaces. have been eluc1dated in detail by Jenklns

P

- (]97Jb 197uh) and Jenkins and Parrlngton (1975)."

°

- A tall exceedlng the 1ength of tFe head and hody 1s

’ &y

commonly found “in arboreal or saltatorlal mammals (Dagg.‘

-

1973). That Eucosmodo sp. was not. saltatorlal (or

fossor;al) has heen shown by Slmpson and’ Elftman (1928) and,

owing to ?asic 51m11ar1t1es 1h‘structure, the same 1nference“_ o

a v

= — e e

. *e
can be applied to P kummae. Houever, although the length
| y

andfrobusfness of the tail seem to. 1nd1cate a prlmarlly

]
i

arboreal hahlt‘for P kummae, 1t should be noted that the : et

'structure of the tall 1s not always dlctated by lccomotory

-

a B
©

requlrements (see summary bf other\functlons 1n Dagg. 1973).

-That P. kummae yas at least cagable of progression 1n'f

an arboreal mllleu is- strongly suggested by the hlthy

moblle limbs, a flex1b1e vertebralgcolumn, and an

5.

exceedlngly 1ong and heavy tall. tartmill (1972, expanded 1n

1974) has evlnced coﬂsxderable evldence that the p055e551on

§

of well developed claws (as in P. kummae) ‘on the ‘hands and
Y

®

feet of sma11~arboreal;mammals~1s part}oularly adaptive for

s

-
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) .aCtIVLtleS" (197&, pp 62 63)..Grasp1ng extremltles and
»_reduced claus of 51m11aqu 51zed mammals are partxcularly 0‘

sulted fbr vell—ccntrolled prOgress;on on supports of small
dlameter. If these 1nferences hold true, one,wéﬁld expect P "‘f
that P. kummae wvas not a common 1nhab1tant 1m shruﬁs or. 1n

the termlnal branches of the canapy.-f

As a worklng hypothe51s, albelt a conservatlve one, P}

kummae may be charactezlzed as an herblvorous, mall, f:-a

[

prototherlan mammal that pdSseSSed a locomotory repertolre ,

adapted to a partly, 1f not strlctly,varboreal habltat.f

. . e “ : .
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