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C A well- deve]oped nucha] ]1gament and the powerfu1 nucha] musculature
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7'5- . As g part of a rev1s1on of the North Amerlcan pachycepha]oéaur1d -‘t' ‘,;

H1nosaurs (Rept111a 0rn1th1sch1a), the species Stegoceras vaszus '_ / ‘
tambe, 1902 has begn réstudied. An’1ncomp]ete ske]eton with an excel- ;f' i
- lently preserved 5ku11 1n the co]]ect1ons of The Un1vers1ty of A]berta,
perm1t§ a reconstruct1on of the osteo]ogy of th1s taxon Restorat1ohs»;

of‘the muscu]ature espec1a]1y of the Jaw and nuchal musc]es, have

i
1

.; A fuhct1ona] ana]ys1s of the cranial arch1tecture 1nd1cates"\\};’ghj

that the th]ckened frontopar1eta1 probably sérved as’ a weapon 1n }ntra-

- been attempted

Spec1f1c combat F0rces resu]t1ng from 1mpacts cou]d have been trans- ,

m1tted through the- Tateral wa]] of “the unusua]]y we]] oss1f1ed bra1n-

1 .-

case to the occ1p1ta1 condy]e and over the vertebral’ co]umn backward:.

T . \ . i e

may have a1ded in shock absorpt1on o L : ¢

'-v"v_« .
NG

A

The descr1pt1on and functional study prov1des ev1dence that «

Stegoceras was an herb1vorous b1peda1 rept1]e, ]ack1ng cur\ﬁ¥1a1 ad-
aptat1ons w1th a broad thorax. and abdomen and heavy ta11 Ga1ton S

der1vat1on of the Pachycepha]osaur1dae from Jurass1c hyps1]ophodont1ds‘“
,“3 Coa ‘ ,

is corroborated B

. . ) .{_
N

0n1y two spec1es of North Amer1can pachgcepha]osaur1ds are
recogmzed Stegoceras vaszus and Pachycephalosaurus wyomngenszs .-

(G11more, ]931) No good evidence for. close re]at1onsh1ps to the

Anky]osaur1a and Ceratops1a has been found
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INTRODUCTION -

1. Previous work on péchycephansaurid dinosaurs . - o
. ’ ! -

-

In ]éOd Lambe deBcr1bed and flgured two frontopqr1etals from
the "Be]]y River serijes" (Judlth River Formut1on (accohd1ng to McLean —
]9/1)) of Alberta as represent1ng a new dlnosaur, atego"eras validus, -
possibly referab]e to the Ceratops1a He suggested (1902 69) that
the bones were prenasa]s Nopsca (1903 266) ,- 1nterpret1ng these

ﬁpecwmens as frontals and fused- nasa]s, env1saged Qtedccnras as ,a d1no-

!

i

saur1an unicorxg and compared it with the P]evctocene rhinocerotid
hEZasmoﬁherium. e was uncerta1n‘as to the re]ationships of Stegoceras :
“Ob es den Ce”atnpsidenvoder Stegosauriden (im weiteren °inne3'
‘zugetheilt werden muss, ersche1nt nach dieser n9uen De :tung noch
}duhchaus fraglich" (Nopsca ]903 267).. Lambe (]904: 24) fd]]y o
agreed with Nopsca's anatomical interpretation$ Hatcher (fn Hatcher,
Marsh and Lu]?, 1907: .98) prov1ded a correct 1nterpretat1on of the
matérial: - "They appear to me rather as reprecent1ng the super1or por- |
tion of the occ1p1ta1, parleta] and frontal segments of the sku]]
Hatcher d1sagreed with Lambe's assignment of Stegéccrae to the
Ceratopsia, even doubting d1nosauv1an affinities at a]] Henn1g

-(]915) cons1dered the systematic pos1t10n of this genus as uncertaxn_
lis t1ng it af incertae sedig in h1s order Predentata "The Same yearft
‘_ as Hennig's werk ap"eared ropsca (]9]5) pub11shed a paper ‘in vh1ch he

cona1dered SteaJrczas as an anky]osaur and referred it to’ the

Acanthopho]1d dae, Short]y afterward (]917) he puulzshOJ a slightly



.‘:-)

[s1c] This. ass1gnment is a]so found in h1s 1918 paﬁer, in the 1at?

ter pub]1cat1on, he referred the tooth of Palaeoscincus asper Lambe

1902 (probahly belonging to an anky]Psaur)-tg Steg cer%s (as

[

"Palaeoscincus rugosus ") .

\ Lambe (1918) descr1bed ad&1t1ona] material of Ste, 7cera3, in- .,

s

c]uddng a well- preserved skull roof with part of the occipital reglon

!

(now NMC ]38) and a]so—an isolated frontopar1eta1 the ]atter spec1-:

men was referred to a new spec1es, Stegoceras brevts Lambe (19]8
35) erected a new fam1]y, Psa]1saur1dae, for the reception of

it in the Stegosaurla (wh1ch

Stegoceras and "prov1s1ona11y“ p]ac
“also 1nc]uded the anky]osaurs 1n Lambe's usage “of thils name) ..Nopsca

(1923) céntended that the “Pa]1saur1dae5 [sic) of Lafibe was 1dent1ca1

w1th his Acanthopho]1d1dae, continuing the associatio Stegocerasyn

0

with the Anky]osaur1a.

A very important- contr1but1on ‘to understand1ng of the real

affinities of the dome- headed d1nosaurs was Gllmore s (1924) account

of a well prese- .2¢ skull and postcran1a1 mater1a] _of Stegoceras.
This spec1men had been discovered by G. F. Sternberg 1n 1921 and pur-
chased by The Un1veﬁ5 ty of Alberta. Unfortunate]y, Gl]more S paper

-caused con51derab]e .confusion as Gilmore considered Stegoceras as a

f Jun19r synonym of Trcodon. He claimed that the premaxillary teeth of

the skull of Stegoceras vaszus were structura]ly 1dent1ca1 w1th a

~small tooth from the Judith R1ver Formation of Montana descr1bed by

[
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Lehdy (]856§ 72);as Troodon formosus and concluded that the specimens
weré congeneric. Furthérmore;/Gi]more‘pointéd out that Lambe's

Psalisauridae was not proposed fn agreement_with the rules of the In-

ternational Code:of Zoo]ogical Nomenclature and suggested Troodontidae

.as-a substitute name. The T’roodontidae ﬁre referred, to the

)

"orthopodous dinosaurs". G1]more S taxonomlc procedure was fo]]owed
by most authors’ until the 1950 s. In fact Nopsca (1901) had a]ready

recognized that Troodon formosus was based on. the tooth of a'small

o therepod dinosaur (see-Sues (in press)).

Other'workers (Gregory.(in'Osborn 1924: 10) and Romer (1927:

228)) placed "Troodon' in the Anky]osaur1a but the reasons for such an

ass1gnment§53?3*1nadequate or not presented at all, Nopsca (1929 and
1931) rejected Gilmore's views and contended that Gilmore's Spec1men

~actually was.a composdte, cons1st1ng of an ankylosaur skull, the post-

cranial remains of an (otherwise unknown) ornithopod and some: fish

bones. Gilmore (1931) and Russell (1932) thorough]y examined Nopécafs

' comments and rejected his interpretation' In the period from 1924 to
1943 there was but ]1tt1e add1t1on to the knowledge of dome headed

.d1nogaurs Sternberg (1926 104) listed "Troodon sp." from, the

Edmonton Formation ofVAlherta Gilmore (1931) descr1bed a large

.frontopar1eta1 from the Lance Format1on of Wyom1ng S Troodon : =~

/wyomtngenSts, in 1936, he referred a second specimen.to this spec1es

A very deta11ed monograph on- a]l specimens of "troodont" d1no—
N =
saurs then known was pub]1shed by Brown and Sch]a1k3er in 1943 de- .

scr1b1ngtwonew spec1es of "Troodon" (T sternbergz and T.
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edmontonensis) and .a. new Qenus’, 'Paéhyc"ephalooaupzké, with two new Spéciés
(P. grangeri and P. reinheimeri). »Troodon‘wqomingensis was referred to
Pachycephalosaurus and considered'to be a third‘species of that genus.
Brown and Sch]aikjer discussed the Yffinities of the dome-headed dino-
saurs and placed them in the Orn1thopoda, rejecting anky]osaur1an
affinities on the basis of the 1nterpretat1on "that nearly a]] the

nodosaur resemblances they possess are superf1c1a1” (Brown and

~Schlaikjer 1943: 145)

. Sternberg (1945) recons1dered the c]ass1f1cat1on of the

“troodont" dinosaurs. He demonstrated that Stegoceras could not be

" considered as a junjor‘s<h§§ym of Troodon, which he correctly recog-

hized as a sma]] theropod inosaur. Sternberg (1945: 535) propose&
the very. descr1pt1ve new name Pachycepha]osaur1dae for the family

represented by’ Pachycephalosaurus and Stegoceras Furthermore he

descr1bed yet another spec1es, Stegoceras Zamoez, from the Juglth,,/"’/<r

Rlver Format1on of A]berta During the per1od from 1945 to 197] there

s but a single published addition to our know]edge of the

!Pachycepha1osaur1dae the first record of this family from East As1a

Bohlin (]953' 32 - 33) descr1bed an 1ncomp]ete frontopar1eta1 from

the Upper Cretaceous of Tsondolein- Khuduk Kansu, Ch1na, as Troodon

beerZt The spec1men differs from Stegoceras in the few features

still recognizable andhthe exact strat1graph1o position of the type

locality is unknown. S
{ N

During the past five years considerab]e progress has been made

in the studyﬁof dome-headed dinosaurs; Galton (1971) described a new
s S o .

i
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genus'andVSpecies, Yaverlandia bithoZus, based on a small frontal re-

gion from the Nea1den of the Isle of Wight. Yaverlandta is the most -

' primitive pachycephaJosaur1d yet known, showing a dome 11ke th1cken1ng i
‘of each frontal. Furthermore, Galton discussed the sngn1f1cance of

* the dome in the Pachycephalosauridae and suggested (alsa in 1970‘(19703)

in a semt-popu]ar article) that the. tickened skull roof served as a

-hatter1ng ram for 1ntraspec1f1c combat. [Colbert {1955: 195) a]ready

cons1dered a s1m11ar 1nterpretat1on , "PerhapS'(as a Very‘wild sUrmiSe)\

the 'skull was used as a sort of battering ram."] In 1974, Maryaﬁska e

and- 05mo1ska pub11shed an extreme]y 1mportant monograph on thghMongo

~ the Gobi desert under‘leadership of‘Z Kie]aniJaworowska Three new
monotyp1c genera were descr1bed two of them are documented by excel-
lent cranial and postcran1a] mater1a]s form1ng the basis for Maryanskd
; and Osm61ska' s detailed descr1pt1ons, A new suborder, |
Pachycephaiosauria, was erected as aataxonom{c’expressionﬂof the mor-
pho]dgica] uniqueness of these repti]es Stenopeltx valdenSts von
Meyer, 1859, an ornlth1sch1an of prob]emat1ca1 aff1n1t1es from the
Wealden of N. w. Germany, was a]so referred to the Pachycepha]osaur1dae.f
.-Stenopeltx is. based on a pe1v1c g1rd1e, a h1nd 11mb and some vertebrae
the or1g1na1 was recently red1scovered (Schm1dt ]969) Maryanska and
Osmo]ska S work prov1des valuable data for determ1n1ng the contents

-

and affinities of the dome headed d1nosaurs

3

/~ - ,’ - ’ ’ » . : A | -
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. In compgﬁison with the Mongo]iah Pachycepha]osauridae, the '
- present state o know]edge for the North Ameritan species’ 1s very g\\\ 1
1 0smdiska (1974) have

<

2. Scope of the prese/} study

adethte (as Galton (1971) and Maryanska 2
poin out) Most of the spec1es are o ly docu ented by 1so]ated

tron parietals and are certa1n1y synonyms of two'or three spec1es N

( ithe ba51s of pub]1she8 descr1pt1ons and 111u-trat1ons, I wou}d

as halid taka (see pp' 152‘4 157 for discu.sion . Eurthermore,wﬁ"

valtdus in the co]1ect1ons of The Onivérsity of‘A]berta 'is inadequate N

and/or incorrect 1n_many po1nt53 P1a1n]y, a revision of all North. \l 1#)

American pachycepha]o%aurids‘is needed, A Joint prOJect by-P. Dodson g

/'(biometricai ana]ysis of‘frontoparieta]s), P. M. Ga]ton (taxonomy\%f

Pachycephalosaurus and Stegoceras and anatomy of Pachyeephalosaurus)

and the author. (cran1a1 and postcranial anatomy of Stegoeeras) was in-

1t1ated 1in 1975 to 1mprove the - curHent s1tuat1on ﬁ ' .

The puhpoée of this‘peeer is three- fg}d< vj L

1. Deta1]ed descr1pt1on of .the cran1a] and* postcranjal skeleton of
. Stegocerau validus with an attempt to reconstruot aspects of the

) ‘hnon skeletal anatomy | '

2. D1scussion of se]ected funct1ona1 problems, espec1a]1y the sﬂfnifl'
| icance: of certa1n aspects of the cran1a1 morpho]ogy | ‘<

3.. Discussion of the affinities Of‘StegoceraS, 1htegrating’the'data

-of Maryafiska and Osm61ska {1974) and thc - of'the preseht study,, 6}’
- . : ' @'\ ¢

!
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' and comments on the systemat1c pos1t1on of the fam11y :

Pachycepha]osaurldae )

i

A descr1pt1ve morpho]og1ca] sect1on a]ways precedes d1scus—

sions of ,selected funct1ona1 prob]ems "1 followed the usage &f ver-

tebrate zoo]ogy (rather than human anatomy) with regard to spe111ng,

cap1ta]1zat1on, etc., of anatom1ca] terms, i



MATERIALS

The following specimens of Stegocerae validus Lambe, 1902 from
the Judith River Formg%ion of Alberta form the basis for the anatomi-

cal sections of. this study:

| N
1. UA2: An eXce]]ént]y preserved skull and jaws ahd e¥ incbmp]eter
| postcranial skeleton. The right side of ;he skﬁl] has been sub- °
jected'to‘post ortem deformation. »Many of the pestcrania1 ele-
BEn%s_ane/TEEZ;:<ete and crushed and havé been restored w{%h |
colored plaster (Gilmore (1924) epparent]y did not note thy

.

.o
&
3

.1n all cases and at least some of his measurements should
w1th caut1on) ‘Themdata for the Tocality of th1s specime
Sternberg Quarry'nq. ]}gsee Map 969A (Stevev11]e Geo]og?tﬁT
Survey of Canada), 'S €. Stevev{11e A]berté, 1n'1sd <31, sect.

27 tp. 21, range 12 west of the Fourth Meridian; e]evat1on 2,189. 2
feet . (ca. 667.2 m) The specﬁmen vas found in a cross-bedded
sandstone w1th\abunde2ffglent debris. Co]]ector: G.JF. Sternberg;

,cm]ecum{date 1921. -

‘ | . ‘ . )
. - [ ’ .
2. ‘NMC 138 (caSt: NMC 138A): ‘Well-preserved skull roof having part
| -of the occipifa]xregion Accordfng to Brown énd Sch]aikjer (1943:

124), the data for the 10ca11ty of this specimen are as fo]]ows

LI be]ow the mouth of Berry Creek, Red Deer R1ve# A]berta "

Co]]ector L. M. Lambe. - T

% o | .\ i - ;~ ‘ / *

-} : \ . ! . _ ‘ ) : 4
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3. NMC 1108:" qriginally We1] preserved frontopar1eta1 of a sma]] in=
d1v1dua1 (see Brown and Schlaikjer 1943: pl. 43, f1gs. 4 - 5),
sectloned for histological purposes (thin sections céta]ogued with
the remeining fragments) Accord1ng to Brown and SchﬁalkJer (1943:

-124), this spec1men was collected at "Sand Creek Alberta."

Collector: C. H. Sternberg | Co]]ect1on date: 1915,

" For comparative purposes, excellent casts of the skulls of the
ho'lotypes of Prenocelnhale pre;qée and Homalocephale calathocercos, bd’th
Maryanska and Osmdlska, 1974, from the Nemegt Format1on of Mongo]1a
~and a number of 1so]ated frontopar1eta1s in the co]]ect1ons of The
~Un1vers1ty of Alberta and theﬂProv1nc1a] Museum-.and Arch1ves of ©.
A]berta both Edmonton, have been used Some of the spec1mens of
Hypsilophodon foxii Hux]ey, 1869 preserved in the Br1t1sh Museum
(Natural H1story) London (see Galton ]974a), and spec1mens of
Fubrosaurus australzs Ginsburg, 1964, current]y under study by Prof.
.A w Crompton Harvard Un1vers1ty, have been exam1ned by me to cldr-

‘ ify certa1n structura1 deta1ls
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ABBREVIATIONS

i

. Abbreviations used in.the’i]]ustrationsﬂand tables are as’ fol-

Institut{ons:_

NMC - National Museum of Natural §ciencesg Ottawa.

= EN

, L./
- Department of Geo]@gy,'The‘University,of;A1berta, Edmonton. -

_UA
Skeleton:
A. Orientation of elements:

ANT - anterjor.

’

DIST - distal,
POSTv-;posterior, «
_PROX - proxima ) .

Skull and manflible: abbreviations after Romer (7966: fig.

109), with addition of: o .
. - ]
f.i. = foramina for: the cutantous branch of the inferior

b
alvéolar nerve.

s . -

f.q. - quadrate foramen. ‘.
oo

f.p., - articulhr surface for predentary.

so (I,II) - supraorbital (I,II).
APF - anferior palatal opening. '
B °
- externa]"nagié1 opening. ' .—
) ’ v A ' S \‘ .
ITF - infratemporal fenestra. _\\\ ' <: o
. Lo t » N ) . ‘/ /-"'
OR - orbit., _ e - ‘ oy/_/p\/ﬁ»
- . : Y S
N /

3 s ) ' .o . C
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II1.

PPF
STF

- posterior-palatal opening.

“

- supratemporal fenestra.

Postcranial skeleton:

C.
AC - acetabulum.
AT - antitrochanter.
CO.F. - coracoid- foramen.
«. DP- - de]topéctora] crest. = . ' _
GL - g]enoid»cavify. , |
H - head 6f humerus. | : B A:~ .
ISH - ischia] head. o | ;
. - ’ ‘ < . '
oL - olecranon process.
PP - pubic peduncle.
S(4,5) - facet for-articulation of sacral rib (4,5).
qucﬁ}atﬁfe: |
AE.M - M adducktor; mandibulae externus, 4pars mec: 1lis.
AEP - M, adductor mandibulae externus, pars profundus
AES - m. adductor' mandzbulae externus, pars superfwza?zs
AP ~ M. adductor mandv,bulae posterior.
DM - M. depressor mandibulc'ze.. |
- OM M oBZiquus capitis magnus.
- M 'Z&giésimus capitis, pars transversalv‘l’s capitis;
- M Zoﬁggbsir}zus capiti;s, pars transversalis'cervicis.
- M. pseudotemporalis.m - ~
- M. pterygotdeus pars ventralis.
- M. rectus capitzs anterzdr.



IV.

y

(;
‘RP --M. réctué capitis posteriop.

Sﬁ - M. spinalis capitis.

Measureménts: | , =

Ghe -igreatést heighf of‘kentrum (poéterior).- -
Glc - greatest length of cehtrum.

Gwc - greatest width of centrum (posterior).,

L - ]engfh. -

M, = minimum w%dgh of shaft.

Wy - distal widtﬁ?of e]émén@.

.wp} - bréxima] width of element.

CV . - caudal vertebra,

DV * - dorsal vertebra. -

wMCV —'mid-cauda] vertebra.

];“2 - seé diaéram for'Tqb1e,27

12
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PART ONE. CRANIAL SKELETON
1. Skull

The skull of Stegoceras (figs. 1 - 4) is’ subtriangular in lat-.

: . . V.4 ‘ ' .
eral view. The snout i$ foreshortened. A ‘relatively thick shelf.is -

_ formed by the squamosals and parietals and overhangs the occipital re-’

~gion. The fkonta]s.and p;rieta]s are greatly thickened, forming an
elgvated dome. The surface ofvthe dome is re]ative]y“smoo?h.and only
shéws a.number of sﬁattered,eramina‘(presumably for b]oéd vessels
frqm thevsuperf1c1a1 tfssues). ‘Much of the external surface of the
sku11'is'heavi]y.ornamenpgd with cgnspicuous;nodeé;’ These nodes.show
é tendency to be érréﬁged in roWs,'especia]]yvalongIthevposferior mar-
gin of the parietosquamosal shelf, where the most prominent ones form
stout, spine—]fke»structures. fhé'region of fhe SUSpepsorjum is mar-

g

kedly swung forward so that the mandibular articulation lies below the

postekior margin of the ofbif. Concomitartly, the slit-like infratem-.

poral fenestra slqpes -anteroventrally. The supratemporal fenestra is
extremely reduced (the right.fenestra in UA2 even to a higher degree

than the left one). The erit is iarge, deep and imperfectly ellipti-

cal (the longest axis being directed anteroposteriorly); it faces lat-

erally but also slightly anterior]y; The’}amiﬂa_érbitonasalis and
.!pZanum supraseptale are well-ossified. Th; external narial openiné is
large and situated forward. The occipita]’regibn shows a marked anté¥-
roventral sTope. The occipital condyle is deflected pbsferoventra}]}.

" ‘ v .
The basicranium is shortened anteropbsteri9r1y and almost completely

13
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Figure 1. Skull of Stegoceras validus, UA 2. Lateral view

(s]ight]’y_ restored). ™ X 0.5,
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- Figure 2. Skull of Stegoceras validus, UA 2. Dorsa/l view

(sTightly restored). X 0.5.
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. Figare 3 Skull of Stegocoras ralidus, UA'2. WVentral view

(restored). X 0.5,
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'+ Figure 4. Skull of Stegoceras validus, UA 2. Occipital view

(reﬁstored).. X 0.7.
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separated from the pa]ata] and suborbital regions by the extension of
~ the ptenygoid andIQGadrate and the juncture of the pnbotfc and

| . ,
basisphenoid with the quadrate wing of the pterygoid.

\

.The dent1t1on is hetenodont and cons1sts of comparat]veVy small teeth

: arranged in a s1mp]e marg1na1 row in each jaw. The dental formula is
pmX. 3 + mx. 16. /
~ de. 17

‘\

The descriptions of individual cranial elements are mainly

based on the study of the.skull of UA 2, with ndtes on NMC 138 if the

1atter spetimen provides additiona1!fnformation Detailed comparisons
of most cranial elements for most pachycepha]osaur1d spec1es h;;e been
made By Marydniska and Osm61ska (1974) and only where my study of the
skull .of Stegoc%fas va%i&ue has produced additional data for'compar)-

<

son, have comments been included.

Premaxilla - The premaxilla is relatively large and has a short.

| posterior process (figr 1). Thejbody of the bone is low anteriorly.

. " The maréin of the‘premaXi]]d is thickened and rugose. Threefteeth are

,zpresent and are separated from those of. the max1]]a by a short
!
d1astema. The anter1or margin of the premax11]a near the midline of

the skull lacks teeth. At the,]eve] of the second premax111ary tootn,

c

~a small foramen is.situated on the suture joining the premaxillae ven- ¢
: : . {

7

tfa]]y (fid. 3)f It ¢pens into a canal continding into the-narial
camlty This foranen'was perhaps connected witn Jacobson's organ (al-
'though it is uncerta1n vhether this organ was prese tin archbsaurs
.(Parsons 1959. 20)). An internarial br1dge is formed by the dorsal

process df each premaxilla, The dorsal marg1n of "the premax1]]a is

-

“

3
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-embayed by the external narial opening. The suture joining the maxilla: —_

.\’ .

| with the,premaxilla—on the pa]ate is V-ghaped. A . Unlike the'condition o

be%lla - The maxilla is t1ve1y short but deep. The an-"

terior margin is' thick. The sutural contact with the nasal is 1ong
The maxilla meets the jugal posteroventrally and the 1acr1maﬁ postero-
dorsally. It part1c1pates in the formation of the poster1or margin of .
. the external narial open1ng Probab]y an 1ntermax1llany s1nus was
present (as in Prenocephale: Maryanska and Osmolska (1974: 71Y%); this
s 1nd1cated by the pattern of crushing of the right maxilla. The ]at— |
era] surface of the max111a‘1s convex, Sixteen teeth are present.
Above the alveolar marg1n the external surface of the max1]1a 1s
smooth and ijs penetrated by a few foram1na (probably for nervesaand 15'§
b]ood vesse]s) forming- a well-defined row parallel to the alveolar mar-
ginl(fig. 1). The medial part of the maxilla is deep and.extends ver-
ticah1y. Near the alveolar margin on the medial side of the maxilla,
a number of sma11 foramina (Edmund s (1957) "special foram1na") form ai
distinctive row parallel to the tooth row The anterior part of the
max1]]a is re]at1ve]y wide posterior to the suture/w1th the premaxilla
on the pa]ate and meets the correspond1ng element from the other s1de
of the skull, wedg1ng the vomer in between the max111ae and excluding - ;'
it from contact1ng the premax111ae The ent1re lateral margin of the
anterior pa]at1ne fenestra 1s formed by the max1]1a The max11]a con-

-~
tacts the ectopterygo1d poster1or]y and the pterygo1d posteromed1a]]y

. )
i
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Lacrzmaz - The lacrimal is a large bone, form1ng part of the

-

antdroventra] margin of ehe orbit (fig. 1). It méets the anterior proél

’ —~ cess.of the jugal ventra1]y, the prefronta] (including supraorbital I)

(£

dorsa]]y and the maxilla anter1or1y~‘

The external*surface of the

-lacrimal is ornamented with radiating rov of_node-Tike projections.

© i
NasaZ - The nasal is 1mperfect1y quadrangu]ar (fig. 2), thick

-and heav11y ornamented It JO1nS the maxilla along a relatively

straight, long suture (fig 1), has a relatively short sutural contact

with the fronta1 and an extensive posterolateral contact with the pre-

‘e

- frontal- supraorb1ta] I. The suture between the nasa]s is very 1ong
Anter1or1y, a short process under1aps the dorsal process of the pre-
max11]a, contributing to the 1nternar1a1 bridge. The profile of the
nasa1 (see figs. 1 - 2) in transverse and 1ong1tud1na] dtrection 15‘

convey The ornament cons1sts of flattened nodes of irregular size

:

RS

agd shape e

vPrefrontaZ and supraorbi taZ I - Both bones are fused in |
.Siegoceran and are described as a f1n91e e]ement in this paper. The'
element is ]arge and thick, form1nglmuch of the dorsa] margin of the
orbit (fig. 1). Anteriorly, the prefronta]-supraorbita] I contacts

the ]acrima], posterior]y the supraorbital Il and postorbital, and ’

>

dorsa]]y the frontal. and (more anteriorly) tife nasa]gl The external
surface is marked by a in'b promi ong1tud1na1 ridge extending
Jjust above the orb1t, and by numerous nodes.

Supraorbztaz II - Th1s element forms {together w1th the pre-

fronta] -supraorbital 1) the dorgal margmn.(f1gaw 1-2) and the roof

24
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~of the orbit. Its existence was not r cognized for a long period of -
time. Lambe (1918:p’p1; 1, figs. 1 ~ 2) noted a small bohé posterior
to.the supraqrbi?a] [ in NMC 138, thch he called "postfronta]”.
Galton (1971: fig.-4b) gave a line drawing of the same spécimen, lab-
elling the same"bone'”prefroﬁta]". Gilmore (1924) dfd not recogﬁize
this e]emenf {n UA 2 and thought that the posterodorsa] margin of the
orbit was only formed by the postorbital and postfrontal (the latter
bone is not priesent in the Ornithischia (Romer 1968)). Maryahska and
Osmolska (1974) recognized tHe presence of a supraorbita] IT in

Stegoceras for the first time. '
o

o

The supraéébité1‘ll is ;.sma11 element wedgéd ?etween the pre-

‘ fronta]—;up;aorbita1 I and the postorbital and forms the Posterior partA
of the‘orbital roof. Anteriorly, it contacts. the supraorbital I,
medially the fronté] and postgrjob]y the,postorbita1. Its/exferha1

side is heavily ornamented and shows a posterior extension of the

thin ridge visible on the prefrontal-supraorbital 1.

.
1

Postorbztal - The,gostorb1ta] is a 1arge, tr1rad1ate bone
._form1ng almost the entlre dorsal margin of the 1nfratempora] fenestra
(fig. 1) but only a sma]] part of the posterodorsa] margin of the or--
bit. I'ts dorsal portion is 1ncorporatedu1n the dome (F1gs - 2) AV
ventra] process, which 1s subtriangular in transverse sect1on, meets
the dorsal process of tﬁg jugal; their sutural contactfseems to be
directed downward and backwqrd. A posteribr process of the'postorbi-;
tal contacts the‘squamosg]; the fwo bones jgin along a long sufure,

v | ‘
. - " 4 +.

forming a mass ive and wide supratemporal arcade. On the ventral side



/
'(stib]e in NMC 138):fg;:postorbita1 is underlain by~a‘tongue-]ike
process of the squémosa]. Dorsally, the postorbital confacts the:
frontoparietal, forming the bostero]atera].part of the ddmé and par-
\ticipqtihg in the formation of the 1afera1 margin of tﬁe_supratempora1
fenéstra. bn the ventral side, a stout process with a sharp trans-
verse crest extends media]]y to meet the laterosphenoid. The creQEX

marks the boundafy'between the orbit and the infratemporal fossa.

The external surface of the pdétorbita]‘is highly ornamented.

Frontoparietal - As the frontal and parietal cannot be dis-
tinguished from eaﬁh Ctherdéwing to complete ob]iteratidn of any
suturés on the dorsé1 surface of most~specimensf‘they.are discussga
as a single element in this paper. In some épécimens (see, for in-
stahce,-Gafton (]971:4 fig. 6) and, Lambe (1918: unnumbered figure on
p. 253) faint sutures of variable configuratibn are still visib]e‘(see
Brown and-Sch]éikjer 1943’. The dome (figs. 1 - 2) is.broadly ele-
vated and has ‘a relatively smooth external surface; only tﬁe more .lat-
~eral .regions show a markedfy rugose scu]bture. Anteriorly, the thick-
ened portion of the frontoparietal tapers, fonming a harfbw bar abpve
and. between the Qrbits. The.anterior andAposterﬁor.marginS‘are
trj]obed in dorsal view. 'Anteriorly, the frontal islexé]uded.ffom
participating in‘thg formafign of the margin of the orbit by the .pre-
frontal-supraorbital I and thefshpraorbita1 Il (see fig. 1).‘ Much of
the margin of fhe supratemporal fenestra 1s_formed'by the frontoparie-
ta].l The reducea'size of_this opening is the,conseduence‘of fhe thick-

ening-of the frontoparietal. Posteriorly, the frontoparietal is narrow

and wedged between the squanosals. On the occipital surface, it meets

»

e
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the supraocc1p1ta1 ventrally and the. squamosa] 1atera]]y and partici-
| pates 1n the format1on of a large cehtraI depression, which is sub—

d1v1ded by a r1dge, on the occ1put (f1g 3).

_ . -
Jugal - It is a re]at1ve1y large and long bone, forming most
of the posterolateral marg1n of the orb1t (fig. 1). Its anterior pro-
. cess is very']ong, extend1ng far forwards and. forming a wedge between
max11]a and 1acr1ma1 The posterior part of the quga] is expanded
: vert1ca1]y and part1c1pates in the format1on of the anteroveritral mar-
“g1n of ' the 1nfratempora1 fenestra This posterior portion over]aps
the quadratOJuga] along an extens1ve, near]y vert1ca] suture. The dor—
.sal process of the jugal forms the postorbital bar together with the
ventra1 process of the'postorb1ta] Med1a]]y, the Juga1 contacts a
lateral process of the ectOpterygo1d poster1or to the maxilla. The
external surface of the Jjugal shows extens1ve ornamentation, consist- -

L]

ing of a radiating arrangement of ridges and nodes. - N
_ * j . :

Squamosal - The squamosa].is a very massive and thick bone.
It is not incorporated into the dome (figs. 1 -'2) but is placed lat- 1
erally to the dome and forms the posterolateral ang1e of a parieto-
squamosal she1f The poster1or margin of the ‘bone is swo]]en and over-
hangs the occ1p1ta] region (figs..1 - 4).. Anteriorly, the squamosa]
contacts the postorbital dorsally and laterally and over]aps it w1th a
| tongue-like process ventra1]y Two th1n, anteroventra]]y d1rected pro-
cesses embrace ‘the dorsal extrem1ty of the quadrate anterlorly and
poster1or1y The posterior process merges 1nto the exoccipital pro-

_ kS ‘
cess and is more transverse]y expanded than the anterlor one. The "

O .
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dorsal head of the quadrate fits into.a deep cotylus of the squamosal
(NMC 138: Lambe (1918: p1. 1, fig. 1) and Galton (1971: fig. 4b)).
Medially, the squamosal meets the parieta1‘on the occipita].surface;
contacting it along an extensive suture, and anteromedially the
laterosphenoid. Ventrally, 1thcontacts the exoccjpita]. A small
tongue-like pracess,. wedged between parieta]‘and exoccipita], meets
_the supraoccipital. The squamosa1 shows a markedvexoansion on the
occipita]'sorface of the sku]? Below the iswollen poster1or edge of
the squamosa] a re]at1ve1y deep, transverse]y extend1ng and arched .

depression is visible on the occ1put It invades the parietal med-

»1a1]y and ends in the central depress1on of the occ1p1ta1 su‘

The externa] surface of the squamo a]'is-heavi]_"rnanented,
especia]]& on the ickened posterior and ;

turing'consists of i\regular tuberc]es (see figs. 2 - 3). One well-

defined row of sp1ne— ike nodes is present a]ong the postero]atevalﬁsk

edge, term1nat1ng in a prom1nent large, pointed’ tuberc]e near the

sutura] contact between par1eta1 and squamosa] A less consp1cuous

: /
inner row of prOJect1ons para]]e]s th1s outer row.

i
!
\

Quadrate - The quadrate consists of ‘a main body formed by a

strong and curved shaft and a thin, wide medial Tamina over1app1ng

the pterygoid. The long dorsal ‘part of the shaft is 1nc11ned postero— .

med1a]1y, while the more ventra] port]on 1s near]y vert1ca] to the,
tooth row (see f]g 1). Only the art1cu]ar surface for the mand1b]e
]1es below the level of the tooth row; it is subrectangular and has

.an almost stra1ght transverse prof11e The anterofatera1 and

ateral margins. - The sculp--
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posteromerﬁT margins of the shaft are well-defined and crest-like.

R ' / R S .
, Quadratogugaz - Th1s e]ement is s1tuated between jugal and .

quadrate Its ventra] marg1n is but ]1tt]e -expanded (in contrast to

the condition i PPenOccphaZe (personal observation .on cast)). The j
quadratOJugal eEt&QSi/posteroventra11y close to ‘the mand1bu]ar articu-
',1at1on of the quadrate (in 1atera1 view) (see f]g 1), A Tateral. and a
medial Tamina can be d1st1ngu1shed but: they are less ev1dent than in

Prenocephale (Maryanska and Osmolska 1974: 73).. The lateral lamina

. ~1s very narrow’ dorsa]]y but broad ventra]]y, the situation is revense

' <.for ghe med]a] lamina.- The quadrate foramen (presumab]y for the jugu-

lar ve1n) is s1tuated -on the suture between quadrate and quadratoauga]

- and. opens poster1or]y (fig. 4). " .

\ _. Accesséz’y oz;bitaz ossifications -.A ‘mosaic, ',fofméd by small
* OsSificatjons and surrounded by the frdnta]f prefrontal (+ supra!
prbité]'l) 1acr1ma] 1aterospheno1d, orb1tospheno1d prespheno1d
basisphenoid and palatine, forms the orb1ta1 wall. This reg1on is
’relat1ve]y poor]y preserved in UA 2 but with: add1t1ona] study of NMC
138.and extensive comparisons with Pr@nocepha?e (Maryanska and -

Osmolska 1974 fig. 3) identification .is possible.”

s,

A ]arge oss1f1cat1on in appro*1mate1y the same pos1t10n as
accessory orbital oss1f1cat1on 1 1in PPQnOCuphaZP is v1s1b1e through
the left orbit in UA 2. Lambe (]9]8 'p]. 1, figs. 1 - 2 ("Pasp"))

' 1abe1s a small fragment of bone as paraspheno1d but th1s seems to be -
the upper part of" the bone V151b1e in UA 2. This bone may be 1dent1-

- fied as the” homoTlogue of accessory orb1ta] oss1f1cat1on 1 in

R

o
o
ot

-
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Prcnobephale. Two fOramina (foramina ethmoidala’ ?) are situated on |
the poster1or suture ‘of th1s bone Posteroventra]]y to this suture

there is another re]at1ve]y large. oss1f1cat1on, which Maryafiska and 5
‘ . o

Osmolska (1974 70) identified 35 accessory orbital oss1f1cat1on 2.

‘However, this’ homology 1s opgn to discussion as the e]ement under dis-
I !

cuss1on is s1gn1f1cant]y larger than the supposed homo]ogue in

Pz’enooepha Ze

¢

/

A th1rd bone accessory orb1ta] oss1f1cat1on 3 of Maryanska
and Osmdlska (]974 70), is c]ear]y v1s1b]e in UA 2 and NMC 138
(1abelled as "prespheno1d“ by Lambe (]9]8 pl. 1, f%q ("Psp")) in " g§ |
the latter). It 1s re]at1ve]y large,’ rough]y tr1angu]ar and ave : L
anteroposter1or]y I't contacts accessory orb1ta] oss1FT::f:;:DT€dor- ‘ i
sa]]y above the sma]] open1ng 1nterpreted as the upper foramen
'ethmo1da1e ‘and anteroventra]Ly meets the accessory orb1ta] oss1f1ca-

tion 2 o S o _ | !

9v‘ ]

Further oss1f1cat1ons are v1s1b1e on the anter1or wa]] of the

,orb1t in UA 2 but the poor qua]1ty of preservat1on .prevents deta11ed
h comparisoh with Prenocephale: ; S - | | G
) \?Mbitospheﬂ01d - Poster1or to accessory orb1ta] oss1f1cat1on .

| 3 a very smal] bone is v1s1b]e in NMC ]38 It probab]y repreSents S ‘ﬁ
the orb1tospheno1d and is wedged between accessory/orb1ta] oss1f1ca—
tion 3 and the 1aterospheno1d (= a11sﬁheno1d of Lambe (19]8) and : ‘N

Gilmore (1924)).




. j X / ' i ,
- stated by Gilmore (1924: 21)). The laterosphenoid is not as m

ra

P
2]

Laterosphenoid - This bone participates in the formation of

the upper anterior bdundary of the infratemporal fossa (not lower as

1y expanded (dorsoventrally) as in Prenobephale (Maryanska and

Osmolska 1974:. fig. 3).
/ "

Zaluuphﬂnold - The paraspheno1d s probab]y s1tuated osteri-

or to the 1nterordlta] fissurebut its dorsal. and poster1or Timets |

cannot be determined w1th certa1nty As Maryanska and Osmo]ska}(f974;

79) .pointed out, the s1ender pendant process mentioned by Gilmore

(1924: 22) tn his descr1pt1on of the: vomer s probab]y the ventral -

/

extension of the paraspheno1da1 rostrum, ¥

Baut?phﬁnozd ~ The structure of the bas1spheno1d is affected -

by the anteroposter1or shorten1ng of the ba51cran1a] region (f1gs ’

3 - 4) Poster1or]y, ‘the bas1spheno1d forms the ventro]atergq part—*

. of the f]attened basal tubera, meet1ng the bas1occ1p1ta] med1a1]y

and the exocc1p1ta] dorsa]]y The reg1on of. the bas1spheno1d form-

ing the ventral part of the basa] tubera is very short vert1ca]]y

Med1a]1y, the bas1spheno1d 1s embayed form1ng a re]at1ve1y deep de-

press1on The bas1ptenygo1d processes are medially attached to each

other and extend anteroventra]]y, form1hg the poster1or part of the.

!

1nterpterygo1da} vacuity. Anteriorly, the basisphenoid probab1y ex-
. . b

tends to the posterior margin of the 1nteronbita] fissure. -
‘ ./ i . r" X .
Prootic ~ This element shows a ‘well-developed external wing

1
i

extending transversely. The anterodorsal part of this wing defines -

!
t
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the medjoventra1 limit of the infratemporal fossa. The ventroposteri-
or ‘part of the external wing under]ies'the quadrate process of the

pterygoid A crest extends across the latter portion of the prootic,
{

forming the anterodorsa1 boundary of the ‘middle ear cathy, ventra]]y

' continuing towards the basa] tubera and contacting the basisphenoid.
{

(fig. 3).. The proot1c 1s poster1or1y overlapped by the basisphenoid.
The prootic meets’ the pterygoid ventra]]y.and laterally and the quad-

“rate laterally and‘dorsa11y.

Bastoceipital = This element forms the central part of the

[y

~basal tubera, most of the subreniform oooipital condyle- and ‘t'

f1oor of the medu11a'ob]ongata.' The junction of the basal tub

\\4"

is- marked by a we]] devé]oped keel, flanked by a small depression

on each side (f1gs 3,- 4). The neck of the occ1p1ta1 condy]e 1s
/

‘short. The condy]e shows a strong ventral 1nc11nat1on, more maxLed
-G

than in any other pachycepha]osaur1d nown 50 far‘ Anter1or]y, the

’ba51occ1p1ta1 eApands sl1ght1y and contacts the bas1spheno1d Dor-

!

sally, the bas1occ1p1ta1 meets the exocc1p1ta] in the region of the
occ1p1ta1 condyle furthermore, it'contacts the exoccipital dorso-

laterally outside this region and'1atera11y within the walls of the
cavity of the medulla obiongata. . | :
|

- ' | _
Exoccipital - The exoccipital (fig. 4).part1cjpates in the

formation of the margin of the foromen magnum. The condy]ar'pedicle

!
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shows a small lateral forameh for !ﬁb exit of the w, hypoglossus (X11).:
The pedicle send§ a short priocess ventro]atera]]y to part1c1pate in
| the format1on of the basa] tubera. This process meets the bas1occ1pyf’
tal med1a]1y dnq the basisphenoid ventra]ly The exocé1p1ta] fozms :
the w1ng—11ke processes (v parocc1p1ta] processes" ol authors), wh1th
are c]ose]ylattached to the‘squamosa1s dorso]atera1]y The d1sta]
~ends of these processes are relatively short. A we 1 %eve]oped trans—-’,
verse]y e]ongated depress1on, dor501aterd1]y deflned by a r1dge,extend;
ing to the ventral edge of the' exocc1p1ta1 process, is present on the ¥ -

posterior surface'of the exoccipital near the ventral margin.

Supraocczp7taz = The supraoccipital is re]at1ve1y sma]] and
:rhombo1da1 forming the dorsal marg1n of the foramen magnum and the
~ roof of the cav1ty of the nndul]a ob]ongata (f]g 4). It is visible
in UA 2 and also in NMC 138 (where it was'm1s1denttf1ed by Lambe
(19]8) as an exoceipita])- The sutures“are partly ob]iterated' Lat-
ekaH]y, the supraocc1p1ta] contacts the exoccipital and squamosa’l and-
» dorsa]]y the par1eta] /A deep1y concave (in vertical d1rect1on) cen-

tral. depresS1on, subd1v1ded by a well-developed ‘median - r1dge 1nto two

deep grooves, is present on the 5upraocc1p1ta1

|

Opisfhot{c L Maryanska and Osmo]ska (]974f 65? note the pres;
ence of a small op1sthot1c in Stcgocerau, claiming thét the sutural
contact with the exoccipital "is placed 1mmed1ate]y on the ventra]
| marg1n of the parocc1p1ta1 process“‘ The quality of preservation in
UA 2 however, prec]udes a determ1nat1on of the. sUtures,of this ele-

ment.
- L S
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Vomer - The vomer is a. -very long and narrow element, bisecting
~ the anterior palatal opening as a vertical p]ate (fig. 3). Anteplprly,
thevomoraare fused into a med]an bar. The anter1or end meets the max-
illae at the1r med]an contact Laterally, the medial suxfaces of the
'pa]at1nes contact the dorsa] .margins of the vomer The postorlor part
of the vomer is damaged but was probab]y Y-shaped as in IP(HOOCphJ‘L |
The "pendant procoss" descr]bed by G1]more (1924) in UA 2 probab]y |
represents part of the parasphenoid rathel than the poster1or part of ,N,J/

the vomey (Maryanska and OsmGlska, 1974).

: v l _ |
PaZatﬁné - It is a thin, subtriangular bone, taper1ng anteri- o
Otly (fig. 3). The pa]atlne contacts the vomer med1a]]y and the . : .; i
pterygoid poster1or1y and part1c1pates in the formation of the antetoven-
“tral wall of the orbit. The anterior process, forms part of the mar- |
gin of the anterior pa]ata] vacuity (1nterna] narial opening), extend-
ing a]most to the medlan 5uture of ‘the max1]]ae Posterior]y, the
pJ]at1ne foams the posterior marg1n of the-lnterna] nar1a] opening.
The ventra] surface of the pa]atlne is markedly arched #rom its lat--
eral edge med1a]]y and dorsa]]y The posterior part of the palatine,

at the sutural contact w1th the pterygo1d, is convex ventra ﬂ]y _ ‘ o
bctoptczugozd - The ectopterygo1d is a sma]], curved element

(fig. 3) contact1ng the poster1or and posterolateral part of the max- - ;, J{f
111a and form1ng part of the poster1or margin of the poster1br pa]ata]
opening, A re]at1ve]y stout process of the ectgptenygo1d meets the

juga].' Dorsomed1a]1y, the ectopterygoid forms an overlapping contact

with the pa]ata] part of the pterygoid; the over]ap is not as marked
[ :
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’%p7pfcryqozd" - This element has been descr1bed by Maryanska

| as in PP@UOCUPhaZE:FVGrYdﬁSka and Osmolska 1974).

and Osmo]ska (1974{ 78) in the Mongo]1an pachycepha1osaur1ds but I

am unable to verify its presence in UA 2.

*

“ Ptcrqg07d - The pterygo1d is a 1arge bone w1th a comp]ex struc-
ture (fig. 3). It is shortened (anteroposter1or1y) as a’corre]ate of

the anterior sh1ft of the occ1p1ta] region. The pterygoid consists off

i two a]most horizontal and- poster1or1y inclined processes, a palatal \‘1

w1ng-and»a quadrate wing. ;Both are re1at1ve1y thin. The pa]ata] wing
& -

shows a slightly inclined, expanded poster1or part and a m?re vert1ca1

anter1or port1on The vert1ca] part forms the lateral marg1n of the = -

1nterpterygo1da] vacuity. The posterlor extremities of the pa]qta] .

processes are w€ll sepalated but more anter1or1y a close median con-

 tact is estab11shed ! The dorsal partNef the pa]ata1 process part1e1—v

pates in the format1on of the medial wall of the orbwt, form1ng the

’anterior margin of the interorbfta] fissure. The quadrate wing 1s

5f]ange'of the quadrate. g

directed'dorsally. It can be subd1v1ded 1nto two components a
s11ght1y inclined anterior part and a more extens1ve, nearly vert1ca1

poster1or ‘part. The hor1zonta1 part jcontacts the bas1pterygo1d pro—

<

cess aﬂ%eromed1a11y, its posterior marg1n is free - The medial “join-',
!

ing" of the horizontal portions of the quadrate wings in UA 2 is

probably caused by post_mortem deformation. The vertical part is di-
| :

“rected outwards and backwards. POsteriorly, it contacts the pterygoid
. . . 4 .

|
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2. Lower Jaw
The mand1b]e is well preserVed, especially the r1ght ramus

(f1g 5). Most of . the elements form1ng the medial s1de of the left

ramus have not been preserved, The rlght ramus is s]1ght1y distorted

-

[}

»and 1ts med1a1 51de shows numerous fine cracks

A -
~

The mandibular rami show a Jong precorpnoida]"and re]attve]y
short postcoronoidal part, 1Seven bones participate in the formation
of the ramus The predentary is not pneserved but 1ts presence is
clearly 1nd1cated by surfaces for art1cu1at1on on the anteriorp ends of

both dentar1es (f1g 5, B)x

f [ i L)

Dentary - The[dentary is.thetﬂargest of the;mandibuiar elé-
1ments. The swmph&sea] end s truncated and - curves s]1ght]y medially,
show1ng well-defined surfaces for art1cu1at1on with the. predentary
~1atera1]y and med1a]]y The symphysea1 connection between the dentar-
'1es is weak they are 301ned a]ong a s]1ght]y ob11que1y 1nc11ned sur- |

. face. The predentary probdbly strengthened this art1cu1at70n . Poster-

~ dorly, the dentaries betome- th1cker (w1th additiona] thickening occur-

ring lateral to the tooth row) and deeper, reaching their max1mum de-
ve]opment in front of the coronoid reg1on The ventra] edge of the
B dentary s ‘ounded except for the symphyseal part where it is sharp.
Severa] ]arge foram1na are v1s1b]e on the lateral surface below the

=

alveolar marg1n of the r1ght dentary near the anter1or end They

5

probab]y represent exits- of a branch of the n. frtgemznus (Gilmore

- 1909: - 220) and blood vessels. Ventrally, the dentary underlies the

v
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Figure 5. Right ramus of the mandible of Stegoceras validus,

UA 2. X 1.2. -

(A) Medial) view (restored); ([.f) 1 ateral view,.

-
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def]ned ]ong1tud1na1 r1dge extends a]ong the externa] surface.

[N

anterionyprocess of .the splenial. Laterally, a pointed pxocess formed

by the surungu]ar and coronoid contacts the dentary (f1g 5, B). The.

dentary shows alveoli for 17 teeth. -On the medial side of- the left
dentaiy, the Hecke11an cana] is exposed It is-deep and wide -posteri-
orly but tapers and becomes shallow towards the s&mphysea] region,
ending just beh1nd the symphysis. Most of the Mecke]ian cana] was
covered by the splenial., The canal carr1ed the mand1bu1ar artery and
vein p]us the v’am;e mandibularis of the m. tmgemmus (Romer ]968) and
is continuous w1th the inframandibular fossa. The poster1or end of

the dentary 15 embayed by the latter on the medial side. The externa]

side of the dentary bears a rugose ornanentat1on except for the region ;'

below the alveolar margin. = -

- Splenial - The sp]enialiis thin and (in media] vien) subtri-
ahéu]arr(fig 5, A) It is s]1ght]y exposed 1atera]1y (fig. 5, B).
The ventra] edge appears to be thicker than the other edges and is
rounded Thj splenial isclosely app]1ed to the inner surface of the

mand1bu]ar ramus and -covers most of the Mecke11an canal., It meets

i

- the preart1cu1ar d0r5a11y

AnnuZar -. The angu]ar is the 1argest ‘bone of :the poster1or
“2-v of the nand1bu1ar ramus (fig. 5, B). Its sutura] contacts’ are'

vasily vic“tle both ram1. yAt its. posterior end the‘angular is

over]ap:ed b, art1cu]ar and surangu]ar and medially by the sp]en— '

'ja1. JCh of the externa] surface is heav11y ornamented. A.we]]-

[
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Sdrangular - “The surangular is relatively large. Its anterior

part extends anterodorsally to contact the coronoid. A narrow ventral

]
'

process underlies a simi]er process of the coronoid. The]‘para]]e1
"eéch other and extend antereyentrally. 'Ventra11y, the suréngularl
meets the angular along an“extensive suture. The dorsal edge of‘the'
surangular is thickened and overhangs thelinframandibular tossa. 'Threel
foramina are visible on the extérnal;surface (fig. 5): a large anteri--
er forameq‘ a smaller poster1or one and a small one posteromed1a] to
the Tatter (not visible in lateral view). They probably represent |

exits for.cutaneons“branches~of the inferior a]veo]ar nerve (Oelrich

!
co

1956) and open into the inframandibular‘fossa The'posterior part of

the surangu]ar is widened horfzonta]]y, forming a thin vert1ca] p]ate

v

on the medial surface of the Jaw. The posterior extrem1ty of the sur- |/ Y
/ . -

‘angu]ar is truncated and forms a we]] deve]oped 1atera] boss just in ¢

—

~

front of .the-mandibular art1cu1at1on

o

Prearttcular and arttcular - It is not poss1b1e to recogn1ze
the suture between the .two bonegaih UA 2 and thevefore they are ', ?
~ described as a single. e]ement in th1s paper. Anter1or]y, a narrow
‘process of the prearticular forms the ventral margin of the 1nfra-;if,f§;,w>a'

mandibular fosse and contacts‘the coronqid, exc1uding the splenial
from the anterior. boundary of the fossa. Ventrally, the e]ement
meets the splenial and angular and 1atera11y the angular- and surangu—
- lar. The dorsa] edge of the e]ement 1s moderately excavated by the

’ g1eno1d depress1on The posterior extremity of the articular is
vtwisted, being partly turned medially. fhe posterior end'ofvthe

retroarticular process curves s]1ght1y upward the dors&} surface
B B 3 ‘QIQ



of the proEéss is ]ongitudinal]y and.transverse]y concave.

not preserved on both sides of the mandible it probably did not pro-
Ject significantly above the dorsal margin‘of‘the surangu]ar.f'The

S j .
Posterior margin of the coronoid is gropved for reception of the sypr-

angular. |The distal bart of the éoronoid is subdiyided into two pro-

t
|

cesses: an anterovéntra]]y directed one extending on the medial side

of the deptary and a shorter ventrdl brocess éontacting the prearticuy-
lar. = / j

N '
( A ’
v . ,
\

g

i
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'Table 1

Measurements of the skuTT and mandible (in -mm)

A | -
Greatest length of the skull ' B 192
(= distance anterior extremity of the C 4
premaxilla - posterior margin of the

-parietal (measyred on the ventral

side))
Gféatést‘W1dth of the skull (across the R N7
squam?s§1s . - N , '
Greatest height of the skull . I no!]' b
Length of orbit % ' ‘ : , ‘ 46
Height of orbit i | 26
‘Antorbital 1engtﬁ of,the’skui1 ’ -84

(= distance anterior margin of the orbit -
anterior terminus of the premaxilla)

‘Postorbital length of the skull 73,
(= distance posterior margin of the orbit -
posterior extremity of the squamosa])

Length of maxillary tooth row o ? 60

'yengtﬁ of mandibular ramus | _ T 140

- '

I
SNy



' - 3. Demtition:

Teeth are present on the premax11]a max1TTa and dentary
They are arranged in s1mp1e marg1naT rows and have enamelled cnowns
The 1mpTantat1on of the teeth is thecodont There is no»stra1ght
cutt1ng edge .as the crowns.are set obTique]y to the Tong axis'of thev‘
- Jaw, sTightTy'overTapping each other from front toiback The denti-
, tion is heterodont the premax111ary «and -anterior dentary teeth being
marked]y different fnomgthe maxillary and posterior dentary teeth.
The maxiTTar} teeth are separated from those of the premaxilla by,a'
narrow diastema (figs. 1 and 3). ‘The teeth-correspond to Hdtton*sk

type A of dentitions (Hotton 1955: TO7) in iguanid T1zards, indicat-

ing an entirely herbivorous diet (Hotton 1955. 112).
: - ' 1

- Premaxt?larj and antertor deniary teeth - There are three pre-
max111ary teeth The number of teeth in the dentary resembT1ng those

‘of ‘the premax11]a is uncertaln but no. 2 3 and 4 in the r1ght and no.

-2 (Just erupt1ng) in the left dentary clearly represent this type.. - Th

.teeth are characterized by taTTer more acutely’ po1nted and gently re-
curved crowns The anterior and posterior edges of the crowns are

| ornamented with dent1cTes : e1ght on the anter1or and nine to eleven
on the poster1or edge The anterior teeth of the dentary (f1g 5) are

larger than those of the premax1TTa but are structurally identical.

M&lLZZaPJ and poutertor dentary teeth - The crowns are sub-
tr1angu]ar in lingual prof1Te and laterally compressed. The roots are

/'Tong and show parallel edges. The base of the crown has a cingulum

i

-~
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(fig. 6, C).

, .
‘ 1

‘The anterior and posterior edges of the crown are dent1-
l

- Culated, The dent1c]es are d1rected towards the apex of the tooth,

compressed and not curved or hooked at thelr tips. The medial ,side of

the crown is convex: vcrt1cé]]y and angular]y convex anteropostér1or]y

It (Vike the. lateral s1deé is subdivided unequa]]y by a vertical r1dge

: extend1ng from the base to the apex of the tooth. The externa] side -

a

of the ‘crown is concave vert1ca]1y and sculptured by a few vertically

extending r1dges. The number of dent1c]es on the anter1or .edges is

usually "slightly =larger (one or two more) than on the posterior edges,

the average counts for each carina is seven to eight.

Tooth wear - In a worn maxillary tooth, wear facets are ob-

- figs, 6 - 7)

other. Sucm

(11que19 inclined towards. the med1a] side of the crrown and, in a worn‘
_dentary tooth, towards the externa] s1de, resulting ‘in a Honnward and
'outward slope of the occ]usa] p]ane Wear facets are especially ne1T‘
vdeve]oped on ‘the anteromedial surface of. the crowns of the max111ary
-teeth Well def1ned doub]e wear facets are visible (f1g 6, A-B),

- very s1m11ar to’ those on the teeth of TheSO(Zouaurus (Sternberg 1940:

They are ob]1que1y inclined and. perpend1cu1ar to each

facets are ev1dent]y the result of contact between one

maxillary tooth and two dentary teeth, Doub]e wear facets are also |

i

known in Tcnontosauruu, Camptosaurus and IJuanodon (Galton 1973),

Fabrosaurus (

Thulbérn 1971) and apparently even in certa1n herblvorous

lizards, e. g » Uromastiz (Poo]e in Thulborn 1971: 170). |

Tooth rcpZacemcnt - Ednun@ (1960: 143 - 144) briefly dis-

i . ¢
Cussed tooth rep]acement 1n Stogocamu based on a cast of the skull:

44



Figure 6. ‘Stcg.o&!eraé validus, UA 2.

(A, B) wear facets on two maxillary teeth (in medial -
view). X8

(C) erupting replacement tooth in the left dentary

(in medial view). X 2.



46




A

!
|
|
|

’ ‘ .

|

of UA 2. A few additional observat1ons from the study of the 0r1g1na]

permit a reconstruction of the process of replacement.
N _
I . /‘ e\

ial surface of the maxilla, extending subparaLJe] to the alveolar mar-

-

gin’ (c]ose]y resemb]1ng the condition in anky]osaur (see’Edmund 1957

!

fig. 4)). In one foramen (above the alveolus for tooth no. 6) on. the

i
right’ max11]a, a tooth sitting in a crypt lingual to the functlona1

.tooth_1s partly visible. Durlng further deve]opment the crown of a

"replacement tooth breaks through the med1a] a]veo]ar wa]] near the

. base of an 01d tooth (no. 11',ieft max1]]a) The rep]aoement teeth

are unworn, 1nd1cat1ng that growth cont1nued until the level of the

occ]usa] plane was reached. The old tooth probably became ]oosened

‘and dvopped out once the cnown of the succeed1ng tooth had erupted

(v1s1b]e in no. 11 of the Teft maxilla and no. 12 of the left dentary

l

‘
b

(fig. 6,> HE the former, the old tooth has: already” been eliminated).

| Edmund corlect]y compares the type of tooth rep]acement in
Sthoc(rut with that seen in anky]osaurs; stegosaurs and hyps1lopho—
dontids. A]] these groups show a pattern of dental organ1zat1on cor
respond1ng to: Ed‘ind S ]960 136) eyo]ut}onary-levc] 1 of

orn1th1sch1an dentitions.
|
4. Myology of the head
, o
It is 1mposs1b4e to reconstruct the soft anatomy of fossil

' organ1sms with absolute certa1nty Many authors have attempted to

reconstruct the musculature of certain extinct vertebrates, for only

A row of special foramlna (Edm\nd ]9%7) is v1s1b1e on the med-

47
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'ﬁudctidh§‘can_

through such work is it possible to approach a reasonable interpreta-

|tion of.certain aspects of the faqttiOna1 anatomy of} fossil verte-

brates. The first difficu]ty in such attempts is the determination

thiers et g the fact that similar ]ocat ns and even s1m11ar

N .::&/L
#7

the evd]utionary h1st0ry of a group of organisms »there can be changes
in the size and subd1v1s1on of muscles, in the pos1t1on of muscu]ar
attachments and even chandes in functlon The second prob]ém is the

I
correct identification of the musc]es Much confusion has been caused

‘1n themséﬁkes establish muscu]ar homo]og1es \Dur]ng N

48

by the application of the term1no]ogy used in human and mamma11an anat- -

onw, 1mp]y1nq correlations w1th the mu5cu1ature of these more advanced
vertebrates Recent stud1es have started to emphasize’ muscu]ar 1nner—
vation as the bas1s for muscu]ar 1dent1f1cat1on as it appears to be
re]at1ve1y conservatuve and constant for most musc]es regard]ess of

changes in funct1on or pos1t1on

The attempt has been made in ‘this papel to reconstruct three
of the four cranial muscle systems in Stegoceras: the mandibular, the
axial and the branchiaﬂ'(and hyoida]) system. The - orb1ta1 muscles
cannot be dlscussed,_no impressions of the or1g*ns of these small mus-

c]es have been observed in ?tegoc 2ras,

~ / | |
' ft&g Qcc1p1ta1 reg1onl_' , ‘

The we]] demarcated occipital. reg1on of the skull of Stegocera‘

shows d1st1nct scars of the ax1a1 .musculature (fig. 7). The influence



O ¢ . ’ -
of these muscles on the ‘'shape and topography of the posterior region
: l _ ‘
of the skull is significant and therefore warrants detailed considera-

tion. The terminology used in this discussion follows Nighi (1916),

with-synonyms used by Oelrich (1956) following. in pareng@eées. Essen-
N R , \ - .

tially, -the pachycephalosaurid axial musculature does not deviate from

the typical reptjﬁian pattern, as seen, for instance, in Sphenodor: and
lizards. “Tha discussion of muscle groups follows a subdivision based

on function. ot | ot

a. Extensors

“

H. epiﬁa?ig capitiS'(fig 7: 'SP - Th1s musc]e was probably
I

powerfu]]y deve]oped, a very extens1ve area of insertion occup1es the

‘dorsal part of the occ1p1ta1 reg1on, dorsa]]y being 11m1ted by a th1ckv

ridge (attacnment for faseia colli superficialis ?) extend1ng across

the squamosal and parietal (as in Prenocepnale (Maryanska and Osmo]ska

'1974:  fig. 6)). Its dorsal position is mandatory if one assumes thqt'

its fibers extended caudd1ly to an origin on the neural spines of the

- posterior cervical and anterior dorsal vertebrae, 'as {n modern reb-‘

ti1és (Ostrbm 196]), pekm%ttihg unrestricted passage fOthhé Shortef

occipital muscles linkihg the occiput with thé_at]as—axis,comp]ex. A
median vertic&] ridgé.probably‘represents the attaéhment for the

; _Zigaméntum nuchae. ~0On both sides of this r1dge deep pits are v1s1b1e

'(as in Prcnocephazc (Maryanska and Osmé}ska 1974: 95)), probab]y/also

!

functioning as\pttachmenf areas for the 11g%Fen€.
. ) . . . ) . . ‘\

M. rectus capitis pesterior (fig. 7: - "RP") = This muscle be-

longs -to the suboccipital mu;c]e system'whose brih%ry function is

49
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support of the head but which is also céncerned with abduction, exten-
sion and rotation of the head. As in Preﬁocephazé (Maryafska and

" Osmélska 1974) it éeems to have twé site;‘fbr insertion: an area on
wthe exoccipital immediately dorsal to the foramen magnuh and the ven-

tral part of the central occipital depression. This may indicate that

this muscle was separated into a pars profundus and a pars' super-

ficialis (as in modern repti]es (e.g., Sphcnodon‘and Ctenosaura; see |-

-Ostrom~(1?gl: fﬁg.‘55)) This muscle was apparent]y und1v1ded ih

Hédrosqurs (Ostrom 1961: 115 and f\g '53).

M. obliéuus capitis magnub (fﬁ§)07' "OM") A we]]-defined
area for 1nsertion on theiexoccipita1 dorso]atera]]y T1m1ted by an

arcuate ridae, can be assigned to this musc]e In most repti]es the.

M. 0b21quu° capitis magnus 1$ mhe 1argest of the abductor muscles (ré-'

| sponsib]e for 1atera1 deflection of the head) (OStrom 1961 116); and

typ1ca11y connects skull and at]as—ax1s chp1e5.

"M, Zoﬁgissimus capitis, pars transversalis capifis (fig. 7:
"PcaML“) - The akea'for insertion of this muscle is separated from. -

that of the M. obthuus capztzu magnuu by the r1dge mentioned 1n de-

- scription ofthe latter. . The M. Zongzsszmus capztzo, pars transversalis

capitis (= M. Zongzssvmuu cervicis, Oe1rich 1956) functions as a ro-
tator and abdud%ﬁr of the head and thus (as in Sphenodon and ‘lizards},

N
its cran1a1vattachment has to be-]ocated far 1atenq1 to the midline.

"_.AS'in Sphenodon and Ctenosaura (Ostrom 1961: fig. '557{‘its insertion

‘site was probably situated near the lateral extrem1ty of the parocc1p- ’

—_ //

Jital process and close to that of the M. 5blzquuo capztts magnus, a

50
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‘Stegocerus validus,

lwith inferred areas of muscle attachment (broken

outlihe§).

Pl

.
- 14

UA"2. Skull in occipital view, -
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functiqna]]y?related muscle., ’ ' if, 4

o o )
o ~  b. Flexors ‘ : @

»
\ DN . »
O v ar

Ashn Z,pﬁzmz’[}haZc the areas ?or msert]on of these musc]es
.4‘. 4.
are sma]] anﬁ occupy a pos1t1on c]ose to the m1d]1ne of ‘the skull.

y_ TR SR -
'ﬁ- ~~4‘ VM ’an_]z SSTMus captmu, paru‘ transvery ,ahu cervictls (= M.

qug1< Lmus capitis, Oe1r1ch ]956) (fig. 7: ““PceML“)'- The area for

-7Qsert1on is p]aced on: the posterlor surface of the p]ate like basal

-
h

ntubera
n M. rectus capitis anterior (fig 7 “R/\") - The ‘a_l"t‘% for in-.

sertion for this muscle 15 med1a1 to that of the M, Longiscimus @)

BN

» -
capltu, papn trans )cna?xs (,(.I'ULC"L\) '

R

The -lateral edge of the prootic-basisphenoid plate near Jts

contact with the pterygoid dﬁsp]ays depress1ons similar to those re-
ported by Maryanska and Osmolska (]974 95) 1n Prenocephalc These

scars might have been producefﬂﬁ%nwsc]es of the M. t/to costalis
Y

*system, a’ Tatera] muscle system connect1ng the lateral surfaces of

: the ribs and Qhe pe]v1s (Romer 1970). It generally shows a cervical .

“extension connect1ng the‘cerv1ca1 ribs. ana/fhe dtlas-axis comp]ex with‘

,”0

the basioccipital.

-

B, Mandibular musculature

- Stegoceras. They -are general]y more}po.'er1or1y’p1aced relative to



r “r
. . - 1
. p |
v ! .
i

e . Jr
their insertions on the mand1b]e‘than in other orn1th1schldq§§? a con-

' G
sequence of the . + -~ form of the pachycephalosaur1d 5§u* {

itar posfea1or shift has only beenqnoted 1n IrotoccraLupu’ ans 1955) ..

A sim-

~Ostrom (1961) fo]]ows Luther (19]4) and Lakjer (1926)- in us1ng a tri-

e
- partite division. of the mand1bu]ar muscﬁ]atuwe based on funct1on and -
inngrvation: - T
~ N
(1.) adductor mandibulae group. '
, \ 4 . R ;
Function: ‘closure of jaws. o LT N
—_— i , 7 S \. . {
(2.) Cb)%tr'lzfctoﬁdorsal'is group. | ' ‘5 ,9 ' /
Function: elevation of the max11]ary segment (on]y fhifotms; ' /
W1th Kinetic sku]ls) . |
(3.) Intermand1bu]ar musc]es =
Funct1on swa]]ow1ng and brea¥h1ng X
. . .. l w ‘ 4, o f A '0

a. Adductor mandsi bzdawroup

]

Luther (1914"'44) d1v1des the "adductor muscu]ature 1nto ex-

¢ ra

"terna], 1nterna1 and poster1or masses .on the basis af the1r re]atlon— Y

' sh1ps with the three branches of -the tr1gem1na1 nerve (V).

-

I.0 M. dductor mandibulae cxternus. ) .

'Th1s mus¢le occhp1es a superficial pos1t1on in the tempora] reg1on, )

1atera1 to the wsecond (ramus maxtllams) and third (ramuu mandzbulams)

branch of the M. trbﬂcminus Th1s muscle is typ1ca]1y divided into

¢«

three parts %ars supe,rﬁcwlzs, pars me,dmlv, ‘and’ pars profwzdus.

'.‘- S _ % 15 TR ;
. ‘ ‘ ',".;' . ‘. i . - g > \ . s

[ d
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Figure 8. Stegoceras validus, UA 2. Skull in lateral view,

showing inferred areas of origin f(ﬁ‘ the pars C

\/\\supezvjjim'.alis of the M. adductor manml )!(Za_c externus

o and for the u. depressor mandibulae (broken outlines). o

>






‘(p\ o

la:-Pars superficialis (figs. 8-10: "AEs") - The area of or-
’ 1g1n11s s1tuated on the lateral qurface of the squamosa], 1nmed1ate1y
anterior and doxsa] to the head of the quadnate, in a well-defined.
pos1t1on Th1s pds1t1on is similar to that seen in Hypatlophodon
(Galton 1974a: fig., 60B) and Lopythorﬁwrv (Ostrom 1961 : fig. 34)
but different from the typ1ea1 rept1]1an axrangement, where the orlgln
.1s situated on the med1a] surface of the upper tempora] arch Perhaps
some fibers also extended to a more med1a] position in Sttgacfran
The area ‘of insertion can be determined afte) compav1son with
C’fcnosaza’a and 'Sphenodon (Ostrom 1961: . f]g 52) and The yeelosaurus
(Ga]ton 1973 f1g. 7 (= Galton 1974b: - fig. 11)). It was probab]y
‘situated on thé posterddorsa] ei§§~of the surangu]a: between the cor- . -
onoid process and the g}eno1d cawgty As th]S area is. re]itlve]y wide,
- perhaps al7: three parts of the . adauet)n ma)dzktco, tmteruuu_1n-
.serted here 1n10ne common. 1nsert1on The existence of a more 1ater11

vsubd‘?v1s1on of the’ rpars suparptelalis, a A “levator 'n;u/‘ P18, on the

ventra1 border of the‘guga] cannot be vérified.
: N ) ) . "l

Ib.  Pars ntd,aize (figs 9 10: "AEM") - Thi's musc]e is s1tu— nﬁ%

~ated med1a] to the pa 1~.ouperjttza2. It probab]y 0ccup1ed a simi-

lar pos1t1on as 1n hadrosaur (Ostrpm ]961.} fig. 36), or1g1nat1ng :

within the 1nfratewpora] fossa It was probably separated from ‘the’

attachment of" the parb uperflc?ﬂlzt by a rldge on the prequadrat1c

A
process of the squamosa] (y1s1b]e in NMC 138)

"\

Ic. Pars profupdhs‘(fig§. 9-10:  "AEP") - This deepest part
‘of M. adductor Mandﬁbulde externus fills much of the upper ‘temporal

A B S
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fene§tra in modern sauropsids. The supratemporal fenestr&e in
SfOGOCLPa’ are very small and the pars profunau“ was prohab]ﬂ smu]]
h Presumab]y it purt]y or1g1nated on ;he par1eta] and pavt1y on the
squamosa1 he]ow the<poster10r margin Qf the supratemporal fenostra;
Ostrom (1961: fig. 38) 10¢afes the origin of thé"pdrs'proj&udua in
hédfosaursrﬁhicf]y Qn the'pafietal and squamosal next.foﬁthat of the
pur's mediaiis. - In Hypsilophodon,. the pa)u ;,J’( j‘wzduu probab]y 0r1g1n-
ated from the ]atera] w1ng and ventromed1a] part of the par1eta1 and

|

froh the ‘medial process of the squamosa] {Ga]ton 1974a 117).
w \ ’ v':'u_ eéL % i "“‘ " oz?'*

\ I M. adcﬁﬁ‘*br randzbzdm wtemuu
-[thher\tﬁ914. 57) separates this musc]e group into two musc1es;-the
M, ps eudotCLPJPJYzU and the ¥, pterygoideus (an anoftunéte_degigna-
.tJon, 1mp1y1ng homo]ogy with the M..pterygéidcus.in mammals; there-‘.
f,'forevoftéh designatedasfheru. pterchﬁandfbuZarfs (Hoffmahn11890));
Both muscles occupy positions anter1or or medial tb the rawms

m'a:x.I.ZZam.s;(VZ) of 'the n, hnmvm «w and lateral to the z_wnus

profindus (V]) of this nerve. ‘ S .

‘ Iia. P M. pf‘cudoru';:oz'ahv (figs 9, 10, 1’5“* B: "PST") - In
modern rept11es, the M, pu(udotrnH>P171ﬂ has 1ts or1g1n from a deep ,f
__pos1t1on in the anterior part of the upper tempona] fenestra, pass1ng
anter1or to the trlgem1na1 foramen In pr91lophodon, th1s muscle |
lover]app&d the M. adductor nmidzbulu externus profundm dorsa]]y,

or1g1nat1nq from the med1an crest (Ga]ton 1974a: f1g._60A).

3 ,



‘Stegoceras validus. Skull roof in 'ventral view
- (based on NMC' 138),. showing inferred areas of

. _ -
origin (broken outlines) for thevthree,d)ﬁsions
of the M. addr.wt_oz* mandi bulae exterming, M., -

pseudetemporalis and . spinalis-lcapitis,

~ . 1
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St‘ago"cm"a.s‘ validua, UA 2.

o
U

Posterior part of the

right mandibu]ar ramus in }ateral view, showing

inferred areas of insertion of the jaw musculature

(broken outlines

o, e
3
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Figure 11,

¢

‘o,

Stegoceras validus, UA 2. As Fig. 10;

(A) ventral view and (B) dorsal. view.
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- A: "PTV") perhaps or1g1nated from the dorsa1 surface of the quadrate |

..
* B

*The M. pseudbtanmoralis was probably hot the Targest of the :temporal-

muscles (as it typically is in modern repti]es)\as it would have “en-

'1

croaéhed on the orbit%?merw1se It or1g1nated w1th1n the infra-

Atempora] fossa, probab y on the lateral sbrfacc of the parietal and

ventra] surface of the postorb1ta1 Therarea of { sert1on was prob-

/
ably 1ocap¢d‘on the dorsal, medial and 1atera1 surfaces of the coro-

noid (as inAHypsiZophodon (Galton 1974a f1g. 10z~: as 1nd1cated by

well- def1ned 1atera1 and med1a1 scars. Ostrom (1961.; fig. 40) =

assumed a s1m11ar position in hadrosaurs a]though”nv clearly def1ned

}- ’@ -

1nsert1on area 1s‘v1s1b1e on the hadrosaur1an mand1bﬂe.

qﬁ
- This muscle is d1V1ded into two pa{N‘ (pars dbrsalzs and’ pars

Lventralis) in modern rept1]es " In h1s d1scuss1on d{ the musc]e in

a hadrosaurs, Ostrom (]961- figs 42 - 43, naced the or1g1n of- the

posteromed1a1 part(of ‘the max1]1a and by tﬁb ectopteryg i

?Stegocerau, the pars dorsalis probably‘nmfginated fromthe dorsa]

sy

1a1 surface. of the art1cu1ar posteroventra] to the quadrate (as | 1n

hadrosaurs (Ostrom 1961 fig. 41C-D). " The pdbs ventralis (fig. 11,

3»w1ng ‘of the pterygo1d Th1s musc1e presumab]y wrapped around: the

of the g]eno1d dgpress1on diagona]]y forward and, downward .Dorsalﬁy{

‘;;\pars dors alzs on the well- deve]oped max1J]ary sheﬁf formed by the '

’ retroart1cular pnocess to insert on the 1atera1 surface of this pro- -
- cess. Th1s area of 1nsert1on is we]l visible on the mandible of = g

,Stegoeerass it is a concave surface extendlnq from “the posterlor edge

sz

e IIb ,g pterygoideus '(— M p@rg&gomandtbylarzg, Hoffman ]890)

‘surface of the palatal w1ng of the pterygo1d and 1ns rted on the med4a.‘

kd
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1

it s bordered by a pronounced ﬁatera]iy prOJect1ng, scqutar%d r1dgeh

uand ventra]]y by a convex angu]at1on represent1ng the ventrgg borderI

of thc retroart1cu1ar process. " The area of 1nSert10n c]ose]y res@n_f*’

oy

‘ b]es that of- th@ cOrrespondmg musc]e An h@‘osaurs (rg s

- VR -
Contho'auruu (Ostrom 1961.: f1g 41 A- B))and also’ 1n modern rept1]es

hd {

-

o a]though 1t differs in occupy1ng a more anter1or pos1t1on \'Lﬁ _;

Hyp,tlophodon (Ga]ton ]974a 112), the area fOr 1nsert1on of .the pars

. ‘ \,('0
ventralis 1s probab]y represented by a sma1] depress1on be]ow the man-

B !

/ d1bu1ar art1cu1at1on :[ R : " | v “ -

} » o . ,‘ O S :

‘ | “. Stejoccrao d1fﬁers from other‘smal] oﬁnfthopods in 1ack1ng

. antorh1ta] fenestrae In Hypovlophodqn éGa]tof »7ha5 and ) ;f
_%%_ Dy a7otogauru" 5an:nsch 1955), a ]arge fossa‘{s present wh1ch opens

poster1or1y 1ntoﬁthe ventra] part of‘the orbwt@ The funct1on of

: antorb1ta1 open ngs s&been the subJect of extens1ve d1scuss1bns

¥

(for recent revgpws see Ewer (<965 aand wa]ker'(]961))'f It has been .
suggested that the fenestra housed the onpg1n of an anter1or part of .

the M. ptezyqozdéuo, 1nsert1ng c]ose to the art]culatlon on. the 1ower

Jaw and thus effect1ng rap1d movement of theﬂJaw This cou1d'have R

been usefu] for cropp1ng (Ga]ton ]974a) g Tf th1s 1nterpretat1on is.
correct Stcgocepau would have d1ffered from the Hyps1lophodont1dae

-in th1s aspect of its feed1pg mechanlsms 5 ' » } ) b
HIL M adductgr mandzbulae postemoz1

Luther (1914) cons1dered this musc]e as’ being d1st1nct fcom other

- ¢ ’ - .

adductor muso]es in befhg s1tuated ned1a1 ‘and ppster\or to the ramus

. mandzbula.ms (V3) of the N/tmgemmuu (Luthel ]’914 52),. The

( \., f ’ - - - v

v . : - - 1
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k]

:M. Jld(clor mandlbulac pos tcrzor 1n recent rept]]es typ1ca]]y 0r1g1n-

ates from the posteroventra] corner of the tempor&] reg1on, 11nk1ng

“the quadlate w1th the poster1or Pagt of the 1nframand1bu]at fossa In
v .

. . oSy
SR . 5f(UUﬂtPau, the area of or1gwn das probab]y s1tuated on the lower por- -

T tion of the ptehygo1d fﬂange of the quadlate on. the anter1or s1de #hd
!

~the musc1c 1nserted in the 1nframand1buﬂav fossa: ‘The a. adduaiay

nundzbu/aa pu' epior was probab]y und1v1ded 1n SfCJOP\]ﬁ ‘as- subd1- B

e | “vision .of this musc]e 1s¢§§soc1ateq‘ylth streptosty]1c or L1net1c c0n~-‘v.
~“§§f E d1t1ons of the sk%J] (Q;trom 1961 ‘106) ne1ther of - wh1ch exlsted in Jj"f”
;: : ‘:Stc‘_]ngcn,\ * : ﬂ ﬁ"‘ L J B ot |
"a-*A“' : ? \ &g ‘% ,“" .
. e a b, cConstrictor dorsalis group: ’ .
! ’ = o . , "L A oo A
This group was recqghiiedvby7LéE3€F?(]926 ; who p]aced the. T
M Levator bulbi, M. ch- M )tczuqma’cz cand M, ;vz't;t)'czctoz* pten Jqolcu
Sy
C$) + + here. Th1s musc]e system 1s_g;&fm’Tif1ed product of the much mor
g y

comp1ex system of the more mobile- f1sh sku]1 " Two of the musc]es; the

h . »
M.‘ Zeuatoz' pfpnmmdm and the M. pmhuctor pfe J'y(]O‘LdC‘L are con—
cerhed w1th the movements of - the pa]a;oquadrate (max111ary segment
sensu DeBcer (]971)) relative to the neurocran1a1 segment " The M,

"Zevator bﬂllz 1S concerned w1th the movements of the eye]1d V1ew1ng .

RN »‘Yagme akinétie na,tufebmhe pamﬁcésbhalosau“d skull, only the x, *

Zeve%or!bulbt m1ght have been present but an hrea of or1g1neéeresum-

ab]y on' the 1aterospheno1d as 1n hadrosaurs (Ostrom 1961: f1g 48))

’

cannot be recognlzed

I o 41 'i : \;" . ) ' . . -
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The musc]es of th1s group are éeneral]y th1n sheeQD*ef f1bevs
extend1ng between the mandlbular rami, They are lnnebvated by seve?af
branches of the myms mawdzbulm'zs Of the w. iﬁkjemmu .

e ‘ . 0

: T hUZOhJOZJLN»\‘ ATT modern reptl]es possess th1s»mu&e1e and

:'°

thetefore it 1s not. unreaqb‘pﬂie to - 1nfep,1t< presence in foqg]] rep-

arated 1nto'an anteeior and ‘a pOStElTOT sheet, t.q., 1n ﬁlu»axmm
(FUrbr1nger 19{'
'ihiviﬂ' a m1d11he Yup ¥
| %ends from the symphysea] reg1gggzaek aTmost to the poster1or end of ’

' of transvetse f1be|? passfng med1a11y to 1nsert w

-t

the mand1b1e., Ostrqm (1961 - f1g r49) be11eves that an e]ongate, very
gent]y concave depress1on on the ventromedlal surface of, the dentary

of APlfOuauruh Lmay represent the area of- origin of the A, wv!obm Tu“«‘
H

[ but he: points out that the evidenceé for this assumpt1on is» 1nsuff1c-
/

ient. The presence of a nw]ohyo1d musc]e N Stegocaras cannot be ver-

i | 1'\f1ed. L @ , o &

d. BranchiaT{ﬁuscu]ature‘
PR anpz onh mandm/m (ﬁgs 8,10, 11, b+ "DN") . Tms

‘ f« bnanchJaT muscTe Ttnks thead occi 1ta1 surface of the sku]] w1th
-t W p

the retroart1cu1ar pro ess - in reptiles. Two s1tes have been consid-
ered as’ areas of or1g\n for this muscle in Stegosergs:  the parocc1pp_

1taJ,£ronss ang: ahe po teroTateral margln of the squamosa] (as has j;

%;]]GS aJLWeTT Thg mugcTe is, a thyn superf1c1a1 sheet (somet1mes sep-;

-h‘the f1beps ﬁrom the. opp051te/q1de The sheet ex-;

- &
P

been sugge&ted by Haas (Tgao) for the Ceratops1a). G1yen-the S ’;:~

- ,g/ i

\ \ . . | . -

S I

)
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“ the fﬂber of the deptcssor

s‘

h‘we11 deﬁaned dorsaT surF&ce po”

/

»

. 51tuat1on5that the lahter reglon was ‘the. area of or1g1n, the musc]e

wou]d have 1nterfe|ed w1th the !ympanum (Haas prOposa] was based on

4

the assumptton that QJngsaurs~d1d not ,possess a tympanum) It s more-

¥ g
Tikely that the muscle oh1gtnated on the’ veptva]]y def]ected patocc1p-

41ta] process, wh1ch uhdoubted]y c]ose1y pa)aT1e]ed the direction of

b)

«

w

scle ﬂProbably the M? JﬂpP‘\uOP | 4

nmndbeYacworvg1nated on the ve tra] extnemlty of the parocc1p1ta1"

“4.1‘ v

ptocess as has been“suggeste ' Ostvom (]961 e f1g oO) for th1s.mus-
e e ..

Jcletin hadrpsﬁurs.etﬁqf retroart1cu \aye plOCGSS 1n Sivquc s is

g [

'
.I

@ &
-.twrsted upwards at Jts pnsterlor end and shows a tran§Verse1y cohéave

rioc to: the mand1bu]ar art1cu]at10n
I 1nterph€t th1s site as- the areq for 1nsert1oh of - the dep19550l mus—

cle, .In hadrosauws. thls MMSCIe probably- 1nse1ted on the donsa] par

L Uiu

JW wpf the mediat suﬁfadé of the \etroa1t%cu1ar'b?bcess Ost)@511961

f1g 41C) . S

a . . .‘ \'@' ) i : v' : ; i “
baa! . C. Cheeks S o

\ . v . ‘ [ R -

Lu]] (1908~ 694) Was the f1rst author Jto suggest the presence

r

of cheeks 1n ornwthlsch1ans Most authorsi however;: 61& not accept

. this suggest1on (see rev1ew in Ga]ton (1973)). In 1973 Ga]ton pub-

‘,ﬂ1shed an extens1ve d1scuss1on of thls prob]em supportlng Lull's

1deas of the presence of cheeks "From a funct1ona} po1nt of view,

'cheeks are veuy Tmpor tant in prevent1ng ‘the 1oss of food durlng masti-

'cat1on from the s1des of the Jaws in man and mamma]s,,contractnon of

the M. bucctnatorz assists the tongue ‘in reposltlon1ng the food on

‘ w -
the OCCIU§a1 surfaces of the cheek teeth (H11emae and Jen£1ns 1969

. .
1]
il

»{,‘;
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and ok 1965: 131) T
SN R - . '
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«
®. IR ' ‘

. . . 3
‘23). The‘opoonenté of Ln]]“s idea d¢¥'brown and Sch]a1kger 1940
and Haas 1955) argue that no living SﬂUlOpS]d has cheeks,lover1ook1ng
the\cht that’ ng ]1v1ng sauxops1d CheWs its food. Fulthermore, the -
OFH]th]SLh]GH cheek musg]e is mE!e]y a funct1ona] equivalent of the

/
mamma11an M. but(znnt@eno

. The max1]1a1y and dentar teeth are 1nset in .q(,naap»q and a
cons1de|ab1e ]atera1 space is formed by the ove:hang1nq ‘maxilla nd

f]oored by the denta@’r¢ The externa] qunihce of the max11]awand

ary is smooth For. ance above and below the a]Jeolar margln,

’t !
respectlvely. No attac n-nt scars are vls1b1e (a fact used in d1s-

-,cu§s1ons as eV1dence agaln&t cheekq (Oatrom 1961 102)) but -this is

not sutpt1s1ng as dlssect1ons Of mmnna]1an Heads leveal pract1ca1]y

\

no ev1dence conc;rn1ng—¢he attachment of the;é Lvnt,rct<p.. (Ca]ton

1973 and personal | obseuva 1on) The smooth areas on the ]owen Jaw of
J‘“

pOS'lt'rW as thOSG 1” J/’( S zgk)\ »‘l'lf\

Steqpat.pm occupy a s1m1]ar;

(Sternberg 1940: fwg 16 dthon 19#3 i fig, 7). The cheeks (ffg.",g
10 "C.J lgprobably extended up 63 the anter)or end of the‘max1l1ar
tooth now and utz,oatrot pxesumab]y had on]y a sma]] ‘mouth in a sub\\\ﬂ

L term1na] pos1t1on, as it has-been reconetructed fou th~:/cqvn»iv

1

(Ga]ton ]974a, flg 62) Pnobab]y the cheek musc]e was p1nnate (as
in nany mamma]s) rather than havrng vert1ca1uf1bers (as shown, for

Tnstance by Lu]l (1908 pl. .1) P1nnat1on cou1d’be advantageous in

-

artang1ng the Mmuscle, 1n th]S archltecturally unsu1tab]e space (Gans-

. ! .
¢ 0 . s .
- ¢ s

k-’. Lt s L '.‘ R 4 AR
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5. Movements of * the Jaw \

Galton (1973: 77) rec>9n1“ed four structural grades of the ~

ornith1sch1an mastlcatopx appaxatus Stegoeeras can’ L1oa|]y gg re-

fLFFEd to Galton's grade 2, showlng the recesqed cond1t1pﬁ o the e

u .
maxilla and having ob11que1y inclined weau ta;ets on tho teuth {as.

in Hup“./oyutaov'and most-othen ornlthischians)l

-

PR ‘The pattern of 2ooth wear 1nd1cates that the jaw aLthH was

.'“ : v

e v essent1a1]y,vert1ca] A s1gn1f1cant anteropoqterlol nwvement was

4 \
as’ ccrtawn structuta] features. qhow S
*,

(1.) tho small size of \the g]eno1d suxf\c; ahd itS-inclinatimn rela-

probab]y not. possible

c t1ve to the tooth tow (a]]0w1nq ]1ttle (if any) retraction);

;” o2, the anterior convergence of the tooth rows of ‘the- upper and

]6G;T—§;;T‘(PPGVLHtI)Q any >1qn1f1cant p»otlact1on) PO

(3.) the presence of. teeth ]n the,pr*max1]1d and anterior part of the ;
,‘-\\\_ . . .. .. . . . b
. dental‘*5 : : - R o d

R Y

< (4)) the presence of*paire;\wear facets on the Ieeth 1nd1gat1nq 1nter’
!

!
i LAY

10ck1ng of thn teeth from oppo<1te Jaws (effect1vcly‘11miting
. s

- protract1on and letlaction) v~' ,A' . T -

Mand1bu4ar nnvenmnt seems to- hhve been resti1cted to a <1mp1e hinge _zfﬂl

-
- t

movement. about the condyle of the. quadzate S - L

{
\The functlonal signif1cancL of’ the obllquely 1nc]1ned wear .

facets can eastly be dmnonstrated using AJparqllF1oqndm of fonces - e

A force 1% app]wed across tva obliquely inclined but para]]e] surfaces,
lx can be reqolved 1nto~two components. one act1ng para]]eT to the

,‘ochusaT supfaif (= sheaxing compon;nt) and a, SLLOﬂd penpend1cu1ar to

\
-

-1 .. . ) 'r’) . ] ‘. ’
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the fnst and penpendmu]ar to the occ'lusa] su)face (ccrushmg compon-
b ent) The degree of 1nchnat10n of the occ]usa] surfaces re]atwe to

'the vertical p]nne in thouz ras suggests t\at the sheanng compowt

was more 1mpot tant than the crushing component
4

‘As the dentary teeth plesumatﬂy w(re c]oser togethex than the !

b
‘/luaxﬂlaly teeth, ob‘hque movement can be postulated wfth the teeth of
only one: side in oppos1tion at any given time (as in ma\hna]s. Cromptcn

N [
- and Hhemoe 1970 anCrompton a&enkin\s 1973) Oblxque movement of =

the jaws was possi" tcnzo've) Qs ‘the surface for drt1cu1at1dn

~of the articular is ‘s &r t'han that of the quadrate d)}f on1y a rel-

«.'

1iveLy smaH amount of sh1ft wou]d hdve been necessary The analysis \
of the poss1b1e mode of‘ Jaw movement suggests that the actmn along ”
the occ‘lusa] surfaceq wo&/d have been almost exc]uswdy one, o‘f shear-‘
“As the antexomedw] ween- facets on the maxi]'lary teeth pass fm? .L
“wards at a greatel ang]e than 1nw§ands, ﬂve Jaw hovemtnt presumably was

uot stmctly vert1ca] but some pro— and retr dCt]OH was possible o
w‘ .
\ - ' - < 1 .

An unusual feature of the sku]] of .\t« goceras 1s the comp]ete :

\)“’

. o extewal c(o§:1n§ of the area for the

s 1t1on of the mann g‘dductors )

on the’ man le; this covemng is accomphshe -by the downward exten-

sion of the Jugol and- quadratowga'l and the high p051t10n of the sur- . »-»- ‘
ngu]ar - The resu]ting narrow Space fOl the passage of the adductorq |

- indicates that the bu]L of these nuscles was not very Iarge. The M.-
\
pseudote‘lrl.m\mt and the o.- ad’:’\mtoz' mandibulae e:ctom;w were prob- SR

: ab]y the main adductgx‘ muscles 1T the r‘estoration of the jaw I'llu‘SCU-‘
\

A lature is correct the thrée dw1sions of the yadd«'tm' mw:dibulac "

"’ v
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exterius had a common 1ine of actlon and wele perhaps more nnportant
Q than the M 1\u udunnv;mu/ . The forward 1nchnat1on of the quadrate

presuma"bly a1ded in res1st1ng the forces deve]opcd by the nm‘v?‘adduc-.
\

. tors, Thé Tower jaw of ‘»h goceras probab]y acted as a thnd class
Y ]evet (see Daws 1955 and -0s trom 1964) with @he apphed forge acting
somewhat obhque]y to the mand1bu1ar raum‘; The well-developed coro- e

n01d process and- the depresswn of the gl,m,1d cathy below the 1evel w7

of the tooth row msu]ted in a 'lengtheg‘ \.the mOmel‘arms of a]ﬂ
N \. - x : ) >

.ve to the pmnn ,

\s‘SA‘

This is 1mportant as “?he for*ce which can be et et

& - the mam adductors (re]

a]ong the: \tooth row, 1s nbt on\ly a functmn of the magmtude .of the .

h applwd force but of the moment arm of tha‘t”force@e]] The 1ower

Jaw of %‘tt.mu‘ s can be cons1dered as a simple. chn*d c]ass Iever\ b ¥
~ Cwith non- para]le] opposmg fou:es (Os trom %64) The moment arm of |
the apphed force- 1gd1stance b ;that of the reﬂstant forcq is a + b

- ».if the. opposing Torges had paraHe] hnes of action (flg. 13, fA) In a

o sy}tem with nongparallel opposmg fo»ces (fig. 13,"8) the’ an%ount of
available ﬁgrce at any point. a]ong the lever Will be sma]]er than in i
a system with pd‘t‘a]le] opposmg forces ds th% moment arm of the ap-\. ‘ ot
'phed force has been shortened As b is no longe:‘ Perpendicular to “ [ EN
the dwecttion of the. force vector.it is no longer the\moment-arm. - §
o new moment arm perpend'ncu],ar to the .new mchned line of force action,' d
,.b', resu]ts I'ts. length l is a funetwon of the angle «o Qf inclina-
3 tion of the new force’ vector: S o | ‘ _ / :
, . ; 1=".sina - I
} f‘The-emtmal factog; 1n a mechamqa] system hke the thwd c]ass le@r ‘
) o . . t C. N

. ‘.. .« * ) . : . . W
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Figure 13, - S1mp]e third c]’ass 'lev'g%» mth paraﬂe] '
PO 2 v
A o opposmg forces Moment arm- of apphed force

equals b (B) w1th nonpara]]eT opposmg}fbrces v‘ o h

K o

< 'Moment arm of apphed force equa%s b'. Moment : ; ‘ Loy

d

arm'of reSwstan ' orce equa]su‘apL b in bo'th

T o | cases. ﬂ Aftér- 05& m (1964 1‘7)"9. 8 redrawn) .

| ) Symbo]};: F_ a[gph d foroe FU, fu1crum, Ry - ' "
i - res1stance, a, ang]e of mchnatwn ‘f;)l“ force . *- :f:“,:' ’
,\- | . |  yect0r P . v.:  . ;: | o .i. - S "   oy
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o 1n show’mg an extreme]ﬁthickened frontopametal "shze]d“/\lnx

reaches a maximum thickness of 222 mm,. prdduciég\a b1zarre,ﬁappear- _ "-';‘

‘5 of Stegooeras vaZz us.

) ductorgs @It was presumab]_y 1mpor‘tant dumng the 1n1t1a1 stages of

is the ]ength of}he moment'arm (DeMar and Barghusen 1972) lengthen-

x-2

ving of the'npmen,t’arm (ive.y sh1ft1ng the pomt of force apphcatmn -
away from the Jav\“o‘nt 1ncreases the effectwe fo;;ce acting perpen— )

.d1cu1ar to the Jaw ramus.

>
<

. : : . . , .
Tﬂ%#M adductor Mandtbu?ae posfertor on]y had, a sma]] moment

.arm_." Its §1b,ers probab]y extended para]]e] to- those pf the main ad-—

'»adduct1on and 1n preventmg (tegether w7th the M. pterygmdeus) d1s- L .z’

8
art1cu1at1on of the 1ower jaw: * The M, depreo!or fnandtbulae had but a
usmab% moment arm notw1thstand1ng wh1eh vemte of omgm is chosen The»h ":w,,_".%.
functiona] 1nterpretation of 'this feature is tha[ the depresysor mus- : A

S

le probably had a- fast actlon but exerted 1itt] force (wh1ch ‘is suf—_ Y,

fic1ent as the 1ower Jaw WOuld be; depressed by 1!ts ‘own we1ght an\d ht-

N oLt o =
. .' 4

t] resis ahce wou]d have occutred) . S L
- ‘ “. . . -~ Q\ »,,. . — .\‘
6 Functmrra] s1gmf1cance of the dome -ﬁnd re]ated Tl |
o 3 L B T : e

structures in’ the crama’l and postcrama'l skeleton

_ RS o "'4\

)

Pachyaephalosaurua gﬂangerz the 1argest and most advanch ﬁ . v#? . T

“ pachycephalosaumd “the frontopameta'l of a 52%{7!11 'lon / _

ance of theéskull This pecuHar dome er %t‘ructure has been com-

mented' uponb_y,,,.man authors since 1902 tﬁ?\’date of ! the descmp’twn ERSRE T
g L , A R
Cq1bert (1955 195) Was the fll"St author to PR




-

(as a "very wild sdrmfse”)'that the thickened sku]1>roof served as a
battering ram. More recently, Galton (1971) discussed this possibil-

ity more extensively, suggesting that the‘que was use for intraSpe-
N

cific compet1t1on, and cited anatomical ev1dence favor1ng such an 1n-

-

-,terpretat1on T '

“In connect1on with the study of the cran1a1 anatomy, I have
attempted to develop a funct1onal model for the explanation of the .
icran1a1~structure/in the Pachycepha]osauridae, especially Stegoceras.
It s the basic assumption of this discussion that the thickening of .
the frontoparietal ﬁas‘an'adaptive significance,and is neither non-
adaptive nor pathoiogieaT (as might be suggested). The significant
‘increase Sboth absolute and relative) in the thickness of the skull
roof and the deve]opment of related mod%fications of "'the cranial
structure during the‘evo1ut1on of the Pachycepha]osaur1dae\WD{ld nct

«

»have been selected for unless they conferred a selective advantage

There iis 'a possibility that the thickened skull roof‘acfed as a . sual

display innindividua1 and/or.species recegnition. I consider this as
improbable on the Qasis of the dense structure of the bone. To my
knowledge, purely ornamental fun:tions‘are accomplished by cancellous
bone in a]]vrecént vertebrates w%th cranial ekcréecences (e.q.,
Casua_rius) . | A ’
" The interplay of new techn1ques w1th increasing de]1;3ey of-
the eXperlmenta1 apparatus permits elucidation of very comp]ex’func-
t1ona; problems in extant vertdbrates. . Anatomical inference concern-
ing‘fundtion,can be made %rom anatomica1'and Eehaviora] examinations,
/

/

/
/

) .
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However, markep constraints enter into methodo]ogy when the attehpt.is
made to dectpher'the functional signifiéance of the form and structure
in fossil vertebrates. Gnly an indirect assessrant can be obtained
using anglogies with extant taxa that can be studicd or using models
derived from purely mechanical considerations (aike theoretical stress
analysis) ‘or actual hodels approkimeting real bio]ogicat sitoations

’/47’ (experimeoté1\§tress analysis). ]

The latter method and mechanical cons1derat1ons form the}basjs-
for the discussion of the mechanaca] eff1c1ency of’certa1n structura] -
features in the pachycepha1osaur1d sku]] for funct1ons pred1cted~from
“the ”butt1ng hypothes1s" formulated be1ow ‘Th1s represents an indirect
test of the hypothesis. The method of exper1menta1 stress analysis, em-
ployed in this study ut1]1zes the physical property of photoe]ast1c1ty
It was chosen because of its v1sua1 attractiveness, 1mmed1§te]y prov1d- s
ing a tang1b1e picture of the mechanical efficiency of the structure

under 1nvest1gat1on.

Materials and methods - The experimental stress analysis was

carr1ed out using the photoe]ast1c methods deve]oped and described by

Pauwels (1948) and Kummer (1956, 1959, 196§). A fine plaster cast of

.the only known skull of Stegoceras-va%@dus W§S settioned in a.coronal -
plane at the 1eve1 of. the highest e]evatjon‘o the frontoparietal dome
and.in a sagittal plane. Theﬁpdt1ines of the dections were reproduced A
on 10°mm thick plates of plexiglass and models were cut from these
plates with a fretsaw. A slight distortiop of the r{ght'side of the

cranium was not corrected. The edges of the models were manually .

K T
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po]ishedTueing emery papefrs of various grain sizes. The‘Eavdm cranii
‘was reconstructed on- the basws of an endocran1a] cast and est1mates
'from‘1solated frontoparietals. - The mode]s nere stressed in po]ar1zed
.light and the fsoclines were photographica]]y recorded at each 10° -
pos1t1on when the polarizing f1]ters were turn@d from 0° to 80° The

traJector1a1 pattern was reproduced by means ef Kummer 5. (1956) photo- Lo

graphic method.. -The 1oad~on'the MOdel was carefully chosen “to obtain

-
’.

. K
c]ear isoclines w1thout produc1ng any 1sochromates (which will inter-
fere with the 1soc11nes on the f1]m and make evaluation 1mposs1b1e)

The nlne‘p1ctures of isocTinal patterns were super1mposed‘dur1ng def

1

¢
of the trajectorial picture.

"ve1bpment_and the resulting print provided an objective reproduction

Anatonical observations -.This section summarizes all relevant
data from the preced1ng sect1ons of the’ osteo]ogy and myoTogy of the

head to fac1ﬁ1tate the funct1ona1 ana]ys1s

N

‘The frontals and parietals are-thickened and tused; their

a sutures become ob]iterated.'“The éupraoccipita1 is fused to the -parie-
At 1. The lamina orbitonasalis and pZanwn supraseptale are comp]ete]y
ossified. Laterosphenoid, orb1tosphend}d and- presphenoid are we]]-.‘
\ossifjed and firmly sutured to adjacent bones. The occiput slopes
anteroventrally when ‘the skull js_oriented.horiionta11y; corresponding
fdrward incTinations occur’in!the suspensorium (almost reaching.the
level of the posterior margin of the orbit), basicranium and infra-
temporal fenestra. The fdramen magnum is reduced in size,. 1The occipi-

ta] cohdy]e is def]ected posteroventra11y. The bas%cranium is

i




®

-~

Figure 14. Stegoceras \validus, NMC 1108. Transverse section

SE through the f.rontop.ﬁrietlél to show trabecular
architecture. X 2., ~
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Figure 16. As Fig. 15, with load equally applied to the whole
| area of possible c‘orfca‘ct (= trajectorial picturé 1

- of combined single points).
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certainiy akinetus S v&“ - I&

- | . .
The nuchal musculature was exceedingly well developed. The

extensor muscles, especially the M spinalis capitis, were enlarged,
’ !

whereaé the flexor muscles were rblative]y small. The nuchal liga-, *

ment was we]] deve]oped

A,significant feature of the postcranial skeleton (see Part

- ’

Three) 1is thé presence of é tongue-in-groove type of interzygapophysea1'

. articulation in (at least) the more posterior dorsal vertebrae.
I"‘ . - T . )
. Functional anglysis-- The butting hypothesis states: "The
N : . LA

thitkened frontoparietal ana‘reiafed modifications of the cranial

stru;turé\are\gdaptations to (intraspecific) combat employing pushing

and/or ramming with the head." The following predictions concerning

e

.structural modifications of éhe pachycepha]osaurid sku]] can be de-

, A
. R N

L ae Lo RN L SRR .

X i T A 5ol P TR S

2

:l‘.r/i;#ﬁ%%’h‘:«in‘t

~rived from the butting hypothe51s

(1.) Reorientation of the head on the vertebral column into a position

!
i

suitable for: the reception’ofvimpact.forces/by the ‘skull. =

s

(2.) Creation of a bony architeciure and-suppoft of the head "shield"

structurally sujtable to resist such forces.

Jied
B
i)
4
T
“"‘g
P

(3.) Positidning of t occ1p1ta1 condy]e to reduce ‘the moment arm- of
the inpact force producing f]eXion at the at]anto occ1p1tal Junc-ix'

tion,.

Ay
X
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~ | EEES )
(4.)'Formatioh\§: a suitable area for contact on the dorsal surface ’

of the sku]}vrbof.

‘ (1;) Reorientation of the-hedd - It i;fdifficult to be certain
about the posture of the neck s1nce the cerv1ca1 vertebrae are not pre-
served 1n any.bf the three incompl&te postéran1a1 ske]etons of
pachycepha]osaur1ds recovered so far. As Galton (1970b) pointed out,

th rtebra] column of ornithopods’ was probab]y he]d hor1zonta11y

.dur1ng running,. As the occipital condy]e is- def]ected posteroventra]ly

. 3frontopar1eta1 reg1on would have faced forward {as suggested by the

- s, o : e
~ in extension and flexion and also provide a longer lever -arm for the

'[‘“7

in pachycepha]osaur1ds, it is very d1ff1cu1t (1f not 1mposs1b1e) '
4

art1cu1ate it with the at1a$~1f the cranium and atlas-axis are hor1-
' | : 5

zontally oriented. This éftuation can ‘be corrected by three different

-

modifications:

(1.) ventral inc]tnation of the skull (i.e., rostral end lower than

occ1p1ta] end),

e e e
R T SR .
e L

(2 ) ascent of the cervical column to art1cu§ate with the skull, or
(3.) both. | _ | 7
Probab]y both -of these changes resuited in an angu]atlon between the o
axes of the cranium and cervical column, in pachycepha]osaur1ds, the :
typ1ca1 condition in ma:;a1s (Jenk1ns 1971) and different from the. |
majority of living and fossil rebti?es;'in which the 1ong axis of the

cervical co]umn is- ho??ibhta] with that of the cran1um Then the

inclination of the occ1put’and quadrate) if the cervical column was

horlzontel. Furthe ore,.the angulatign would permit greater freedom_ |




' \
N 3

‘eXtehéor musculature. Aside from the posteroventral def]ect1on of the

occ1p1ta1 condyle, the anter1or displacement of the 1nfratempora] fossa

-

and suspensorium seem to provide evidence for a flexure between the‘

axes of the,cranjum and cervical. column, With the decreqse in the
. ) ' : .

_angle %étween head’and neck the mandibular articulation shifted forward

~ and away from the retromandibular musculature, preVent%ng encrbachment

[

of bothethejmandible and the articq1ation into the cervical region

(Barghusen 1975). R .
& ’ . :

(2.) Structuqi of the dome and its supports - ExamlnatTon of
isolated frontoparietals. of Stegoceras reveals that they cons1st of
‘dense bone. The histological p1cture (fig. 14) shows a rad1at1n9
arrangement'of-numeroagxsmal] trabeculae‘ih a dorsal zone and a more
vascularized ventra] zone where the trabecu]ae merge Né c]ear dif-

" ferentiation between spongiosa and~compacta exists., The th1cken1ng

of the bones is theeresuit of upgrowth of'the trébecu]ae and-not of//j
fus1on of derma] ectopic e]ements w1th the-underlying fronta] d/g,par—
1eta1 The h1sto]og1ca1 character1zat1on suggest§,e4a551#3cat1on of
* this type of bone growth as a d1ffu$e form of classical pachyostos1s
sensu Kaiser (1960). “Galton (1971 45) 5uggested that the'arrange- |
ment of the trabeculae "is7té:}1 for resisting a force app}ﬁed aga1nst

the top of the dome"; however, no further disgussion was included.

_ The radiating pattern of the trabeculae and the‘fag;?t::: the trabec-

ulae are oriented in a perpendicu]ér fashion to the sur qélof the
frontoparleta] 1nv1te a functional exp]anat1on. workihg with the

tra3eg/941a1 theory of bone arch1tecture the trabeculae. could be

4 -~
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v v1dua1 po1nts and subsequent comb1nat1o‘of the result'lng pxctures of

i

- L LS

‘considered to be compress ‘1"vé“'rev’s‘ istant (Evans (1957: 198)).

© a

In the first exper1ment of the photoe]ast1c study w1th a mode]

°

of a corona] section, a force was app11ed ﬁo\the h1ghest po1nt of the

\

dome [Dur1ng the exper1ments the 1ocat1on of the support of , the.mod-

[ d

els was somewhat overs1mp11f1ed as the. atlahto - occ1p1ta1 Junct1on 1s

.

not prec15e1y 1ocatsg be]ow ‘the h1ghest point of the dome, but th1t 1s

not. re]evant in ‘the present context as the exper1ment is restr1cted to

two- d1mens1ona1 patterns of traJector1es ] The resu]t1ng traJector1a} .

picture (f1g 15) did not show any. resemb]ance to’ the h1stolog1ca] p1c-

£

ture. This is- hagd]y surprising as it is extreme]y un]1ke1y that im- .

pacts w111 always occur at the same po1nt "In the second exper1ment :, N

¢ —

' equa] forces were applled to several po1nts of the poss1b1e area for
%

fronta] contact [For exper1menta1 purposes (and tak1ng into account'

a s]1ght d1stort1on of ‘the cranium) a support of the who]e area of

poss1b1e cpntact proved to be more sat1sfactory than support of 1nd1-h"

traJector1es ] ‘The resulting pattern of. tra3ector1es (fig. 16).15 an
exce]]ent approx1mat1on of the bony arch1tecture (as revea]ed by the

histo1og1ca] exam1nat1on) The fonces ‘are transmitted through the

lateral palls of the bra1ncase°.this suggests that- the unusually we11'

1

| the frontopar1eta1 "sh1e1d"

ossified ra1ncase of Stegoceras wis the ma1n structura] support of

) [N '
~ H N "t‘ * \ ..

Summar121ng, it can, be safe1y conc]uded that ‘the trabecu]ar
architecture of the frontopar1eta1 1s nn fact su1tab1e for force

transm1ss1on and that the unusual]y well oss1f1ed bra1ncase can a]so

[

.-
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be explained in such functional terms. Although compact bone has much

larger compressive strength.than spongy bone, spongy bone is more suit-

4

able for energ&—abiokptien (Evans 1957).

A trajectorial pictdve is}a1so‘ava11ab1e for the sagittal sec-
'.tien. The load was app]ﬁed‘to theyhﬁghest‘pbint of the dome. As there
are no satisfactory sagittal sections of frontopariéta]s‘of Steyoceras
ava\\abWe for h1sto]og1ca1 study it shou]d ofTy be mentioned that the

-

force 15 transmi tted towards the- occ1p1ta] .condyle.

(3.) Posbmoﬁ of the occv,pttal condyle and j‘ozvanen magnm -
Schaffer and Reed (1972) and Stan]ey (1974) have elaborated on §he
functiona] significance of the reductieh but not complete elimination.
’of the moment arm about the occipital ‘condyle in sheep and goats A
mechan1ca] compromise has to be reached as reduct1on of the moment arm
prevents seyere flexion c¢: the hedd dur1ng ramming and complete e11m-
ination wouquincrease-tre tendency of sudden jolting movements with
traumatic consequences. F. exarination of a sagi%ta] section of a
cast reQea]ed, the Tine of action for a hypothetiea] impact force
passes s]ight}y Beneath tpe occipital condyle and_therefdﬁe the mome
“ent arm for the force bfGéucing f]exién,of the at]anto—occieita1 junc-
fion is short. Furthermore, if the position of the cervical column
was'horizonta]g the.moment arm of fhe force producing flexion at the
‘ intervertebfa]’joints would have been short because‘the line of a
would have extended close to the vertebrae(\ The impact vector is not

precise1y in lTine with the'SuppOrt vector of the cervical column (the

" ideal condition from a mechanical point of view aqd'as indicated in

>
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Galton's (1971: fig. 5) illustration).

£ 4

" The relative posterovehtral displacement of the'occipital a
condyle and foramen magnum is advantageous as the amount of deforha-
. tion of the spinal medulla per 'degree of flexion or,extension is min-
. . /

imized. Furthermore, there is an increase in ‘the range of extension

dr flexion (Jenkins 1971).

| ~Judging from the area of 1nsert1on, the Zzgamentum nuchae was
we??*ﬁeveloped in the Pachycephalosauridae. Stan]ey (1974: 454) ob= h
served that in-butting sheep slight flexion of the head would stré&tch .
the nuchal ]1gament and pro]ong the duration of the impact, thus act-
ing (a]ong w1th the powerfu1 nuchal musculature) as an “important shock

absorber. This was probably also the case in the Pachycephalosauridae.

(4.) Formatioh of an area suitable for frontal contact - In
the earliest known pachycephalosaurid, the lower Cretaceous species
Yaverlandia bitholus Galton, 1971, there is a small deme—1ike thicken-
ing present oh eaeh frontal. fh Stegoceras the thickening a]so‘affeEts
the parietal and the shturgihbetween the frontals and parjetals becoae
.obliterated. . The supratemhoral fenestrae are reduced owing to invasion
of the parieta]. The thickeningiof the frahtoﬁarieta]'is most prom-
“inent {h Pachycephalosaurus. ~The posterior extensiqn of the possible
area for contact presumably increased the possibility of variation in
the angle between skull and cerv1ca] column as b]ows were de11vered

Therefore heads d1d not have to be precisely aligned prior to fronta]

contact. .
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The potent1a1 area for fronta}*contact is slightly convex.
transverse]y in most frontoparietals of pachycepha]osaur1ds, 1nd1cat-
ing that self-correction for mis- a11gned heads was not possible, Th1s
_might suggest that frbnta1 contact was not made by the ramming animals -
during high ve]ocitﬁes (in contrast to “trhe rammers“ 1ike sheep and
goats: (Schaffer and Reed 1972)) but this s not necessarily the case
as even in mountain sheep blows glance off quﬁte fhequent]y (Geist
1971). * Another possibility of intraspecific cohbat‘woJ1d have been
f]ank butting, which was probably also employed by pachycepha]osaurids
as the nasals are also somewhat thickened; the above mechanical con-
~siderations are a]so applicable for flank butt1ng (Stanley 1974). - j

Conelusione of the functional analysis - It seems reésohab]e
from the fGnctiona] analysis to suggest that the th%ckened skull roof |
of Stegoce}asiand other pachycephalosaurids was employed in intra-
.spec1f1c combat (wrestling, pushing and/or ramm1ng), probably between
males. As the Recent marine 1guana Amblyrhynchus (E1b1 E1besfe1dt
1955) shows, rept11es are capab]e of such social 1nteract1ons In
the mamma]1an ”rammers“, the structura] mod1f1cat1ons of the fronta1
region are very different. Each frontal is subdivided into dorsal .é{
-and ventral tables, separated by the 1nterp01;t1on of a complex sys- 5
tem of sinuse , which are separated by bony septa (Schaffer and Reed- .
| 1972). This adaptat1on is essential for the protection of the bra1n
.in these mamma]s Owing to its much smaller d1menstons, the

paehycepha]osaur1d brain did not require such extensive protection’

and consequently structural modifications of the pachycepha]osadrid

a

skull are different from those seen in the Bovini.
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PART TWO. APPENDICULAR SKELETON
t. Forelimb and pectoral- girdle

Pectoral girdle and forelimb are well documented by the ele-

ments from the right side; only carpusfand manus are entirely unknown.

Seapula (figs. 17 - 18) - The scapula is §]ight1y damaged at
its proximal and distal extremities. It-is Tonger than the humerus.

The blade of‘the‘scapu]a is slender and very narrow; it is slightly.

twisted along its length and-bowed-(f011owing the outer‘contour of the

thoracic ribs). The anterior margin of the blade is concave‘in Tat;
eral view wh11e'the.poster10r edge is almost straight. The antgrior'
edge is rounded;.fhe posterior.edge is‘sharp, especially towards the |
'proxima1 end.. A §;a11 piece of the thin dorsal edge of the séépﬁ]a

" shows aISIight]y irregular surfdcé, possibly indicating the %ormer
presence of,a car;i]aginous su;prascapula. The scapular blade has its
. ‘méximumighickﬁeSs ihmediate]y abové\the transition from the expé;dea |
base of ﬁhg scapula. The lateral surface of the scapula sheyé/a well-
'dev%loped depression behind_the‘anterior end of the base qﬁ/the scap-
ula. . Thié concave surface exténds diagonally upwards a]oﬁg the convex
éurve of the scapula and meets anofhér depressionlcontinuing diagon-
ally upwards-from the g]enpid‘region.‘ The base of:the scapula is
strongiy expanded relative to fhe narrow b]ade. fhe préSenCelof an
articular surface for a clavicle at the antefior end of tHe scapu)af
base (as in Hypsilophodon (Galton 1974a: fig. 34)) cannot be deter-

mined as the corresponding region in the specimen under study is

.
¥
)
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restored. ' o \\"" - -”_/j}'A

Tﬁe‘%capu]e‘of Stegoceras 1§.nnique1y;diffenent from that of

other ornithopods in its possession of an extrenely narrow blade with- ’ ‘ }ﬁ
out-any prox1ma] expansion, resembling the cond1t1on in many therOpod
'd1nosaurs (e.g. Allosaurus (Gﬂmore 1920; f1g. 40) and De 7,n07zjcb..$u
(Ostgom 1969: fig. 55 and Ostrom 1974: fig.'])) The expanded Qise
of the scapula c1oee;y‘resemb1es that Of!HypsiZophodon (GaTton 1974a:
figs. 34A, 35, 36A), Dysalotosaurus (Janensch 1955: fig. 3la) and
Thescelosaurus (Galton 1974b: figs. 2G-H). A dffference betneen
Stegoceras o\n one hand and Hyp ilophodon ((Galton 1974a) and.
Dysalotooaurus (Janensch ?955) on .the other 1s the fact that in the

latter genera theuscapula and the humerus are of equal Iength. How- ~

ever, in Parksosaurus (Parks 1926: fig.‘75f\ uanodon (Casier 1960:
fig. 18) and Camptosaurug (Gilmpre 1909: 248fg;gﬁﬁsthe\iiinulaffe
also longer than the humerus. N ‘ T~

Cdfacoid (figs. 17 - 18, 20,;A) -_Exceptlfor'its dorsal mar-
gin, .the coracofd is a hin, plate-iike bone. ’The inner surface is‘i'
concave, | Dorsa]]y, it ha§ a raised area penetrated by the coraco1d
foramen in the posterior half. - The eoraco1d foramen (CO.F.) extends
d1agona1]y downwards‘and forwarde (as in Hypsilophodon (Galton 1§74a:
’74)vand Dysalotosaurus (Janensch 1955: fig. 32)); it is ddrsa]]y en-_
c]osed by-the coracoid (an open.as in Caﬁpfosaurus.(611more 1509: -
fig. 24)). A small but well-defined groove extends on the inner sur- o
faFe to the dorsa] margin of the conaeoid'(fig.’zo, A}. Tne articu]an’

-

Surface of the glenoid cavity (GL) is strongly expanded fkansnerse1y.
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Figure 17. Stegoceras validus, UA 2. Right scapula (sC) and -
coracoid (CO). Lateral view (partly restored). !
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 Figure 18. &tegoceras validus, UM 2. Right scapula (SC) and

i

coracoid (rCO). Posterior view (partly %estored).







Much of the thin anterior and ‘ventral edges of the coraEOid'is not

preserved. .

Hunerus (fig. ]9) - The humerus is siender and has a slightly
twisted shaft; as a result of this, the long ax1s of the moderate]y
; expanded distal end is set q; an angle to that of the broader proximal
.end. The d1sta] end projects poster1or]y beyond: the posterior marg1n
of the shaft. The deltopectoral crest (DP; fig. 19, B) is directed
anteriorly and is situated on the proxima]'hé]f‘ﬁ# the humerus.a Its
development is responsfb]e for the concave.appeérance of the proximal
- end:ineanteriorhview. The crest 3nitia]1y-shows a re]ative]yrfiat —
surface, which faces antero1atera]1y, then becomes ‘more rounded d1s- o
ta]]y and f1na11y merges with the shaft of the humerus The.head of
the humerus is situated in about the Ebnter of the proximal end of the
‘humerus and is quite sma11 Rad1a1 and u]nar condyles seen to be. sep-

- arated by a sha]]ow depress1on In poster1or view the inner margin of

the humerus is gently concave, while the outer margin is gently convex.
The humerus.of'Stegoceras closely resembles that of other

’orn1thopods and d1ffers mainly in the weaker development of the delto-

pectora1 crest (compared with sypsilophodon (Galton 1974a: figs. 38 -
- s f . . ) ]
S39)). . ' s : : ' : T :

oﬁ Vina (fig. 20, C) - The proximal articular surface is triangu-
lar and-expended. It bears a moderate]y well deve]oped olecranor pro-
cess. R1dges extend from the prox1ma1 surface a]ong the shaft of the
“——utna—for -some distance. The dorsal ridge continues to the rounded

anterolateral edge of the distal end, the medial ridge to the sharp.

!




?

,
« :
- S8 . .
. \ ’ ‘ ‘ -
s . P
N
/' -
R -
'
.
-,
. Ve
[
‘[ »~
. v
. 2
.
.
o .
- -7 !
" N
!
R
h .
.
.
; *
. e
e
- :

~
~
-
-~ .
- 3
.
0
'
N
N
. g
\
) ¢
.
-
' -
o -
N .
L]
.:

1

Figure 19.  Stegoceras validus, UA 2. Right humerus. \

* (A) lateral view; (B) medial view. X 1.2

‘ ] L.
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Figure KO Stegoceras validus, UA 2.

(A) ‘right coracoid in media]_viéﬁf

. N < (B) right radius in lateral view, with

o . of proxfmalféfticuiar surface. X NJ. - K
I he ~—
/ (C) right ulna. (1) lateral view and (2) med-
T . ' E . . - .
o o ial view, with outlines of argicular sur-
- R [ ) : Y -
: T~ faces. X 1.7. - Lo
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merge with the convex Jateral surface of the dista] extremity. The
shaft of the d]na 1s triangu]ar In transverse section near the proximal .
end but becomes suboval at mtd length. " The surface of the shaft is
concave in médial view, with increasing concav1ty towards the distal
end. The expanded distal end is ]atera]]y convex and med1a1]y con-

cave; its Tong ax1s is almost perpend1cu]ar to that of the proximal:

end.

(Y ’ r
The ulna is very similar to that of. other ornithopods such as
Hypsilophodon (Galton 1974a: fig. 40); Dysalotosaurus (Janensch 1955:
and Nanosaurus (?) (Galtoh and Jensen 1973: f1g 30). It

.

d1ffers in the re]at1onsh1p of the proximal and d1sta] ends (which are

set at-a sma]]er angle to.each other in DysaZotosaurus and

’ HypsiZophodon) and in being shorter relative to the humerus,

: \ Rad%us};;ig 20, B) - The rad1us is unusua] in b;1ng more heav-
ily constructed than the ulna; only its proximal end is smaller than
that of,the u]na The shaft is oval in transverse gection. The prox-
imal end of the rad1us is. concave. The distal end is poorly preserved

and 1ts shape .cannot be determ1ned with certa1nty

N

2. Hind-Timb ahd pelvic girdle

& AThe pe]vic girdie is very broad (for a bipedal repti1e) and .
' widens posterior]y‘ Its only firt connect1on with the sacrum is above
the acetabulum and % formed by the  fourth and f1fth sacra] rib. The

pe]v1c girdle of Stegoceras 1s docaﬁepted by the right 111um .and left

)
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ischium; the sacral rib mentioned by Gilmore (1924) could not be re-

located.

Ilium (figs. 21 - 22) - The ilium is an elongate bone with

1

"

equal]y-iong;preacetabu]ar and pOsfacetabu]ar proéessés. The énterior‘ \
process is wide (in dorsal view) (fig. 22,.C) and‘vertica11y thickencd,
Its lateral surface shows an‘anteropqsteriorﬁy extending depression,
‘which is concave dorsoventra]]yl A prominent ridge is visible on the
medial surface (fig. 22, A). Anterior]y}the proces; becomes thinnerf

but wider and slightly deflected ventrally. Thg posterior process is
relatively straight. The pubic peduncle (PP; fig:PEZ) is éxtremely

wide anteropgfterior]y and (probab]y) transversely and is dij-

rected anteroventrally. The ischial head (ISH; ‘fig. 22) is thigk and -
rounded. Immediate]ylbeﬁind the acetabulum, on the dofsa]lmargin_df

th: iostacetabular process, there is a thin but wide horizontal pro-

cess (antitrochanﬁef) (AT; fig. 22).‘ The acetabulum is relatively

narrow. On thelméd{a] side of the 3]ium, about 15 mm above the hi- -

est pofnt of the dorsal margin of the acetabulum, two wé1]—definea
depressions are visible (SR 4, SR 5; fig. 22, A). They probably }ep—‘
;resent thevsurfaces for the articulation of-the fourth aqd fiftﬁ sac-

ral ribé with the ilium (as'in HoﬁaZocephaZe (Maryanska ;nd Osmélska

1974: fig. bA, |
present for the articulation of sacral ribs but I am not certain what

!

)).  Gilmore (1924: 35) c]éimed that three facets were

GiTmore’interp;eted as the third facet. It is possible that the.
sTlightly cfhéhed region immediately below the two other facets was in- .

‘terpreted by him as a third facet. «



Figure 21,

)

Stegoceras validus, UA 2. Right ilium (IL) and
Teft ischium (IS) (reversed) in lateral view,

(restored), with transverse sections at various

points. ca! X 0.5,
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Figure 22, Stegoceras validus, UA 2. Right ilium.

" (A) medial view; (B) ventral view; (c) dorsal

i

views Ca. X 0.6.
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Ischiwn (fig. 21) - The ischium is a long and slender bone,
: , | : 0 '
with an expanded proximal portion with' two pedunc]es-and a curved

shaft. The shaft is sTight]y.turnedbinwards An acute ridge extends

along the median surface of the shaft. An obturator process 1s ]ack-“

ing. The poster1or pedunc]e of the 1sch1um is reTat1ve1y short and
stout and shows a. broad art1cu1ar surface The 1ncomp1ete anterxor
.peduncTe is unusua]]y long and probably contacted the pub1c peduncTe
of the ilium as in Homalocephale (Maryanska and Osmélska 1974: \f1gs.
| 5A3.and 5A4; an 25, fig. 3b). The ventrolateral .surface of the an5'

terior peduncle is flat. ‘

The peTvic\girdTe of Stegoceras.closely resembles that of
Homaloecephale and is different from that of other ornithopods, espec-

. ially in the=apparent'exc1usion of the'buois'from the’acetabu]uh.

The hind- Tﬁmb of Stegoberas is documented'by both'femora, an

1ncomp1ete Teft tibia, the r1ght fibula, four metatarsaTs of. the rVght

]

and four pha]anges

pe
Ve \.

Ferr - Both femora are badly crushed and incomplete. The

d scr1pt1on is based on both The femur is slender and curved in-

H ~
=

wards.' A moderate]y deveToped fourth trochanter 1s situated in the
prox1ma1 han of the femur and is sT1ghtTy pendant The d1sta1 end
shows two condyTes which are separated by an 1ntercondy1ar groove
(1t apdears to be deep ow1ng to crush1ng in this- reg1on of the bones)

The TateraT condyle is more strongly deve]oped than the med1a1 condy]e

i
i . ) P

I3

fl
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W

~
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The femur is similar ose of Homalocephule and

‘” Pranméephale (Maryaﬁska and Osmé1sk 74). The position of the
fourth trochanter on ‘the proxlma] ha)f of the Tenur is also seen
in HJthlophodon (Ga]ton 1974a fig. 54) and DrJt,auruaw(?fwuvﬁw
l(Ga1ton 1975: fig. 3A-D) but not N iguanodontids (f;uanodon

(Ostrom 1970: pl. 20, figs.

(CaSier'1960: fig. 20) Tonontosauru°

DB

Tibia - dhe.tibia is on]y represented'by a very fragmentary
left element, The shaft is s]ender and tw1sted probab]y 1nd1cat1ng
Athat the art1cu1ar surfaces- were set’ at an angle to each other.

- Structura] deta1ls of the prox1ma1 end of the tibia g1ven by G11mor
(]924 37) cannot be ver1f1ed as this reg1on is restored in CulO)Pd

p]aster, o : o : . '

FtbuZa (fid{ 23, A) - Only the r1ght f1bu1a is st11] ava1]—
ab]e for study It 1s a. s]ender ‘bone. The prox1na1 end 1s relative-
ly w1de (as 1n Dyoalotouaurus (Jancnsch 1955 f1g 40 and pl. T4,
.f1g 4)) and set at an ang]e "to the th1n d1stal extremity. The-pOSf/
terior surface of the d1sta] reg1on is flattened (for contact with
h\the anterior surfacé\of the t1b1a) " The inner edge of this part of

_,the fibula is sharp, whereas the outer edge is rounded.

| ‘Metatarsals - Four metatarsals of the right pes are preserved;

on]y metatarsal I (fig. 24, A) is well pxeserved ‘and comp]ete The
f1rst metatarsal is reduced, it 1sgcurved/and sp]1nt 11ke Its prox-
imal part is narrow and compressed whereas the distal end is th1ck-

t

ened and forms. a subtr1angu1ar surface for the art1cu1at1on with the

1

. 114

e



!
F]'gu‘r‘e 23. Stegoecras validus_, UA 2.

- ] N :
(A) right fibula, with transverse section near

- distal end. X 0.7 (séction;,‘x 1).

-, (B) phalanx 4 of digit 1V (right pes). X ]IZ;ku
- {/jl)~3atefa1 view; (2) distal articular ’

surfaée; (3) dorsa] view, /F |

(C) ungual of digit IV (right pes). X 1.

(1) dohéa] view; (2) lateral view. _ :

!
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Figure 24. Stegocéras va Zidus, UA 2.
' R and ,\\ﬂ N
~(A) right metatarsal I in lateral v1e ' ittt

pradrmis
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(B) pha]anges l..and>2 of d1g1t IV (right pes)

¥
}ﬂ‘]atera] view and with d1sta1 and prox- ' ~
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1ma1 articular surfaces, respect1ve]y
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a

‘phalanges. The f]ettened proxd%a].eg}remity probaB]y contacted the
dorsolgtera] surface of the metatarsa1 11, _The distal surface of meta-
tarsa] \fI\is roughened The antero]atera] side of metatarsa] I1T is
flat and extend§\ob]1que1y dorsomed1a]1y, it probab]y formed th\‘grea
- ' for contact with, t e fourth metatarsal. The.shaft of metatarsal I%

/ is subtriangular 1n1transverse section. Its distal articular end was

[
i apparently obliquely inclined.

/ ' . Sy / : L o
- ' A]thoudﬁjnetatarsals Il to IV are incompletely preserved it
' ? . . i
appears that they closely fitted together, resulting in a relatively
, v ‘ e
narrow metatarsus. Metatarsal III was the largest metatarsal (as in

other ornishopods).
j . ) ‘ :
"%haZangee - The djistal eod\of\a\ohalanx,,two phalanges~and one _"“°
ungual are auailab]e for study. Gl]more s tentative 1dent1f1cat1on of
theseJ:ohes as elements of d191t IV of the right pes is accepted in -
this paper. The distal end be]ongs to the'proxﬁma1 phalanx- (1) of the
~ digit (fig. 24, B). It does not d1ffer #?om pha1anx 1 of d1g1t IV in
v | HOmaZocephaZa (Marydnska and Osmo]ska 1974: pl. 30 fig. 6) in struc-
tural deta1ls. The fragment indicates a short and stout pha]anx The
fo?aede ZigaMentosae are well deve]oped. The distal reg1on of the‘
phalahx is dorsoventrally f]attened "The dista] art;cular surface

I

shows two d1st1nct condy1es, separated by a med1an vertical depress1on.
[

The prongal end of the almost complete pha]anx 2 (fig, 24, B) shows a
corresponding ridge on its articular surface. The latter is subdivided .
by the ridge into two surfaces. Furthermore, a”dofse]sprocess of the

-

oroximq] end of phalanx 2 fits into-the dorsal continuation of the

-

N
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depression on the distal aFﬁicu]ar end of the preceding phalanx: The

third phalanx (fig. 233 B) is determinedtas the peﬁu]timate ﬁha]aﬁ? (4)
“

of the-digit .because 155 distal articular surface anticufates,exact1y7

. with the proximal surface for'interpﬁh]angea]'articu1ation of ¢the

LY

ungual (phalanx 5). The ungual (fig. 23, C) is_quite slender and ‘ -
el il . " , «

s]igﬁt]y»curved. A groove extends longitudinally on each, side -of the'
~~claw to the pointed tip. ' | B T -



N

v

Figure 25." Diagram 11]ﬁsfrat1ng some of the distances used

in Table 2. (A) scapula; (B) humerus; (C) i1ium;
o e -
(D) "ischium,
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| ‘Table 2 ,
@ L )
* Measurements of the appendicular skeleton ! G
N 4 ‘ r R
(in mm; see diagram for distances) :
Element . - o L W, Mo 2
: : p d W ‘ .
Scapula S & 2 L | R B
Humerus ’ 86 . 24 17 0. - - B
Radius - 50 13 12 6 - - \
Ulna - | 54 14 . 1] 5 - L '
W - -
Ilium 210* - e 40 23 12 -
Ischium 195% 60 - S 1
Femur . 225% 40* < - - -
Tibia " | 220% 50* 60* | - - -
Metatarsal I~ 57 7 14 . 6 - -
Digit IV, phalanx 1 - . s oo
Digit IV, phalanx 4 18 12 o120 - S
- Digit IV, ungual 2] - - - e -
. ) o \
* \
estimated f )
é,




3. Myology of‘the-pe1Vic region and hind-Timb -

The pelvic musculature of ornithopod dinosaurs has been ex- «
tensively discussed by Romer (1927), Janensch (1955) and, most rec-
ently, by Galton (T969) Their deta1led accounts have been used 1n

reconstruct1ng the pe]v1c muscu]ature of btcgoccrao It is difficult

A

to make such a restorat1on as the structure of the pachycepha]osaur1d

pelvic girdle differs s1gn1f1cant1y from that of typical ornithopods.

: /.

The discussion is subdivided according to functional units, with nomen-
: .

' clature mainly after Romer (1927). -

Extensors of the tibia

€

‘The M. ilio-tibialis probab]y or1g1nated on the narrow dorso-

1atera1 surface of the ilium. It cannot b% determ1ned whether the
musCle was divided into two (as in ]izards) or three parts. The mus -
cle is respons1b1e for a sma]] aTount of adduct1on hnd abduction of !
the leg (Galton 1969). The outward‘curvature of thelpreacetabu%ae
paht df the ilium provided a mechanically advantageous more antero- ' :

posterior line of action. -

The origin of the M. ambiens cannot be determined as the pubis
A K
is unknown in Stegoceras. T

i

The M. femoro~tibialis originated in the distal half of the

femur as in Hyps£20phodon (Galton 1969: 13 - 14) and a tripartite

subdivision is indicated by the surface markings:

124




','ab]e to that of the ant1trocha ter in hadrosaurs (considered to be

’ T @27 ” - 125

.A11 three muscles presumably inserted on the cnemial crest of
the tibia, perhaps in a common aponeurosis. : )
\ ' . ’
\ . Protractors of the femur

The M} ilio-femoralis s ternus probab]y originated from a

roughened area on’ the ]atera] s1de of the 111um 1n a position compar

the area qf origin for thjs muscle 1in that group by Romer (1927, fié;

LY
20)). The muscle presumabiy inserted on the, (not preserved) lesser |
trochanter of the femur. It helped to. prevent jsarticblation of the
femur. ’
Owing to the absence of a pubis the or1entat1on of the M. ilio-

femorqlys internus cannot be d]scussed ' .

? . - . L

e \ ﬂ

Flexors of the tibia

The origins and insertions of the . ilio-fibularis and M.
,éschio;chxofias are not preserved. p o
Retractors of the femur
The M. Zlio-trochantericus probébly‘origﬁnéted from a depres- |

sion on the lateral surface of the preaéetabular process of the ilium

and pfesumab]y inserted onto the grkater trochanter..

The M. caudL-fbmoraZts Zongus and brevis (sensu Galton 1969)
1nserted on the fourth trochanter (as 1n'HypszZophodon (Galton 1969:

figs.-8 - 10)). On the inner side of that trochanter there is a




2

cwell- deve]oped concave. area for 1nsert1on of the M. caud1 -femoralis | | \f
» . [ [N
longus.  The M. caudi-femoralis brevis probably 1nserted on- the lat- . | B
|
eral surface of the fourth trochanter. As a brev1s shelf (sensu

Ro er) is pot developed on the postacetabu]ar port1on of the 111um ' S e
ingsc;g%(eras, the M. caudz:—femgralcs brevis presumably originated o -
a]ong the postero]atera1 margih of.the’ilium and; in addition, on the.
centra of the last sacral and the first cauda] vertebra (as in AlL:-
gatmﬂ (Galton 1969: 18))‘ The M caudi- femoralzs Longus probably
or1gﬁnated on the lateral surface of the centra and the ventra] sur-
face of the transverse processes of the anter1or caudal vertebrae (as '
“in other orn]thOpodsI(see Romer 1927)) o ' ' \ \
~The M. obturator Iintezﬂrzus (= M. p‘ﬁbo-lisc:hio’-femo:raZis externus,
/ pars anterior) probably had its origin on the lateral SUrface of=thé;
dschium. This surface shows a groove, which is‘posterodorSally lim- -
ited by a we]] -developed r1dge and" becomes sha]]ower distally. An
obturator process is absent. ‘The area of 1nsert1on ‘canrot be deter-

m1ned owing to the poor preservat1on of the femora.

. - : ' P
-The M. adductor fémoralts probably or1g1nated from the dorsal

: part of the 1sch1um and apparent]y inserted close to a fa1nt rugose

line between the fourth trothanter and the outer condy]e (51m11ar to the

N

area of insertion in Hypsilophodon (Ga]ton 1969: figs. 8A, 9B)).

The M.:ischio-trochaﬁtericus presumably had its origin on a

, well-defined f]attened surface 1nterna1 to the dorsa] marg1n of the

' 1sch1um and a more dlsta]1y situated shelf-like expansion of the

Co

~ischial shaft. It probab]y inserted -close to the head of the femur

| .o



"o

|

(as in Thepceiosaurus (see Romer 1927: figs. 14 - 18)). =~
\ L Axial huscu]ature
Ny

L 1

_As'ﬁhe pubis is unknown in Stegobéras a restoration of the .
“axial musculature, has not been attemptgd.; Only a few commemts based

on the study of the remainder of the pelvic girdle are included.

!

' The more superficial part of the dorsal axial musculature

probab1y‘attéched'to the preacetabular process of the i1ium}.\The
. M - (

M. dorsalis trunci presumably inserted onto the wide dorsomedial

i

I

longitudinal striations. IR o .

The abdominal cavity was probably very large as,indicated '

t

surface of this process. This sUrfgge is marked by numerous faint,

- by the coh§iderab]e trans&erse,diménsions of the rib cage and the

broad pelvic girdle (as in Homalocephale (Maryafiska and Osmglska

1974: fig. 5A)). It certainly needed strong supp&rt andfMaryaﬁskaf

and Osmolska (1974: 96) sugges ted t?at a WE11—deveToped~M.,obliquﬁs

abdominis inserted on ‘the anterior margin‘oftthelischiqmi

. . . !

4. Locomotion .

Although the ratios given by Galton (1974b:

)

‘dicate the fact that the measurements are in Rgrt merely estimétions%
they clearly show, that Stegoceras‘is non-cursorial, most c]osé]y com-

‘paring with the iguanodontids 'r(s. 1.) C‘ampt:osauruq and Tenontosaurus.

table 2) are not

pfecise]y accurate (being based 6n Gilmore's paper,'whiéh does ndt in-

127 -
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The dista]'segmentc of the hind Timb are not elongated as in

hyps1]ophodont1ds but rather the t1b1a is s11ght1y shorter than the

femur in utegoccra' /UnfortunateJy, the manus is unknown 1n\a;§\ ,“ | ‘ I
Pachycepha]osaur1dae therefore, it cannot be ‘decided whether ‘, ' oi
Stegocaran re;emb1ed Thcuce70“aurus in be1ng more hab1tua1]y quad o ‘
' rupedal -than other sma11 to medium-sized orn1thopod9 However, the .

fore]1mb and pectora] g1rd1e are re]at1ve1y weakly constructed and

the size disparity between forelimb and h1nd 1imb 1nd1cates that

Sfegoccz»au was ma1n]y b1peda1




PART THREE. POSTCRANIAL AXIAL SKELETON

N  Osteo1ogy

The vertebra] co]umn of Stcgocorau is only documented by two

\ dorsa] and e1ght cauda] vertebrae (from different regions of the

tail).
|

Dorsal vertebrac (figs.‘26, 27, A) .- %here are two well
preserved dorsal vertebrae In discugsing the posittdn of thee veri
tebrae in. the dorsa] co]umn Gilmore (]924 28) po1nted out ttat H
hor1zonta] or1entat1on of the zygapophyses appears to 1nd1cate that
the vertebrae represented poster1or dorsals but he cons1dered them as
mid-dorsal vertebrae based on the marked upward Curvature of the1r
d1apophyses Maryanska. andcpsme]ska (1974: . 86) po1nted out that this
argument is not vaﬁid gompar1son of the dorsa] vertebrae of
Stegoceras with 1]Tustrat1ons of those in HomalocophaZe (Naryaﬁskaj;nd;

‘Osmolska 1974: fig, 4) @evea]s that they most c]ose]& resemb]e "dor-

sal n + 8" and "dorsal n + 9" (thlrd and second dorsal vertebra, rEs—

. pestively, counted from the sacrum; see Maryanska and Osmolska‘(1974: i
: ;Tzi\;E\Ejj\bf\HQggZocephale In the specimen NMC 8537-of_ﬁ-;,h L o
Thescelosaurus ﬁeglectus (Sternberg 1940: 485 (np, 'edmontonen"f;i/s’)’.')') ‘
the angle between the: diapophysis -and the hor1zonta1 p]anecqige/én- -
exeases poster1or1y (however this 1s not. the case in other spec1mens

of Thescelosaurus (Galton 1974b: 1058)). The two vertebrae of

Stegoceras probab1y represent poster1or dorsals, that with the nar-

rower. neural sp1ne be1ng from a more anter1on pos1t10n The .centra

129



are amphiplatyan. The ventral margin is moderately concave. (in lat- v /i

~

eral view) and is sharply rounded,}]acking'a keel. The lateral sur: '

faces of the centrum are concave anterobosterjoh]y. The suture be-
Y _h tween the neura] aréh and the centruni is on‘the 1evel of the f]oer of
| the ]arge neural cana] The neural’ sp1ne is tall and subré%&gngu]ar, R
slightly 1ncrcas1ng in thickness (in transvevse direction) towards the |
.dorsa1 extremity. The diapophyses are3strdné]y»eur¢fng dOrsallyiahd
slightly posterior1y The zygapophyses ahe-broad»and re15t19e1y short.
\The1r art1cu1ar surfaces are a]most hor1zonta1 those of the postzyga—
pophyses slighitly facing outwards and those of the prezygapophyses
s]1ght1y facing inwards. Anteroventra] to.each postzygap0phys1s, the
posterior surface of the ped1c1e of the neura] arch is deeply exca-
,uYQFQq Most.notable 1s the t?ngue -and- groove like pattern of inter- .
zygabophysea1 aht1Cu1at1on (f1g5 26). The prezygapophysis shows two \‘\
correspondihg ridges. This heharkab1e ahrangemént is_e]sewhere only ;,;4'
.ﬂ ~knewn in ﬁgnploaephale (Maryaﬁeka and Osmé1ska 1974: 85)." [Brown and \
Y Schlaikjer (1943: 145) c1a1m that "there is also.an 1nd1cat1on of ',,J,\>e
this in some of the Protoceratops dorsals"; in “their description of

“the dorsa] vertebrae of Protoceratopss, however Browh ‘and Sch1a1k3er :

(1940 217 --218) .did not mention this feature ]

"Caudal vez’tebz’cze - anterior vertebrae - The most ante‘rior‘
caudal vertebra (fig. 27, B) is almost comp]ete, only lacking the

i . . ‘
posterior part of.the neura] arch, Its anterior articular surface

}
slightly protrudes anterodorsa]]y and s markedly concave. In

-

- Homalocephale (Maryanska and Osmd1ska 1974: 87) th1s feature'is-re-

Stricted to the f1rst caudal vertebra, support1ng Gilmore's

AN
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Figure 26, SLcrgoccrnas.vaZvidus," UA 2. Posterior dorsal
vertebra (slightly restored). X 1.9,
| R »
(R) ventral view; (B) dorsal view.
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Figure 2?.

Stegoceras z}aZidus, UA 2. X 1.3,

(A)
(8)

v

posterior dorsal vertébra'in 1até#af view,
\
first cauda] vertebra w1th left &ggda] r1b

(1) ]atera] v1ew (2) gzﬁpr1or view;:

"(3) prezygapophyses in dOlsa]/v1ew

of the centrum -/

mid-caudal vertebra in late A 1,v1ew, with

transverse section near the/anterior surface

o
7
14

posteruor cauda] vertebrar1n lateral view,

/ /

»
.
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determination of the vertebra Under discussion as the first cauaal.
vFacets for ‘the chevron are iackihg on the posteroventral hargin of

- the centrum. The ]ateraT“and'ventraJ surfaces of the centrum are
concave anteropbsterior1y.‘ The neural arch is compressed ]acerally
and positioned wei] forward relative to the centrum. The quadrangu-
ar neuraﬁ'spine is high, compresseéd and has sharp antehhor and pes-A
terior edges; it becomes slightly thickened dorsally. The prezyga-
~ pophyses project anterodorsa11y, well beyond the anter1or articular
‘surface of the centrum, They are pos1t1oned c]ose to each other and
show strongly inclined, almost vertical surfaces for artlcu]at1on.
The left caudal rib is partly preserved, lacking the distal extrem-.

o

extendgipelative]y scraight out from the centrum. .

The other anterion caudal vertebra has been interpreted as\a

third (Gilmore 1924: . 29) or fifth. (Maryanska and Osmo]ska 1974: 87)
cau&a]. As it shows well- def1ned facets for chevrons and such facets
first occur on the'f1fth caudal in Homalocephale, 1 follow Maryaﬁsl .

and Uuihlska's .determination. The éentrum is oblique.in lateral view,

“@fthe arn*erior surface for intercentral articulation being situated

righ. . than the po. orior one. The centrum is much shorter than in

“the first cauc 1 \ rteori. Its lateral and ventral surfaces are con-

'cave ancerdpovteriorx,. The lateral surfaces are marked by a small
- . . : i ;
: pit~1i&e depression at about mid-length. In comparison with the cor-
S s _ - ) \ ,
ﬂresponding‘structures of the first caudal, the fifth caudal vertebra

d1ffers in the following features: S

aﬁ%neura] Sﬁﬂne garrower (anteroposter1or]y)

ity. It.is narrow,”flattened and rises upwards proximally. The rib

136
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b) prezygapophyses further apart from each other,
¢) caudal rib ]ess arched becoming a]most straight. (as Pin | |
- Homalocephale (Maryafiska and Osmd]ska 1974: 86));

d) presence of well-defined facets for chevron, . i

. 1 .
Mid-éaudal‘vertebrae {fig. 27, C) - Three vertebrae seer to

be referable to'thig group. They d1ffer from the anterlor cauda] ver-

tebrae described above in-having more elongated centra and sma]]er,

\

more posteriorly situated neural spines, lacking caudaT ribs and show-

“ing a hexagonal out]ine of the articular surfaces’of the- centra“ The
Tatter is produced by Tong1tud1na] r1dges on the ventraT and TateraT
surfaces of the centra The neuraT spine is very thin and strong]y

: compressed laterally. | The Tength of the centra sT1ghtTy decreayes

'Afrom the first to the th1rd of the preserved vertebr

~

°

Posterior caudaZ veértebrae (f1g 27, D) - Three vertebrae of,

'subequaT size probab]y represent poster1or caudals. The neuraT spines

are very . reduced. \ The ]ateraT and” ventral surfaces of the centra showv

|
Y
,Tong1tud1na1 r1dges*3 The prezygapophyses are cToser together than on

.the ‘mid- cauda] .vertebrae. The’ postzygapophyses are very. smaTT TheTz o

neural spines: are more poster1or]y situated than on the. preced1ng
caudals and are connected to the junction of the prezygapophyses by a

sharp_and thin med1an ridge.
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. Table 3

R ‘ t
Measurements of the vertebrae

t138'

* anterior tﬁan B etc. )

 (in mm)
\ ! | |
'Vertébra Ghc :G]dl Gwe
DV AR | 16 20 15
v Bre 6 21 6 J
oV B 22 ¥ ‘7 .
v 5 18 19 19
\MCV.A** | 16+ 27:C 19
MOV Bk 16* '2'6 17
"MV O 15 | 25 -
*estimated »
* letter 1nd1cat1ng relative pos1t1o; of vertebra (A more - i



* the posteriormost left cervical rib. The cap1tu]ar precess| and the

Chev;ons —‘§eVeraT.fragments and onc a]mpst compTete element'
(fig. 29 B) are available for study. The Tatter is obabTy from an
anterior caudal, vertebra and only lacks the distal xtrem1ty The
artlcu]ar ends are sT1ghtTy expanded and not connected w1th edch other
as in the anter1or chevrons of Calptocauruu (Gilmore 1909: fig. 20),
Dysalotosawrus (Janensch 1955: pl. 13 f1gs 16. - 18) and r

Hypsi. Lophodon (Galton 1974a: figs 288 and 3OB)

- Ribs = Th1rteen incomplete r1ght and e1ght 1ncomp1ete Teft
thoracie r1bs, two cervical r1bs and one’ sacra] h1b have been reported
by Gilmore (1924) in UA 2. It is not c]ear wh1ch spec1men was deter-
mined as & sacraT‘rib by Gilmore (]924: ®31) as he does not\figure it

and none of the specimens studied even resembles a sacral rib,

-
. |

a8 ) Cervzcaz ribs - The more compTete spec1men probab] represents

(4

distal extremTty dre\not preserved. It resembles the
rib of Camptosaurus’ (Gilﬂli)r‘e 1909: fig. 21) and Hypsildxhodon

1974a: fig. 19), | .

'horactc ribs - As far as preserved, all thorac1c ribs .app ar

to have been doubTe headed Cap1tu1um and tuberculum are distinct and.

v
articulate w1th the diapophysis. The tubereu]um is always p]aced lat-

1

era]]y and poster1or1y relative to the cap1tu1um ’ \

A Teft rib, prov1s1onaTTy determ1ned as the first thoracic rib

ing three ribs (from the right side) increase in length, reaching a

T

\

\

- by. G1Tmore (1924: 31), s reTatlveTy straight and w1de. ‘The follow-

]



1
\
1
v
) i

t

b

'
1} J
/
. ’4/ -
1 /
\ J v
/.
Y

Figure 28.  Stegoceras vatidus, UA 2. Caudal tendons. X 1.

(A, B) Gilmore's "type 4", ,
(C) Gﬂmor'e's “'type‘ ‘3"..' o
(D) Gilmore's .“.type 2.".

:(FT) Gilmore's "fype ™",
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Figure 29, Stegeeeras validus, UA 2,

(A) caudal tendons in the matrix. X 0.8:

.

(B) ¢hevron in anterior view., X 2
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maximum at the fourth rib, and become nore curved. Poster1or to the '
fourth r1b they become 1ncrea§1ngly more curved and slender. The
cap1tu]ariand tubercu]ar facets become sma]]el, the cap1tu1ar process ' \5&
increases slightly in 1ength and‘(1n-tran5verse séction) changes ﬁ4¥|
a flattened to' a subcircu]ar proeess The five posteliormost;ribf'axe>
l character1zed by a 1ong1tud1na] depros<1on extend1ng atong the shaft

on the anterlor edge of the r1b d1sapp€3\7ng at about i d- ]ength
?" . . (\_e/-'\ ! / w/}

(ahdu? tendons ‘\_(f\ng

itmore (1924) describeqva

]arge number of rib- 1yke eleménts as - "abdom1na] ribs" (p 31) and oth-

;

ers as oss1f1ed tendons" (p. 32) Thus, the p055e551on of "abdominal

-
rlbs" was thouqht to ‘be a unique character in »fndO(ePd as no other

ornithischian shows such elements. The discovery of a Basket- llke

arrangement of os<1f1ed tendon< around: the. posterior part of the. tail
I

in HomalochLaZe.(Manyanska and Osmolska 1974 pl. 28, figs. 3 - 4) -

- lead Maryanska and Osmélska (1974: 93) to cha]]enge;Gf]more‘s inter-

g
pretation.

g,

! . e LT
P NP - SR

o s

I'nave'attehpted to identify the sintype; of elements listed

by Gilmore with homo]dgous'parts of the ehudaf tendons in'HémaZopcphalc;
| . |

Type 1 (fig. 28, E): ﬁ feavy, sinuous segments with more _ ,3
5 . ; . . - B ;‘,
Tess flattened ends that are sometimes grooved with ray-like points" - -ﬁ

(Gi]more 1924: 31). These e]ement<.correspond‘to the thiekened med-
ial portions of the tendons from the fourth and f1fth row of the

caudal “basket" in tion aZocephah
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Type 2 (fig. 28, D): "Smaller, subround, sinuous segments hav-
" ing bbth ends slightly flattened and slenderly po1nted" (Gilmore 1924: (

: \--
32). These e]ements appear to be s1m11ax to the med1a] portions of tde

.%*%!1rd row of the.cauda] "Basket" in

ﬁypé 3 : = "of d;;\t\ghe same size as. the second

[type}, subround, s1nuog§%ew1th one flattened end, the other drawn out

tendons frqm,thgriﬁgf"

Homa Zbcel.)hailg; -

into a s]ender attenuated rod;ﬁ1ke process" (G1]move 1924: 32). This

type clearly includes more poster1or parts .f the tendons represented
. , - e

-

by type 2..

| Typed {(fig. 285;A - B)% "Small, witht]ong Pifurcéted diver;
gent rounﬁ~nroce;se§ at one end,‘the_other end unknonn; ..." (Gilmore
‘u]924 32)) nnd type 5 are not c]ear]y matched by"en}‘tendon ilustrat
.or ‘described by Maryanska and Osmo]ska Type §~was chdraCterized by

1ts~asymmetry and m1ght include pathological specﬁnmns and/or larger

4
/

e]ements of - type: 4 Perhaps the rod 11ke poster1or parts of the caudal

S
tendons fused to each other and type 4 e?uld be exp1a1ned as represent-

ing such connections.

F%na11y, Gi]more's‘"dssified_tendons" represent the thfn posl
teriot extremities of the cauda].tendons'(fig. 29, A). A'small b]dck
of sandstone (preserved in three pieces} EOntaining parts of the tail
basket is catalogued.nnder,UAfz'but has not been mentioned.by Gilmore.

Presumably parts from the inﬁéfm§%w§'ane preserved, some of them stifl )
in their original anrangement. The specimen beautifully demonstrates 3\~
the connection between the -thickened medial and rod-like posterior C{l”

I
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- , O
portions of the cauda] ‘tendons. A second block, part1a11y embedded in

)
plaster, also conta1ns parts of the caudal basket, including e]ementq

of Gilmore's typcs 1 and 2, j . el |

5 ' ' ’ - . R [
P ‘2. " The functional significance of the ' o .

interzygapophyseal articulations

N }Gi]nmre (1924: .28) was 1mpressed‘by the elaborate tongue-and-
groove articulations between the-zygaoOphyses of  succeeding dohsa] , f . _;f
vertebrae in Stugoucras but did not offer a functiona] exp1anation . '13
Th1s pecu11ar,type of att1cu1atron thas since only been documented in o !{
another pachycepha]osaur1d HomaZoccphaZc (see Maryanska and Osmolska |
(1974: 85)). In both cases, only bostermor dorsal vertebrae are

known_but presumably this condition occurred also in other regions of'

the presacral vertebral €olumn.
. . |

This ‘unique feature clearly brevents any signﬁficant lateral | ; 'ﬂ_.
‘movement (at least of the/posterior bart).of the prgsacra1‘co]umn, ' -"ﬁ¥f
thereby providing great rigidity ff'the assumption of the head but-

_t1ng mode] is correct force transm1ss1on during the impact wou]d take
| p]ace through the dorsa] and cervical vertebral column. Lack of'rlg-
1d1ty would res@ilt in dislocation of vertebrae w1th traumat1c conse- c
" quences. The most pars1mon1ous mechan1ca] so]ut1on (parad1gT sensu

<

) M. S Rudw1ck) is-a solid bar which, of course, is. not a desirable

B

so]ut1on The tongue- -and- groove articulation approaches the parad1gm

mn prov1d1ng r1g1d1ty by p;i¥69t1ng s1%§%f1cant latera] f]ex1on of the

~ column durifg the conduct1on of fordes resulting from~1mpacts

S (’
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R - R
The r1g1d mature of the vertebral co]umn (probably enhanced by
ossified tendons as 1n other.orn1thopods) furthermore seems to’ 1nd1-

cate that it was he]d a]most hor1zonta11y during ]ocomot1on (as postu-

1ated by Galton (l970b) for: orntthopods in genera?) - oo
3. ‘The fonctiona] signff{cance ot the "caudal tendonS‘

It 1s ev1dent that the ta1] in pachycepha]osaur1ds was highly
spec1a11zed for a part1cu1ar funct1on The ensheathvng tendons made
much of the ta1h;r1g1d enhanc1ng the effect of the a]most vert1ca]
art1cu]ar surfaces of the zygapophyses in the caudal ‘vertebrae. fhe , j- . ¥
marked 1nc11nat1on of the articular surfaces r%gtr1cted lateral flex- |
1on (as do the Tong caudal r1bs in the anter1or reglo& oﬁ the ta11)
The basket- 11ke arrangement of the oss1f1ed tendons pqohab]y 1nh1b1ted
s1gn1f1cant vertical movements in. the more posterlor part of the tail

to a certa1n degree but-is stlll re]at1ve]y e]ast1c

o Superf1c1a11y, it m1ght appear that the pachycéphalosauruﬁ

‘tail m1ght have acted as/ a dynam1c stab111zer as in Deznonychus

(Ostrom ]969) but th1s seems 1mprobab]e as Stegoceras does. nét show

any cursorwa] adaptations and a dynam1c stab1]1zer s on]y mean1ngfu1 ‘
in cursor1a1 forms, Frequent]y, 1es1ons are v1s1b1e on the th1ck med-

1a1 port1ons of the tendons of Stegoceras (and HomaZocephaZe (see |
Maryanska and Osmo]ska¥i§g4 99)), 1nd1cat1ng that the tail served a’
d1fferent funct1on Maryanska and Osmo]ska env1sage the tail act1ng

as a pdﬁp dur1ng rest when a more ubward]y inclined posture of the | )

vertebra] co]umn and pelvic g1rd1e was achieved; th1s posture wou]d

/ . ’ - w ) - i
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result in placing the c_enter‘-o;f gravity behiind the acevt\a‘bulu‘m-.' This.
inte‘rpretati'on'a'ppearos re'a'sonable and is éc‘ceptgd here fauté‘ de 'mieux.

-
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'; by Maryanska and Osmélska (]974': )) - ._Q“

' _ PART FOUR
: -

NOTES ON THE BIOLOGY OF s7rcockias
GAND OTHER PACHYCEPHALOSAURIDS

Stejoc(ra‘ HE re]at1ve]y rare in-the classical co]1ect1on
s1tes of the Judith River Formation and, with the except1on of UA“?
“ and NMC 138, only 1So1ated frontopa ietals have been found. Many of
them show signs of transport PElhaps_n{mB:QCPa;,'TikEfCértain other
d1nosauts, ]1ved.1n up]and regions (which have not been séﬁ@iedi&
# The Mongolian pachyﬁepha]osaur1ds have been found iny sandstones, which

apparent]y were formed in such a sed1mentary reg1me

The~dent1t1ons c]earTy show that pachycepha]osaur1ds were her-
- b1vorous , The endocran1a1 cast of PachqoephaZosaurua (Brown and ' |
1Sch1a1kJer 1943) and the data from Hmmzhx:&haZe and N=vnoetuhato
'(Maryanska and Osmo]ska 1974) 1nd1cate that the ». onhatorzus and
N, opiic& were well- deve]oped, suggest1ng (togethen w}{h the 1arge

;. extenna] narla] cav;ty and orbit) ‘a good sense ofp o]fact1on and vis-
16" g

‘ B 2 ., .A‘r
T igh}: These senses m1ght have been 1mportant 1n the detect1on of pred-

Jator§ as pachycepha]osaur1ds 1ack any protect1ve armor aqg presumab]y

were not capab]e of fast escape It 1s un.nke]y that the th1ckened :

w

frontopar1eta1 was used as a defens1vt weapon (as has been suggested

[
P

oy

The 1arge abdom1na1 cav1ty and the broad pe1v1s m1ght 1nd1cate :

v1v1par1ty (Maryanska and Osmo]ska 1974) but in my opinion could also

. "Y’ : f . 4
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be related to the Herbi s habi
m \ vorous ha§1ts of‘pachycepha1osau ids (réquiringg

a i i ‘ L ‘ ‘
]atg? 'ntegtinal tract (as in other herbivorous vertebrates)). «
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| tion of the" quadrate and 1nfratempora] fenestra 1s near]yivert1ca1

’ ‘\vr : . \_;’:‘ :" N
1 . : . \\' . . ,.5"‘. “y
bAKI FIVE P | W

1. The status of the Pachycephalosauridae from
, .
North” America: and East Asia %

' i
P

. A. East Asia

i
1

Maryanska and Osm@lska (]974) descr1bed three new monotyp1c»
genera from the Up er Cretaceous of Mongolia:: TyZacepha%c (type
species: ‘7, gzlmoﬁkt) from the Barun Goyot Formation (Campanian)

’».

and HomaZocephaZe (type spec1es H calathoccr‘*coo) and Pr'enoccphale '

(type spec1es P. renes) from the Nemegt Formation (Maastr1cht1an)
p

Jylocephale thmoret is documented by !F 1ncomp1ete sku]] and

a partial mand1b]e The species 1is character1zed by the struoture of
,"\w ‘1

. the stter1or reg1on of the skull. The dome reach§§h1ts h1ghest ele-

vation far poster1or]y and is even v1s1b1e 1n occ1p1ta] v1ew The

poster1or cheek region shows extreme ]atera] expans1on The opientaé

—

These and, other structura1 d1fferences c]ear]y d1st1ngu1sh this taxon -

“

from a]] other pachycepha]osaur1ds TJZOLCphdZe seems to be most

l

c]ose]y/re]ated to. Stegoceras (as noted by Maryanska and Osmolska

(1974)) T
/ .

t 1

1

sku]] w1thout mand1b]e) and some postcranial eﬂements ,Th1s spec1es"

‘s1s cheﬁacterized by an extens1ve1y ‘developed dome, a r dt1ve1y 1ong

e
and deep snout a 1arge d1astema between premax111a andvmax11]a, the

<A

& Prenocepk\i/iprcnes is represented by an exce]]ent]y preserved

)

EEET . e L
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structure”of the teeth and the’ﬁrnamontat1on of the external surface

of the skull, It most c]ose]y resembles PachJu(phaZOuau“U> from the
.Lance Format1on of Montana, South Dakota and Wyoming in the ext#eme

.development of the dome the c]osure ofathe supratempora] fenesttae o
a re]atively 1ong snout and ]arge d1astema (Maryanska and Osmo]ska'

1974), But ‘the two taxa are d1st1ngu1shed from each othér by a number e
P ! L N

L=

lf }4

" lines 'of pachycepha]osaur1d evotution, The dome in Prenocophafﬁxlne;.:l
\ R

f!of,differences and I would'syggist that they represent two " d1f?enent

‘‘‘‘‘

“cludes prefronta]s, supradrb1ta]s and postorb1ta]s §a51de frqm fron‘¢
tals. andpar1eta]s), wh1Te that in FachJoephaZO aurus 1s formed by the .~ .
frontopar1eta] only and extends far poster1or1y, abrupt1y end1ng at

the posterior marg]n of the -skull. B : _éﬁ* ‘ o

.Homaloc_ep'hcch. célathoéercos is knohm from an incomplete skull
" and postcnanial skeleton. It is characterized By 1ts flat skull roof
'w1th 1arge supratempora] jbnestrae Cons1der1ng the fact that there
are two pachycepha]osaur1d spec1es from the Nemegt Format1on (and the
holotypes are even from the same 10ca]1ty), ong. 1s tempted to 1nvoKe : S o
sexual dimorphism to- exp]aln the d1fferences Maryanska and Osmo]ska‘ %!
(]974 62, 100) do not accept this 1dea, c1t1ng -a plethora of minute
differences between Homalocephalc and Prenocepba7c in structural fea— |
tures of ‘the skull and postcran1a1 ske]e?on Ga1ton (1974a b} has
demonstrated a surprisingly ]a(ge amount of 1ntraspec1f1c var1at1on

1n certa1n orn1thopods HWith the except1on of three features, all

d1fferences C1ted by Manyanska and Osmd1ska (1974) can be explained
.as fnd1v1dua1 var1at1on owing to d1fferences in size or ow1ng te th

"absence of tb 'dgme However, three features deﬁmtwe]_y d1$|ngu1s§\

4
v

R




Homaloecphale from Prenoccphale » the f]at skull roof {with 1arge
supratemporal fenestrae) the different pattern. of tooth wear and the

ornamentation of the externa] surface of the skull.: Prenoccphale shows
' .
wear facets on the apex of the max1]1ary teeth (Maryaﬁska and Osmolska
s o ;
pos1t1on (as in Homalocephalce, T

B

‘ 1974 55) rather than in a medi”

~-bto‘]cvcrczu and- most other OPnlthOpOdS) . The main d1fference in the
a
~ornamentatmn of the externa] surface of the skull is the plesence of

1 \

large p1ts on the per1phery of the ‘skull roof in HomaZoccphaZc.

‘\ . T
~eAre the two taxa Just ma]e and female of one sexually. d1morph1c

spec1es (wh1ch by gage pr10r1ty, wou]d have to’ be named PpnnoctphaZe

1 . \

o ‘ prenes ?ﬁdd1t10na1 mater1a] is necessary for a f1na1 dec1s1on A
. :‘ L similar situation in Stcgocclab was noted by Galton (]97] ), ng '
described and 111ustrated (Ga]ton 1971: figs. 5 - 6) a-nearly flat-

roofed frontoparletal from the Judith River Formatian of A]berta

\ .
Ga]ton cons1dered this specimen as a variant of Stcgotcrae vaZvduu,

p@sstb]y a fema]e G1ven that the domed 1nd1v1dua]s are males and the
@\_i:f}at roofed 1nd1v1dyals are females Of the same spectes - is it not Q?

: surprzs1pg that gnIy one "female" has been d1scovered among 40 to 50 °

>

frontqur1etals fﬂpﬁ,the Judith R1ver FOtmatlon of southern A]berta7
, Perhaps, rather t anjaﬁstulatlng marked sexua] d1morph1sm one shou]d

4‘71'

tonsmder tﬁé poss1b111€ -pf a 11neage of pachycepha]osaur1ds w1th flat 4
sku]i roofs, 1nd1cat1ng & dmﬁiersnt type of 1ntraspec1f1c combat (phe-

.e;§umab]y~push1ng as- in AanJthnchub (Eib1- g felde 1959)).
s—-’:"t'f"\ S \ . \

-q.’

Fina]]y;"W%oodon" bexellz shou]d be mentwoned as the o]dest

A, record of the Pachycepha]bsaur1dae from -East As1a (Boh11n ]953) ~ This,_

P
»




PO : ,

species is based ot a poor]y preserved frontoparietal from. the Upder

' Cretaceous (ptec1se age uncerta1n, probab]y o]der-than the Djadokhta
Formation (K1e1an Jaworowska, pers comm. , 1976)) of Tsondo]e1n Khuduk,
Inner Mongolia. Apparently 1t d1ffers from Stegoceras vaszus in the
few comparable features (Bohlin 1953: 32 - 33) From Bohlin's de-
scription andf]gures it appears that the specimen is not diagnostic
and mere]y 1nd1cates the presence of a p;chycepha]osaur1d at the
Tsondolein- Khuduk 1oca11ty "Troodon” beerZz shou]d be cons1dered
)“a nomen vanw{n.' | o S _ ‘ -

b ~ . . B, North America

Five species of® Stcgoaerae have‘%ﬁkn descr1bed from the Upper
'Cretaceous of A]berta, four (S.vvalzdus’ S. brevzs S, Zambaz and S' |
sternLcrgz) from the Jud1th River Format1on and one (S edmontqnens1b)- '
- from the (Loyer) Edmontgn Format1on A]l»these spec1es are based on |
.1so]ated frontopar1etals G11more (]924 10 - 1) recogn1zed that a
HIarge amount .of var1at1on was found in the d1mens1ons\of the fronto-
parietals of Stegoceruq, "a condition that m1ght well be expected in
: such [a] hzgh]y spec1a11zed structure, and wh1ch po1nts to a w1de in
d1v1dua1 var1at10n rather than to constant spec1f1c differences". ‘
(G1]mdre 1924 13). It aﬁpears that Gilmore was the only author to |
recogn1ze th1s point. quwn and. Sch1a1k3er (1943: 130) recogn1zed
that Stegocoras brcvzs be]ohgz to S. validus and also. referred a large _
frontopar1eta] to the latter species, latep des1gnated as the holo-
type of s, Zambcz Sternberg, 1945, As a detailed b1ometr1ca1 survey

of the frontoparteta]s of the North Amer1can Pachycepha]osaur1dae is - 1n

‘<\
i s




- pachycephd1osaurid,

.

,progress (Dodson, personal communication,.1975); I have merely ﬁ]otted

a few selected dimensions for the frontopérietals of all "species" of

Stegoceras, JbaSéd on the data in Brown and Schlaikjer (]94§).(with the .

addition of a specimen 11]ustrated by Ga]ton (1971 fﬁg¥ 5 -»6))

(Fig. 30) It dppears from the d1aguamq that tho material frmn Uy

Judith River Foumatlon of Alberta represents but one- varlab]e sch1es
StefPecras z.u:u:dus With "brevis™ and "stern Zf“z""' "'lc"""::"f as th(u

opposite extremcs Ga]ton s supposed spec1men of Stegoc reras validus |

- does not f1ﬁ into the vu:.due*ﬂ,hugter“; poss1b1y 1nd1cau#ng the pres-

ence of a second type of pachycephalosaur1d fraw the Jud1th R1ver For
mation. On the basis of the diagrams [ aJSO do nct hes1tate to refer
5. edrontondieis to &, mzhd&e, extenqu the record of the ]attel
sp;ziés 1n{o{the Lower Edmonton Formationf o

h

oY Thlee species of aJ’NCszd.UsuHPuS, the 1argest'know1

: (G11more 1931 1936 and

. aﬂﬂg
a par1etosquamosa1 she1f‘(Brown and Sch]a1k3er 1943:~ p] 38 - 39)

whi]e P, wuor »Jc»~-~ (Gi]more 1931) And F raénhvirJLE\Brown and .

Schlaikjer, 1943 have a low frontoparweta] vau]t and a we]] deve]opéd
par1e&osqu;mosa1 shelf (see Gd]more (1931 pls. 3 - 3; 1936 vfigs.\
2 - 3) and Brown and_Sch]dikjer (1943:‘ﬁp];%ﬂ§); respeétive]y). The

sutural contact between nasal and frontal s narrow 1n P, grangert.

“and P, racnhc:h‘rt (Brown and Séh]a1kJer 1943:° 133 ‘and 143, resped-

,t1ve]y), ‘while 1t is broad in.F. wuomsnhcrsrw (Bnown and Sch]alkaer

1]

1943: 143). There s, little doubt in ny mind that the ;pec1mens all
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F1gure 36
14
1
3
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1
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\
Q. H

~:(A) height above endocrania] céyity'(H) versus .

—'(D) d1agrams p]ott1ng se]qcted dimensions of
1solated frontopar1eta1s referable to thJoc;;g

Subdivision of'axe§ logarithmic.

,; 'greatest length (L)' ‘ - ‘ g

'(B):wwdth of fronta] at suture be tween nasa] and

N

v'fronta] (N - FW) versus greatest w1dth (W).

(C)-greatest width (W) versy reatest Jength (th

(D) median th1ckness of ronta]s at sutura1 conté@%
o e _.

with nasals (T) vérsus greatest length (L),|'

Schlaikjer (1943)

/

Data from Brown ‘a

Symbofs’ Ly -~S va “dus V- gype spec1men of vL21dus) ‘

X -.8. "ednontonmzsfs"
= 7 T
. a4 8, Mbravig" - : N
. j t N

A - 8. "lgnbei" o ‘ SR

A - S, "st’e‘zﬁf orgr ! | b

. q"j

0 - 5, sp. (fF Galton (1971: figs.'5 - 6))
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- represent but one species, P. wyomingensia.

PachJcaphaZo auzms can rea‘11y be derived from bt@JOOCPaﬁ
¢

(Brown and Sch]aikaer 1943 146) by the fo]]owgng changes: S
1, 1ncrease in swze,

2'. further th1ckening of the: sku]] roof and ob}1ueration of the

sgiratempona1 fenestrae; . | ‘ S

f /"

3. deve]opment of an ornamentat1on consist1ng of 1arge nodes;

shortening of the "s crania] reg1on,

4
5.~ increase inﬁ\e nur
6
7

..'V.

magnum;- - - R . .

u

e
Gl

.».z‘l-ir

e

8. fape‘narrower and longer. ~ . © i
N _- » ) ‘::j\"-.

[
:

A third type of pachycepha]osaurid which d1ffers from

SteJoocran and PuahJcaphaZouaurus is documented by a large fronto-'

. parieta] from the Jud1th R1ver FOrmation of Alberta now housed' 1n e

the Provinc1al Méseum and Arch1ves of A]berta Edmonton (Galton,

. .
E
T -
s
. " “.‘
3 1
: -
" ?
A
AR
' L
i3 ﬂ
3 ' i
) ]
x .
4 \‘
\g
&
h

;personal conmun1cation; 1976) No further comments are 1nc1uded

S

CE L

here as a deta1led account by : Ga]ton and Wall w111 soon ‘be pub]1shed

! . . B i .
} S~ ! .A . : ' ) ~ f

"2. . Diagnosis of Stegoceras

B e

]

I The increase of our know]edge about the Pachycepha]osauridae
.since the. publlcatlon of G11mope 'S {JQZ&J,&tcount makes a new defln-
1t10n of the genus Sfagocaras necessary Many of Gilmore's dlagnost1c

Char5§ters have s¥hce beqqgshown-;o bg;dqagnostic of the famiTyv
S v g B : AT S e




y,

- known pachycepha1osa

a:.

N ':" N /

\
Pachycepha]osaurbdae and the supposed presence of abdom1na1 r1bs 'was ;

" based on a, misinterpretat1on

Consequently, T prOpose to characterize the genus Stejocoras-

as fo]lows

-

Medium-sized pachycepha]oshurid Cran1a1 roof thiekene

poften'highly elevated. Par1etosquamosa1 shel developed.

Infﬁatempora] fenestra narrow, long and s]op3'¢ antero- -
f ’ .

esvehtra11y; bQuadrate s1oping anteroventrally. Occipital
_region wtde. Snout foreshortened and deep Supratemporal
fenestnae reduced Poster1or process of premaxi]]a short.

. Short diastema between premax;]]ary and max111any teeth
No. caniniform tfeth in the dentary. Premax111ary and
anterior-dentary teeth-inéisiformcj Dental formu]a.

pmx. 3 +‘mk. 16. ' 3 o
de. 17 - ; S L |

7

Q ) ’ ) ! / '. ' R
- Co : | " | i » : l“ ': . . .

"3, The‘orﬁgin.of the Pachydgphalosauridae
, / \

during the Mtdd]e or Upper urassic. Yaverlandta 1s the earliest k

— E)

/”‘ i

Cretaceous (Wealden) of the Isle of Night It shows a sma]l dome on ¥

each fronta] The frontal stilI part1c1p§ted in the/formatxon of the

T dorsal rim of the orbit exc1ud1ng the postorb1ta1 from contact with

the prefronta] Supratempora fenestrae were still 1arge and we11-

deve]oped. The dorsal squace of the fronta] shows an 1rregu1ar

¢
a4

I
1d known from a fronta] reg1on from the Lowér / B

160




) pitting. ‘fﬂe'orbitosphenoid’wasJWeT]-ossffied- The orbit was sti]]
visibie in dorsal view. The o]factory 1obes were not enclosed by bone
venfral1y YaverZandza is but 11tt1e advanced beyond the

_ hyps11ophod0nt1d tevel of structural organ1zat1on ma1n]y daffermng
from the hyps11ophodont1ds in the degree of oss1f1cat1on of the .
orb1tospheno1d and the beg1nn1ng‘th1cken1ng andknknamentat1on of the

frontal.

';u,.' linszloplzodorz répresents a Su1tab1e

Eachycepha]osaur1d anceston_lzse1f Us1n \d1stort10n gr1ds for fac11e
i /
v1sua11zat10n of the prOport1ona1 changes in the sku]] occurr1ng in a

11neage HJpgt/ophodon - Stegocoras, the fo]]ow1ng changes can be ob-f

1 .
Te

~served (fig. 31): |
1. Increase-in thickness of fhe.fronfoparieta1vregion;aresulbing in
| altenatibnfof,the fopographical re1ation5hfps;with the rround-
ing e]ements and reduc&1on of the’ supratempora1 fenestﬁ::.

2. anteroventra] 1nc11nat1 n of the occ1p1ta1 reg1on the suspensor—
_ 1um. and the 1nfratempéia] fenestrae,

3. shorten1ng and\deupen1ng of the face |
4, ~sh1ft of the orblt to a more ventral pos1t1on (no 1onger visible

L dorsa] V1ew) , . 4
R s .

.x ' Severa] anatom1ca1 changes occur in the cranial arch1tectgre
I .

“in the structura] sequence HJpszZophodon~ravcrZandza>$;;gg¢qrqg.-;In N
- HypstZophodon the<orbitospheno1d was presumably cart11ag1no (Galton .

;«;;\\ « 1974a: - 27). whereas it was a th1n p1ate of bone not sutureﬁ*to the’
T g
N g‘ : T PRI T -

.
\"t Lo e
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W ) < - ) ﬁ qw .

4 ‘:.75“\ . ‘r-:_'.'_' e F
. A,_.._«A.». = - V'\I “ v A * _~ ‘
"fron'ta]_ ,1 I \t * Cretaceous hypsﬂophodontut Parksosaurus.  1In

- \

‘%).wu/wxha and ?H other pachycepha]osaurlds the orb1tosnhen,o1d 15
\
we’]] ossﬁied and f]rl?]y sutured Galton 1971 Maryanska and Osmo]ska

P

}
1974, an *sena] obs ervatwn) Thedsdpxaoxlnta] . stﬂl free in®

1{1/['5';'1'7,01»]1('JUL {Galton 1974&1& ﬁ“ﬁ. ) f 525 w1th the preﬁ onta] i'n Co L

the Pachycepha]d‘é(‘rur]dae 1e o1factory Lbbe&beegmré 'uentra]]y ten"é

ISR P‘ s
1osed by bo&e in u[cq()('@l'a; and other advance ‘T’_,'_Chycq?)ﬁa]osaun 1ds

(but not \n )amm?ardm (('a]tonww/] a persona] dbs‘%?‘vatwon))

’ , @ . 4 b . o it )
e .:_;,._“:“ - g B }{‘ ut
. e ‘ There are no d1ff1cu]t1es p1even¢1ng a denvatwn o the
Sy Pachycepha]osaumdae from the Hyps&]ommdbmhda@ durmg 4%%?‘52 Jurassm

Mar,yaaska and Osme]ska (1974 101)

X argumg that the 1ater‘ -
;,'Z‘ o

1dns wh\le pachycepha]oSaumds '

.f.%\',“;.\_ .

@9 not. - I d1sagree w1tﬁ tms point of mew as already We earh‘est
s known or~n1th1sch)ans, the Fabrosaum\dae (Thu]born ]/x ) and -
| '. Heterodontosaumdae (Bonaparte 1976 Santa Luca Cron1ppn.\nd Chang
1976),‘ are- lngh]y cursoma] and the Hypsﬂophodontmae gave r‘ise to

\

o severa] other .non- cursoma] groups of the Ormtmschm\(lguanodc)ht]dae |
G . -?'1"’ Hadrosaumdae Cer*atops1a' and Anl/ylosauma (?);)\?and everndnclude -
| “non- -cursorial Spec1es themse]ves (Dzyo.)aurus aZtus (Maﬁ'sh 18;’? and
'Dz/saZoLo aurus thfowuoz\btckt PompeckJ, 1920 flrﬁh the#pper Jurass1c ‘
of the u.s. /\ and Tamama, respectwe]y) Thé absence of premaxﬂ]-

R ary teeth m the latter OF 'nsch ]955) seems to prec]ude them fr'om

3 ‘ e
the ancestry of thezpachycephaﬂosaumdae '7 G » . L

B .oKr . R N




- . 3 1 > ° : ’ i ) ‘t 13 . -
. N ’ e ! 0

Y 1 . ‘ R : ; .

5 /-f"* _ : . > C : * ‘ : o , ] 65 g

{“L/ o ' ) B A
o -4, The systeﬁ?ato)c positlon of the Pachycepha]osaumdae&
' . S S R/

o | | , The c'lass1f1cat1on of . the Pachycepha]osaumdae w1th1n the e '

: 0rn1th1sch1a haé been a‘bfnattter of . controversy and fs st111 open to R

. d1souss1on‘ FWS’C,.on]y a few taﬂﬁaﬁzmg frontopar)eta]s were -
| avaﬂab]e Later\ vhe coHechon “&Y‘*mo»re chrig]ete mate-mafs he]pled o w - .
S td@so]ve certam probTemS' but > o . n qUesltj'lons yet to be o i
' Csolved. . ™ w ,;.\v; I S G|

o BT *“‘;?Q ' ) f‘
. S0t his or1g1na1 descra%wn@of Stegdcera vaZLdus, JDan'RJe :;“" v

iy

(]96? 6&} dlscussed this ‘spgmes in theﬁ?et,t'uogb "Ceratopsd’dae" of" 'f‘__‘ e
,,.. . 4 . R 2
e h1s monograph Suﬁ%equ'ent authors ass1gned Steg&?rcw to the e "t
An‘f*'fosauna the T@'ﬁtter betng 1nc1uded in the Stegosauma or. ‘ . R

) ‘fiq . (V ‘ e --1‘.1' o

e W Thyreophora by these &r]y workers; - see Introductwn for detaﬂs)

G]lmq/ 1924 . put Stegoc raa V &Ormthopoda and most 1ater ‘
Aauthors (tﬁx the exc%ptmn of Nopsca) accepted this reference Re'L A "}.i".‘;:_
~cently, however a few authors haVP‘ ra1sed doubts about the va11d1ty \
: , of Gﬂmpre s c]ass1f1cat1on Rozhde?‘tvensky (]964 5%8 11sted*the - Lw

': Pachycepha]osaumdae as 'anectae subordzms and more recent'ly, C})o‘mbs . >v

’(1971 430) suggested that “p0551b1y the famﬂy shou]d be c]ass1f1ed BRI

~

as 0rmth1sch1a 'anez'téze sedis. untﬂ more is. known abou\t them - \\ "

R

, < Rozhdestvensky (1972) even referred the Pachycepha]osaumdae again to .

- i
- A
ey

the Anky]osauma.‘ . S - | ‘ _ | |
Maryaﬁska andeSmél-ska (]'974) ‘recbnsidered the problem on the

basis of the new Mongohan mater1a'|s -They transferred the . | |
- Pachyce_pha]osaumdae to a new suborder Pachycepha]osauria. admi: tting

(1974 &9) that it could be regarded as an 1nfraorder of the =
Lo v o f o : . * 4 o

,,.‘ . ‘v, . "' ‘ .
. " Lo v . . . . .




R - . . L ‘
. v

’ ) Ornithopoda A number of character. .guishes the™ , gf
) pachycephﬁ—~xaurids(fr0m theityp;éaiil ‘ffhopods:as deftned'hy'Romer
L P o
.ﬂiis o 1. absence of a contact beﬁween premax1T]a and lTacrimal; _hfif’
J?:g’i ..ét tcndency for.c]osure of the supratemporal fenestrae Y
. zx%\ »3a_ vert1ca] exten51on of the ooc1p1ta1 reg1on, _ A' | J
‘} " 4. ossTf1ed /am‘na orbt!ahaoaiqe and pianum ‘upﬂa:cptalo; N ,ﬁ‘ . ‘t:f
\5.\ th]Ckened‘frontopar1eta1 rogjon' ‘ .;.d' La;° ‘ ‘-. | L
\ uadr&toguga] descend1ng\very close’ fb tﬂliénand1hu1ar art1cu1at1on
of thquuadrate, - ﬂgﬂ ‘10 ‘tf.‘ R "5$*~1
i735‘shortened basicrahtum; | _;3 "'ﬁffts“‘-m - 'g.; ' ‘y.\F' B
presoncé of an “ep1pter;go1dt {at Teast in. }PQHO((phalu) - ‘:;a
{ % ]ack of, an obfﬁrator process on the jschium; | B -

10 t#é¢;1uston of‘the pub13 from the acetabu1um ;ﬁ“

AT art1gu1at1on of sacral ribs 2 and 3 with the 1sch|um (at léast

-

' Homalocpphu/() ,
2. tongue and- groove type of 1nterzyqap0physe{h“art1cu]at1on on (at-

1€%st the poster1or dorsa] vertebrae
> i [ L 4 N . !

13, loqg cauda] r1bs o . ST,
. ‘ Ll . _ “ : -

o \ It s ou]d be noted that not a]l of. the chatacters 11sted above
',are documen;qd for a]\ pachycepﬁaﬂosaur1ds but the rather un1fotm -

. o ;organ1zat1on of comparab%e ske]eta] e]ements suggests the prescnoe @f;
o these’ features throughout the group. A character: used as’ un1Que 1n

ear11er def1n1t1ons of the family was, the presence of‘"ahdomtna1 ribs",

- A

which s1nce have been shown to- represent fragments of couda1utendons:

\‘ra.

.
A

\ ] .
\ . ‘/ . . . S

A




. ‘ . . ‘
. ¥ \ . , ,’f

. ,‘ . . . L t
‘) Un1que charactérs of the Pachycepha]oqaux1dae are no, 4, 4, 8, \
11, 12 and, 13, = S : .
b ‘&‘ » ' ) = u
‘&a?ractev 1 is shared by Seclidesatrus (plObdb]y an eax]y : . ff
-ankylosaur (Char1g, personal commdh1cat10n, 19/6)) ”»'ttaL dawe ;“@E o
e 4 P 9&,}5 . . ..- v t';
&g- (Coombs 1971: 413), Stege JHPJ\\(MaIQh 1896: pl. 48 fig. 3- and ' v
N v - " :
Gilmore 1914: fig. 3)§ some ceratops1ans‘(Lu1] 1933~ figs. 38 - 39). WL
" " &potocctatops1ans (Maryanska and Osm 1ska 1975: fig.:ﬁ) and the = .fg, : i
u - Lﬁ‘" 5 . “" . A A ,
D M’]osaur‘ Pmaca:‘a.u'u:, Cooybi ]QJ? 41'%) L
¥ ‘,..‘,W- . o . AR
LT . LA R e N
»v&“’l IR Cﬁhracter 2 is a]so found in théz?nky1osauus where the: c]oqurel

of gpe suprﬂtemporﬁl fenestrao is a]so accomp]fshed by the xurtound1ng

: bones (Matyanska in Coombs 19 1 197) (and not, as pfov1ous]y bug—
' ‘ *,4..

gested 1n.th9 11teratur by fadion of the denma] armor platqs to the

skull roof)t o R
. L . s i M P ' . ‘
'\ .v;?";;é:t? ' 7 M ' o .Q / ! N l T s
~ Character 3 S pnesent in a 31m1]ar”fash10n in the Ceratap<1a
\

but 1n the ]attem the basictan&a] veglon is not in the same p]ane as

- the ocp1p1ta1 reglon. S . - ;"' |

S - : ¢ . P - B
+ Characters 6 and 7 are more manLed]y devg]oped ?n

‘l.afffa:pg. pachxc ha1osaur1d§ and are. approached by some ovn1thopnds
. SRR v N ‘ze ‘ ‘ _4£' "-“"‘T 1.ew,~; . \\v.

Character 9 1s shared by the Stegosaut1a ( r(yooauru‘- Marsh

--

e

f]896: p] 43, fig ] and b11mote 1914 f1g 42), some ceratops1ans

(Bra hvo(ratOp 5 G11more 1924 fig 38) pnotocerat0p51ans {Brown
‘ and Sch1a1LJer 1940: fig 3 and Russe]] 197U ' fig. 1), uﬂ. .

? n
Pszttacosaurus (Osborn 1924: fig 8) and Ahkylosauria (Ostrom 1970:
~pl. 25, fig. G and Charig 1972: fig. 2 and pl. 6, fig. A).



)

\
nof

. Charactet 10 1§iheveloped in a somewhdt q1m1]a)

fas

ﬁome ankylosaurs; the pubis in these forms is also 5tuonq1y reduccd

U . t‘ 3 %# ;Q'- R
W A Ry

] \ . - Y
and almost comp]ete1y excluded from part1c1pat1ng 1h:§he fomnatlon '
: _ L .
C of the acetabulum (Charlg 1972 f\g 78) S .“- ' ST ;
wow " L4 f ‘ v rf @ ,::;. )

Two other qim1]ar1t1es between the Pachycepha]osauxldae anq ;,w-

;.\Er% > the Ceratopsrq‘)ave been noted bj‘ﬁalyanska ﬁn&%quo]ska (PQ/Q) and“ Y e

fiGilmo¥? (1924) The 1scr1a %f Homwt@‘?}ﬁm ¢ and uftud cutg resenble
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;;.” n ¢ <. iy - .
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l L
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Voo IhOhJUzphu[Mhuerb‘(BFOW“ and Sch]a1k3er‘194o 140 and pl. 41).shpws ‘ A

Sty
some resemb?ances to the enducran1d1 casts of cerat0p51ans (Brown
\

1914), e.g., in the doub]e flexure of the brain (i.e.; the ]ong axes &

‘\',

\

L - g other). The structure of the orn1th1sch1an bra1n 1s e\tnemc]y unlfoxm

(Brown 19]4 Ostrom ]961 and Coonbis 1971) and appears ﬁo be of 11ht1 "‘>
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‘t-_; . ’ "

N .

The 1ack of a premax1]1a - 1acr1mal contact and of.‘an obtura-

Pt ‘- »:' . . '

tor pfocess also appeans to 6& of 1rtt1e value~in suppontlhg eloser '
re#qgadhshgps to e1ther'ankylosaq§g*§n ceratcpa1ans, ‘also be1nq pxes-
eht 1n stegosaurs and wf Btdeos e, Uhlesq one assumes, that all
© these groups are very c]os!]y%re1ated to each other (an assumptlon
that 1s n&t s&ported'ﬁy the fossil n_cord) thexe is no qood ev1dence _

: " estah11sh1ng c]ose re]at1onsh1ps of the Pachycepha]osaurldae to either 7

Ankylosaurld'or Ceratops1a A - e
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1’ of the mye]enuepha]on and the o]facto:y stalks are para]]el to each ST #ﬁef
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