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Abstract.  The  Family  Romeriidae  is  ancestral  to
most,  if  not  all,  advanced  reptilian  groups.  This
famiK'  is  known  from  the  earh'  Penns\l\anian  to
the  earl\-  Permian.  The  species  Hylonomus  hjeJIi
and  Paleothijm-  acadiana  are  well  represented
among  tree  stump  faunas  in  deposits  of  early
and  middle  Pennsylvania  age.  Four  additional
species  are  known  from  individual  but  nearh'
complete  specimens  from  Middle  PennsyKanian
coal  swamp  deposits:  Cephaterpeton  ventriarma-
inin,  ^^'estphalian  D  of  Mazon  Creek,  Illinois;
AntJiracodrometis  Jongipes  (new  genus),  latest
Westphalian  D  of  Linton,  Ohio;  and  Brouffia
orientalis  and  Coelosiegus  proihaJes  (both  new
genera  j  from  deposits  of  equi\alent  age  from
Nyfany,  Czechoslovakia.  Other  members  of  this
group  are  represented  by  less  complete  remains.
Several distinct lineages may be recognized within
this family, characterized by differences in patterns
of  the  bones  of  the  skull  roof,  the  dentition,  the
number  and  configuration  of  the  vertebrae,  and
the  proportions  of  the  limbs.  The  di\ersit\-  within
the group suggests the initial differentiation of the
later,  more  specialized  reptilian  groups.  All
romeriids  are  small,  insecti\orous  forms  that  ap-
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parenth  li\ed  in  a  fairly  wide  range  of  terrestrial
en\ironnients. The famih^ was the most numerous
and  diverse  in  the  Middle  Pennsylvanian;  by  the
early  Pennian  the  group  was  largeK'  replaced
by more specialized descendants.

INTRODUCTION

The  earliest  mammals  are  known  pri-
marily  from  xery  incomplete  material  —
teeth  and  e\en  fragments  of  teeth,  edentu-
lous  jaws,  and  partial  skulls.  The  relation-
ship  among  the  x'arious  groups  of  Mesozoic
mammals  is  subject  to  continuing  revision,
and  the  specific  ancestry  of  the  Tertiar\'
orders  is  equalh'  contentious.  Despite  the
much  greater  age  of  the  relevant  fossils,
there  is  a  surprisingly  good  record  of  the
early  reptiles.  Fortunate!)-,  the  best  known
group  is  the  famih'  Romeriidae,  which  is
ancestral  to  most,  if  not  all,  higher  reptilian
taxa.  Specimens  have  been  described  re-
cently  from  the  Lower  PennsyKanian  of
Joggins,  Xo\a  Scotia  (Carroll,  1964),  and
the  Middle  Pennsxhanian  of  Florence,
Nova  Scotia  (Carroll,  1969a).  From  these
forms  the  basic  anatom\'  of  the  family  is
well  established.  Numerous  other  genera
can  now  be  recognized  as  belonging  to  this
group.  The}-  indicate  a  considerable  range
of  \ariabilit\'  in  the  patterns  of  the  skull
roof,  the  nature  of  the  dentition,  the  shape
of  the  vertebrae,  and  especially  in  limb
proportions.  The  specializations  seen  within
this  gronp  ina\-  presage  the  more  significant
adaptive  changes  that  occiuTcd  witliin  the
early  exolution  of  the  higher  reptilian
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lineages.  It  is  therefore  of  considerable
importance  to  describe  the  various  romeriids
in  detail.  At  least  a  dozen  genera  are  known,
from  the  Lower  Pennsylvanian  to  the  Lower
Permian  of  North  America  and  Europe.  For
various  reasons,  it  is  more  practical  to  con-
sider  the  Pennsylvanian  and  Lower  Permian
genera  separateK'.  Only  the  earlier  mem-
bers  of  the  group  will  be  described  in  this
paper.

The  best  known  of  the  Pennsylvanian
romeriids  were  discovered  in  upright  tree
stumps  at  Joggins  and  Florence,  Nova
Scotia.  In  these  localities,  romeriids  are
relatively  common  members  of  the  fauna.
Romeriids  can  also  be  recognized  in  the
coal  swamp  localities  of  Linton,  Ohio,  and
Nyfany,  Czechoslovakia,  and  from  Mazon
Creek,  Illinois.  Here  romeriids  are  very
rare,  with  no  more  than  a  single  specimen
of  any  particular  species  being  recognized.
Several  of  the  romeriids  from  these  localities
have  been  described  previously,  but  their
anatomy  typically  was  not  known  in  suf-
ficient  detail  to  establish  their  identity.  New
techniques  of  preparation  and  an  increase
in  knowledge  of  other  Paleozoic  reptiles
makes  revision  of  these  forms  necessary.

Museum  abbreviations.  Specimens  from
various  institutions  are  indicated  bv  the  fol-
lowing  abbreviations:  AMNH:  American
Museum  of  Natural  History;  BM(NH):
British  Museum  (Natural  Histoiy);  CGH:
National  Museum,  Prague,  Czechoslovakia;
MB:  Humboldt  Museum,  Berlin,  Gemian
Democratic  Republic;  MCZ:  Museum  of
Comparative  Zoology,  Harvard;  MP:  Mestke
Museum  Historicte,  Pilzen,  Czechoslovakia;
YPM:  Yale  Peabody  Museum.

ACKNOWLEDGMENTS

All  of  the  specimens  described  in  this
paper  were  preserved,  to  a  greater  or  lesser
extent,  as  natural  molds  in  coal  shale  or
ironstone  and  have  been  studied  by  the  use
of  latex  casts.  We  are  very  grateful  for  per-
mission  to  prepare  and  cast  material  from
various  institutions.  Dr.  and  Mrs.  James

Brough  were  very  kind  in  permitting  the
senior  author  to  study  specimens  from
Czechoslo\'akia  that  were  in  their  posses-
sion,  and  for  allowing  additional  casts  to  be
made.  Dr.  A.  Charig  arranged  for  these
casts  to  be  prepared  by  the  British  Museum
(Natural  History),  after  obtaining  permis-
sion  from  the  museums  in  Prague  and  Pilzen,
Czechoslovakia,  from  which  they  had  orig-
inally  been  boiTOwed.  Dr.  J.  T.  Gregory,
then  of  Yale  University,  permitted  the
junior  author  to  prepare  a  cast  of  the  type
specimen  of  Cephalerpeton  ventriarmatum.
Dr.  E.  H.  Colbert,  then  of  the  American
Museum,  allowed  the  type  of  Anthraco-
dromeiis  longipes  to  be  prepared  with  hydro-
chloric  acid  and  cast  in  latex.  Dr.  H.  Jaeger
of  the  Humboldt  Museum  was  very  helpful
in  allo\\'ing  the  senior  author  to  prepare
casts  of  numerous  specimens  from  the  Car-
boniferous  coal  s\\'amp  fauna  of  North
America  and  Europe.  The  specimens  have
been  painstakingly  drawn  by  Mrs.  Pamela
Gaskill.  The  photographs  were  prepared
by  David  C.  Stager.  Several  drafts  of  the
manuscript  were  t\'ped  by  Mrs.  D.  Alison.
The  work  was  supported  by  grants  from  the
National  Research  Council  of  Canada,  the
American  Philosophical  Society,  the  Jeffries
Wyman  Fund  of  Harvard  University,  and
the  William  Berrvman  Scott  Research  Fund
of  Princeton  University.

SYSTEMATIC  DESCRIPTIONS

Class  REPTIUA
Subclass  ANAPSIDA
Order  COTYLOSAURIA
Suborder  CAPTORHINOMORPHA
Family  ROMERIIDAE
Genus  Cephalerpeton  Moodie,  1912:  349
Species  Cephalerpeton  ventriarmatum  Moodie,

1912:  350

Holotype.  Yale  Peabody  Museum  No.
796.  This  is  the  only  known  specimen.

Horizon  and  locality.  Mazon  Creek,
Grundy  Co.,  Illinois.  Francis  Creek  Shale
above  Morris  (no.  2)  Coal,  Carbondale
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Formation,  Westphalian  D,  Middle  Penn-
sylvanian.

Revised  diagnosis.  Romeriid  captorhino-
morph,  known  at  present  from  a  single,  in-
complete,  immature  specimen.  Teeth  of  up-
per  jaw  much  larger  and  fewer  in  number
than  in  other  romeriids.  Sixteen  teeth  in
maxilla,  four  "pre-canines,"  two  "canines,"
and  ten  "cheek"  teeth.  Size  of  cheek  teeth
variable,  with  some  larger  than  canines.
Approximately  24  teeth  in  dentary,  which
are  smaller  than  those  in  maxilla  and  al-
ternate  with  them  in  length.  Large  teeth
show  labyrinthine  plication  of  enamel.
Palatal  bones  covered  with  shagreen  of
denticles.  Longer  denticles  arranged  in
three  rows  radiating  from  basicranial  articu-
lation.  Number  of  presacral  vertebrae  not
established,  28  estimated.  Tall  neural  spines,
rectangular  in  outline.  Neural  arches  su-
turally  attached  to  centra.  Intercentra  large
crescents,  which  may  have  been  continued
in  cartilage  to  form  complete  rings.  Scapu-
locoracoid  ossified  in  three  units.  Humerus
equal  in  length  to  five  trunk  vertebrae.
Neither  supinator  process  nor  ectepicon-
dylar  ridge  ossified.  Ulna  and  radius  two-
thirds  the  length  of  the  humerus.

Description.  Like  the  Joggins  romeriid
Hylonomus,  the  Mazon  Creek  genus  Ce-
pholerpeton  was  originally  described  as  a
microsaur,  and  has  repeatedly  been  cited
as  indicating  that  this  group  was  ancestral
to  reptiles.  In  the  initial  description  (  1912
and  1916),  Moodie  compared  the  genus
with  a  wide  range  of  forms,  most  of  which
are  now  considered  as  temnospondyl  laby-
rinthodonts,  and  placed  it  in  the  "micro-
saurian  family  Amphibamidae."  This  classi-
fication  was  followed  by  Hay  (  1929  )  .

Gregory  (  1948  )  accepted  Moodie's  as-
signment  of  the  genus  to  the  Microsauria,
but  interpreted  its  anatomy  as  indicating
reptilian  affinities.  Following  Romer's
(  1950  )  re-evaluation  of  the  microsaur  con-
cept,  Gregory  (  1950  )  placed  Cephalerpeton
in  the  captorhinomorph  family  Protothyridi-
dae  [sic]  (essentially  synonymous  with
Romeriidae).  Gregory's  work  very  ably

illustrated  the  basic  anatomy  of  this  genus.
High-fidelity  latex  casts,  however,  provide
sufficient  additional  detail  to  warrant  a  new
drawing  of  the  specimen  (Fig.  1)  and  in-
formation  from  recently  described  romeriids
from  other  localities  suggests  some  modifi-
cations  in  his  restoration  of  the  skull.  A
revised  reconstruction  of  the  skull  was  pub-
lished  by  Baird  (1965,  fig.  6),  who  first
formally  assigned  the  genus  to  the  Romeri-
idae.

The  remains  include  most  of  the  skull,
the  first  23  presacral  vertebrae,  the  pectoral
girdle,  fore  limbs  and  the  ventral  scales.
Outlines  of  the  limbs  can  be  seen  in  the
matrix,  indicating  the  extent  of  the  soft
tissue  and  the  texture  of  the  skin.  The  bone
itself  was  represented  by  a  very  soft,  clay-
like  material  that  had  been  removed  from
the  hard,  ironstone  matrix.  The  resulting
cavities  were  cast  with  liquid  latex,  giving
a  detailed  impression  of  the  original  struc-
ture  (Baird,  1955).

SkuU.  The  skull  is  preserved  so  as  to  ex-
pose  the  inside  surface  of  tlie  roofing  bones
and  the  ventral  surface  of  the  palate.  None
of  the  bones  of  the  posterior  margin  of  the
skull  roof  are  visible.  The  configuration  of
the  supratemporal,  tabular,  and  postparietal
can  be  restored  only  by  analogy  with  other
romeriids.  The  parietals  are  present  only
in  part,  so  that  their  extent  must  be  judged
from  the  configuration  of  the  other  parts  of
the  skull.  The  cheek,  outer  portion  of  the
skull  roof,  and  snout  are  preserved  so  that
the  skull  as  a  whole  can  be  readily  restored.

As  restored  (Fig.  2)  the  skull  appears
relatively  deeper  and  shorter  than  in  other
romeriids.  The  very  large  circular  orbit
is  slightly  posterior  to  the  middle  of  the
skull.  The  nature  of  preservation  precludes
determination  of  the  pattern  of  the  sculp-
turing.  The  position  of  the  sutures  shown
in  the  restoration  is  based  almost  entirely
on  their  appearance  in  internal  view.  The
configuration  of  the  bones  is  close  to  that
seen  in  other  romeriid  genera,  although
the  pre-  and  postfrontals  very  nearly  meet
beneath  the  frontals.  In  dorsal  view,  how-
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Figure 1. Skeleton of Cephalerpeton ventriarmatum. Type YPM 796. X 2. For abbreviations see page 325.
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Figure 2. Restoration of skull of Cephalerpeton ventriarmatum in A. dorsal
tail of ventral scales in ventral view (somewhat schematic). X 10.

B. palatal; and C. lateral views. X 2. D. De-

ABBREVIATIONS

AXIAL  SKELETON

a — articular
aa — atlas arch
ai  —  atlas  intercentrum
ap  —  atlas  pleurocentriim
axa — axis arch
axp  —  axis  pleurocentrum
bo  —  basioccipital
d — dentary
ect — ectopter\o;oid
eo — exoccipital
f — frontal
j— jugal
1 — lacrimal
ni — maxilla
n — nasal
o  —  otic  capsule
p — parietal
pf — postfrontal
pi — palatine
pm — premaxilla
po — postorbital
pp — postparietal
prf  — prefrontal

proa — proatlas
ps  — parasphenoid
pt — pterygoid
q — quadrate
qj  —  quadratojugal
sa — surangular
so  —  supraoccipital
sq — squamosal
SR  —  sacral  rib
st  —  suprateinporal
tr  fl  pt  —  trans\"erse  flange  of  ptengoid
V — vomer

APPEXDICULAR  SKELETON

A — Astragalus
AC  —  .interior  coracoid
C  —  Clavicle
Ca  —  Calcaneum
Cth  —  Cleithrum
F  —  Fibula
H — Humerus
I — Ilium
IC  —  Interclaxicle
P— Pubis
S — Scapula
T—  Tibia
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ever,  the  frontals  have  fairly  wide  exposure
above  the  orbits.  One  apparent  difference
from  otlier  genera  is  tlie  great  width  of  the
parietals.  This  is  not  sufficiently  well  estab-
lished  to  be  strongly  emphasized,  however.
A  number  of  typical  sclerotic  plates  can  be
seen  in  the  right  orbit.  The  most  significant
feature  of  the  skull  is  the  dentition.  The
entirety  of  the  left  maxilla  is  exposed.  Four-
teen  teeth  are  in  place  with  room  for  two
others.  This  is  far  below  the  number  in
HyJonomtis  (36)  or  Protorothyris  (30).
Even  Romeria  has  room  for  21.  Like  these
genera,  the  most  anterior  teeth  (four  in
this  genus)  of  Cephalerpeton  are  small,  and
the  next  two  are  large  "canines."  The  re-
maining  teeth  are  not  uniformly  small,  but
of  large  diameter  and  variable  length.  The
sixth  from  the  rear  is  the  largest  of  all.  All
the  teeth  are  conical  and  bluntly  pointed.
The  largest  show  definite  labyrinthine  in-
folding  at  their  bases.  This  feature  in-
dicates  clearly  that  the  presence  or  absence
of  plication  of  the  enamel  is  not  significant
to  the  origin  of  reptiles.  This  feature  ap-
parently  is  related  primarily  to  the  size  of
the  teeth.  Limnoscelis  and  Sohnodonsmirus
have  large  teeth  with  labyrinthodont  in-
folding.  Most  romeriids  have  small  teeth
that  lack  this  feature.  Cephalerpeton  might
be  said  to  be  the  exception  that  proves  the
rule.  The  sixth,  ninth,  and  t\velfth  teeth  are
deeply  eroded  at  the  base,  preparatory  to
replacement.

The  premaxillae  are  not  well  exposed.
Their  general  configuration  can  be  deter-
mined  from  the  restoration  of  other  parts
of  the  skull.  There  was  room  for  approxi-
mately  five  teeth.  Two  are  present  on  the
left  side.  They  are  longer  than  the  most
anterior  maxilla  teeth  but  smaller  than  the
"canines."  In  an  earlier  restoration  (Baird,
1965,  fig.  6)  Cephalerpeton  is  figured  as
having  an  overhanging  premaxilla,  as  in
Romeria  and  the  captorhinids.  The  con-
figuration  of  the  remainder  of  the  skull
makes  such  a  restoration  unlikelv.

Neither  the  parasphenoid  nor  any  of
the  anterior  portion  of  the  braincase  is

preserved.  Both  vomers  and  the  right
palatine,  as  well  as  the  medial  portions  of
the  right  pterygoid  and  ectopterygoid,  are
present.  From  these  bones  the  palate  can
be  almost  completely  restored.  The  general
pattern  resembles  that  of  other  romeriids.
As  was  noted  by  Gregory,  the  base  of  the
transverse  flange  of  the  pterygoid  is  clearly
^'isible.  A  very  interesting  feature  is  evident
in  the  pattern  of  the  denticles.  They  cover
the  vomers  and  palatine  bones  in  uniform
rows.  Most  of  the  pterygoid  is  covered  as
well,  but  not  uniformly.  The  margin  of  the
transverse  flange  is  outlined  in  large  den-
ticles.  The  anterior  surface  is  only  sparsely
covered.  Those  on  the  palatal  ramus  appear
to  be  uniform,  but  close  examination  shows
that  those  on  the  medial  margin  of  the  bone
and  those  extending  in  a  line  running  an-
terolaterally  from  the  area  of  the  basiptery-
goid  articulation  are  slightly  raised  above
their  surroundings.  This  is  evidentlv  an
early  stage  in  the  evolution  of  the  distinct
radiating  ridges  of  denticles  seen  in  Paleo-
thyris,  Protorothyris,  and  most  members  of
other  primitive  reptilian  groups.

Only  the  posterolateral  portion  of  the
right  quadrate  is  preserved.  The  articulating
surface  resembles  that  of  other  small  capto-
rhinomorphs.  The  epipterygoids  are  not  pre-
served.

Behind  the  skull  can  be  seen  elements
of  the  rear  of  the  braincase:  supraoccipital,
basioccipital,  and  exoccipital.  None  are  suf-
ficiently  well  exposed  for  detailed  com-
parison  with  other  early  reptiles.  All  appear
to  follow  the  general  pattern  seen  in  other
romeriids.

The  anterior  end  of  the  left  lower  jaw  is
exposed  in  lateral  view.  The  dentary  is
sculptured  in  a  pattern  of  shallow  irregular
pits.  The  right  lower  jaw  is  seen  in  medial
aspect.  The  most  notable  feature  is  the
presence  of  a  retroarticular  process  extend-
ing  one  or  two  millimeters  behind  the  articu-
lating  surface.  Eighteen  teeth  can  be  seen
in  the  left  dentary.  There  is  room  for  ap-
proximately  four  more  in  this  series.  About
two  additional  teeth  were  probably  present
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at  the  rear  of  the  jaw  to  correspond  w  itli
those  in  the  maxilla.  A  total  ol  24  teeth  in
the  lower  jaw  is  three  more  than  the  num-
ber  suggested  for  the  maxilla  and  pre-
maxilla.  The  length  of  the  teeth  in  the  lower
jaw  alternates  with  that  seen  in  the  upper.
The  most  anterior  dentar\  teeth  are  short.
The  length  increases  to  fit  into  a  series  of
short  teeth  at  the  front  of  the  maxilla.  The
length  of  successive  teeth  decreases  to  ac-
commodate  the  long  canine  fangs  and  then
increases  behind  them.  This  arrangement
probabh-  ser\ed  as  a  \ery  efficient  device
for  holding  and  piercing  the  bodies  of  small
in\ertebrates.

Postcranial  skeleton.  Twenty-three  ver-
tebrae  are  in  position  behind  the  skull.  The
greater  number  (25  or  26)  suggested  by
Gregor\"  apparenth'  resulted  from  inclusion
of  some  of  the  occipital  elements  among  the
cervical  series.  Nothing  of  the  pehic  girdle
or  rear  limb  is  preser\ed.  In  other  romeriids,
the  last  fi\'e  or  six  pairs  of  trunk  ribs  are
conspicuoush"  shorter  than  are  those  fur-
ther  anterior.  The  last  presened  rib  (the
22nd)  in  CepJialerpeton  is  similar  in  size
and  shape  to  those  just  anterior  to  this
short  series.  This  would  suggest  approxi-
mately  six  more  pairs.  A  count  of  2S
presacral  \'ertebrae  is  intermediate  between
that  observed  in  Hylonomiis  (26)  and
Paleothyris  (32).  Such  a  count  is  consistent
with  a  constant  head  trunk  ratio  of  ap-
proximately  1:3.1  in  these  three  genera.
(Two  romeriid  genera  from  Nyf  any,  Czecho-
slo^"akia,  howe\er,  ha\e  a  head  trunk  ratio
of  approximately  1:2.8.)  The  first  two
vertebrae  are  specialized  cervicals,  \"er\^
similar  to  those  described  in  Paleothyris.
The  right  proatlas,  seen  more  or  less  in  its
natural  position,  is  a  small  oval  bone.  The
atlas  intercentrum  is  not  recognizable.  It
ma\"  be  represented  b\'  a  small  bone  frag-
ment  below  the  right  atlas  arch.  The  atlas
centrum  can  be  seen  just  anterior  to  the
right  proatlas.  It  is  a  flat-ended  c\linder,
indented  dorsally  for  the  neural  canal.  It
apparently  incorporates  the  tissue  that,  in
pelycosaurs,  develops  as  a  separate  axis  in-

tercentrum.  The  paired  atlas  arches  are
small,  L-shaped  bones.  They  do  not  appear
to  ha\e  had  \'ery  extensive  areas  of  contact
with  the  centiimi.  The  area  of  attachment
for  the  tuberculum  of  tin-  first  cervical  rib
is  not  preser\ed.  The  anterior  margin  of  the
axis  centrum  is  not  complete.  This  is  the
longest  centium  in  most  prinn'ti\'e  reptiles.
Restoration  of  the  remainder  of  the  cer\ical
region  in  Cephalerpeton,  however,  indicates
that  it  is  no  longer  than  the  immediately
successive  centra.  The  axis  neural  arch  is
very  long  and  high.  It  is  only  suturally  at-
tached  to  the  centrum,  not  fused  as  in  other
early  reptiles.  This  is  probably  the  result  of
the  immaturity'  of  this  particular  specimen.

The  remaining  trunk  \ertebrae  follow  a
standard  pattern.  There  are  large,  high-
spined  neural  arches,  suturally  attached  to
cylindrical  centra.  The  intercentra  are  fairl\-
wide  crescents.  The  anterior  margin  of  the
arch  somewhat  overlaps  the  anterior  dorsal
margin  of  tlie  centrum,  in  a  similar  fashion,
but  to  a  lesser  degree  than  that  noted  in
Gephyrostegus  (Carroll,  1970a).  This  fea-
ture  suggests  that  the  intercentra  were  prob-
ably  continued  in  cartilage  to  form  narrow
cylinders.

No  ribs  are  present  in  association  with
the  atlas.  They  are  present  on  all  more
posterior  \  ertebrae.  All  are  clearly  double
headed,  but  without  the  great  degree  of
separation  noted  in  Seymouria.  The  an-
terior  ribs  have  flattened,  but  not  expanded,
blades,  which  extend  posteriori)'  as  well  as
ventrolateralh'.  More  posteriorly,  the  shaft
is  cylindrical  and  extends  primarih'  \'en-
trally.  The  length  increases  to  about  the
tenth  rib  and  then  decreases  gradually  as
far  as  the  last  preserved  presacral.

The  pectoral  giidle  lies  in  the  area  of  the
third  to  fifth  \ertebrae.  The  intercla\'icle
is  not  preserved.  The  right  cla\'icle  lies  in
essentially  its  natural  position  relatixe  to  the
endochondral  shoulder  girdle.  The  left  is
posterior  to  the  right  humerus.  The  bones
are  small,  with  the  blades  well  sculptured
with  radiating  grooves.  Near  the  right
clax'icle  is  another  sculptured  bone.  It
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might  conceivably  be  a  displaced  supia-
teiiiporal,  but  it  is  considerably  larger  than
that  element  in  other  romeriids.  More  prob-
ably  it  is  the  blade  of  the  cleithrum.  It  is
unusually  large  for  this  bone  also  but  it  is
more  or  less  in  the  correct  area.  It  is  sculp-
tured  in  a  similar  manner  to  the  clavicle.

Three  elements  of  the  endochondral
shoulder  girdle  are  preserved,  two  in  the
area  of  the  clavicle,  and  the  third  at  the
distal  end  of  the  right  humerus.  Those
near  the  clavicle  are  unquestionably  the
right  scapula  and  anterior  coracoid  in  al-
most  their  natural  positions  relative  to  one
another  (although  upside  down  relative  to
the  remainder  of  the  skeleton).  The  entire
girdle  can  be  reconstructed  according  to  the
pattern  of  the  pelycosaurs.  The  third  ele-
ment  is  not  well  enough  preserved  to  estab-
lish  its  identity.  It  might  be  either  the  left
procoracoid,  or  one  of  the  posterior  cora-
coids.  These  elements  are  very  incompletely
ossified,  suggesting  that  Cephalerpeton  was
very  immature.  The  dorsal  end  of  the
scapula  is  buried  in  the  matrix.  It  must
have  been  much  more  extensive  both  dor-
sally  and  anteriorly  in  the  mature  animal.  A
foramen  pierces  the  bone  just  above  the
glenoid.  The  procoracoid  is  roughly  circu-
lar  in  outline.  The  posterior  margin  is
largely  occupied  by  the  anterior  face  of  the
glenoid.  Beneath  this  structure  is  the  cora-
coid  foramen.  The  scapulocoracoid  in  most
romeriids  that  have  been  described  is  pre-
served  as  a  single  ossification.  The  tripartite
structure  as  seen  in  Cephalerpeton  probably
has  no  taxonomic  significance.  The  presence
of  one  or  more  coracoids  in  pelycosaurs,  pro-
colophonids,  and  other  reptiles  may  have
resulted  from  prolongation  of  the  pattern  of
development  seen  originally  only  in  imma-
ture  animals.

The  humerus,  despite  the  incomplete  os-
sification  of  the  articulating  surfaces,  is  the
length  of  five  trunk  centra.  It  is  a  lightly
built  bone  with  the  distal  extremity  ex-
panded  flatly.  The  entepicondylar  foramen
is  an  elongate  opening.  The  ulna  and  radius
are  present  in  close  association  on  both

sides.  As  a  result  of  the  low  degree  of  ossifi-
cation  they  appear  almost  identical.  They
are  approximately  the  length  of  four  trunk
vertebrae.  The  ends  are  almost  equally  ex-
panded.  The  shaft  of  the  ulna  is  slimmer
than  that  of  the  radius.  There  is  little,  if
any,  ossification  in  the  area  of  the  carpals.
There  is  one  element  that  might  be  a  distal,
but  could  also  be  a  fragment  of  a  metacarpal
or  phalanx.

The  largest  metacarpal  is  almost  half  the
length  of  the  ulna  or  radius.  Neither  the
digital  nor  phalangeal  formula  can  be  estab-
lished.  The  elements  present  indicate  that
the  hand  was  verv  long,  as  are  all  elements
of  the  forelimb.

Skin  and  scales.  The  skin  impressions
along  the  forelimb  have  a  slightly  pebbly
texture  —  rougher  than  the  limb  bones  but
smoother  than  the  broken  surface  of  the
matrix.  There  is  no  evidence  of  discrete
scales.  An  indication  of  epidermal  scales
would  be  expected  in  this  type  of  preserva-
tion,  if  they  were  present  in  the  animal.
Tliis  suggests  that  this  specimen  of  Ce-
phalerpeton  kicked  epidermal  scales.  Some
nidication  of  dorsal  dermal  scales  appears
in  the  reptilelike  anthracosaurs  Gephyro-
stegus  and  Eusauropleura.  Dermal  scales
are  apparently  lost  early  in  reptilian  evolu-
tion.  Unfortunately,  epidermal  scales  can
only  be  recorded  as  impressions  and  this
type  of  preservation  is  rare  and  apparently
not  reported  in  other  Paleozoic  reptiles.
There  is  no  record  sufficiently  early  to  in-
dicate  the  time  at  which  epidermal  scales
evolved.  There  may  have  been  a  period
during  which  dermal  scales  were  completely
lost,  but  epidermal  scales  had  not  yet
evolved.

The  ventral  dermal  scales  are  presei'ved
in  this  specimen  of  Cephalerpeton.  The
overall  pattern  is  similar  to  that  of  other
primitive  reptiles:  a  series  of  overlapping
scales  forming  a  chevron  pattern,  the  apex
of  which  points  anteriorly.  The  detailed
configuration  and  pattern  of  overlap  is
somewhat  difficult  to  see  in  either  of  the
photographs  (  Plates  I  and  II  )  or  the  draw-



CARHONii-KHors  Stknt-rkptiles  •  CarwJJ  (Did  Baud 329

X

o

o
CO

X
E
o
G

Co

o

o
<1>

o
o



330  BuUetin  Museum  of  Comparative  Zoology,  Vol.  143,  No.  5

ings,  owing  to  the  nature  of  preservation.
The  narrow  rodhke  structures  that  are
visible  are  the  posterior  ridges  of  the  scales,
and  the  remainder  of  the  surface  is  largely
covered  by  matrix.

Small  sections  of  the  squamation  ha\'e
been  illustrated  in  a  slightly  schematic  man-
ner  in  Figure  2D.  The  covering  of  scales
is  contiguous,  in  fact  overlapping,  rather
than  in  the  form  of  an  open  lattice.  The
medial  ends  of  the  scales  overlap  in  an
alternate  fashion  at  the  midline.  The  distal
end  of  the  medial  scales  overlaps  the  proxi-
mal  end  of  the  more  lateral  ones.  Pos-
teriorly,  there  are  isolated  scales  that  come
from  a  third  row.

Discussion.  The  absence  of  the  posterior
portion  of  the  skull  roof,  the  pelvic  girdle,
and  the  rear  limb  as  well  as  the  immaturity
of  the  only  biown  specimen  make  it  diffi-
cult  to  compare  CephaJerpeton  \\'ith  other
romeriids.  The  most  notable  feature  is  the
dentition,  which  immediately  distinguishes
this  genus  from  all  other  members  of  the
family  (except  Anthracodromeus,  in  which
the  dentition  is  not  knoun  )  .  The  reduction
in  the  number  of  teeth  and  the  increase  in
size  of  the  postcanines  indicate  a  significant
change  in  diet  from  the  primitive  pattern.
The  cheek  teeth  in  most  romeriids  were
presumably  employed  primarily  to  hold  and
squash  the  prey.  In  Cepholerpcton  they
would  be  efficient  for  piercing  the  prey  as
well.  A  similar  dentition  is  de\'eloped  in
the  small  and  primitive  eothyridid  pely-
cosaurs.  No  later  romeriids  have  such  a
pattern.  This  suggests  that  this  particular
feeding  specialization  may  have  been
usurped  by  small  pelycosaurs  that  had  the
ad\antage  of  a  more  sophisticated  jaw  mus-
culature.  The  primitive  distribution  of  the
palatal  denticles  and  the  structure  of  the
vertebrae  suggest  that  the  ancestors  of
Cephalerpeton  diverged  from  the  main
romeriid  lineage  early  in  the  Pennsylvanian.
This  genus  might  have  evolved  directly
from  Hylonomus  or  possibly  from  a  slightly
more  primitive  form.  The  dentition  is  too
specialized  for  Cephalerpeton  to  have  given

rise  to  any  of  the  known  genera  from  the
later  Pennsylvanian  or  Permian.

Anfhracodromeus  n.  gen.

Type  species.  Anthrocodromeus  longipes
(Cope),  new  combination.

Known  distribution.  Middle  Pennsyl-
vanian  of  North  y\merica.

Etijmologii.  Greek:  anthracos,  coal,  plus
dromeus,  runner.

Diagnosis.  Romeriid  captorhinomorph.
Thirty-one  presacral  \'ertebrae.  One  pair  of
sacral  ribs.  Neural  arches  anteroposteriorly
elongate,  lateral  surfaces  "sculptured."  Pat-
tern  of  bones  of  the  posterior  skull  roof  and
nature  of  sculpturing  very  similar  to  those
of  Palcothyris  and  Protorothyris.  Blade  of
ilium  very  long.  Limbs  long  relative  to
body  size;  humerus  and  femur  equal  in
length  to  eight  trunk  centra;  radius  and
tibia  e(iual  in  length  to  four  trunk  centra.
Hands  and  feet  very  long.

Anthrocodromeus  longipes

Samoplcura  longipes  Cope,  1874:  270.
Tuditamis  longipes  Cope,  1875:  398-399,  pi.  XX\'I.

fig.  2;  Moodie,  1916:  89-91,  fig.  20.

Holotype.  American  Museum  of  Natural
History  (AMNH)  6940.  Almost  complete
skeleton  preserved  in  counterpart  blocks.
This  is  the  only  known  specimen.

Horizon.  Canneloid  shale  underlying  Up-
per  Freeport  Coal,  Allegheny  Group,  Mid-
dle  Pennsyhanian,  equi\'alent  to  the  latest
Westphalian  D  of  Europe.

Locality.  Diamond  Mine,  Linton,  Saline
Township,  Jefferson  County,  Ohio;  NE
corner,  sect.  L3,  T.9N.,  R.2W.

Diagnosis.  Same  as  for  genus.
Description.  Although  the  Linton  fauna

has  been  studied  for  over  a  hundred  years
and  scores  of  amphibian  genera  have  been
described,  no  true  reptiles  had  been  rec-
ognized.  Tuditanus  punctuJatus  has  been
referred  to  that  class  by  several  workers,
but  recent  study  has  established  that  it  is
unquestionably  a  microsaur  (Carroll  and
Baird,  1968).  It  is  not  surprising  tliat  reptiles
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are  rare  at  tliis  localit)'.  coiisicl(Min<j;  tlie  na-
ture  of  the  deposition  and  tlie  acjuatie  and
semi-aqiiatie  adaptations  of  the  amphibians.
Judging  from  our  knowledge  of  ev^ents  lead-
ing  up  to  the  origin  of  reptiles  (Carroll.  1967
and  1970b),  the  early  meml)ers  of  that  group
were  apparent!)'  primarily  terrestrial  in
habit.  Some  aquatie  lineages  may  ha\e
evolved  later  among  primitixe  reptiles,  but
none  are  known  in  the  Middle  Pennsyl-
\anian.  As  a  result  of  a  large-seale,  sys-
tematie  effort  to  prepare  all  material  that
has  been  found  from  the  Linton  loealitx",
several  specimens  ha\'e  been  diseo\ered
that  are  definitely  reptilian.  Most  of  these
are  pelycosaurs  and  are  being  studied  by
Reisz;  the  single  known  romeriid  consists
of  an  almost  entire  skeleton  preser\ed  in
counterpart  blocks.  The  method  used  for
preparing  this  material  has  been  described
by  Baird  (1955).

Like  many  of  the  specimens  from  Linton,
this  genus  has  a  complex  taxonomic  history.
It  was  initially  described  by  Cope  (  1874  )
as  one  of  numerous  species  of  the  genus
Sauropleuia,  the  type  species  of  which  is
a  nectridean.  Cope  was  no  doubt  led  to
this  initial  identification  by  the  configura-
tion  of  the  neural  spines.  He  later  placed
it  in  the  ill-defined  genus  TucUtaniis.
Moodie,  in  his  1916  monograph,  accepted
Cope's  identification  as  a  species  of
TiuJitaniis  and  noted  the  presence  of  ventral
chevrons.  In  1930,  Romer  identified  the
specimen  as  a  coelacanth,  largely  on  the
basis  of  undoubted  coelacanth  scales  that
lie  close  to  it  on  the  block.  Upon  preparing
the  specimen,  Baird  (  1958  )  diagnosed  it  as
a  romeriid  reptile  on  the  basis  of  skull  char-
acters,  noting  its  close  affinities  to  the
Permian  genus  Froiorothijris..  he  assigned
the  species  tentatixely  to  CephaJerpctun
pending  further  study.  Analysis  of  the
specimen  has  been  difficult,  howe\'er,  be-
cause  extreme  crushing  has  reduced  the
bones  to  paper-thinness.  Mrs.  Pamela
Gaskill  has  contributed  greatly  to  this  work
by  her  careful  drawing  of  the  specimen
(  Fig.  4  )  .  The  skeleton  is  \irtual]\'  complete,

lacking  onl\  the  skull  anterior  to  the  orbits,
the  \'entral  portion  of  the  shoulder  girdle,
and  the  end  of  the  tail.

Sktill.  The  posterior  portion  ol  the  skull
is  crushed  so  that  the  dorsal  skull  roof  is
exposed  in  one  block  and  the  right  cheek
region  is  seen  in  the  other.  Xone  of  the
dentition  can  be  seen  and  the  posterior
portion  of  the  palate  is  completely  covered
by  other  bones.  The  bones  at  the  posterior
margin  of  the  skull  roof  have  a  configura-
tion  similar  to  those  seen  in  Protorotliyris.
The  parietal  extends  a  narrow  lateral  lappet
over  the  top  of  the  s(|uamosal.  Posteriorly
the  bone  is  deeply  embayed  for  the  supra-
temporal,  tabular,  and  postparietal.  These
bones  are  spread  out  behind  the  skull  roof.
The  supratemporal  is  in  the  shape  of  an
elongate  o\al  superficialh'  sculptured,  which
must  have  extended  \entrally  over  the  pos-
terior  margin  of  the  sciuamosal.  The  tabu-
lar  was  overlapped  dorsomedially  by  the
postparietal.  Ventrally  it  is  notched  where
it  surrounds  the  posttemporal  fenestra.  The
postparietals  are  simple  oblong  bones,
smooth-surfaced  like  the  tabulars.  The
supraoccipital  is  displaced  slighth'  to  the
left  of  the  midline  behind  the  skull.  It  is
incised  lateralK'  for  the  posttemporal  fenes-
tra.  Dorsally  the  bone  is  marked  by  inden-
tations  where  it  was  overlapped  l)y  the  post-
parietals.  Medially  a  narrow  ridge  extends
dorsally  between  these  bones.  The  dorsal
margin  of  the  foramen  magnum  is  co\'ered
by  the  right  exoccipital.  The  left  exoccipital
overlies  the  left  margin  of  the  supraoccipital,
with  the  medial  surface  uppermost.  The
basioccipital  is  not  \'isible.  The  right  otic
capsule  may  be  represented  1)\"  an  ill-de-
fined  ossification  \'isible  behind  the  squa-
mosal.  The  stapes  may  also  be  crushed  into
this  area.  The  occipital  surface  ma}-  be  re-
stored  according  to  the  pattern  of  the  other,
better  articulated  romeriids.

The  configuration  of  the  bones  of  the
cheek  region  and  posterior  parts  of  the  jaw
is  essentially  similar  to  that  seen  in  other
romeriids.  The  right  ([uadrate  has  been
forced  out  behind  the  quadratojugal.  As  in
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Figure 4. A-C. Counterparts of skeleton of Anfhracodromeus longipes. Type AMNH 6940. X 2. B. Distal end of tai
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Protorothyris,  the  venti'olateral  margin  of
the  articulating  surface  was  probably  ex-
posed  laterally  beneath  this  bone.  The
posterior  margin  of  the  squamosal  was  ex-
posed  on  the  occipital  sin-face  and  is  clearly
demarked  from  the  lateral  surface.  The
sculpturing  seen  on  the  cheek  region  and
dorsal  surface  of  the  posterior  skull  roof
is  very  similar  to  that  seen  in  Protorothyris,
a  series  of  relatively  uniform,  shallow  pits.
The  outline  of  the  skull  may  be  restored  on
the  basis  of  the  known  posterior  portion  and

the  general  pattern  of  other  ronieriids.  It
may  reasonably  be  reconstructed  as  having
a  length  equivalent  to  that  of  nine  or  ten
trunk  vertebrae.  There  is  no  way  of  judging
the  nature  of  the  dentition.

Post  cranial  skeleton.  The  \'ertebral  col-
umn  lies  in  more  or  less  natural  articulation
behind  the  skull  and  extends  to  approxi-
mately  the  24th  caudal.  There  are  31  pre-
sacral  vertebrae  and  one  sacral.  The  tail
probably  had  at  least  12  more  segments
posterior  to  those  that  are  present.
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1 cm

Figure 5. Anthracodroweus /ongipes. Restoration of skull in: A. dorsal;
areas are hypothetical. D. and E. Restoration of hand and foot. X 2.

B. lateral; and C. occipital views. Unshaded

The  elements  of  the  atlas-axis  complex
are  somewhat  disarticulated  and  partially
obscured  by  the  scattered  bone  of  the  oc-
pital  complex.  The  proatlas  is  not  evident.
The  left  atlas  arch  is  preserved  in  essentially
its  normal  position  although  its  lateral  sur-
face  is  obscured  by  an  unidentified  bone
fragment.  Ventrally  there  is  a  well-de-
veloped  lateral  ridge  that  ends  distally  in
an  area  for  the  articulation  of  the  tuber-
culum  of  the  first  rib.  The  right  atlas  arch
can  be  seen  in  medial  view  anterior  to  the
dorsal  margin  of  the  axis  neural  spine.
Ventrally  there  is  a  distinct  surface  for
articulation  with  the  centrum.  Posteriorly
there  is  an  elongate  portion  that  articulates

with  the  anterior  zygopophysis  of  the  axis.
As  in  other  romeriids,  the  atlas  lacks  a  spine.
Neither  the  atlas  intercentrum  nor  pleuro-
centrum  can  be  identified.  The  axis,  like
that  of  other  romeriids,  has  a  large  spine,
fused  to  the  centrum  and  overhanging  the
posterior  margin  of  the  atlas.  The  spine
of  this  and  all  subsequent  trunk  \'ertebrae
is  narrow  from  side  to  side  and  marked  by
delicate  pitting.  All  the  spines  have  the
appearance  of  metal,  gently  tapped  by  a
ballpeen  hammer.  An  identical  pattern  has
been  observed  on  an  unnamed  (but  prob-
ably  closely  related)  form  from  the  Lower
Permian  of  Texas  (MCZ  1474).  The  large
size  of  the  neural  spines  probably  contrib-
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utcd  to  the  stahilit)'  of  the  \ertehi;il  eohiinii
by  beins;  deepl\'  enibcxkled  in  the  axial
musculature.  Posterior  to  the  twenty-third
\ertebra,  the  arches  and  spines  are  crushed
down  into  the  neural  canal.  Tlie  hatchet-
shaped  outline  obserxed  in  the  anterior  seg-
ments  probabh'  continued  at  least  to  the
sacral  region,  but  there  is  no  evidence  for
the  more  posterior  elements.  The  arches  are
very  narrow  at  the  base  \\ith  no  evidence
of  the  swelling  noted  in  later  captorhino-
morphs.  The  trans\'erse  processes  of  the
anterior  \'eitebrae  are  narrow  and  extend
a  considerable  distance  ventrolaterally  from
the  arch.  More  posteriorly  the  length
diminishes  and  the  configuration  corre-
sponds  more  closely  to  that  seen  in  other
Penns\"Kanian  romeriids.  In  none  of  the
\'ertebrae  is  the  area  for  articulation  with
the  capitulum  of  the  rib  evident.  The
neural  arches  are  strongh-  attached  to  the
centra  throughout  the  column.  Only  where
there  has  been  severe  crushing  ha\'e  the
elements  been  disarticulated.  Where  this
has  occurred,  the  t\'pical  line  of  sutural
attachment  in  other  primitive  reptiles  has
been  disclosed.  Throughout  the  column,
the  pleurocentra  are  elongate  cylinders,
deepK'  indented  at  the  ends  for  the  noto-
chord.  The  antero\"entral  margin  is  notched
for  the  reception  of  the  intercentrum,  which
appears  as  a  narrow  crescent.  This  element
is  rareh'  \  isible.  It  is  unlikely  that  this  bone
continued  dorsally  in  cartilage,  as  has  been
suggested  for  Cephalerpeton.

The  sacral  vertebra  is  specialized  onl)  in
the  larger  size  of  its  transverse  process.  A
thin  piece  is  broken  from  the  dorsal  block,
so  that  posterior  to  the  sixth  caudal  the
tail  is  \isible  only  \entrally.  Well-developed
intercentra  are  \isible  anterior  to  the  first
four  caudals.  Xo  intercentral  elements  are
evident  in  the  succeeding  three  segments.
Between  the  seventh  and  eighth  is  a  typical
haemal  arch.  No  other  haemal  arches  can
be  recognized.  The  first  ele\'en  caudal
centra  resemble  those  in  the  trunk  region,
except  for  their  gradualh'  diminishing  size.
More  posteriorly,  the  preservation  is  too

poor  for  e\en  the  number  ot  segments  to
be  determined  w  ith  any  assurance.

Ribs  are  present  throughout  the  column.
The  first  three  pairs  of  cervical  ribs  hav'e
flattened  blades  and  extend  posteriorly  as
well  as  \enti-olaterally.  They  are  clearly
double-headed.  More  posteriorly,  the  ribs
extend  primarily  ventrolateralh'  and  the
shafts  are  essentialh'  cylindrical,  although
they  are  crushed  flat  in  the  specimen.  The
length  of  the  shaft  increases  rapidh'  to  the
eighth  rib  and  then  remains  approximately
the  same  back  to  the  24th  segment,  after
which  it  decreases.  The  last  three  pairs  of
ribs  are  particularly  short.  The  last  several
pairs  of  presacral  ribs  are  short  in  all
romeriids,  but  the  specific  number  of  short
ribs  \aries  from  genus  to  genus.

There  is  only  a  single  pair  of  sacral  ribs.
The  tubercular  head  is  much  thicker  than
that  of  other  ribs.  The  area  of  the  capitular
head  is  not  visible.  The  blade  is  short  and
spatulate,  like  that  of  Paleofhyris.  Unlike
that  genus,  the  next  succeeding  rib  does
not  contribute  to  the  attachment  of  the
peh'is.  The  first  six  caudal  \'ertebrae  have
fused  ribs  which  extend  posteriori)-  to  lie
alongside  the  column.  The  length  increases
from  the  first  to  the  third  and  then  de-
creases  rapidh.  The  sixth  is  only  a  short
nubbin.

The  endochondral  shoulder  girdle  is  not
preserved.  The  general  configuration  is
restored  according  to  the  pattern  of  other
romeriids.  There  is  no  \xay  of  judging
whether  it  de\'eloped  as  a  single  bone,  or
from  two  or  more  initialh"  separate  areas  of
ossification.  The  ventral  portion  of  the
dermal  shoulder  girdle  is  lost  beyond  the
edge  of  the  blocks.  Nothing  of  the  inter-
cla\'icle  is  xisible,  and  only  the  dorsal  end
of  the  stem  of  the  clavicle.  The  right
cleithrum  is  clearly  exposed.  It  is  in  the
shape  of  a  long,  narrow  rod.  The  dorsal  (muI
is  flattened  but  only  slightly  expanded,  an-
teroposterior!  \'.  The  \'entral  end  is  pointed
and  notched  posteriori)'  for  attachment  to
the  stem  of  the  clavicle  or  the  scapular
blade.  The  anterior  margin  of  the  shoulder
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girdle,  as  presented,  is  at  tlie  level  of  the
fifth  vertebra.

The  humerus  is  a  long,  narrow  bone,  with
the  extremities  well  ossified.  In  general  it
resembles  that  of  Araeoscelis.  It  is  equiva-
lent  in  length  to  eight  trunk  centra.  The
shaft  is  long  and  narrow.  There  is  neither  a
supinator  process  nor  an  entepicondylar
ridge.  The  distal  articulating  surfaces  are
obscured  as  a  result  of  crushing.  The  out-
line  of  the  entepicondylar  foramen  can  be
seen  in  dorsal  view  on  the  right  humerus,
although  the  posterior  border  is  broken
away.

The  ulna  and  radius  are  long,  lightly
built  bones.  The  olecranon  is  poorly  ossi-
fied,  but  otherwise  these  bones  are  similar
to  their  counterparts  in  other  romeriids.

The  carpals  are  lightly  ossified.  Their
original  configuration  is  impossible  to  deter-
mine.  This  area  is  crushed  into  the  vertebral
column  on  the  right  side  and  missing  from
the  block  on  the  left.  Much  of  the  proximal
part  of  the  right  manus  is  in  natural  articu-
lation.  One  of  the  digits  and  its  metacarpal
(  apparently  number  four  )  is  missing.  The
longer  metacaqials  are  more  than  half  the
length  of  the  radius.  The  proximal  pha-
langes  are  only  slightly  shorter.  The  unguals
of  digits  one  and  five  are  short  and  sharply
pointed.  They  do  not  appear  to  bear  a  well-
developed  keel  such  as  is  reported  in
Paleothyris.  If  the  manus  is  restored  accord-
ing  to  the  pattern  of  other  romeriids,  it
would  be  slightly  longer  than  the  humerus.

The  pelvic  girdle  is  poorly  preserved.  The
most  notable  feature  is  the  great  length
of  the  iliac  blade.  It  is  a  narrow,  flat  struc-
ture  oriented  at  approximately  15  degrees
from  the  vertical.  The  ventral  portion  is
poorly  preserved,  but  appears  to  be  quite
small.  The  right  pubis  is  visible  medially;
the  margins  are  poorly  defined,  but  it  is
roughly  quadrangular  in  shape.  The  ischia
are  crushed  against  the  ventral  surface  of
the  vertebrae  so  as  to  obscure  their  original
shape.  Only  the  general  extent  can  be
determined.

The  femur  has  a  long,  narrow  shaft.  It

is  slightly  shorter  than  the  humerus  —  a  very
surprising  feature  among  primitive  tetra-
pods.  Few  structural  details  are  evident.
The  tibia  appears  to  be  slightly  shorter  than
the  radius.  Unfortunately  the  limits  of  the
articulating  surface  are  difficult  to  estab-
lish  because  of  the  extreme  crushing.  The
tarsals  are  weakly  ossified  and  scattered
among  the  metatarsals  of  the  right  foot  so
that  their  specific  configuration  is  impos-
sible  to  determine,  but  they  can  be  restored
according  to  the  general  pattern  observed
in  other  romeriids.  The  astragalus  and
calcaneum  are  represented  by  roughly  cir-
cular  blobs.  Most  of  the  foot  bones  are
present,  but  their  manner  of  association  is
subject  to  various  interpretations.  The  first
digit  appears  to  be  missing.  The  remaining
metatarsals  are  in  essentially  their  original
position  relative  to  one  another.  The  longest
is  approximately  80  percent  as  long  as  the
tibia  and  at  least  20  percent  longer  than  the
longest  of  the  metacarpals.  The  posterior
epipodials  may  be  shorter  than  the  anterior,
but  the  rear  foot  as  a  \\'hole  is  not  shorter
than  the  manus,  although  the  first  two  digits
of  the  pes  are  shorter  than  those  of  the
manus.  All  the  phalanges  of  the  fourth  digit
are  seen  in  contact  with  one  another.  To-
gether  with  the  metatarsal  it  is  more  than
half  again  as  long  as  the  femur.  A  series
of  three  short  phalanges  can  reasonably  be
associated  with  the  second  metatarsal.
Other  phalanges  can  be  attributed  to  the
third  and  fourth  digits.  The  series  probably
associated  with  the  fifth  is  very  poorly
preser\'ed  and  the  number  and  configura-
tion  of  the  phalanges  is  difficult  to  estab-
lish.  There  may  have  been  four.

Ventral  scales  are  present  in  large  num-
bers  in  the  specimen.  Crushing  makes  it
impractical  to  illustrate  them  with  the  rest
of  the  skeleton.  They  are  considerably
wider  than  those  in  the  Joggins  and  Flor-
ence  romeriids,  but  this  may  be  accentuated
by  crushing.  The  lateral  extent  of  the
squamation  of  ventral  scales  appears  to  be
greater  than  in  these  genera  as  well.  No
dermal  dorsal  scales  are  evident.
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Age-  Ha  hits.  It  is  dilliciilt  to  jiKl^t-  the
degree  of  maturity  of  the  t\pe  of  Anthraco-
dromeus  because  of  the  nature  of  preserva-
tion.  The  poor  definition  of  tlie  articulating
surfaces  of  the  hmb  bones,  carpals,  and
tarsals  can  be  attributed  either  to  incom-
plete  ossification  or  extreme  crushing.  This
specimen  may  be  less  mature  than  the  ma-
terial  of  Paleothijris  or  Ilylonomus,  but  it  is
certainly  more  mature  than  the  only  known
specimen  of  Cephalcrpeton  or  the  Czecho-
slovakian  genera.  The  neural  arch  and
centrum  of  the  \'ei1:ebra  are  firmly  united
and  there  is  certainly  some  degree  of  ossifi-
cation  of  the  carpals  and  tarsals.

The  great  length  of  the  limb  bones  and
feet  suggests  a  somewhat  different  habit
than  that  of  more  conser\'ati\'e  romeriids.
Such  long  limbs  and  feet  are  seen  in  a  num-
ber  of  modem  lizards  that  are  terrestrial  or
arboreal  in  habit.  It  would  not  be  unrea-
sonable  to  assign  Anthrocodromeus  to  such
adapti\'e  zones.  To  judge  from  the  body
and  limb  proportions,  it  was  presumably  an
agile  form.  In  the  absence  of  any  informa-
tion  on  the  dentition,  there  is  little  evidence
of  possible  feeding  habits.

Taxonomic  position.  The  pattern  of  the
bones  of  the  skull  roof  and  the  structure
of  the  postcranial  elements  indicate  that
Anthracodr  omens  is  a  member  of  the  family
Romeriidae.  The  configuration  of  the  neural
arches  and  the  great  relative  length  of  the
limb  bones  distinguish  this  form  from  all
other  described  genera.

The  presence  of  one  pair  of  sacral  ribs
indicates  that  the  ancestors  of  the  genus
evolved  from  the  primary  romeriid  stock
separately  from  Paleothijris,  which  has  two.

It  shows  no  close  affinity  with  Ce-
phalerpeton  or  the  forms  from  Czecho-
slovakia.  Anthracodromeus  is  probably  di-
rectly  ancestral  to  an,  as  yet,  undescribed
fonn  from  the  Putnam  Formation,  Lo\\'er
Permian  of  Texas,  which  has  similarly
shaped  vertebrae  and  elongate  limb  ele-
ments.  It  shows  no  specific  affinities  with
other,  more  advanced  reptilian  groups.

Brouffia  n.  gen.

Ti/))c  species,  lirouffia  orientalis  new
species.

Known  distribution.  Middle  Pennsyl-
\anian  of  Central  Europe.

Diagnosis  (based  on  a  single,  immature
specimen).  Romeriid  captorhinomorph,  pat-
tern  of  skull  roof  and  dentition  similar  to
Paleothijris,  except  for  smaller  number  (26)
of  maxillary  teeth.  Four  rows  of  denticles
on  pterygoid.  Thirty-one  presacral  verte-
brae,  one  sacral.  Neural  spines  squarish  in
lateral  \'iew,  not  elongate.  Scapulocoracoid
is  ossified  from  more  than  one  unit.  Limbs
and  feet  not  greatly  elongate.  Carpals  ossi-
fied.

Brouffia  orientalis  n.  sp.

Etymology.  Generic  name  is  in  honour
of  Dr.  Margaret  Steen  Brough,  who  initially
recognized  the  specimen  on  which  this
genus  is  based.  The  species  name  em-
phasizes  the  presence  of  the  family  Romeri-
idae  in  Europe.

Ilolotype.  Counterpart  blocks  including
the  natural  cast  of  an  almost  complete
skeleton.  Dorsal  surface  from  the  Czecho-
sloxakian  National  Museum  in  Prague
CGH  III  B.21.C.587  and  the  \entral  surface
from  the  Natural  History  Museum  in  Pilzen
MP  451.  This  is  the  only  recognized  speci-
men.

Horizon  and  locality.  Middle  Pennsyl-
vanian,  Westphalian  D,  of  Nyfany,  Czecho-
slovakia.

Diagnosis.  Same  as  for  genus.
Description.  Although  the  type  specimen

of  Anthracodromeus  is  the  only  reptile  cur-
rently  recognized  from  the  coal  swamp  de-
posit  of  Linton,  Ohio,  a  number  of  forms
are  known  from  Nvranv,  Czechosloxakia,  a
locality  of  roughly  equivalent  age  and  gen-
erally  similar  ecology.

The  exact  taxonomic  position  of  Soleno-
donsaurus  (Carroll,  1970a)  remains  subject
to  controversy,  but  it  has  attained  an  es-
sentially  reptilian  lev^el  of  dexelopment.
Three  additional  specimens  will  be  dis-
cussed  here  that  are  apparenth^  members
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Figure 6. Type of Brouffia orientalis. A. Dorsal surface of skull CGH 1 1 1 B.21 .C.587. B. Ventral surface of skull MP. 451.
Restoration of skull In: C. dorsal; D. lateral; E. palatal; and F. occipital views. X 2.

of  the  family  Romeriidae.  The  most  com-  Brough  and  Brough  (1967)  as  Gephijro-
pletely  known  specimen  is  a  skeleton  pre-  stegiis  J)o]wmicns  specimen  I.  It  is  an  al-
served  in  counterpart  blocks  from  the  most  complete  skeleton  of  an  immature  ani-
museums  in  Prague  and  Pilzen,  described  by  mal.  Considerable  attention  has  already
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been  paid  to  the  fact  that  this  specimen
does  not  belong  to  the  genns  Gcplnirostciins
(a  taxon  now  much  better  known  than  it
was  at  tlie  time  of  the  pubHcation  of  the
Broughs'  work).  Tlie  pattern  of  the  bones
of  the  skull  roof  and  the  morpholog\"  of  the
palate  are  comparable  to  the  North  Ameri-
can  genera  of  the  famih'  Romeriidae.  This
is  especialh'  noteworthy,  since  this  is  the
first  recognized  member  of  this  famih  in
Europe.

The  specimen  is  presented  as  a  natural
mold  in  coal  shale.  The  ca\"ities  ha^'e  been
cast  in  latex.  The  restoration  of  the
postcranial  skeleton  (  Fig.  3B  )  is  based  pri-
marih"  on  drawings  (their  figs.  lOA  and  B)
made  by  the  Broughs.  The  skull  (Fig.  6)
has  been  redrawn  from  the  original  latex
casts.

Skull.  The  pattern  of  the  bones  of  the
skull  roof  and  the  nature  of  the  sculpturing
in  Brouffia  is  \'ery  similar  to  that  of  the
contemporary  genus  Paleothyris.  The  skulls
\\'ould  be  ver\'  difficult  to  differentiate  in
dorsal  or  lateral  views.  The  parietal  is
broadly  in  contact  with  the  squamosal  and
postorbital.  The  postfrontal  does  not  extend
as  far  posteriorly  as  that  of  Protorothyris,
nor  is  the  posterior  margin  of  the  parietal
as  deeply  emba\ed  for  the  tabular  and
postparietal  as  in  Anthracochomeus.  Sexeral
features  that  distinguish  this  skaill  from  that
of  Paleothyris  (Fig.  10)  can  be  noted  in
palatal  view.  There  are  significanth'  fewer
marginal  teeth:  Brouffia  has  room  for  26
teeth  in  the  maxilla,  in  contrast  with  35  in
Paleothyris.  The  presence  of  a  single  pair
of  "canines"  in  the  t\^e  of  Brouffia,  rather
than  t\\'0  pairs,  is  probably  not  significant
since  the  number  is  variable  in  Paleothyris.
Brouffia  has  room  for  approximately  five
teeth  in  the  premaxilla.  Paleothyris  and
members  of  the  most  primiti\e  reptilian
groups  have  tuo  rows  of  denticles  on  the
pterygoid,  radiating  out  from  the  area  of
the  basicranial  articulation,  anterior  to  the
transverse  flange;  Brouffia  has  three  rows.
The  ectopterygoid  ma>-  also  be  seen  to  bear
large  denticles.  The  pterygoids  extend  an-

teriorl)  lo  the  le\"el  of  the  "canines,"  sepa-
rating  the  \omers  for  most  of  their  length.
A  further,  minor  difference  is  the  presence
of  a  carpet  of  fine  denticles  on  the  ventral
surface  of  the  parasphenoid,  rather  than  a
single  or  double  row  of  larger  teeth.

Most  of  the  occipital  elements  are  spread
out  behind  the  skull.  A  large,  platelike
supraoccipital  is  visible  dorsally.  It  lacks
the  \\ell-de\'eloped  recesses  to  accomodate
the  postparietals,  characteristic  of  Anthraco-
(Iromeus,  nor  does  it  bear  a  prominent
medial  keel.  The  basioccipital  is  displaced,
so  that  the  entire  \entral  surface  is  exposed
behind  the  parasphenoid.  The  more  an-
terior  position  of  the  exoccipitals  indicates
that  such  a  posterior  position  did  not  occur
in  life.  The  exoccipitals  (tenned  stapes  by
Brough  and  Brough  )  are  badly  crushed  and
extend  primarih'  laterally  as  the  skull  is
preserved.  The  opisthotics  ha\'e  not  been
recognized.  The  occipital  surface  can  be
restored  according  to  the  general  pattern
seen  in  other  romeriids.

Postcranial  skeleton.  There  are  31  pre-
sacral  \ertebrae,  one  sacral  and  four  caudals
preserved.  The  elements  of  the  atlas-axis
complex  are  disarticulated  and  not  all  can
be  recognized.  The  proatlas  has  not  been
identified.  The  atlas  arch  is  paired  and  had
a  long  posterior  process  for  articulation  w  ith
the  axis  arch.  Neither  the  atlas  pleurocen-
trum  nor  intercentrum  can  be  distinguished.
The  axis  centrum  is  only  slight!)'  longer
than  the  more  posterior  elements.  The  arch
was  suturalh'  attached  rather  than  fused  and
has  become  separated.  The  extent  of  the
spine  cannot  be  determined.  The  more
posterior  trunk  vertebrae  also  have  a  dis-
tinct  suture  bet^^  een  the  arch  and  centrum
and  most  of  the  elements  are  at  least  slightly
displaced.  The  left  and  right  hahes  of  the
neural  arches  are  also  displaced  at  the  mid-
line.  The  neural  spines  are  squarish  in  out-
line,  but  without  the  elongation  noted  in
Cephalerpeton.  No  intercentra  are  ob-
ser\"ed  in  the  column,  but  the  \entral  mar-
gins  of  the  pleurocentra  are  be\'elled  for
their  reception.
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Only  a  single  vertebra,  the  32nd,  bears  a
sacral  rib.  The  vertebra  itself  is  little  modi-
fied,  except  for  the  large  size  of  the  trans-
verse  process.  No  haemal  arches  are  present
among  the  four  anterior  caudal  vertebrae
preserved.

Double-headed  ribs  are  present  through-
out  the  column.  The  first  two  pairs  are
specialized  cervicals  with  flattened  shafts
that  extend  posteriorly,  as  well  as  ventro-
laterally.  The  configuration  of  the  next  two
pairs  cannot  be  established.  Those  in  the
remainder  of  the  column  have  cylindrical
shafts  that  extend  primarily  ventrolaterally.
Their  length  increases  rapidly  to  the  Sth
rib,  remains  essentially  constant  to  the  22nd,
and  then  diminishes  rapidly.  The  last  six
pairs  of  presacral  ribs  are  very  short.  The
sacral  rib  has  a  simple,  spatulate  blade,
which  apparently  was  not  in  contact  with
either  of  the  adjacent  ril^s.  The  anterior
caudal  ribs  are  fused  to  the  \'ertebrae,  and
extend  posteriorly  to  lie  alongside  the  tail.

The  dermal  elements  of  the  shoulder
girdle  are  all  clearly  exposed.  The  cleithrum
is  a  flattened  rod  of  bone,  with  little  elabo-
ration  of  the  dorsal  blade.  The  clavicle  re-
sembles  that  of  other  romeriids  in  having
a  small,  neatly  sculptured  blade.  The  in-
terclavicle  has  a  long  stem  and  a  smoothly
rounded  anterior  margin.  The  endochondral
shoulder  girdle  is  ossified  in  three  separate
units,  as  is  the  case  in  Cephalerpeton.  The
scapula  is  illustrated  by  the  Broughs.  Its
margins  must  have  been  considerably  ex-
tended  by  cartilage  in  the  living  animal.
One  of  the  anterior  coracoids  is  visible  just
dorsal  to  the  left  scapula.  It  is  vaguely
oval  in  outline.  The  posterior  element  has
not  been  recognized.  It  may  have  been
slow  to  ossify.

The  forelimb  is  not  well  ossified;  only  the
general  configuration  and  proportions  of
the  bones  can  be  established.  The  size  of
the  humerus,  ulna,  and  radius  relative  to
the  length  of  the  trunk  vertebrae  is  similar
to  the  condition  in  Paleothyris.  The  limbs
are  relatively  shorter  than  those  of  Ce-
phalerpeton  and  Anthracodromeus.  Con-

sidering  the  small  degree  of  ossification  in
the  shoulder  girdle  and  limbs,  the  carpals
are  surprisingly  well  ossified.  Because  they
are  somewhat  jumbled,  their  exact  configu-
ration  is  obscured,  but  their  pattern  closely
resembles  that  seen  in  Paleotliyris.

The  manus  is  not  complete  and  the  ele-
ments  are  somewhat  disarticulated.  Never-
theless,  the  number  of  digits  and  the
phalangeal  formula  is  almost  certainly  simi-
lar  to  that  noted  in  other  romeriids.  Brough
and  Brough  restored  the  hand  in  this  speci-
men  on  the  basis  of  Watson's  specimen  of
Gephyrostegus  liohemicus  (which  they  des-
ignated  the  type  of  a  new  species  G.
watsoni  )  .  As  has  been  demonstrated  by  the
senior  author  (1970a),  Watson's  specimen
is  an  anthracosaur,  not  at  all  closely  re-
lated  to  the  specimen  under  consideration
here.

The  three  elements  of  the  pelvic  girdle
are  only  weakly  attached  to  one  another.
The  configuration  of  the  ilium  resembles
that  of  Hylonomus  and  Paleothyris.  It  cer-
tainly  lacks  the  peculiarities  of  Anthraco-
dromeus.  The  outline  of  the  pubis  is
roughly  oval.  The  ischium  is  quite  small.

The  rear  limb  is  poorly  ossified.  The
tibia  is  primitive  in  having  a  broad  distal
articulating  area  like  that  of  Hylonomus
but  in  contrast  to  Paleothyris.  Nothing  re-
mains  of  the  tarsus  or  rear  feet.

Many  ventral  scales  are  present  in  the
blocks.  They  are  quite  broad,  rather  than
being  narrowly  wheat-shaped,  as  has  been
considered  typical  in  early  reptiles.  A  faint
impression  of  dorsal  scales  is  evident  also,
but  these  are  too  insubstantial  to  illustrate.

Discussion.  One  of  the  most  notable  fea-
tures  of  Brouffia  is  the  incomplete  nature
of  the  ossification.  Althovigh  the  presacral
length  of  the  type  is  approximately  123
millimeters,  the  limbs  and  endochondral
shoulder  girdle  are  much  less  well  ossified
than  are  these  elements  in  Paleothyris
acadiana.  The  type  specimen  of  that  species
has  a  presacral  length  of  118  millimeters,
and  other  specimens  are  considerably  smal-
ler.  Presumably  Brouffia  grew  to  a  con-
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siderably  greater  adult  size  before  ossifiea-
tion  was  eompleted.  Altcn-natixely,  this
genus  may  ha\e  retained  a  low  degree  of
ossification  as  an  adult.  The  larger  size  of
the  skull,  relati\e  to  the  trunk  region  (  Table
1),  suggests  that  the  adult  was  larger  than
the  typical  North  American  PennsyKanian
romeriids.

Owing  to  obvious  immaturity  of  the  onb
known  specimen,  the  generic  distinction  of
Brouffia  from  more  mature  romeriids,  par-
ticularly  Paleothyris,  is  subject  to  some
doubt.  Until  we  ha\'e  more  k^lOwledge  of
changes  that  occur  ontogenetically,  as  well
as  more  information  on  \'ariability  within
species  and  genera,  it  is  not  possible  to
state  positi\ely  ^^■hat  differences  are  re-
quired  to  define  genera.  The  presence  of
only  a  single  pair  of  sacral  ribs,  the  broad
distal  articulating  surface  of  the  tibia,  and
possibly  the  extra  row  of  palatine  denticles
are  primiti\'e  features  that  might  be  ex-
pressed  also  in  an  immature  member  of  a
more  advanced  species.  The  smaller  num-
ber  of  maxillary  teeth  and  other  minor  dif-
ferences  might  indicate  differentiation  from
Poleotlujris  acadiana  onh'  at  the  level  of
the  species.  E\en  if  all  members  of  the
Family  Romeriidae  are  considered,  how-
ever,  there  is  relatixely  little  \  ariabilit\"
within  the  group.  If  the  features  that  can
be  observed  in  this  immature  specimen  also
characterize  the  adult,  this  animal  w  ould  be
as  different  from  Poleothyris  as  are  other
fonns  recognized  as  distinct  genera.  On
this  basis,  a  new  genus  is  named  to  include
this  specimen.

The  presence  of  the  romeriids  in  Europe
immediately  suggests  comparison  with  prim-
itive  eosuchians,  which  are  (on  present
knowledge)  restricted  to  the  Old  World.
There  is  little  to  preclude  the  evolution  of
a  genus  such  as  Millerosaunis  (Watson.
1957)  from  Brouffia.  There  are  no  special-
ized  features,  however,  that  fa\"our  this
genus  over  otlier  generalized  romeriids  for
such  an  ancestral  position.  There  is  no  evi-
dence  for  the  de\'elopment  of  an  otic  notch
formed  from  the  quadrate.  The  posterior

margin  of  the  stjuamosal  may  be  more
nearly  erect  than  in  other  early  romeriids,
but  the  jaw  suspension  definitely  lies  pos-
terior  to  the  rear  margin  of  the  skull  roof.
One  feature  that  might  be  considered  of
significance  in  deri\ing  millerosaurs  di-
rectly  from  such  romeriids  is  the  smaller
size  of  the  skull  relative  to  vertebral  length
in  the  known  eosuchian  genera.

Coelostegus  protbales

Brough  and  Brough  described  as  belong-
ing  to  the  same  species  as  the  preceding
animal,  a  second  specimen  that  they  termed
Gephijrosteg,us  bohemicus  specimen  II.  It
consists  of  the  axial  skeleton,  girdles,  and
proximal  portions  of  the  humeri  and  right
femur  of  an  animal  in  which  the  trunk
region  was  approximateh'  17  percent  longer.
It  is  almost  as  poorly  ossified,  however.  The
skull  (Fig.  7)  shows  only  superficial  simi-
larities  to  the  type  of  Brouffia.  The  pineal
opening  is  larger  and  the  postfrontal  ex-
tends  posteriorly  so  that  a  distinct  lateral
lappet  of  the  parietal  is  formed.  The  pos-
terior  margin  of  the  parietal  is  much  more
deeply  embayed  for  the  tabular  and  post-
parietal.  These  differences  cannot  be  at-
tributed  to  growth.  Although  the  remains
are  incomplete,  this  animal  certainly  be-
longs  to  a  genus  other  than  Brouffia.

Coelostegus  n.  gen.

Type  .species.  Coelostegus  prothales  new
species.

Known  distribution.  Middle  Pennsyl-
vanian  of  Central  Europe.

Diagnosis.  Large  romeriid  captorhino-
moi"ph.  Parietals  deeply  embayed  for  post-
parietals  and  tabulars.  Distinct  lateral  lap-
pet  of  parietal.  Frontals  and  postfrontals
marked  with  deep  groo\'es.  Frontals  shorter
than  nasals.  Numerous,  small  posterior
maxillary  teeth;  enlarged  canines.  Twenty-
nine  presacral  \'ertebrae.  Two  sacral  \erte-
brae.  Vertebral  centra  relatively  short.  In
the  only  known  specimen  (which  is  imma-
ture)  the  scapulocoracoid  is  ossified  from
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Figure 7. Reconstruction of skull of Coe/ostegus prothales in dorsal, lateral, and occipital views. X 2.

more  than  one  unit,  and  neural  arches  are
suturally  attached  to  the  centra.

Coelostegus  prothales  n.  sp.

Etijmolog^i).  Greek  coelo,  embayed;  pkis
stegos,  roof;  in  reference  to  the  deep  em-
bayment  of  the  parietals.  Prothales,  from
the  Greek,  meaning  precocious,  in  reference
to  the  early  attainment  of  embayed  parietals
and  large  size.

Holotype.  National  Museum  of  Prague,
Czechoslovakia,  CGH  3027.  Axial  skeleton
and  girdles  of  an  immature  individual.  This
is  the  only  specimen  that  can  definitely  be
assigned  to  this  taxon.

Horizon  and  locality.  Middle  Pennsyl-
vanian,  Westphalian  D  of  Nyfany,  Gzecho-
slovakia.

Diagnosis.  Same  as  for  genus.
Description.  Much  of  the  dorsal  surface

of  the  skull  roof  and  the  left  cheek  region
are  preserved.  The  area  anterior  to  the
left  orbit  is  folded  under,  so  that  the  bone
is  visible  in  medial  rather  than  lateral  view.

The  skull  can  be  restored  in  dorsal  and
lateral  views,  but  the  exact  angle  between
the  skull  roof  and  the  cheek  region  cannot
be  established  without  more  kmowledge  of
the  palate.  The  bones  of  the  skull  roof  are
conspicuously  sculptured.  There  are  fine
pits  near  the  centre  of  ossification  of  the
parietal,  and  radiating  grooves  extending
to  the  periphery.  There  are  deep  grooves  at
the  posterior  margin  of  the  frontal  and  on
the  lateral  portion  of  the  postfrontal.  The
squamosal  and  quadratojugal,  in  contrast,
are  almost  smooth.

The  most  conspicuous  feature  of  the  skull
roof  is  the  deep  posterior  embayment  of  the
l^arietals.  In  this  character  Coelostegus  re-
sembles  the  Lower  Permian  romeriid  Pro-
torothyris  more  than  it  does  any  of  the  other
Pennsylvanian  genera.  The  postfrontal  ex-
tends  posteriorly,  demarcating  a  conspicu-
ous  lateral  lappet.  The  marginal  bones  of
the  skull  roof,  supratemporal,  tabular,  and
postparietal  have  slipped  from  the  parietal
and  are  mixed  with  displaced  elements  of
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the  palate,  oceiput,  and  eenical  \'ertebrae.
There  is  a  hirge  sheet  ot'  bone  behind  tlie
right  parietal  that  is  probably  the  displaeed
right  squamosal.  The  siiprateniporal  fitted
into  a  deep  groo\'e  in  the  posterolateral
eorner  of  the  parietal,  \\hieh  extends  super-
ficialh'  beyond  the  deeper  medial  recess  for
the  tabular.  The  supratemporal  is  much
wider  than  in  other  romeriids,  and  sculp-
tured  by  linear  grooves.  There  is  a  wide
triangular  shelf  of  the  parietal  that  ex-
tended  underneath  the  tabular  and  post-
parietal.  A  bone  that  is  probably  the  left
tabular  is  visible  just  medial  to  the  supra-
temporal.  Its  extent  is  difficult  to  deter-
mine  since  the  margins  are  o\'erlapped  by
surrounding  bones.  The  postparietal  is  also
only  questionabh'  identified.  Near  the  mid-
line,  just  behind  the  posterior  margin  of  the
superficial  portion  of  the  parietal  is  an
oblong  bone  that  mav  be  so  designated.

The  frontal  has  a  broad  margin  above  the
orbit  and  extends  narrow  processes  pos-
teriori)'  between  the  parietals  and  post-
frontals.  The  nasal  is  apparenth'  longer
than  the  body  of  the  frontal.  The  left
maxilla,  lacrimal,  and  prefrontal  are  ex-
posed  in  medial  \iew.  The  maxillary  teeth
are  almost  entirely  co\ered  by  the  nasal.
The  ridge  bearing  the  teeth  is  swollen  an-
teriorly,  as  is  tlie  case  in  other  romeriids  at
the  level  of  the  canines.  There  are  four
teeth  anterior  to  this  area.  The  tooth  count
cannot  be  accurately  established.  The  lacri-
mal  comes  to  a  point  anteriorly,  indicating
that  the  posterior  margin  of  the  external
nares  was  formed  by  a  superficial  expres-
sion  of  the  septomaxilla.  That  bone  lies  just
anterior  to  its  nomial  position  relative  to  the
maxilla  and  lacrimal.  Its  posterior  margin
is  rounded.  Approximately  a  dozen  roughly
rectangular  sclerotic  plates  can  be  seen  in
the  area  of  the  left  orbit.

The  squamosal  is  displaced  lateralh'  and
posteriorly  from  its  normal  position.  Dor-
sally,  the  margin  of  the  bone  curxes  medi-
ally  to  pass  beneath  the  parietal.  The  skull
roof  simply  overlaps  the  cheek  region,  ap-
parently  without  any  firm  attachment.  The

rear  margin  of  the  s(|uamosa!  slopes  \^en-
tralh'  at  an  angle  of  approximately  40  de-
grees  from  the  vertical.  The  supratemporal
would  have  extended  approximately  half-
wa\'  down  this  slope.  The  cjuadratojugal  is
a  narrow  bone,  pointed  at  both  ends.  The
postorbital  is  not  preser\  ed,  but  its  posterior
extent  ma>'  be  judged  by  an  area  for  its
reception  on  the  anterior  portion  of  the
squamosal.  The  dorsal  portion  of  the  jugal
is  visible  in  medial  view,  having  been  folded
beneath  the  skull  roof.  Although  the  an-
terior  portion  of  the  bone  is  not  preserved,
restoration  of  the  skull  indicates  that  the
suborbital  extension  must  ha\'e  been  nar-
row,  in  contrast  with  the  condition  in  Lower
Permian  romeriids.

The  quadrate  is  exposed  where  it  was
forced  dorsally  from  beneath  the  squamosal.
The  articulating  surface  is  not  visible.  The
dorsal  portion  is  a  fairly  thin  plate  of  bone
extending  nearly  to  the  top  of  the  squamo-
sal.

The  occipital  elements  are  scattered  and
obscured  b>'  other  bones.  The  central  por-
tion  of  the  supraoccipital  is  visible  above
the  atlas  pleurocentrum.  It  has  a  median
ridge,  extending  dorsalh'  from  the  rim  of
the  foramen  magnum.  The  lateral  margins
of  the  bone  cannot  be  accurately  estab-
lished.  The  dorsal  portion  of  the  left  exoc-
cipital  can  be  seen  just  medial  to  the  left
tabular.  The  lateral  and  ventral  portions
are  covered  by  other  bones.  A  fragment  of
bone  lying  just  below  the  right  side  of  the
supraoccipital  ma}'  be  part  of  the  right
exoccipital.  Neither  the  basioccipital  nor
otic  bones  are  visible.  The  otic  bones  are
probably  incompletely  ossified,  since  they
are  not  clearly  shown  in  any  of  the  Penn-
sylvanian  romeriids.  Because  of  the  poor
preser\'ation  of  this  area,  the  restoration  of
the  occiput  (Fig.  7)  is  only  tentati\e.

The  stapes  is  visible  between  the  atlas
intercentrum  and  the  quadrate.  It  has  a
\ery  short  steiu,  ending  in  a  broad  surface
of  unfinished  bone.  The  dorsal  process  (ex-
tending  posteriorly,  as  preser\ed)  is  pro-
portionately  large,  as  is  the  footplate.  Ex-
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cept  for  the  incomplete  ossification  of  the
stem,  the  stapes  resembles  closely  that  of
other  romeriids.

The  quadrate  rami  of  both  pterygoids  are
exposed  dorsally,  lying  among  the  bones  of
the  occiput.  As  in  other  romeriids,  they  are
wide  but  very  thin  plates  of  bone  that
would  have  been  oriented  vertically.  They
helped  support  the  quadrates  and  formed
an  almost  complete  medial  wall  to  the  area
of  temporal  musculature.  The  anterior  por-
tion  of  the  left  pterygoid  is  visible  through
the  orbit.  The  area  of  the  basicranial  articu-
lation  is  cnished  flat.  This  bone  is  too  in-
completely  known  to  attempt  a  restoration
of  the  palate.

The  left  lower  jaw  is  folded  medially
beneath  the  skull.  A  portion  of  the  tooth
row  is  \asible  through  the  orbit  and  much
of  the  margin  is  indicated  by  deformation
of  the  bones  of  the  overlying  skull  roof
and  cheek  region.  The  thickened  rim  of
the  adductor  fossa  can  be  seen  through  the
very  thin  squamosal,  with  part  of  the  sur-
angular  and  the  most  posterior  portion  of
the  dentary  visible  between  that  bone  and
the  postfrontal.  Sixteen  small  teeth  can  be
seen  lateral  to  the  frontal.  More  anteriorly,
the  tooth  row  interdigitates  with  that  of  the
maxilla.  Unfortimately,  this  area  is  almost
completely  obscured  by  the  left  nasal  bone.
The  articulating  surface  of  the  articular
bone  is  visible  behind  the  quadrate,  re-
taining  its  normal  orientation  relative  to  the
skull  roof.

The  vertebral  column  is  fairly  well  articu-
lated  from  the  skull  back  to  the  13th  caudal.
There  are  29  presacrals  and  two  sacral  verte-
brae.  The  centra  and  neural  arches  are
separately  ossified  throughout  the  column,
but  the  general  configuration  is  typical  of
other  romeriid  captorhinomorphs.

The  atlas-axis  elements  are  somewhat  dis-
articulated,  but  obviously  follow  the  pat-
tern  seen  in  other  romeriids.  A  very  thin,
oval  bone,  flattened  onto  the  posterior  noto-
chordal  pit  of  the  atlas  pleurocentrum,  is
apparently  the  proatlas.  It  lies  just  anterior
to  the  appropriate  articulating  surface  of

the  atlas  arch.  The  atlas  intercentmm  is  a
broad,  openly  crescentic  bone.  It  probably
bears  processes  for  the  attachment  of  the
capitula  of  the  first  ribs,  but  these  are  not
exposed.  The  atlas  pleurocentrum  is  par-
tially  obscured  by  the  left  atlas  arch  and  the
supraoccipital.  It  appears  to  be  basically
cylindrical,  but  deeply  recessed  dorsally.
There  is  a  large  notochordal  canal  that  was
probably  much  more  restricted  in  the  adult.
The  posteroventral  margin  appears  some-
what  recessed,  as  if  to  accommodate  an  axis
intercentrum.  Such  an  element  is  typically
absent  in  advanced  romeriids,  and  is  not
visible  in  this  specimen.

The  left  atlas  arch  is  displaced  slightly
ventrally  from  its  normal  relationship  with
the  axis.  It  closely  resembles  its  counter-
part  in  Ophiacodoji  in  having  a  sharp  spine
projecting  behind  the  posterior  articulating
surface.

The  centrum  of  the  axis  and  the  next
three  vertebrae  are  missing.  In  view  of  the
generally  low  degree  of  ossification  in  this
specimen,  it  is  probable  that  the  atlas  arch
and  centrum  were  not  fused,  although  they
are  in  the  adults  of  other  romeriid  species.
The  neural  spines  of  all  the  vertebrae  are
poorly  ossified,  and  have  very  irregular  out-
lines.  This  is  particularly  evident  in  the
axis.  The  arch  and  spine  are  obviously
large,  as  in  most  primitive  reptiles,  but  the
outline  cannot  be  accurately  established.
The  transverse  processes  of  all  the  anterior
vertebrae  are  quite  long,  so  that  the  two
heads  of  the  ribs  are  separated  by  a  wide
gap-

The  arches  and  centra  are  loosely  at-
tached  and  variably  disarticulated  through-
out  the  column.  The  neural  spines  are
poorly  defined,  but  have  a  generally
rounded  outline.  This  is  almost  certainly
not  their  normal  adult  configuration.  The
length  of  the  neural  spines  and  the  trans-
verse  processes  gradually  decrease  pos-
teriorly.  The  centra  are  crushed  flat,  making
it  difficult  to  estimate  their  original  propor-
tions.  As  preserved,  the  height  is  equal  to,
or  even  greater  than,  the  length.  Although
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no  accurate  measure  can  be  given,  the
centra  appear  unusualK'  sliort  for  a  primi-
tive  reptile.  Unless  the  nature  of  preserva-
tion  is  significantly  different,  these  verte-
brae  seem  to  be  proportionately  much
shorter  than  those  of  Brouffia.

Numerous  intercentra  are  visible  in  the
trunk  region.  All  are  \ery  thin,  narrow
crescents.  The  bases  of  the  centra  are
slightly  notched  for  their  reception.  Unlike
the  condition  in  Ccphalerpeton  and  MB
1901.1379  (described  below),  there  is  no
evidence  that  the  intercentra  formed  a
structurally  significant  part  of  the  column,
or  had  extensive  dorsal  cartilaginous  com-
ponents.  Neither  the  intercentra  nor  the
anterior  or  posterior  rims  of  the  centra
exhibit  specialized  areas  for  the  articulation
of  the  capitular  rib  heads.

It  is  difficult  to  establish  the  number  of
sacral  vertebrae.  The  column  is  slightly
bent  in  this  area,  and  the  elements  are  dis-
articulated.  In  restoring  the  column,  it  ap-
pears  that  all  of  the  neural  arches  are
present,  but  that  at  least  three  pleurocentra
are  missing.  Trunk  ribs  can  be  associated
with  the  first  28  presacral  vertebrae.  The
next  arch  has  a  small  transverse  process
that  almost  certainly  bore  a  small  presacral
rib.  As  the  Broughs  pointed  out,  the  trans-
verse  processes  of  arches  30  and  31  are  con-
siderably  larger.  They  are  in  a  position,
relative  to  the  iliac  blade,  expected  for
sacral  vertebrae.  The  arch  of  the  32nd
vertebra  is  so  crushed  that  the  transverse
processes  cannot  be  seen.  Immediately
adjacent  lies  a  well-developed  sacral  rib.  It
is  of  smaller  size  than  would  be  expected
for  the  principal  sacral  rib  and  has  a  slightly
more  posterior  position.  Dorsal  to  the  arch
of  the  31st  vertebra  is  a  poorly  preserved
bone  of  somewhat  larger  size.  It  might  be
interpreted  as  the  principal  sacral.  In  re-
storing  the  skeleton,  the  size  and  orientation
of  the  iliac  blade  makes  it  extremely  un-
likely  that  there  were  more  than  two  pairs
of  sacral  ribs.  Both  must  have  been  dis-
placed  posteriorly,  and  the  most  anterior
caudal  rib  lost  or  obscured  by  other  bones.

The  13  caudal  \-ertebrae  are  badly
crushed.  The  neural  arches  are  similar  in
configuration  to  those  in  the  trunk  region.
The  ventral  region  of  the  centra  is  not
\ isible.

Ribs  are  present  throughout  the  column.
The  heads  of  the  cervical  ribs  are  con-
spicuously  double-headed.  The  shaft  of  the
first  is  narrow,  fairly  short,  and  flattened.
The  second  through  fifth  are  increasingly
long  and  spatulate.  They  evidently  all  ex-
tended  posteriorly,  more  than  vcntrally.
They  rather  resemble  the  anterior  ribs  of
Seymouria.  The  third  and  fourth  ribs  in  the
type  specimen  of  Brouffia  are  not  preserved.
The  fifth  is  apparently  similar  to  those  more
posterior.  In  Coelosteii,us,  the  sixth  through
19th  are  of  more  or  less  uniform  length.
The  next  six  are  progressively  shorter  and
the  last  four  are  \evy  short.  The  only  well-
preserved  sacral  rib  has  conspicuously
separated  heads  and  a  narrowly  expanded
blade.  The  most  anterior  caudal  rib  is  ap-
parently  missing.  The  next  six  cur\'e  sharply
posteriorly  to  lie  alongside  the  tail.

Elements  of  the  shoulder  girdle  lie  along-
side  vertebrae  two  through  seven.  The
cleithrum  is  a  long,  narrow  rod,  slightly
expanded  along  the  anterodorsal  margin.
The  blade  and  lower  portion  of  the  stem  of
the  c]a\icle  are  considerably  expanded,  al-
though  not  beyond  the  range  that  might  be
expected  of  romeriids.  The  interclavicle
underlies  the  anterior  portion  of  the  column.
The  anterior  margin  is  fimbriated.  The  re-
mainder  of  the  outline  is  difficult  to  estab-
lish,  but  apparently  conforms  to  the  typical
romeriid  pattern.  The  scapula  is  consider-
ably  better  ossified  than  its  counterpart  in
the  type  of  Brouffia.  There  is  a  well-defined
supraglenoid  buttress,  within  which,  ap-
parently,  opened  a  supraglenoid  foramen.
The  ventral  margin  of  the  bone  extends
anteriorly  from  the  centre  of  the  glenoid
area.  One  or  more  coracoid  elements  must
ha^'e  ossified  separately.  Very  limited  por-
tions  of  the  proximal  articulating  surface  of
both  humeri  are  present.  No  diagnostic
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features  are  evident.  None  of  the  distal
elements  of  the  fore  limb  are  present.

The  three  elements  of  the  pelvic  girdle
are  disarticulated.  The  margins  are  partially-
obscured  by  other  bones,  but  they  resemble
in  general  theu'  counterparts  in  other  early
reptiles.  The  medial  surface  of  the  iliac
blade  shows  a  series  of  linear  grooves  for
the  attachment  of  epaxial  musculature.  The
size  and  configuration  of  the  ilium  corre-
sponds  almost  exactly  with  that  of  an  iso-
lated  pelvic  girdle  from  Florence,  Nova
Scotia  (  Fig.  14D  )  .  This  is  definitely  distinct
from  the  ilium  of  Paleothyris  in  the  width
of  the  blade.  This  suggests  the  presence
of  a  second,  rare,  romeriid  genus  within  the
tree  stump  fauna.  Only  the  proximal  por-
tion  of  the  femur  is  preserved.  The  texture
of  the  surface  indicates  an  immature  stage
of  development.  Enough  of  the  shaft  is
present  to  indicate  that  the  total  length  did
not  exceed  20  cm,  roughly  equivalent  to  the
length  of  five  trunk  centra.

The  numerous  ventral  scales  are  similar
to  those  observed  in  the  type  of  Brouffia
and  Cephalerpeton.  They  form  a  continu-
ous,  wide,  but  thin  covering  from  the  pec-
toral  to  the  pelvic  girdle.  There  are  at  least
five  rows  of  scales  on  each  side.  There  is
no  trace  of  dorsal  scales.

Discussion.  The  configuration  of  the  pos-
terior  bones  of  the  skull  roof  and  the  propor-
tions  of  the  vertebral  centra  suggest  that
this  specimen  is  taxonomically  distinct  from
all  other  Pennsylvanian  romeriids.  It  re-
sembles  the  Lower  Permian  genus  Pro-
torothijris  in  some  features  of  the  skull,  but
the  vertebrae  appear  quite  different.  The
specific  phylogenetic  position  of  Coelostegus
is  difficult  to  establish  on  the  basis  of  this
specimen,  since  it  is  immature  and  lacking
most  of  the  limb  elements.

Although  immature,  the  trunk  region
alone  is  120  millimeters  in  length.  If  the
low  degree  of  ossification  is  indicative  of
immaturity,  the  adult  size  would  probably
be  in  excess  of  that  in  all  other  Pennsyl-
vanian  romeriids  but  comparable  to  that  of
the  Lower  Permian  members  of  the  family.

Humboldt  Museum  1901.1379

A  further  specimen  which  came  from  the
Nyfany  locality  may  be  discussed  here.  It
consists  of  16  posterior  trunk  vertebrae,  the
sacral  and  associated  ribs  and  limb  material
(Fig.  8).  This  specimen  (No.  1901.1379)
from  the  Humboldt  Museum  in  Berlin,  is
from  a  much  larger  animal  than  any  of
the  previously  described  Pennsylvanian
romeriids  and  even  exceeds  the  size  of  the
Lower  Permian  members  of  the  family.
The  bones  are  well  ossified,  suggesting  an
adult  condition.  As  restored,  this  section
of  the  presacral  column  would  be  120  mm
in  length.  Given  a  typical  romeriid  length
of  31  or  32  presacrals,  the  entire  trunk
region  would  be  approximately  240  mm
long.

Despite  being  well  ossified,  the  vertebrae
display  a  distinct  suture  between  arch  and
centmm.  The  neural  arch  is  squarish  in  out-
line,  as  might  be  expected  in  adult  speci-
mens  of  the  preceding  two  species,  but  the
two  sides  are  solidly  fused  at  the  midline.
The  arches  are  not  swollen.  The  transverse
processes  extend  a  short  distance  laterally
from  the  base  of  the  pedicel.  The  articu-
lating  surfaces  face  obliquely  ventro-
laterally.  The  centra  are  well-developed,
deeply  amphicoelous  cylinders.  Laterally,
they  are  deeply  concave.  Ventrally  they  are
notched  to  provide  space  for  large,  crescentic
intercentra.  The  dorsal  area  of  the  posterior
rim  of  the  more  posterior  centra  is  recessed  to
receive  the  anterior  margin  of  the  next  suc-
ceeding  vertebra.  As  restored  there  is  a
considerable  gap  between  the  intercentrum
and  this  dorsal  articulating  area.  It  is  prob-
able  that  the  sides  of  the  intercentra  ex-
tended  a  considerable  distance  dorsally  in
cartilage.  This  form  illustrates  an  advanced
stage  in  the  reduction  of  the  intercentra
from  the  condition  in  anthracosaurs  to  the
definitive  reptilian  configuration.

Numerous  ribs  are  present  in  the  block.
At  least  as  far  back  as  the  fourth  vertebra
anterior  to  the  sacrum,  they  are  similar  to
those  in  the  trunk  region  of  most  early
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tetrapods.  In  their  great  length  relative
to  the  size  of  the  vertebrae,  they  resemble
those  of  pelycosaurs  more  than  those  of
typical  romeriids.  The  length  of  the  pos-
terior  ribs  shortens  gradually.  The  last
presacral  rib  is  apparently  only  slightly
longer  than  a  single  centrum.  Where  pres-
ent  the  rib  heads  are  typically  double-
headed.  The  capitulum  must  have  articu-
lated  with  the  dorsal,  cartilaginous  portion
of  the  intercentrum.  A  single  massive  sacral
rib  is  preserved.  The  head  has  two  articu-
lating  surfaces  set  at  a  slight  angle  to  each
other  and  separated  by  only  a  short  gap.
The  shaft  narrows  only  slightly  before  ex-
panding  again  as  a  simple  blade.  Its  nat-
ural  orientation  and  distal  extent  is  ob-
scured  by  crushing.  The  first  presacral
vertebra  is  visible  only  in  anterior  view,  so
it  is  not  possible  to  determine  the  nature
of  the  articulation  of  the  capitular  head  of
the  sacral  rib.

Neither  any  part  of  the  shoulder  girdle
nor  the  humerus  is  preserved.  The  radius
and  ulna  resemble  those  of  CephaJerpeton
and  Anthracodromeus  in  being  long,  lightly
built,  and  with  the  articulating  surfaces  ill
defined.  The  radius  is  the  length  of  four
trunk  centra.  The  ends  are  flattened  and
expanded  to  about  an  equal  extent.  The
ulna  is  only  slightly  longer  and  the  olecra-
non  little  ossified  and  poorly  preserved.

The  carpal  bones  are  preserved  in  es-
sentially  their  natural  position.  They  are
well  ossified,  but  crushing  has  made  deter-
mination  of  their  original  outlines  difficult
to  establish.  Eleven  bones  can  be  rec-
ognized.  The  specific  identity  of  some  is
in  doubt  owing  to  partial  disarticulation
and  the  fact  that  the  margins  are  somewhat
obscured  by  other  bones.  A  bone  that  is
probably  the  pisiform  is  the  furthest  from
its  natural  position,  lying  more  than  a  centi-
meter  to  the  left  of  the  other  bones.

The  elements  can  be  reassembled  with
little  likelihood  of  serious  error  to  a  pattern
similar  to  that  of  the  romeriid  Paleothyris
and  most  pelycosaurs  (Romer  and  Price,
1940,  fig.  40).  The  configuration  of  the

individual  bones  is  distinct  from  that  of
Paleotliyris,  but  without  more  knowledge
of  the  range  of  variability  in  the  configura-
tion  of  the  carpus  in  romeriids,  it  is  not
possible  to  establish  whether  the  pattern
seen  in  this  specimen  is  sufficiently  differ-
ent  to  suggest  assignment  to  a  different
family.

The  radiale  is  oval  in  outline,  the  dorsal
surface  somewhat  flattened.  The  distal
articulating  surface  of  the  radius  is  slightly
concave  and  considerably  wider  than  the
radiale,  with  the  lateral  portion  apparently
resting  on  the  intermedium.  As  in  other
primitive  reptiles,  the  intermedium  has
distinct  articulating  surfaces  for  the  radius
and  ulna,  which  are  set  at  approximately  a
45-degree  angle  to  one  another  and  sepa-
rated  by  a  notch.  The  ulnare  is  by  far  the
largest  carpal.  The  proximal  articulating
facet  is  obscured,  but  was  probably  es-
sentially  horizontal.  The  medial  surface  is
incised  to  form  the  margin  of  the  perforating
foramen.  In  contrast  with  the  condition  in
Paleothyris,  this  opening  is  bordered  medi-
ally  by  the  intermedium,  rather  than  by  the
lateral  centrale.  The  ulna  articulates  with
the  lateral  centrale  by  a  well-developed,
medially  facing  facet.  Little  of  the  lateral
centrale  is  visible,  but  this  bone  appears
to  be  relatively  smaller  than  its  counterpart
in  Paleothyris.  The  medial  centrale  is  only
tentatively  distinguished  from  a  number  of
distal  bones.

At  least  the  proximal  portions  of  all  the
metacarpals  can  be  seen  in  their  normal
sequence.  The  fourth  is  complete  and
slightly  more  than  half  the  length  of  the
radius.  The  first  is  very  short.  A  tentative
restoration  of  the  hand  is  shown  in  Figure
8D,  although  fragments  of  only  four
phalanges  are  visible.  A  single  ungual  is
seen  in  ventral  view.  It  is  sharply  pointed
and  has  a  pronounced  keel  ending  in  a
large  knob  for  the  attachment  of  ligaments
for  retraction.

Except  for  a  fragment  of  bone  lying
beneath  the  end  of  the  femur,  none  of  the
pelvic  girdle  is  preserved.  The  femur  itself
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Figure 9. Skull of Hylonomus /ye///, in dorsal and lateral
views. X 0.75.

is  \ery  incomplete.  It  was  clearK'  heavily
built,  but  no  structural  details  can  be  as-
certained.

Scales  are  scattered  throughout  the  block.
They  appear  quite  large,  but  not  sur-
prisingly  so  for  such  a  large  animal.

Discussion.  The  taxonomic  position  of
this  specimen  is  difficult  to  establish.  Since
there  are  still  comparati\  ely  few  reptiles
known  from  the  Carboniferous,  it  seems
worthwhile  to  publish  this  account  even
though  the  remains  are  xery  incomplete
and  the  affinities  of  the  animal  uncertain.
There  is  little  question  but  that  this  speci-
men  is  a  reptile,  at  least  as  that  term  is
broadly  used.  The  relatixeh"  large  size  of
the  animal  suggests  comparison  \\  ith  Soleno-
donsaunis.  Although  the  general  xertebral
proportions  are  similar,  the  intercentrum
was  apparenth"  not  greath-  extended  in

cartilage  in  Solcnodoiisaurus,  nor  are  there
special  articulating  surfaces  on  the  dorsal
margins  of  the  pleurocentra.  The  propor-
tions  of  the  ulna  and  radius  are  entirely  dif-
ferent  in  the  t\vo  forms.

The  proportions  of  the  radius  and  ulna
also  distinguish  it  from  Brouffia.  It  is  more
difficult  to  compare  it  with  Coelostegus
prothcdes  because  of  the  paucity  of  cor-
responding  elements.  The  low  degree  of
ossification  of  the  \ertebrae  in  that  speci-
men  makes  it  difficult  to  compare  their
configuration  w  ith  the  more  mature  animal
from  the  Berlin  Museum.  The  extent  of  the
intercentra  and  the  proportions  of  the
pleurocentra  are  (juite  different,  but  these
might  change  with  increasing  maturit)'.  The
position  of  the  articulating  facet  for  the
capitulum  is  apparenth'  similar  in  the  two
fomis.  Since  there  are  few  corresponding
elements  in  the  appendicular  skeleton,  there
is  not  sufficient  evidence  to  establish
whether  or  not  thc\'  might  be  included  in
the  same  genus.

Outside  the  Xyfany  fauna,  perhaps  the
closest  comparison  can  be  made  with  Ce-
phaJerpeton,  which  also  had  extensixe  in-
tercentra,  squarish  neural  spines,  and  long
epipodials.  The  vertebral  features  are  typi-
cal  of  a  wide  range  of  primitixe  tetrapods,
and  long  epipodials  ha\e  e\olved  in  many

Figure 10. Skull of Paleoihyris acadiana in dorsal, palatal, and occipital views. X 2.
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Figure 11. Skeletal reconstruction of Pennsylvanian romeriids. A. Hy/onomus lyelli — Westphalian B. B. Cephalerpeton
ventriarmatum — Westphalian D. C. Paleothyris acadiano — Westphalian D. D, Anfhrocodromeus /ong/pes — Westphalian
D. E. BrouffiG orientalis — Westphalian D. F. Coe/osfegus prothales — Westphalian D. Scale indicated on figures.

groups.  The  relatively  great  size  suggests
comparison  with  pelycosaurs,  but  no  sig-
nificant  similarities  with  any  member  of
that  group  have  been  recognized.  Without
cranial  material,  not  even  the  order  to  which
this  specimen  belongs  can  be  established
with  certaint\\

RECONSTRUCTIONS
Reconstructions  of  the  skeleton  and  flesh

have  been  made  of  the  six,  more  or  less
completely  known,  Pennsylvanian  romeriids
(Figs.  11  and  12).  In  terms  of  body  size
and  general  proportions,  all  fall  within  the
range  exhibited  by  small,  iguanid  lizards
(excepting  Fhnjnosoma).  This  is  reflected
in  the  restorations.  Feeding  patterns  and

general  ecology  were  probably  broadly
comparable  as  well.  The  only  feature  that
is  shown  as  distinguishing  these  genera
from  lizards  is  the  nondivergence  of  the
fifth  digit  of  the  foot.  Since  the  footprints
of  some  Paleozoic  forms  (e.g.,  Dromopus)
show  a  divergence  of  the  fifth  digit,
romeriids  may  have  resembled  modern
lizards  in  this  feature  as  well.

The  known  body  proportions  of  romeriids
appear  to  follow  a  sufficiently  restricted
range  of  variation  that  missing  elements
(e.g.,  the  rear  limbs  of  Cephalerpeton  and
the  distal  extremities  of  Coelostegus)  can
be  restored  \\'ith  a  fairly  high  degree  of
confidence.  The  extent  of  the  tail  is  not
known  in  any  romeriids.  In  analogy  with
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typical  pelycosaiirs  and  modem  lizards,  it
is  sho\\ii  approximately  as  long  as  the  trunk
region.  All  are  shown  lacking  epidermal
scales,  since  they  are  kno\\n  to  be  missing
in  CepJialerpeton.

The  particular  poses  are  copied  from  a
variety  of  iguanids  illustrated  in  Smith's
HandhooJ<  of  Lizards  (1946).  The  nature
of  preser\'ation  and  geiierally  low  degree  of
definition  of  the  extremities  of  the  ]iml)s
and  articulating  surfaces  of  the  girdles
make  it  impossible  to  define  the  range  of
limb  positions  in  the  romeriids,  but  the  pos-
tures  exhibited  here  could  be  assumed  with-
out  doing  Aiolence  to  the  known  anatomy.

DISCUSSION

Variation  among  Pennsylvanian  Romeriids

Six  romeriid  genera  from  the  Fenns\  1-
xanian  are  kno\\'n  from  almost  complete
skeletons.  The  remains  of  Arclierpcton

(  \\hich  are  substantially  smaller  than  those
of  other  Pennsylvanian  romeriids  )  and  MB
1901.1379  (which  are  significant])  larger)
are  much  less  complete,  and  will  not  be
included  in  this  discussion.  The  position
of  Bwuffia  orientoJis  is  considered  on  the
basis  of  the  characters  shown  in  the  single,
immature  specimen,  although  it  is  conceiv-
able  that  they  are  altered  somewhat  in  the
adult.

W  ith  the  possible  exception  of  the  rcla-
ti\e  skull  size,  in  which  the  Czechoslo\'akian
genera  differ  from  the  North  American
forms,  there  is  no  consistent  pattern  evident
in  terms  of  either  geographic  or  temporal
distribution,  at  least  among  the  characters
listed  (Tabic  1).  The  presence  of  a  single
pair  of  sacral  ribs  is  certainly  more  primi-
ti\('  than  two  pairs,  and  a  large  number  of
maxillary  teeth  is  more  primiti\e  than  a
reduced  number.  On  the  basis  of  the
know))  speci)ncns,  there  are  no  consistent
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Figure 12. Flesh reconstruction of Pennsylvanian romeriids. A. Hylonomus lyelli; B. Cephalerpeton ventriarmatum; C.
Paleothyrii acadiana; D. An(firacodromeus longipes; E. Brouftia orientalis; F. Coe/ostegus prothales. X 0.5.

trends  evident  in  either  overall  body  size
or  in  the  speeific  number  of  presacral
vertebrae.  If  a  low  degree  of  ossification
can  safely  be  correlated  with  immaturity
and  body  size  significantly  less  than  that
of  adults,  mature  specimens  of  Cephalerpe-
ton,  Brotiffia,  and  Coelostegus  may  be  con-
siderably  larger  than  the  ones  known.  The
proportionately  larger  skull  size  in  the  latter
two  genera  may  also  be  correlated  with  the
larger  absolute  body  size.  The  pelycosaurs,
for  instance,  typically  have  proportionately

larger  skulls  than  romeriids.  If  early
Permian  romeriids  are  considered  as  well,
the  family  does  show  a  general  increase  in
size  through  time.  Mature  skulls  from  the
Redbeds  of  Texas  range  from  50  to  60  mm
in  length.  Very  roughly,  there  is  a  doubling
in  size  throughout  the  history  of  the  family.

In  comparison  with  size  increase  observed
among  pelycosaurs  during  a  comparable
time  interval,  romeriids  appear  quite  con-
servative.  It  is  probable  that  the  definable
features  of  the  family  are  closely  related
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to  absolute  body  size.  Adjustments  for
great  increase  in  bulk  would  probabK'  lead
to  sufficiently  extensive  reorganization  of
the  skeleton  for  support  and  of  the  skull  in
relationship  to  feeding  that  the  resultant
form  would  have  to  be  recognized  as  a
member  of  a  distinct  family.

Earl}'  pelycosaurs  (see  Reisz,  1972)  may
be  considered  romeriids  grown  large.  It
is  probable  that  once  pelycosaurs  had  dif-
ferentiated  in  the  early  Pemisylvanian,
specialization  b\'  simple  increase  in  size
\\'as  strictly  limited  in  later  romeriids.

Within  the  limits  of  small,  insecti\orous
primitixe  reptiles,  the  most  significant
specialization  among  romeriids  occurred  in

the  dentition  and  limb  proportions.  Both
may  be  associated  with  pursuit  and  capture
of  particular  prey.  There  is  no  consistent
correlation  bet\\'een  particular  specializa-
tions  of  any  of  the  romeriid  genera  and  their
specific  mode  of  preser^'ation.

The  pattern  of  the  skull  roof  is  very  con-
servative.  The  most  significant  change  is
seen  in  Coeloste<i,iis,  in  which  the  posterior
margin  is  deeply  embayed.  This  max'  be
correlated  with  an  anterior  extension  of  the
axial  iiuisculature  to  give  more  efficient
control  to  movement  of  the  head.  An
analogous,  but  not  exactly  equixalent,
specialization  is  seen  in  the  Lower  Permian
genus  Fruturollnjris.
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Table  1.  Measurements  of  Penxsylvanian  romhhiid.s  (uased  in  all  cases  on  the  type  specimens).
Archerpeton  and  MB  1901.1379  not  included.

c ""

y. /: g

Hijlonomiis hjclli
BM(NH)
R.4168

Cephalcrpeton'
ventriarmatum
YPM 796

Pah'othtpis
acadiana
MCZ 3481

Anthracodromciis
longipes
AMNH 6940

Brouffia
oriental is^
CGll  IIIB.
21.C.587
MP 451

Coelostegus
prothales^
CGH  3027

35

16

35

-  25.5

20

15

22  11  12

6  10

32  2  89  27.2  31%  13

10

8.5  14

51  1 80 20.5  8 10.2 11.3  18.5  10

26  31 89

26+  29  2  104

32.4  36%

40  38%

14.6  5 10

12

11.2  15.8  11.6  13.1

 ̂Poorly ossified, iiresumably immature specimen.
- Length of humerus measured in terms of number of trunk vertebrae.

Stratigraphic  Distribution  and  Depositional
Environment  of  Romeriid  Fossils

Ronieiiids  are  known  from  at  lea.st  tliree
ba.sic  depositional  environments:  Hylono-
nius  and  Palcothyris  from  npright  trees;
Cephalerpeton,  Anthracodr  omens,  Brouffia,
and  Coelostepis  from  coal  swamp  deposits;
and  the  Lower  Permian  genera  from  tlie
redbeds  of  a  liuge  delta  complex.  The  rela-
tive  abundance  of  the  specimens  in  each
type  of  deposit  is  significant.  The  tree
stump  genera  are  relatively  common  ele-
ments  in  their  respective  faunas.  All  of  the
genera  from  the  coal  swamps  are  repre-
sented  by  single  specimens.  Tetrapods  of
any  sort  are  rare  at  Mazon  Creek,  so  the
presence  of  a  single  reptile  is  no  measure
of  its  original  frequency.  The  deposits  at
Linton,  Ohio,  and  Nyfany,  Czechoslovakia,

are  extremely  rich  in  aquatic  and  semi-
aquatic  forms,  suggesting  that  the  few
romeriids  are  exotics,  preserved  by  chance.
Five  romeriid  genera  may  be  recognized  in
the  Lower  Permian  of  Texas  (see  Watson,
1954  )  .  Three  are  known  from  unique  speci-
mens.  Romcria  is  known  from  two  individ-
uals,  and  F  rotor  othijr  is  from  five,  all  from
a  single  locality.  In  comparison  with  the
rich  fauna  of  both  reptiles  and  amphibians
in  the  Texas  beds,  romeriids  are  very  rare
elements.

Numerous  specimens  of  Melanothyris
are  known  from  a  single  locality  in  the
Dunkard  Group  of  Pennsylvania,  roughly
equivalent  in  age  to  the  Wichita  beds  in
Texas.  All  the  individuals  are  small,  pre-
sumably  immature,  and  come  from  a  single
block  of  freshwater  limestone.  Except  for
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the  smaller  size  of  the  specimens,  Mclano-
thijris  is  \ery  similar  to  ProforotJiijris  and
ma\  not  be  genericalh"  distinct.  The  pres-
ence  of  a  large  number  of  indixiduals  in  a
definiteh-  acjuatie  deposit  is  difficult  to  ex-
plain,  in  liuht  of  the  apparent  terrestrial
habits  of  all  the  other  members  of  the

group.
The  frequenc\-  of  earh"  romeriids  in  tree

stump  faujias  certainh'  reflects  their  ter-
restrial  habits.  The  relatixe  diversit}'  in
terms  of  genera,  but  raritx"  of  indixiduals
in  later,  essentialh'  aquatic  deposits  sug;-
gests  that  the  famih-  remained  a  dominant
element  of  the  Middle  Penns>l\anian  fauna.
but  probabh"  remained  more  common  in  a
more  ten-estrial  enxironment.  The  complete
absence  of  romeriids  in  the  Stephanian  de-
posits  of  acjnatic  and  deltaic  nature  is  sur-
prising.  Reptiles  and  e\en  amphibians  of
that  age  are  comparatixely  rare,  but  most
faunal  elements  are  represented,  at  least  b>
fragments.

The  subsequent  rarit\'  of  romeriids  in  the
^^'ichita  Group  and  their  absence  in  the
later  Clear  Fork  Group  of  the  Texas  Lower
Permian  apparently  indicate  a  marked  re-
duction  from  their  original  frequency  in  the
earh'  and  middle  Pennsylvanian.  The  gen-
eralized  reptilian  habitus  originally  defined
by  the  romeriids  was  apparenth"  usurped  b\-
a  host  of  deri\ati\e  groups,  each  more  suc-
cessful  in  some  portion  of  the  environment.
Romeriids  ma>,  however,  have  remained
relatively  common  in  more  upland  enxiron-
ments  than  are  represented  in  either  the
t\pical  Stephanian  or  Lower  Permian  de-
posits.  Certainly  some  lineages  must  have
survived  into  at  least  the  Middle  Permian
to  give  rise  to  eosuchians  and  possibh"  to
ancestral  archosams.

The  absence  of  romeriid  fossils  prior  to
the  early  Pennsxhanian  Joggins  horizon
mav  be  attributed  to  the  absence  of  any  de-
posits  reflecting  a  sufficiently  terrestrial  en-
vironment  in  till'  latest  Mississippian  or
earliest  Pennsylvanian.  The  slighth  more
primitive  features  of  Hijlonomus.  particu-
larl\-  in  the  structure  of  the  atlas-axis  com-

plex  and  in  the  absence  of  well-defined
tooth  rows  on  the  palatal  elements,  suggest
that  the  group  had  only  recently  exolved
troiii  some  distinguishabh'  more  primitive
famih  of  reptiles.  The  subsequent  evolu-
tion  of  the  famih'  is  consistent  with  dif-
ferentiation  of  all  major  lineages  no  earlier
tlian  the  c^arh'  Penns\'l\anian.

Geographical  Distribution

The  discox  er\  of  romeriids  from  Czecho-
sloxakia  xery  much  extends  the  range  of  a
group  that  xvas  originally  knoxxn  only  from
North  America.  Although  Broiiffia  and
Cocloste<j,us  are  clearly  distinct  from  all
described  Xexv  ^^'orld  genera,  they  are  not
particularlx'  closely  related  to  each  other,
nor  gixe  any  ex'idence  that  their  ex'olution
had  proceeded  in  isolation  from  that  un-
dergone  by  the  North  American  forms.
There  is,  in  fact,  no  consistent  correlation
betxxeen  the  geographic  distribution  of  the
knoxx'n  specimens  and  their  taxonomic  re-
lationship.  Genera  from  Texas,  Illinois,
Ohio,  Pennsylvania,  Noxa  Scotia,  and
Czechosloxakia  appear  to  represent  a  single
exolxing  complex  that  xxas  essentially  xvorld-
xvide  in  range.  No  romeriids  are  knoxxn
from  an\'\x'here  in  the  southern  hemisphere.
In  \iex\  of  the  rarity  of  other  tetrapods  dur-
ing  the  appropriate  period  of  time,  this  is
hardly  suiprising.  Indirect  exidence  of  the
famih"  in  the  land  masses  noxv  recognized
as  South  America  and  Africa  is  proxided
bx'  the  presence  of  mesosaurs,  xxhich  cer-
tain  1\-  exolxed  from  primitive  romeriids,  as
xvell  as  primitixe  eosuchians.

Inferrelationships  of  Pennsylvanian
Romeriids

Sexeral  lineages  may  be  recognized
among  the  Pennsylxanian  romeriids  (Fig.
13  )  .  A  central  stock  consists  of  the  genera
Hijlonomus  (Figs.  9  and  llA)  from  the
Westphalian  B  and  Palcothijns  (Figs.  10
and  UC)  from  the  Westphalian  D,  xvhich
gave  rise  to  the  earh'  Permian  fonns
Mclanotlujris  and  Protorothijris.  The  denti-
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Figure 13. Phylogeny and sfratigraphic distribution of romeriids. Numbers indicate unnamed MCZ specimens.

tion  remains  similar  throughout  this  group.
The  overall  body  size  inereases  and  the
neural  spines  become  elongate.  The  rela-
tive  length  of  the  limb  elements  increases
somewhat.  The  presence  of  only  a  single
sacral  rib  and  a  primitively  large  distal

articulating  surface  of  the  tibia  suggest  that
Broitffia  diverged  from  this  lineage  in  the
early  Pennsylx'anian.  Coelostegus,  in  con-
trast,  appears  as  advanced  as  the  Permian
members  of  the  family.  The  apparent  short-
ness  of  the  vertebral  centra  and  the  large
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size  of  the  siipratemporal  and  siiuill  post-
parietal  indicate  tluit  it  is  not  direetK'  an-
cestral  to  tliese  forms,  liowever.

The  dentition  of  Cephalerpeton  clearly
distinguishes  this  genus  from  all  other  mem-
bers  of  the  family.  It  presumal)l\"  exolved
from  HyJononuis  or  other  early  Pennsyl-
xanian  members  of  the  central  lineage.  The
dentition  is  too  specialized  to  suggest  the
ancestry  of  any  later  forms.  It  is  comparable
with  that  seen  in  some  of  the  small  car-
ni\()rous  pelycosaurs.

Anthracodromeus  represents  another  di-
vergent  group.  The  peculiar  nature  of  the

neural  spines  and  the  great  elongation  of
the  limbs  is  matched  in  an  undescribed
specimen  Irom  the  Lower  Permian  of  Texas.
There  is  no  evidence  that  this  particular
lineage  gave  rise  to  any  later  reptilian
groups.  The  relationships  of  romeriids  \\  itli
other  primitive  reptiles  was  discussed  w  itli
the  descriptions  of  PaleotJiyris  (Carroll,
1969a)  and  Batropetes  (Carroll  and  Gaskill.
1971).  The  knowledge  of  additional  Penn-
syhanian  romeriids  does  not  substantially
alter  the  conclusions  reached  in  those

papers.
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Figuie 14. [Fold out). A. fieiiofotion of the ikelelon of Ar\throcodromeii% fongipei. X 2. B. Coefoifegbrs prothalei typeCGH 3027. X 1.5. C. Retlototlon ol oxiol siteleton ond girdlei of Coeloifegus prolhahi. X 1-5. D. Ilium of romeriidIfOffl Floience, Novo Seotlo. MCZ 4109. X 1-5.





Carboniferous  Stem-reptiles  •  Carroll  and  Baird  361

Plate 1. Latex cast of Cephalerpeton ventriarmatum. Scale indicated on figure.
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Plate 2. Stereo pairs of Cephalerpefon. Upper, Skull; Lower, Skeleton. Scale indicated on figure.
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