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Abstract

Two species of Esthonyx—E. bisulcatus and E. acutidens—are recorded from the Lysite
Member,  and  the  Red  Creek  Facies  and  Lost  Cabin  Member,  respectively,  of  the  Wind
River  Formation.  Trogosus,  hitherto  unknown from this  formation,  has  been recovered
from two localities  in  the upper part  of  the Lost  Cabin Member.  The first  occurrence of
Trogosus, along with that of other typical Bridgerian mammals, marks the Wasatchian-
Bridgerian boundary and, in part, defines the Gardnerbuttean (earliest Bridgerian) subage.
A  reconstruction  of  the  phylogenetic  relationships  of  North  American  and  Asian  tillo-
donts suggests that the North American genera Esthonyx, Megalesthonyx, and Trogosus
may have had independent origins from among Asian tillodonts.

Introduction

Tillodonts  were  among  the  first  fossil  mammals  reported  from  the
Wind  River  Basin.  Of  the  two  species  Cope  (1880,  1881)  named  from
the  Wind  River  ¥orm  2  it\on—  Esthonyx  acutidens  and  E.  spatularius—
the  type  of  the  latter  appears  to  have  come  from  the  Bighorn  Basin
(Gazin,  1953).  Subsequently,  excellent  material  of  E.  acutidens  from
the  Boysen  Reservoir  area.  Wind  River  Basin  (White,  1952),  was  stud-
ied  by  Gazin  (1953)  in  his  major  review  of  the  Tillodontia.  He  formally
recognized  E.  bisulcatus  Cope,  1874  and  E.  acutidens  from  the  “Lysite”
and  “Lost  Cabin”  beds,  respectively,  of  the  Wind  River  Formation  —
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a  conclusion  corroborated  in  subsequent  reviews  (Kelley  and  Wood,
1954;  Guthrie,  1967,  1971)—  and  suggested  that  E.  acutidens  may  also
occur  in  the  Lysite  Member.  Gingerich  and  Gunnell  (1979),  in  the  last
major  treatment  of  tillodont  systematics  and  evolution,  did  not  specify
the  biostratigraphic  occurrences  of  either  species  in  particular  basins.
They  reported  E.  bisulcatus  from  Lysitean  and  Lostcabinian  aged  ho-
rizons,  and  E.  acutidens  from  “Lost  Cabin  beds  and  equivalents”  (p.
146)  and  early  Bridgerian  horizons  in  western  North  America.  Im-
portantly,  Trogosus  has  never  been  reported  from  the  Wind  River
Formation.

Since  Guthrie’s  (1967,  1971)  work,  20  specimens  from  the  Lysite
Member  (nine  localities),  34  from  the  Lost  Cabin  Member  (12  local-
ities),  and  two  from  the  Red  Creek  Facies  (two  localities;  Stucky,  1983)
have  been  added  to  the  sample  of  tillodonts  from  the  Wind  River
Formation.  Two  of  the  specimens—  from  the  Lost  Cabin  Member—
represent  Trogosus,  and  the  remainder,  Esthonyx.  Four  of  the  localities
(CM  loc.  34;  UCM  loes.  80101,  81028,  79040),  all  in  the  upper  part
of  the  Lost  Cabin  Member,  are  earliest  Bridgerian  (=Gardnerbuttean,
Robinson,  1966)  rather  than  latest  Wasatehian,  according  to  biostrati-
graphic  evidence  presented  here  and  elsewhere  (Stucky,  1982,  1983;
Krishtalka  and  Stucky,  1983).  This  conclusion  is  reflected  in  the  “known
occurrence”  data  in  the  systematic  section  below.

Abbreviations  in  text  and  tables  are  as  follows:  AMNH,  American  Museum  of  Natural
History;  CM,  Carnegie  Museum  of  Natural  History;  IVPP,  Institute  of  Vertebrate  Pa-
leontology  and  Paleoanthropology,  People’s  Republic  of  China;  UCM,  University  of
Colorado  Museum;  Loc.,  locality.

Systematics

Order  Tillodontia  Marsh,  1875
Family  Esthonychidae  Cope,  1883

Gazin  (1953)  and  Gingerich  and  Gunnell  (1979)  have  reviewed  the
taxonomic  history  of  tillodonts.  Five  North  American  genera  are  gen-
erally  vQcognizQd—  Esthonyx  Cope,  1874;  Trogosus  Leidy,  1871;  An-
chippodus  Leidy,  1868;  Tillodon  Gazin,  1953;  Megalesthonyx  Rose,
1972.  Esthonyx  has  been  reported  from  the  Clarkforkian,  Wasatehian,
and  earliest  Bridgerian,  Trogosus  and  Tillodon  only  from  the  Bridg-
erian,  and  Megalesthonyx  from  the  late  Wasatehian.  The  age  of  An-
chippodus,  although  suggested  to  be  Bridgerian  (Gazin,  1953),  cannot
be  determined  from  present  evidence.

One  esthonychid,  E.  munieri  (Lemoine,  1889)  is  known  from  the
Sparnacian  or  Cuisian  of  the  Paris  Basin,  and  four  have  been  reported
from  the  early  Tertiary  of  China.  Two  of  these,  Lofochaius  Chow  et
al.,  1973,  and  Meiostylodon  Wang,  1975,  are  early  or  middle  Paleocene



1983 Stucky  and  Krishtalka—Wind  River  Faunas,  4 377

in  age,  (Li  and  Ting,  1983),  whereas  Kuanchuanius  Chow,  1963,  and
Adapidium  Young,  1937,  come  from  middle  and  late  Eocene  horizons,
respectively.  Basalina  Dehm  and  Oettingen-Spielberg,  1958,  from  the
middle  Eocene  of  Pakistan,  may  be  an  esthonychid  (Gingerich  and
Gunnell,  1979;  Lucas  and  Schoch,  1981).

Est  hony  X  CopQ,  1874

Gazin  (1953)  recognized  five  North  American  species  of  Esthonyx,
which  from  stratigraphically  oldest  to  youngest  are:  E.  granger!  Simp-
son,  1937;  E.  latidens  Simpson,  1937;  E.  spatularius  Cope,  1880  (all
Ciarkforkian  and  Graybullian,  Bighorn  Basin);  E.  bisukatus  Cope,  1874
(Graybullian  and  Lysitean,  Bighorn.,  Wind  River,  San  Juan  and  Pice-
ance  basins);  E.  acutidens  Cope,  1881  (?Lysitean  and  Lostcabinian,
Bighorn,  Wind  River,  Washakie  and  Piceance  basins).  He  also  iden-
tified  Esthonyx  sp.  from  the  Lostcabinian  part  of  the  Huerfano  For-
mation,  the  Cathedral  Bluffs  Tongue  of  the  Wasatch  Formation  and  the
Lysitean  of  the  Knight  (^Wasatch)  Formation.

Gingerich  and  Gunnell  (1979)  added  two  new  species  of  Esthonyx—
E.  xenicus  and  E.  ancylion—  from  the  Ciarkforkian  of  the  Bighorn
Basin,  synonymized  E.  latidens  with  E.  grangeri,  and  redefined  the
hypodigms  of  the  other  North  American  species.  Part  of  the  hypodigm
of  E.  xenicus  includes  specimens  previously  referred  to  E.  spatularius
and  E.  bisukatus.  They  posited  two  lineages  of  Esthonyx  in  Ciarkfor-
kian  and  Wasatchian  strata  of  western  North  America.  Species  in  the
first  lineage—  xenicus-E.  ancylion-E.  grangeri—  l^ck  symphysial  fu-
sion,  retain  a  double-rooted  P  2  ,  have  non-overlapping  stratigraphic
ranges,  and  increase  in  size  anagenetically.  Species  composing  the  sec-
ond  lineage—  spatularius-E.  bisukatus-E.  acutidens—  hmc  a  fused
mandibular  symphysis,  a  single-rooted  P  2  ,  and  show  an  anagenetic
increase  in  size  and  hypsodonty.  According  to  Gingerich  and  Gunnell
(1979)—  spatularius  and  E.  bisukatus  do  not  overlap  in  range;  spec-
imens  that  are  intermediate  in  age  are  also  morphologically  interme-
diate  and  tentatively  referred  to  the  former,  with  the  provision  that
they  may  represent  a  new,  intermediate  species;  and  finally,  the  rela-
tionship  between  E.  bisukatus  and  E.  acutidens  is  less  clear,  because
they  are  contemporaneous  in  the  middle  and  upper  part  of  the  Hep-
todon  Range-Zone  of  the  Bighorn  Basin  (Schankler,  1980).

The  E.  xenicus  lineage  begins  in  the  early  Ciarkforkian,  and  the  E.
spatularius  one  at  the  onset  of  the  Wasatchian.  When  the  two  lineages
are  compared,  there  is  significant  overlap  in  size  between  E.  spatularius
and  E.  xenicus-E.  ancylion,  and  between  E.  bisukatus  and  E.  ancylion.
Thus,  it  is  difficult  to  identify  specimens  of  similar  size,  unless  they
preserve  the  mandibular  symphysis  and/or  anterior  premolars.  Ac-
cordingly,  we  suggest  additional  diagnostic  features,  given  that  the  fig-
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ures  and  descriptions  in  Gingerich  and  Gunnell  (1  979)  accurately  reflect
the  range  of  intraspecific  morphologic  variation.  The  E.  xenicus-an-
cylion-grangeri  group  may  be  characterized  by  inflated  metaconids,
appressed  paraconids  and  metaconids  and  low  paracristids  on  Mi_  3  ,
and  very  narrow  stylar  shelves  and  salients  on  In  contrast,  the
E.  spatularius-bisulcatus-acutidens  group  has  well-separated  paraco-
nids  and  metaconids,  an  unexpanded  metaconid,  and  a  high  paracristid
on  Mi_  3  ,  and  an  expanded  stylar  shelf  and  salients  on  These
characters  may  aid  in  identifying  specimens  that  lack  the  diagnostic
anterior  portions  of  the  lower  dentition.

The  E.  xenicus-ancylion-grangeri  lineage,  known  only  from  the
northern  part  of  the  Bighorn  Basin  (including  the  Clark’s  Fork  Basin),
appears  to  be  a  chronospecies  that  increases  in  size.  The  divisions
between  the  species  are  stratigraphic  and  necessarily  arbitrary.

On  the  other  hand,  the  E.  spatularius-bisulcatus-acutidens  clade  is
not  necessarily  one  chronospecies.  The  first  two  species  compose  a
morphocline  of  increasing  size  and  hypsodonty  through  time,  and  in-
dividual  specimens  are  indistinguishable  except  stratigraphically.  In
agreement  with  Bown  (1979),  they  are  here  considered  conspecific.  E.
bisulcatus-E.  acutidens  show  similar  anagenetic  change,  but  their  ap-
parent  co-occurrence  at  a  number  of  horizons  in  the  Bighorn  Basin
(Schankler,  1980)  as  well  as  non-overlapping  ranges  in  size  in  the  Wind
River  Basin  (see  below)  imply  that,  for  the  present,  they  should  be
retained  as  separate  species.  Continued  analyses  of  the  Bighorn  Basin
material  and  denser  samples  frorp  the  Wind  River  Basin  should  clarify
this  issue.

Gingerich  and  Gunnell  (1979)  have  attempted  to  define  statistically
the  Clarkforkian  and  Wasatchian  species  of  Esthonyx.  They  (1  979:  1  28)
derive  a  0.095  standard  deviation  value  (for  Ln  [L  x  W]  of  Mj)  from
the  “largest  sample”  of  Esthonyx  and  use  it  to  compute  a  diagnostic
difference  of  3.3  standard  deviation  units  between  the  type  specimens
of  E.  xenicus  and  E.  ancylion,  and  5.  1  standard  deviation  units  between
the  types  of  the  latter  and  E.  grangeri.  The  three  type  specimens  are
compared  to  one  another  rather  than  to  the  descriptive  statistics  of  any
sample.  In  this  light,  these  comparisons,  although  interesting,  appear
to  violate  principles  of  statistical  analysis.  The  standard  deviation  of
a  sample  is  not  applicable  as  a  model  to  any  other  sample,  population,
or  individual.  Also,  there  are  no  statistical  procedures  that  test  for  the
significance  of  the  difference  between  individual  specimens,  measure-
ments  of  which  can  only  be  compared  to  the  mean  of  a  population  or
statistical  sample  (by  means  of  a  Z-test)  (Simpson  et  al.,  1960:  173;
Sokal  and  Rohlf,  1969).

The  assignment  in  Gingerich  and  Gunnell  (1979)  of  a  Lostcabinian
age  to  the  San  Jose  tillodont,  E.  bisulcatus,  has  been  revised.  Recent
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analyses  of  the  AMNH  (Lucas  et  al,  1981)  and  CM  (unpublished  data)
collections  from  the  Regina  and  Tapicitos  members  of  the  San  Jose
Formation  found  evidence  that  the  San  Jose  faunas  are  late  Graybullian
to  Lysitean—  the  absence  of  the  index  fossil  Lambdotherium,  as  well
as  Shoshonius,  and  the  presence  of  a  host  of  typical  early  to  middle
Wasatchian  mammals  (Ambloctonus,  Didymictis  protenus,  Ectoganus,
Apheliscus,  Pelycodus  jarrovii,  Navajovius,  Chriacus,  Anacodon,  Horn-
ogalax).

Esthomyx  bisulcatus  Cope,  1874
(Fig.  1;  Tables  1,  3)

Referred specimens.— Ymiml dentary with P 4 -M 2 — CM 39205; P 3 , dP 4 — -CM 37053;
M,^CM  39941,  39645,  39902,  37052;  M  2  -CM  39160,  37054,  22660  (2  teeth);
CM  36117,  37056,  28722,  53785;  lower  molar  fragments—CM  37055,  35929,  19902;
partial  maxilla  with  M^-^-^CM  39644;  M^-^-CM  54155;  upper  molar  fragments-^-CM
35978,  35979,  35980.

Localities.  -CM  Iocs.  797,  799,  802,  806,  807,  927,  929,  931,  1091
(Lysitean,  Lysite  Member).

Known  distribution.—  emly  Wasatchian—  Hoback  and  Powder  River
basins  (Wasatch  Fm.),  Wyoming;  early  to  late  Wasatchian—  Bighorn
Basin  (Willwood  Fm.X  Wyoming;  middle  Wasatchian—  Wind  River
Basin  (Wind  River  Fm.),  Wyoming,  San  Juan  Basin  (San  Jose  Fm.),
New  Mexico.

Description  and  discussion.—  The  known  morphology  of  E.  bisul-
catus  is  described  in  Gazin  (1953)  and  Gingerich  and  Gunnell  (1979).
In  the  Wind  River  Basin  this  species  is  restricted  to,  but  occurs  through^

Table  \.~  Dimensions  of  lower  teeth  o/Esthonyx  bisulcatus  from  the  Lysite  Member,
Wind  River  Formation,  Wyoming.

specimen
no.
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Fig.  \.-Esthonyx  bisulcatus.  A)  CM  39644,  LM‘-^;  B)  CM  39205,  LP  4  -M  2  ,  and  CM
36117, LM 3 ; all to same scale (1 cm).

out,  the  Lysite  Member  of  the  Wind  River  Formation.  The  absence  of
E.  bisulcatus  from  localities  in  the  Red  Creek  Facies  (Stucky,  1983;
Stucky  and  Krishtalka,  1982)  of  the  Wind  River  Formation  in  the  Red
Creek-Deadman  Butte  area  is  coincident  with  the  Lostcabinian  age
assigned  to  these  sediments.

In  E.  bisulcatus,  compared  to  Wind  River  E.  acutidens,  the  teeth
are  significantly  smaller  (no  overlap  in  range),  P4-M3  are  less  hypsodont
and  bear  a  less  robust  metaconid,  P  4  has  a  metastylid,  Mi  _3  have  a
stronger  metastylid,  and  P'^-M^  have  narrower  stylar  shelves  with  less
expanded  parastylar  and  metastylar  salients.
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Fig.  2.—Esthonyx  acutidens.  A)  CM  22311,  RDP'*,  and  CM  42127,  LP'‘-M*;  B)  CM
30943,  LM'-\  and  CM  22310,  LM^;  C)  CM  35869,  LP  4  ,  and  CM  22308,  LM  2  _  3  ;  all  to
same scale ( 1 cm).
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Table 2.— Dimensions of lower teeth o/Esthonyx acutidens from the Lost Cabin Member,
Wind  River  Formation,  Wyoming.

Specimen
no.

None  of  the  specimens  referred  here  preserves  the  mandibular  sym-
physis  or  the  anterior  dentition—  features  used  by  Gingerich  and  Gun-
nell  (1979)  to  distinguish  between  the  two  lineages  of  tillodonts.  How-
ever,  the  teeth  exhibit  the  stylar  shelf  development  and  lower  molar
hypsodonty  that  is  typical  of  E.  bisulcatus  and  E.  acutidens.  They  lack
the  anteriorly  expanded  metaconid  that  appears  to  be  characteristic  of
the  E.  xenicus-ancylion-grangeri  chronospecies.

Esthonyx  acutidens  Cope,  1881
(Fig.  2;  Tables  2-3)

Referred  specimens.  dentary  with  Mi_2—  CM  21232;  M2_3“CM  22308;  P4~
M,-UCM  45384;  P4,  M,-CM  42131;  P4-CM  35869,  35870;  M,-CM  22309,  37236,
30941,  30942;  M2-CM  22312,  30940,  37235,  37238,  36457,  42130;  M3-CM  37239,
55193;  lower  molar  fragments—  CM  21131,  UCM  46397;  partial  maxilla  with  P^-M‘  —
CM  42127;  M'-^-CM  30943;  M^-^-CM  36477;  ?associated  dP^  M'-CM  22311;  I/,
M/-UCM  45528;  P-'-CM  30939,  55192;  M‘-CM  22312,  42128,  42133;  M^-CM
22312,  37237,  21113,  35841,  55191;  M^-CM  22310  (2  teeth),  30938,  22313,  55190,
55491;  fragmentary  upper  molars—  CM  42129,  UCM  46368,  44321  (M/,  /M).

Localities.  —  CM.  Iocs.  91,  98,  1048,  UCM  loc.  80063  (Lostcabinian,
Lost  Cabin  Member);  UCM  Iocs.  80089,  81009  (Lostcabinian,  Red
Creek  Facies);  CM  loc.  34,  UCM  loc.  80101  (Gardnerbuttean,  Lost
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Table  'i.—  Dimensions  of  upper  teeth  o/Esthonyx  and  Trogosus  from  the  Wind  River
Formation, Wyoming.

Specimen
no.

Cabin  Member);  CM  90,  857,  1077  (Lostcabinian  or  Gardnerbuttean,
Lost  Cabin  Member).

Known  distribution.  ~h3.tQ  Wasatchian—  Bighorn  Basin  (Willwood
Fm.),  Green  River  Basin  (Wasatch  Fm.),  Wyoming;  late  Wasatchian
to  early  Bridgerian—  Wind  River  Basin  (Wind  River  Fm.),  Wyoming,
Huerfano  Basin  (Huerfano  Fm.),  Colorado.

Description  and  Discussion.  —  \n  the  Wind  River  Basin  this  species
is  recovered  only  from  the  Lost  Cabin  Member  and  Red  Creek  Facies
of  the  Wind  River  Formation,  which,  in  combination  with  the  restric-
tion  of  E.  bisulcatus  to  the  Lysite  Member,  may  be  important  bio-
stratigraphically.

As  was  the  case  with  E.  bisulcatus,  none  of  the  material  of  E.  acu-
tidens  referred  here  preserves  the  mandibular  symphysis  or  teeth  an-
terior  to  P  4  .  Referral  of  the  material  to  E.  acutidens  is  based  on  di-
agnostic  criteria  on  PV  4  -MV  1  outlined  earlier.  Compared  to  E.
bisulcatus,  the  teeth  of  E.  acutidens  from  the  Wind  River  Formation
are  significantly  larger,  P  4  lacks  a  metastylid,  Mi  _3  have  weaker  meta-
stylids,  and  P4-M3  are  more  hypsodont  with  lingually  robust  meta-
conids;  the  stylar  shelves  on  P'^-M^,  although  variable  in  degree  of
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development,  are  more  expanded,  especially  in  the  parastylar  area  on
M2-3.

E.  acutidens,  the  youngest  recorded  species  of  the  genus,  has  not
been  recovered  from  post-Gardnerbuttean  horizons,  and  apparently

»  became  extinct  sometime  during  the  earliest  Bridgerian  (Stucky,  1983).
It  last  appears  at  one  locality  (two  horizons)  in  the  upper  part  of  the
Lost  Cabin  Member,  where  it  overlaps  in  range  with  Trogosus,  and  at
Huerfano  locality  II  (McKenna,  1976),  where  it  co-occurs  with  Tro-
gosus.

Trogosus  Leidy,  1871

In  his  review  of  Trogosus,  Gazin  (1953)  named  two  new  species  {T.
hillsi,  T.  grangeri)  from  the  Huerfano  Basin,  and  cited  five  species  that
had  previously  been  described  from  Bridger  B  horizons  in  the  Bridger
Basin.  He  recognized  two  of  the  latter  as  valid  {T.  castoridens,  T.
hyracoides),  two  as  invalid  {T.  minor,  T.  ?  vetulus),  and  one  as  ques-
tionable  {T.  ?  latidens),  but  later  (Gazin,  1976)  included  T.  latidens  in
his  comprehensive  faunal  list  for  the  Bridger  Formation.

Robinson  (1966),  impressed  with  the  degree  of  variation  in  the  Tro-
gosus  material  from  Huerfano,  suggested  that  the  differences  between
T.  hillsi  and  T.  grangeri  were  probably  due  to  sexual  dimorphism,  and
synonymized  the  two  as  T.  grangeri.

This  is  the  first  record  of  Trogosus  from  the  Wind  River  Basin.

Trogosus  sp.
(Table  3)

Referred  specimens.  —  Mj  or  M  2  ,  UCM  47717;  M^,  UCM  46536.

Localities.  ~\J  CM  Iocs.  79040,  81028  (Gardnerbuttean,  Lost  Cabin
Member).

Known  distribution.—  Bridgerian—  Wind  River  Basin  (Wind
River  Fm.),  Wyoming;  see  text  for  occurrences  of  Trogosus.

Discussion.—  TYiQSQ  two  teeth  closely  resemble  comparable  parts  of
the  dentition  of  Trogosus.  They  are  much  larger  than  Esthonyx  and
Megalesthonyx,  and  M^  (Stucky,  1982,  Fig.  34)  lacks  the  mesostyle
that  is  characteristic  of  the  latter.  The  two  teeth  are  closest  in  size  to
T.  castoridens  and  T.  hyracoides,  but,  in  the  absence  of  diagnostic
features  of  the  skull  and  dentition  (Gazin,  1953),  the  material  cannot
be  referred  to  a  species  of  Trogosus.  Both  of  the  localities  at  which
Trogosus  occurs  are  in  the  upper  part  of  the  Lost  Cabin  Member  and
are  Gardnerbuttean  (=  early  Bridgerian)  in  age  (see  below).

Biostratigraphic  Implications

Esthonyx  and  Trogosus,  together  with  certain  other  taxa,  have  prov-
en  to  be  reliable  indicators  of  biostratigraphic  age.  Esthonyx  is  common
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in  most  Clarkforkian  through  Lostcabinian  faunas.  Its  first  appearance,
along  with  that  of  other  taxa,  marks  the  onset  of  the  Clarkforkian  (Rose,
1981).  The  E.  xenicus-ancylion-grangeri  lineage  is  characteristic  of  the
Clarkforkian  in  the  Bighorn  Basin  (Gingerich  and  Gunnell,  1979)  and
becomes  extinct  in  the  early  Wasatchian.  The  E.  spatularius-bisulcatus
chronospecies  is  characteristic  of  Graybullian  and  Lysitean  horizons,
and  apparently  extends  into  the  Lostcabinian  in  the  Bighorn  Basin
(Schankler,  1980).  The  first  appearance  of  E.  acutidens  may  mark  the
beginning  of  the  Lostcabinian;  this  species  is  an  index  fossil  of  that
subage,  but  it  is  also  known  from  post-Lostcabinian  (Gardnerbuttean)
faunas  at  two  localities  —one  in  the  Huerfano  Formation  (Huerfano
II),  and  one  in  the  Wind  River  Formation  (CM.  loc.  34,  upper  part
of  Lost  Cabin  Member).  Its  last  appearance  (contra  McKenna,  1976)
is  not  necessarily  indicative  of  a  late  Wasatchian  age.

Before  the  Bridgerian  Land-Mammal  Age  was  formally  named,  ho-
rizons  in  the  Huerfano  Formation  (Huerfano  B)  that  yielded  Trogosus,
as  well  as  certain  other  taxa,  were  correlated  with  part  of  the  Bridger
Formation  (Osborn,  1897,  1909,  1919,  1929;  Matthew,  1899,  1909;
Simpson,  1933).  Subsequently,  the  Wood  Committee  (Wood  et  al.,
1941)  listed  Tillotherium  {=Trogosus)  as  an  index  fossil  of  the  Bridg-
erian,  and  assigned  this  age  to  the  fauna  from  Huerfano  B.  Robinson
(  1966  ),  however,  concluded  that  the  Huerfano  B  fauna  was  represen-
tative  of  a  new,  latest  Wasatchian  subage,  the  Gardnerbuttean,  which
was  younger  than  the  Lostcabinian  but  older  than  the  Bridgerian.  Later,
a  new  record  of  E.  acutidens  from  Huerfano  locality  II  (Huerfano  B)
led  McKenna  (1976)  to  question  the  utility  of  the  Gardnerbuttean.
Huerfano  locality  II  is  the  only  fossiliferous  horizon  that  preserves  the
co-occurrence  of  Esthonyx  and  Trogosus.

Trogosus  has  also  been  recorded  from  the  Aycross  Formation
(McKenna,  1980;  Bown,  1982;  CM  collections),  the  Cathedral  Bluffs
Tongue  of  the  Wasatch  Formation  (Morris,  1954;  Gazin,  1  962),  Bridger
A  and  B  horizons  in  the  Bridger  Basin  (McGrew  and  Sullivan,  1971;
Gazin,  1976),  the  Green  River  Formation  (CM  collections.  Powder
Wash,  Utah),  and  possibly  from  the  Arkosic  facies  of  the  New  Fork
Tongue  of  the  Wasatch  Formation  (Stucky,  1983).  The  record  of  Tro-
gosus  from  the  Wind  River  Basin  comes  from  two  localities  in  the
upper  part  of  the  Lost  Cabin  Member,  UCM  Iocs.  79040  and  81028.
The  former  also  preserves  Palaeosyops  {=Eotitanops,  see  Wallace,  1980)
borealis,  Hyrachyus  sp.  cf.  H.  eximius,  Antiacodon  pygmaeus,  and  Pan-
tolestes  sp.  cf.  P.  longicaudus.  The  M^  of  Trogosus  is  the  only  known
specimen  from  UCM  loc.  81028.

These  X3.x2i  —  Trogosus,  Palaeosyops,  Hyrachyus,  Antiacodon,  Pan-
tolestes—  and  others,  such  as  Helohyus  and  Helaletes,  are  restricted  in
the  Wind  River  Formation  to  localities  in  the  upper  part  of  the  Lost
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Cabin  Member.  All  of  these  taxa  appear  to  be  reliable  index  fossils  of
the  Bridgerian.  Most  of  them  occur  in  faunas  of  unequivocal  Bridgerian
age  (Gazin,  1976;  Bown,  1982;  McKenna,  1980;  McGrewand  Sullivan,
1971)  and  their  first  appearance  can  be  used  to  mark  the  onset  of  the
Bridgerian  (Stucky,  1983).  Some  faunas—  from  Huerfano  B,  Cathedral
Bluffs,  upper  part  of  the  Lost  Cabin  Member—  in  which  many  of  these
Bridgerian  taxa  co-occur  with  typical  late  Wasatchian  mammals,  such
as  Esthonyx,  Shoshonius,  Coryphodon,  Bunophorus,  Diacodexis,  Hy-
racotherium,  and  Phenacodus,  have  been  assigned  alternatively  to  either
the  latest  Wasatchian  (Robinson,  1966;  Gazin,  1962;  McKenna,  1976)
or  the  earliest  Bridgerian  (Morris,  1954;  West  and  Dawson,  1973;
Gingerich,  1979;  Bown,  1982;  Stucky,  1982).  We  opt  for  the  latter
conclusion  on  the  basis  that  the  first  appearances  of  the  Bridgerian  taxa,
which  apparently  occur  penecontemporaneously,  are  more  reliable  cri-
teria  of  the  Wasatchian-Bridgerian  boundary  than  are  the  last  appear-
ances  of  the  Wasatchian  taxa,  which  are  asynchronous  and  geograph-
ically  disjunct.  In  short,  the  principle  advocated  here  is  that  the  first
appearance  of  taxa  through  immigration  or  cladogenesis  is  a  finer  cor-
relative  tool  and  biostratigraphic  measure  than  is  the  extinction  and
last  appearance  of  taxa,  or  stage  of  evolution  of  taxa  within  an  ana-
genetic  lineage  (Repenning,  1967;  Savage,  1977;  Woodbume,  1977;
Rose,  1981).

Accordingly,  the  faunas  from  localities  in  the  upper  part  of  the  Lost
Cabin  Member,  as  well  as  those  from  Huerfano  B,  Cathedral  Bluffs,
and  the  Arkosic  facies  of  the  New  Fork  Tongue  of  the  Wasatch  For-
mation  (in  part)  are  here  considered  Bridgerian.  They  preserve  the  first
appearance  of  the  Bridgerian  taxa  Trogosus,  Antiacodon,  Palaeosyops,
and  Hyrachyus,  and  the  unique,  earliest  Bridgerian  faunal  assemblages
that  define  the  Gardnerbuttean  (Stucky,  1983).

Phylogenetic  Relationships

All  North  American  tillodonts  appear  to  be  united  in  having  enlarged
P/  2  ,  strong,  broad  postcingula  and  stylar  shelves  on  the  upper  molars,
a  talonid  basin  on  P  3  _  4  ,  high  arcuate  crests  and  metastylids  on  the  lower
molars,  and  in  the  loss  of  PVi  and  P  (Fig.  3,  node  1).  Two  lineages  of
Esthonyx,  the  most  primitive  North  American  tillodont,  appear  to  have
diverged  in  the  early  Tertiary.  One,  the  E.  xenicus-ancylion-grangeri
chronospecies,  retains  an  unfused  mandibular  symphysis  and  a  two-
rooted  P  2  ,  but  seems  to  be  derived  in  having  the  paraconid  on  the
lower  molars  close  to  an  anteriorly  inflated  metaconid  (Fig.  3,  node  2).
The  second  lineage  of  Esthonyx  and  all  other  North  American  tillo-
donts  (Fig.  3,  node  3)  are  advanced  in  having  a  fused  mandibular
symphysis  (to  at  least  below  P3),  greatly  reduced  conules  on  M‘"^,  and
more  hypsodont  and  deeply  basined  P4-M3,  with  higher,  more  arcuate
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Fig.  3  .  —  Proposed  phylogenetic  relationships  among  Tillodontia.  Node  A  —  with
wing-like  stylar  salients,  and  postcingulum.  Node  B—\2  enlarged;  with  more  ex-
panded stylar shelf and postcingulum. Node 7 —P/2 more enlarged; Mi_2 more hypsodont,
with  strong  metastylid,  arcuate  paracristid  and  posthypocristid,  reduced  hypoconulid;
M’-^  less  transverse;  P,  P'/i  lost;  P3_4  with  talonid  basin  (?primitive).  Node  2  —  Mi_3
paraconid closer to anteriorly inflated metaconid; chronocline of increasing size from E.
xenicus-E.  ancylion-E.  grangeri.  Node  i—  Mandibular  symphysis  fused  to  below  P3  or
P4;  P4-M3  more  hypsodont,  with  higher  cristids,  deeper  basins  and  more  U-shaped
paracristid;  M'-^  with  reduced  conules.  Node  4  —  with  expanded  stylar  salients  and
deeper ectoflexi; P2 single-rooted. Node 5— P/2 enlarged, with restricted band of enamel;
P4-M3  more  hypsodont;  M,_3  cristid  obliqua  more  lingual,  originating  from  below  the
metaconid;  increase  in  size;  reduction  of  Ci,  P2,  P4  talonid.  Node  6—  with  mesostyle.

7 — Mandibular symphysis fused to below Mi; P/2 greatly enlarged; increase in size;
longer P-C-P^ diastemata; P2 single-rooted; P/,, C, P3 talonid reduced. Node 7^1 — 13 lost;
longer C--P2 diastema.

cristids  and  stronger  metastylids.  E.  bisulcatus  {=E.  spatularius)  and
E.  acutidens  (Fig.  3,  node  4)  have,  in  addition  to  these  features,  ex-
panded  stylar  salients  and  deeper  ectoflexi  on  M^-^,  and  a  single-rooted
P  2  .  E.  bisulcatus  appears  to  be  one  Graybullian  through  Lysitean  chron-
ospecies;  the  lack  of  overlap  in  size  between  the  latter  and  E.  acutidens,
and  their  apparent  co-occurrence  in  Lostcabinian  beds  in  the  Bighorn
Basin  may  imply  specific  distinction  and  a  cladogenetic  event.

Remaining  liWodonXs—  Megalesthonyx,  Trogosus,  Tillodon  (Fig.  3,
node  5)—  are  much  larger  and  more  derived  in  having  a  restricted  band
of  enamel  on  P  /2  (P  not  known  in  Megalesthonyx),  a  cristid  obliqua
on  the  lower  molars  that  originates  lingually  from  the  metaconid,  more
hypsodont  cheek  teeth,  and  reduced  Cj,  P  2  ,  and  P  4  talonid.  In  Mega-
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lesthonyx  (Fig.  3,  node  6)  a  mesostyle  is  developed  on  the  only  known
upper  molar.  Trogosus  and  Tillodon  (Fig.  3,  node  7)  are  still  larger,
with  the  mandibular  symphysis  extending  to  below  Mi,  a  greatly  en-
larged  P/2,  single-rooted  P2,  longer  diastemata  between  P-C-P^,  and
reduced  P/,,  C,  and  P3  talonid.  Tillodon  (Fig.  3,  node  7  A)  appears  to
be  most  advanced  in  the  loss  of  P/3  and  in  the  enlarged  C1-P2  diastema.

Most  non-North  American  tillodonts  are  known  from  relatively  poor
material.  E.  munieri,  based  on  three  isolated  teeth  from  the  early  Eocene
of  France,  cannot  at  present  be  allied  with  either  lineage  of  Esthonyx
in  North  America.  Basalina,  known  from  a  fragmentary  dentary  with
a  broken  P4  from  the  Eocene  of  Pakistan,  has  a  fused  mandibular
symphysis  (to  below  P4),  and  unreduced  Ci,  P2  (double  rooted),  and
P4  talonid  (Lucas  and  Schoch,  1981).  As  such,  it  appears  to  be  less
derived  than  Megalesthonyx,  Trogosus,  and  Tillodon,  and  more  closely
related  to  E.  bisulcatus  and  E.  acutidens  (Fig.  3,  node  3).  Given  the
absence  of  PVj  in  all  known  tillodonts  (Gazin,  1953),  the  reconstruction
of  the  dental  formula  of  Basalina  by  Lucas  and  Schoch  (1981)  in  the
diagnosis  (p.  90)  and  their  figure  (Plate  1  5,  Fig.  2)  is  questionable.  More
reasonable  is  the  alternative  interpretation  (p.  91)  of  a  two-rooted  P2
and  the  absence  of  Pj.

Lofochaius  and  Meiostylodon,  from  the  early  or  middle  Paleocene
of  China  (Li  and  Ting,  1983),  are  known  from  P^-M^  and  from  M^"^
and  I2,  respectively.  They  are  tillodont-like  in  the  enlargment  of  I2  and
in  the  wing-like  stylar  salients  and  expanded  postcingula  on  the  cheek
teeth.  In  comparison  to  Esthonyx,  Lofochaius,  with  transverse  upper
molars  and  narrower  stylar  shelves  and  postcingula,  is  the  most  prim-
itive  known  tillodont  (Fig.  3,  node  A).  Meiostylodon  retains  transverse
M^~2  unreduced  conules,  but  approaches  Esthonyx  in  the  devel-
opment  of  the  postcingula  and  stylar  shelves,  and  appears  to  be  inter-
mediate  morphologically  between  Lofochaius  and  Esthonyx  (Fig.  3,
node  B).  Esthonyx  and  all  other  tillodonts  (Fig.  3,  node  1)  are  more
derived,  in  comparison,  in  having  less  transverse  P'^-M^.  The  other
characters  listed  for  this  node  are  not  preserved  in  Lofochaius  and
Meiostylodon-,  some  or  all  may  or  may  not  have  been  present  in  these
taxa.

Adapidium,  from  the  late  Eocene  of  China,  has  hypsodont  lower
molars  with  a  lingual  cristid  obliqua  that  originates  from  below  the
metaconid  (Fig.  3,  node  5).  It  appears  to  be  most  closely  related  to
Megalesthonyx  (Fig.  3,  node  6)  in  sharing  the  development  of  a  me-
sostyle  on  at  least  M*  (unpublished,  unnumbered  IVPP  specimen),
although  this  may  have  evolved  independently.

Kuanchuanius  (see  Chow,  1963),  from  the  middle  Eocene  of  China,
shares  with  Trogosus  (Fig.  3,  node  7)  the  derived  features  of  very  large
size,  a  mandibular  symphysis  that  extends  to  below  Mj,  a  greatly  en-
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larged  I  2  with  a  restricted  band  of  enamel,  reduced  I,  and  Cj,  a  single-
rooted  P  2  ,  and  hypsodont  lower  molars.

The  inferred  phylogenetic  relationships  of  the  four  Chinese  Paleogene
tillodonts  may  suggest  that  the  origin  of  tillodonts  occurred  in  Asia
during  the  early  Paleocene,  and  was  followed  by  at  least  two  periods
of  origin  and  immigration  of  North  American  taxa.  Meiostylodon  and
Kuanchuanius  are  suitable  morphologically  and  temporally  to  be  near
the  ancestry  of  the  larger  Esthonyx  and  Trogosus,  respectively.  Me-
galesthonyx  appears  abruptly  in  the  Lostcabinian  of  North  America
and  may  have  shared  a  common  ancestry  with  Adapidium.  The  pres-
ence  of  a  mesostyle  on  seems  to  remove  Megalesthonyx  from  the
ancestry  of  Trogosus  or  Tillodon.  Less  plausible  is  the  alternative  hy-
pothesis  (Rose,  1972),  which  involves  the  appearance  and  subsequent
loss  of  the  mesostyle  in  an  Esthonyx-  Megalesthonyx-Trogosus  lineage.
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