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beard  is  short,  but  the  hair  on  the  head  and  between  the  horus  is
thick.  There  are  in  the  Museum,  besides  the  perfect  animal,  two
imperfect  skulls  ;  in  cue  of  them  the  whole  forehead  and  con-
spicuous  frontal  bones  are  missing,  and  in  the  other  the  lower
jaw  is  absent.  In  the  beginning  of  1873  a  Bison-calf  was  sent
alive  from  the  Caucasus  to  the  Zoological  Garden  at  Moscow,  but
it  soon  died.  There  are  also  reports  of  other  cases  of  the  capture
of  Bisons,  upon  which  I  can  give  you  no  certain  particulars  ;
but  I  have  heard  that  the  celebrated  hunter  Mr.  St.  George
Littledale  killed  a  Bisoia  in  1887  whilst  on  a  hunting  expedition,
in  summer,  in  the  above  mentioued-district,  in  piu'suit  of  Ckipra

February  28,  1893.

Sii-  William  H.  Flower,  K.C.B.,  LL.D.,  F.R.S.,  Presideut,  in
the  Chair.

3Ir.  A.  i).  Michael,  F.Z.S.,  exhibited  specimens  of  a  Tick  of  the
genus  Ixodes,  known  locally  as  the  "  St.  Kitt's  "  or  "  Gold  Tick,"
received  from  ]\Ir.  C.  A.  Barber,  of  the  Agricultural  Department,
Antigua.  These  Ticks  had  become  a  serious  pest  in  the  Leeward
Islands,  and  there  was  a  tradition  there  that  they  had  been  intro-
duced  about  30  years  ago  from  St.  Kitt's  along  with  some  Senegal
Cattle.  They  were  unknown  in  the  Leeward  Islands  up  to  that
date,  and  were  now  unknown  in  St.  Kitt's.  The  specunens  had
been  forwarded  to  Mr.  Michael  in  order  to  ascertain  whether  the
species  could  be  identified,  and,  if  so,  whether  there  was  any  reason
to  suppose  that  it  was  of  African  origin.  Mr.  Michael  observed
that  this  species  was  a  very  well-marked  and  unmistakable  one,
described  in  1814  by  C.  L.  Koch,  of  Regeusburg,  from  a  male  speci-
men  received  from  Senegal.  Koch  had  named  it  AinhJijoiama
venustum,  stating  that  it  was  one  of  the  most  beautiful  of  all
the  Ticks.  According  to  modern  classification  it  would  be  called
Uyalomma  venustum.

An  adult  female  which  Mr.  Barber  had  kept  in  confinement  had
laid  over  20,000  eggs,  most  of  which  were  hatched  :  and  Prof.
Leidy,  in  America,  had  found  that  adult  female  Ticks  sometunes
weighed  more  than  a  hundred  times  as  much  when  fully  fed  than
when  fasting:.-■o*

The  following  extract  from  a  letter  from  M.  A.  Milne-Edwards,
F.M.Z.S.,  to  Mr.  Sclater,  dated  Museum  d'Histoire  Naturelle,
Feb.  18,  1893,  was  read  :—

"  Vous  avez  decrit  en  1880  -,  sous  le  nom  de  Lemur  tiu/errimus,

'  [Two  line  specimcus  (c?  and  $)  of  the  Caucasian  Bison,  presented  by  Mr.
Littledale,  are to be se«n mounted in the gallery of the British Museum.— Ed.]

"  [See  P.  Z.  S.  1880,  p.  451.  The  specimen  in  question,  purchased  Nov.  5,
1878,  died  June  18,  1882.  A  similar  specimen,  received  Oct.  16,  1883,  died
April  4,  1885.  Both  specimens  were  sent  to  M.  Milne-Edwards  for  exami-
nation. — Ed.]
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une  uouvelle  espcce  de  Maki,  remarquable  par  son  pelage  euticre-
uient  noir  et  I'abseuce  de  pinceaiix  aux  oreilles.  J'ai  pu  coustater
que  la  femelle  du  Lcimir  nii/errimiis  est  d'une  couleur  bruiie  ;  cette
forme  a  eto  dccrite  par  Gray  en  1871  ^  sous  le  uom  de  Prosimia
rufipes.  II  est  iuteressant  de  reti-ouver  pour  cette  espece  des
differences  sexuelles  comparables  a  celles  que  presents  le  L.  macaco,
dont  le  male  est  noii-  et  la  femelle  brune  (L.  leucomifsfa^-).  Le
couleur  des  yeux  du  Lemur  nigerrimus  et  de  sa  femelle  L.  nifipes
est  caracteristique  :  au  lieu  d'etre  d'un  bnin-jauuatre,  I'iris  est  d'un
bleu  tirant  sur  le  vert.  Je  ^ous  en  envoie  uu  croquis  qui  intcres-
sera  ])eut-L'tre  les  niembres  de  la  Societ<'  Zoologique.  Cea  Makis
vienneut  du  Cap  d'Ambre  au  Xord  de  Madagascar.""

Tbe  coloiu-ed  sketch  spoken  of  in  this  communication  was
exhibited.

Mr.  Howard  Saunders,  P.Z.S.,  exhibited  a  sijecimen  of  the
American  Stint.  Tfinija  ntinutilla,  Vieillot,  shot  by  3Ir.  Broughton
Ilawley  on  22ud  August,  1S92,  at  Xortham  Burrows,  Xorth  Devon  ;
being  the  second  example  obtained  in  that  locality,  and  the  third
that  had  occurred  in  England.  {Cf.  'Zoologist,'  1S92,  p.  411.)

Mr.  Sclater  placed  on  the  table  for  inspection,  on  behalf  of
■NIr.  Eichard  M.  Barriugton,  the  example  of  the  Antarctic  Sheath-
bill  killed  at  Carlingford  Lighthouse,  Co.  Down,  on  the  coast  of
L-eland,  in  December  last,  as  recorded  by  Mr.  Barriugton  (see
'  Field,'  vol.  Ixxxi.,  January  7,  1893.  p.  lo  ;  '  Zoologist,"  vol.  x™.
3rd  ser.  January  1S93.  p.  28).

Mr.  Sclater  observed  that  from  the  nearly  perfect  condition  of
the  yings  and  tail  it  was  evident  that  this  *bii-d  had  not  been  in
captivity,  or  ..\  any  rate  not  uithin  several  months  from  the
date  preceding  that  at  which  it  A\as  shot.  It  was  an  undoubted
example  of  the  Tellow-billed  Sheathbill  {Chmns  alba),  of  which  the
nearest  previously  kno\vn  localities  were  the  Falkland  Islands
(Abbott,  Ibis,  1861,  p.  1.54;  Scl.  P.Z.S.  1860,  p.  386),  South
Georgia  (Pagenstecher,  Ber,  Xat.  Mus.  Hamburg,  1884,  p.  12),
and  tbe  adjoining  Antarctic  Seas  (Oustalet,  Miss.  d.  Cap  Horn,
Zool.  A-i.  p.  288).

As  would  be  seen  by  reference  to  the  List  of  Yertebi-ates,
1883,  p.  528,  as  many  as  nine  specimens  of  this  bird  had  been
exhibited  in  the  Society's  Gardens  between  1S65  and  1882.

The  following  papers  were  read  :  —

1  Ann.  &  Mag.  Nat.  Hist.  ser.  4,  vii.  p.  339.
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1.  On  some  Mioceue  Squirrels,  with  Remarks  on  the  Den-

tition  and  Classification  of  the  Sciurinee.  By  Dr.  C.  J.
Forsyth  Major,  C.M.Z.S.

[Received  February  14,  1893.]

(Plates  VIII.-XI.)

I.  Introduction,  p.  179.
II.  On  the  Dentitiou  of  the  Sclurina,  p.  179.

III.  Remarks  on  the  Classification  of  the  Sciurida;,  p.  186.
IV.  Description  of  the  FossQ  Species,  p.  190.
V.  On  the  primitive  Tji^e  of  the  Sciurine  Molar,  and  of  the

Eiitherian  Molar  in  general,  p.  196.
YI.  Explanation  of  the  Plates,  p.  214.

I.  Introduction.

In  order  to  determine  some  remains  of  Squirrels,  collected  by
myself  in  the  IMiddle-Mioceue  deposits  of  La  Grive-Saiut-Albau
(Iscre),  it  was  necessary  to  compare  them  witli  their  actual  con-
geners.  I  have  to  thank  botli  l)r.  A.  Giinther  and  Mr.  Oldfield
Thomas  for  the  kindness  shown  to  me  in  permitting  a  close  exami-
nation  of  the  rich  collection  of  JSciurine  skulls  in  the  Zoological
Department  of  the  British  Museum  ;  and  I  am  besides  under  great
obligations  to  Mr.  Thomas,  who  is  so  thoroughly  ac(|uainted  not
only  Nvdth  eA'ery  species,  but  indeed  with  e^•evy  specimen  of  the
collection  under  his  charge,  for  ha\ing  liberally  favoured  me  with
his  experience  and  advice,  especially  in  regard  to  intricate  ques-
tions  of  synonymy  and  specific  determination.

The  investigation  of  living  fonns  has  led  me  somewhat  farther
than  I  had  anticipated  ;  so  that  before  treating  of  the  fe\\'  fossil
remains,  it  will  be  necessary  to  pass  in  review  the  numerous,  and,
in  several  instances,  very  unexpected  forms  of  Sciurine  dentition,
as  Avell  as  to  present  some  i-emarks  on  their  classification.

The  brachydont  teeth  of  Sciurinee  presenting  a  ^ery  primitive
type  of  Eodent  molars,  I  ^\as  naturally  led  to  consider  them  in
the  light  of  the  preA'ailing  theory,  the  so-called  tritubercularity,
the  rodent  molars  having  been  traced,  as  those  of  other  orders,  to  a
trituberculate  type.  This  forms  the  subject  of  the  last  part  of  my
communication.

II.  On  the  Dentition  of  the  Sciurinae.
It  is  a  well-known  fact  that  in  various  famiUes  of  the  Rodent  ia

tubercular  molars  —  which  as  a  rule  are  brachydont  —  and  laminated
molars  —  which  as  a  rule  are  hypsodont  or  rootless  —  are  met
with  side  by  side  in  closely  allied  genera  and  in  existing  species,
whilst  in  some  other  Orders  we  have  to  look  among  fossils  for
the  more  or  less  brachydont  precursors  of  the  living  hypsodont
forms.

It  is  equally  well  know^n,  though  not  always  called  to  mind,
12*
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that  the  lamiuated  h}i)«!odont  molars  generally  begin  tuber-
cular,  and  the  tubercular  brachydont  molars,  when  worn,  become
laminated.  For  instance  :  the  unworn  upper  and  lox^er  molars
of  Castor  Jiber  show  us  a  some^^■hat  tuberculate  crown,  in  which
at  first  sight  it  is  not  easy  to  recognize  the  well-known  lami-
nated  pattern  of  the  worn  tooth  of  the  Bea\'er  ;  likewise,  a  much-
worn  molar  of  the  brachydont  Crieefus  presents  enamel-folds
and  islets,  though,  owing  to  the  shallower  and  Mider  valleys,  they
appear  less  distinct  than  in  the  hypsodont  molars,  whose  valleys
are  reduced  to  narrow  but  deep  fissures  :  so  that  there  is  only  a
gradational  difference  between  tubercular  and  laminated  teeth.

The  molar  teeth  of  Sciuridae  are  generally  represented  as  tuber-
cular.  But,  in  surveying  all  the  known  forms,  even  restricting
ourselves  to  the  subfamily  Sciii.nnce,  we  meet  with  all  possible
intermediate  stages  between  the  decidedly  hypsodont  molars  of
Eupetaurus  described  by  Thomas  '  and  the  utmost  degree  of
brachydontism  as  shown  by  the  molars  of  the  Bornean  Bhi~
tlirosciv.ms  or  the  Myoxine-Mke  teeth  of  the  group  of  pigmy
SquiiTels.

First,  as  to  Brachydontism  and  Hypsodontism.
The  species  of  Pteromijs,  in  a  restricted  sense,  are  on  their  way

to  become  hypsodont  ;  they  lead  over  on  the  one  side  to  Eu^yetaurus,
and  on  the  other  to  the  more  or  less  brachydont  Sciuro2)te>'i
(Lneludtng  Pteromi/s  tephromelas,  Giiuth.,  and  P.jy^ueomelas,  Giinth.,
whose  molars  are  quite  similar  to  each  other  and  agree  more  with
the  Sciuro2^teri  than  with  Pteromys).

The  African  G-round-Squii-rels  {Xerus),  as  well  as  the  Oriental
Sciurus  berdmorci,  Bly.,  present  a  curious  form  of  semi-hypso-
doutism,  inasmuch  as  the  internal  moiety  of  the  upper  and  more
or  less  the  external  moiety  of  the  lo\^"er  molars  are  more  elevated
vertically  than  the  external  moiety  above  and  the  internal  below.
Con-esponding  to  the  hypsodont  part  of  the  molar,  we  find  on
the  inner  side  of  superior  molars  a  stout  and  elongate  root,  on
the  outer  side  two  smaller  and  shorter  roots.

A  smaU  group  of  Ethiopian  Squirrels  included  in  the  genus
Scii'.n'S  (Sc.  palliatus.  cepapi,  jytirroims,  coiu/icus.  &c.)  present  a
similar  semi-hypsodonty,  whilst  the  Moroccan  Xervs  getidv.s  is  in  a
lesser  degree  semi-hypsodont.

This  greater  vei-tical  elevation  of  the  inner  side  of  the  crown
in  superior,  and  of  the  outer  side  in  inferior  molars,  though  more
evident  in  semi-hypsodont  teeth,  is,  however,  by  no  means
limited  to  them  ;  we  meet  with  it,  although  in  a  lesser  degree,
in  Sciurus  vulgaris  and  its  aUies,  and  even  in  the  still  more
brachydont  Rhifhrosciurus.  Ornitlwrhjnchus  itself,  as  shown  by
one  of  the  figures  published  by  Stewart  ■,  has  the  inner  side
of  the  superior  teeth  more  elongate  than  the  outer.  This  cir-

1  Oldfield  Thomas.  "Ou  Eupetauftn,  a  new  form  of  Flying-Squirrel  from
Kashmir,"  Journ.  As.  Soe.  Bengal,  vol.  Ivii.  ii.  no.  3.  1888,  pp.  2.56-260.

-  Ch.  Stewart,  "  On a  specimen of  the  true  teeth  of  Ornithorhj/nchui,"  Mier.
Journ.  Tol.  sxxiii.  u.  s.  1891,  pl.  viii.  ('.
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cumstance  is  of  no  small  importance,  as  I  shall  have  to  point
out  later  on.

The  Common  Squirrel,  and  many  Oriental  members  of  the  genus,
as  well  as  some  Ethiopian  Squirrels  (So.  rufobrachiafus,  Waterh.,
aamdatus,  Desm.,  sJiiroisis,  O-ray,  punctatus,  Temn).),  show  rela-
tively  prominent  cusps,  and  ]iresent  a  transitional  stage  between
somi-hypsodontism  and  brachydontism.  Still  more  brachydont  are
two  other  groups  which  have  little  affinity  with  each  other  —  the
African  /S'c.  sfmu/eri,  AVaterh.,  Sc.  ehii,  Temm.,  Se.  auhinnii,  Gr.,  aiifl
the  Oriental  Giant  Squirrels  (Sc.  hkolor,  inclims,  mncnmts,  &c.  ).

The  Oriental  Pigmy  Squirrels  {Sc.  eailis,  Miill.,  Sc.  melnnolis,
Miill.  &  Schl.,  Sc.  concimins,  Thos.  (Plate  X.  fig.  10,  Plate  XI.
fig.  7),  Sc.  H'Jiiteheadi,  Thos.),  as  well  as  the  pigmy  Ethiopian
Sc.  minutus,  Du  Chaillu  (Plate  XI.  fig.  6),  show  a  low,  oval-shaped
and  nearly  horizontal  crown,  slightly  concave  in  the  middle,  with
transverse  ridges.  On  the  whole,  their  dentition  has  scarcely  any-
thing  to  do  with  the  Sciuromorphous  type  of  molars,  and  can  only
be  compared  witli  that  of  the  Myoxidte,  Eliomys  and  Graplmirus.

Next  we  have  to  consider  the  pattern  of  the  molars  in  Sciurina'.
The  numerous  modifications  —  almost  every  species  pi-esents  some
peculiarity  —  may  be  ari'anged  under  three  heads  :  —

1  .  The  first  type  is  represented  by  the  most  brachydont  forms  :
some  Eocene  Squirrels,  as  Sc.  spectuhUis,  Map,  from  Egerkingen,
the  Bornean  liJiifhroschn-us  (Plate  IX.  fig.  2),  the  Oriental  Giant
Squirrels  (Plates  VIII.  and  IX.  fig.  1),  the  Ethiopian  Sc.  slangeri
(Plate  VIII.  fig.  7,  Plate  IX.  fig.  7)  and  its  allies,  Sc.  ehii  and
Sc.  auhinnii  (Plates  VIII.  and  IX.  fig.  8).

2.  The  second  type  is  represented  by  Se.  vulgaris  and  its  ally
Sc.  syriacus  (1  have  had  no  opportunity  of  examining  the  dentition
of  the  Japanese  Sc.  lis),  by  most  of  the  Oriental  middle-sized
Squirrels  {Sc.  lyrerosti  (Plate  A'lII.  fig.  2),  Sc.  Jol-roides  (Plates
VIII.  and  IX.  fig.  3),  &c.),  by  a  small  Ethiopian  group  {Sc.
shirensis,  Sc.  anmdatus,  Sc.  punctattis,  Sc.  nifobrachiatns),  and  by
most  of  the  American  Squirrels.

3.  The  third  type  is  represented  by  several  groups  of  Ethiopian
Squirrels  :  Xenis  (Plates  VIII.  and  IX.  fig.  lU),  including  the
Moroccan  A',  qettdus  (Plates  VIII.  and  IX.  fig.  9),  by  Sc.  cepapi
(Plate  A^III.  fig.  22,  Plate  IX.  fig.  23),  Sc.  palUatus,  Sc.  p>yr)-opii,s
(Plate  VIII.  figs.  15,  23,  Plate  IX.  figs.  15,  22),  Sc.  conyicns,
Sc.  lemniscatus,  Sc.  isahella  (Plates  VIII.  and  IX.  fig.  24),  Sc.
hoehmii  ;  as  well  as  by  some  Oriental  forms,  Sc.  herdmorei  (Plates
VIII.  and  IX.  figs.  16-18),  Gray's  genus  Wdnosciurtis  (Plates
VIII.  and  IX.  figs.  11,  12),  &c.

I  do  not  consider  for  the  present  the  African  and  Oriental
Pigmy  Squirrels,  as  the  characters  of  their  dentition  depart  entirely
from  the  Sciuromorphan  type  as  a  whole.

Brachydontism  in  itself  is  quite  generally  admitted  to  be  the
most  generalized  condition,  and  tlie  teeth  point  in  the  same
direction  as  do  those  of  other  Orders,  viz.,  towards  a  still  more
primitive  type.  Besides,  we  are  able  to  show  that  the  two  other
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types  before  meutioned  —  the  Schtrvs  vuhjarls  and  the  Xenis  tj^pes,
as  we  may  call  them  —  are  each  of  them  derived  from  a  bracbydont
type.

1.  Therefore,  beginning  with  the  type  of  the  most  bracbydont
Sciurine  molar,  as  being  the  most  generalized,  the  various  forms
belonging  to  it  have  a  very  flat  elongate  crown,  the  inner  and  outer
sides  of  which  have  an  almost  equal  longitudinal  extension  ;  and
a  minimnm  of  trans^-erse  arrangement  of  their  cusps,  which  show
a  tendency  to\\ards  a  longitudinal  disposition.

2.  In  the  upper  molai-s  of  the  Sc.-culr/aris-type  a  transverse
arrangement  is  already  conspicuous.  The  cusps  have  partly
united  to  form  transverse  ridges,  so  that  we  see  here  the  beginning
of  a  transition  from  bunodontism  into  lophodontism  :  four  more
or  less  transverse  ridges,  the  two  median  being  the  stoutest,  with
three  inter^■ening  valleys.  On  the  outer  side  are  three  prominent
cusps,  corresponding  to  the  three  anterior  ridges.  A  characteristic
feature  on  the  inner  side  of  the  upper  molars  is  an  apparently
single  cusp,  which  fits  into  the  cup-  or  basin-shaped  hollow  of  the
inferior  molar,  somewhat  like  a  pestle  in  a  mortar.  In  examining,
however,  quite  unworn  teeth  (of  Sc.  ruh/aris,  e.  g.),  the  inner  side  of
the  upper  molar  presents  itself  more  elongate  and  shows  a  tri-
partite  division,  the  median  cusp  being  the  stoutest.  Still  more
is  this  seen  in  the  upper  molars  of  most  of  the  middle-sized
Oi'iental  Squirrels,  which  in  other  characters  (of  the  skull  &c.)
as  well  as  in  the  dentition  approach  Sc.  vuh/aris.  The  molars,
however,  are  some^-hat  stouter,  and  the  cusps  and  ridges  more
prominent.  In  unworn  teeth  of  Oriental  forms,  e.  g.  of  Se.  pre-
vosti  (Plate  YIII.  fig.  2)  or  Sc.  hhroides  (Plate  Till.  fig.  3),
the  inner  margin  is  rather  elongate,  and  shows  more  distinctly
than  does  *SV.  vulgaris  the  tripai'tite  division  with  a  prominent
medial  cusp.  When  the  teeth  have  become  somewhat  «orn,  these
divisions  tend  to  disappear  ;  so  that  the  usual  aspect  of  worn
upper  teeth  in  these  Oriental  Squirrels  is  that  presented  by  the
somewhat  worn  teeth  of  /SV.  vulgaris,  viz.,  a  single  broad  internal
cusp.  The  shortening,  or,  as  one  might  say,  the  reduction  and
simplification  of  the  inner  side  of  the  upper  molars  compared  to
the  outer  side  (and,  as  may  be  added,  of  the  outer  side  of  inferior
molars  compared  to  their  inner  side)  appears  to  be  a  general  and
primitive  tendency  of  molar  teeth  ;  in  fact,  we  meet  with  it  already
among  Cretaceous  MammaUa,  as  well  as  in  the  recent  Omhlio-
rJiyncJms.  As  to  its  meaning,  we  shall  have  to  consider  it
afterwards.

In  lower  molars  of  the  Scu(n(s-vulgaris-ij]^e,  two  cusps,  the
antero-external  and  the  antero-internal,  show  a  tendency  to  unite
transversely.  Anteriorly  to  these  we  haAe  a  small  transA-erse
valley,  bordered  in  front  by  a  trans^■erse  ridge,  which  is  more
rarely  (Sc.  pahnannn)  raised  in  two  cusps.  In  the  premolar  there
is  generally  one  cusp  only  in  front.

The  hinder  jjart  of  inferior  molars  is  shaped  into  a  sort  of  cup,
to  receive,  as  above  mentioned,  the  internal  tubercle  of  the  upper
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molars.  This  is  a  common  form  of  inferior  sciuromorph  molar,  as
Me  meet  \nth  it,  not  only  amongst  most  of  the  species  of  Sciunts,
but  as  well  in  Tamias,  Spermophilus,  and  Airtomi/s.  The  cup  is
bordered  by  the  two  anterior  cusps,  by  t\\o  posterior  cusps,  of
which  the  internal  is  generally  less  cleA'eloped  or  suppressed,  by  a
posterior  heel,  and  sometimes  by  two  secondary  cusps  between  the
two  pairs  of  principal  cusps.  Sometimes  the  basin-shaped  appear-
ance  becomes  more  evident  still  by  the  coalescing  of  all  these  cusps,
so  that  already  in  qidte  unworn  teeth,  e.  g.  of  the  interesting  Se.
everefti,  Thomas  (Plate  IX.  fig.  4),  the  rounded  margin  of  the  basin
appears  perfectly  even.

In  the  Scmrus-vulgai'{s-tj]^e,  the  upper  molars  also  present  a
sort  of  basin,  in  order  to  receive  the  postero-external  cusp  of  the
lower  molars.  This  is  the  median  valley,  closed  internally  by  the
largely  developed  internal  cusp,  and  whose  formation  appeai-s  to
be  due  to  the  partial  atrophy  of  a  transverse  series  of  cusps,  there
having  remained  only  the  internal  one  greatly  developed,  and
often,  as  in  Sc.  wlc/aris,  a  very  small  median  cusp  on  the  outer
side.  In  the  Xerus-ty\)e,  to  be  mentioned  hereafter,  we  frequently
have  the  space  of  this  median  valley  occupied  by  a  transverse  ridge,
which  brings  up  to  fi\e  the  number  of  these  transAerse  ridges  in
the  upper  molars,  with,  between  them,  four  narrow  transverse
depressions  instead  of  three,  as  is  generally  the  case.

The  Sduropteri  come  near  to  the  same  type,  presenting  on  the
whole  a  ti'ansitional  stage  between  bunodontism  and  lophodontism,
with  the  cup-like  shape  of  lower  molars,  to  which  corresponds  the
formation  of  a  median  valley  in  the  upper  molars.  In  these  last
we  find,  moreover,  the  anterior  valley  of  the  crown  more  fully
developed,  than  is  the  case  in  the  members  of  the  Scmms-vulfjaris-
type,  and  thus  the  molars  of  Scmropteri  often  present  a  more
elongate  form.  A  characteristic  feature  of  Sciuropterine  molars  is
a  delicate  wrinkling  of  the  enamel  of  the  valleys,  and  this,  ac-
cording  to  the  different  species,  extends  more  or  less  to  the
cusps  or  crests,  which  thus  appear  crenate.

Lower  basin-shaped  molars  are  met  with  as  far  back  as  the
Cernaysian  fauna  of  Eeims,  the  lowest  kno\\  n  Eocene  deposit  in
Europe  \  This  is  one  of  the  reasons  which  makes  me  agree  with
Schlosser^  in  considering  the  fossils  (Plesiadapis  and  Protoadapis),
described  as  Lemurids,  to  be  Eodentia.  The  same  conclusions,
and  for  the  same  reason,  apply  to  Plesiestlionyx  from  the  "  Fanne
Ageienne  "  of  Eeims  %  and  to  some  specimens  from  the  Eocene  of
Egerkingen,  doubtfully  referred  by  Riitimeyer  to  Plesiadajns  **.

'  Lemoine,  "Etude  cVensemble  sur  les  dents  des  Mammiferes  fossiles  des
environs  de  Eeims,"  Bull.  Soc.  geol.  de  France,  t.  six.  1891,  pi.  x.  figs.  64-fi8,
7(5-78.

2 M. Schlosser, " TJeber die systematisclie Stellung der Gattnngen Pfe«iaf?ffpi.s,
Protoadapis,  Pleitraspidothermm,  and  Orthaspidothermm"  Neu.  Jahrb,  fiir
Mineralogie,  Geologic  und  PahTontologie,  1892,  Ed.  ii.  pp.  238-240.

^ Lemoine, I. c. pi. x. fig. 32.
■*  L.  Eiitimeyer,  "Die  Eocane  Savigethievwelt  vou  Egerkingen,"  Abb.  d.

scbweiz.  paliiontol.  Ges.  vol,  xviii.  1891,  pp.  121-125,  pi.  fiii.  figs.  16,  17.
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3.  To  the  Xerus-tyi^e  belong  most  of  the  semi-hypsodont
Sfiiirme  teeth  of  the  groups  already  meutioued.  It  is  dis-
tinguished  from  the  Sciurus-milgaris-tyYie  by  a  more  complete
]o])hodontism,  the  crests  ruuuing  in  a  transverse  direction,  and
the  valleys  being  reduced  to  narrow  but  deep  fissures.  The  main
difference  from  Ungulate  lopbodout  molars  consists  in  their  having
not  two,  but  four  or  e\  en  five  crests,  the  anterior  and  posterior
margin  of  the  molar  being  as  much  or  almost  as  much  raised  as
the  two  medial  crests.  Wo  that  the  A't'j'««-type  presents  in  upper
as  well  as  in  lower  molars  three  transverse  depressions  or  fissure-
like  valleys  (and  four  in  superior  molars  where  there  are  five
crests).  This  type  forms  on  the  whole  a  \ery  striking  approach
to  the  bystricomorphan  molar.

Twenty  years  ago  I  pointed  out  that  two  Afi'ican  Squirrels,
;SV.  conr/iciis  and  <S'('.  Ituvostigma  (this  last  being  now  considered  as
a  variety  of  Sc.  pijrropus),  approach  the  Hystrioomorpha  in  a
further  development  of  the  characters  in  wbicJi  the  Ethiopian
Xervs  departs  from  the/SV«(«(5-i'«?(/rt/-is-type.  Again,  the  Eocene
Sciiij'oidcs  was  shown  to  resemble  in  its  molars  those  of  the
Hystricomorpha  Cercolahes  and  Eretliizon,  whilst,  on  the  other
hand,  the  Eocene  bystricomorphan  T)-ec7iom>/s  was  shown  to
approach  Sciuroides  \

Twelve  j'ears  later,  Schlosser,  working  on  fossil  forms,  with
much  richer  material  at  bis  command,  confirmed  these  observations,
showing  that  a  group  of  Tertiary  Eodentia  shoA^ed  characters
intermediate  between  the  Sciuromorpha  and  Hystricomorpha  '".

It  is  of  no  little  interest  that  actually  living  Sciuromorpha  show
iu  their  dentition,  as  w  ell  as  in  the  characters  of  their  skull,  that
the  distinction  between  Sciuromorpha  and  Hysti'icomorpha  is  less
sharp  than  is  generally  admitted.  Schlosser  seems  not  to  have
examined  any  recent  Ethiopian  Squirrels,  as  he  does  not  mention
the  important  characters  they  present.  Nor  has  any  other  author,
with  the  exception  of  Alph.  Milne-Edwards,  who  incidentally
mentions  Sciums  pj/rrojms,  F.  Cuv.,  saying  that  "  les  molaires
offrent  une  apparence  toute  particuliere,  due  a  I'existence  de  replis
d'c'mail  qui  s'enfoncent  profouilement  dans  la  dentine,  constituant
ainsi  de  veritables  rubans.  Je  ne  connais  que  cette  espece  sur
laquelle  on  observe  ces  particularites  ;  cependant,  chez  certains
Xervs,  on  en  voit  dea  indications  "  ^

The  fact  is  that  tlie  majority  of  Ethiopian  Squirrels  depart  from
the  Sciuriue  type  both  in  their  superior  and  inferior  molars,
ai)proaching  towards  bystricine  lophodonty  by  the  uniting  of  tlieir
cusps  in  a  transverse  direction,  so  that  the  characteristic  cup-like

'  C.  J.  Forsyth  Major,  "Nngeruberreste  aiis  Bohnerzeu  SiiddeutsL-blands  iind
der  Schweiz.  Nebst  Beitriigeu  zu  einer  vergleichendeu  Odontograpliie  vou
ITngulaten  imd  Unguirulaten,"  ralieontographica,  Bd.  xxii.  1873,  pp.  TH-l.SO.

^  Max  Schlosser,  "  Die  Nager  des  Europiiischen  Tertiars  ete.,"  Palaonto-
grapliiea,  xxxi.  1885,  pp.  10-lfi2.

^  H.  et  Alph.  Milne-Ednards,  "  Recherehes  pour  servir  a  I'lTisf  oire  Naturolle
dcs  Mammiferes,  ete."  (Paris,  1868-1874).  p.  IfiO,
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shape  of  inferior  molars  tends  to  disappear.  The  species  which
present  in  a  greater  or  lesser  degree  this  conformation  are,  besides
Xervs  (Plates  YIII.  and  IX.  fig.  10),  including  A',  r/etttlvs,  Gesn.
(Plates  YIII.  and  IX.  fig.  9),  >Sc.  palUatus,  Pet.,  Sc.  cejiajn.  Smith
(Plate  YIII.  fig.  22,  Plate  IX.  fig.  23),  Sc.  j^'P-rojws,  Y.  Ciiv.
(Plate  YIII.  figs.  15,  23,  Plate  IX.  figs.  15,  22),  Sc.  con,/la(s,  Kuhl,
Sc.  lenmiscatvs,  Le  Conte,  *SV.  isahella,  Gr.  (Plates  YIII.  and  IX.
fig.  24),  and  Sc.  hoehmi,  Eeieh.  At  the  same  time  they  present  in
their  skull  some  resemblance  to  the  Ilystricomorplia.  They  also
approach  Anomahtms  (Plates  YIII.  and  IX.  figs.  13,  14),  the
various  hystricomorphine  characters  of  which  have  long  ago  been
noted,  but  have,  I  think,  rather  been  nndei-rated  by  Alston  \

It  thus  would  appear  that  ^^•e  ha^  e  here  a  group  of  Sciuromorpha,
somewhat  specialized  in  the  direction  of  Hystricomorpha,  as  we
find,  too,  in  several  Eocene  Rodentia.

But  this  is  not  all.  The  molars  of  Sc.  herdmorei,  Bly.  (Plates
YIII.  and  IX.  figs.  lG-18),  an  Oriental  Squirrel,  and  those  of  the
Boniean  "  lihinosci^mis,  Gr.''  (Plates  YIII.  and  IX.  figs.  11,  12),
agree  with  those  of  Xems  and  the  above-named  Ethiopian  Squirrels,
not  only  in  their  semi-hypsodontism,  but  likewise  in  their  lopho-
dontism,  whilst  the  less  scmi-hypsodont  Oriental  Sc.  tristriatus,
AYaterh.,  and  Sc.jxdmcirnm,  L.,  tend  to  connect  the  .Y€/-?(S-type  with
the  Sc-vvlijans-ix^e,  in  approaching  the  form  of  molar  of  most
of  the  "  middle-sized  "  Oriental  Squirrels.  Two  other  Oriental
species,  »SV.  insi;/nis,  F.  Cuv.  (Plates  YIII.  and  IX.  fig.  6),  and
Sc.  hosei,  Thos.'-^  (Plates  YIII.  and  IX.  fig.  5),  from  Borneo,
though  semi-bypsodont,  and  in  other  characters  agreeing  with
the  members  of  the  A'c/'H.9-group,  show  a  remarkable  modification
in  the  pattern  of  the  molars,  the  valleys  being  reduced  to  mere
superficial  cracks,  which  disappear  very  early  by  wear.  I  think
that  we  have  in  the  molars  of  these  two  forms  examples  of  that
kind  of  reti'ogressive  evolution  of  the  molars  to  «-hich  attention
has  been  lately  drawn  in  an  important  paper  by  Leche  ^,  who
attributes  it  to  the  modification  of  food.  The  Macroijlossi,  Ptero/His
scapulatus,  and  the  EiiomojJiori,  differing  in  this  respect  from
other  Pterojti,  feed  on  juicy  fruits,  whose  contents  need  not  be
chewed.  Likewise  Chironu/s  madaf/ascarieims,  the  molars  of
wliich  present  a  similar  kind  of  retrogi-essive  evolution,  is  lalo^^■n
to  feed  principally  on  succulent  juices,  especially  of  the  sugar-
cane,  as  well  as  on  wood-boriug  caterpillars.  It  now  is  very
suggestive  that  Sciurvs  in.si;/ms,  according  to  Miiller  and  Schlegel  ',
is  especially  fond  of  juicy  and  aromatic  fruits  of  different  species

1  Edward  R.  Alston,  "On  Aiioma/urug,  its  structure  and  position"  (Proc.
Zool. Soe. 1875, p. 94).

■'  Ann.  Mag.  Nat.  Hist,  for  Sept.  1892,  pp.  21.5,  216.
^  W.  Leche,  "  Stiidien  dber  die  Entwieklung  des  Zahnsysteius  bei  den

Saugethieren," Moi-pholog. Jahrbuch, xix. 1892, pp. .54.3, 544.
*  Sal.  Miiller  &  Hei-ni.  Selilegel,  "  Over  de  tot  heden  bekeude  Eekhorens

(^Sciurus)  van  den  Indisehen  Archipel,"  Yerhandeliugen  over  de  Naturlijke
Greschiedenis  der  Nederlandsehe  overzeesche  Bezittingen,"  Leiden,  1839-44,
p. 99.
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of  Elefiaria  (E.  mollis,  xpeciosa,  and  cocdtiea),  as  well  as  of  some
Jdnds  of  beetles  and  all  sorts  of  caterpillars.  A  very  similar
food  will  in  all  likeliliood  hereafter  prove  to  be  preferred  by
<SV. hosei^.

The  molars  of  the  semi-hypsodont  Pferomi/s  (Plates  YIII.  and
IX.  fig.  19)  bear  the  same  relation  to  those  of  Scinropterus  as  the
molars  of  the  Xems-ty^e  do  to  those  of  the  Sciunis-vulr/ans-type.
In  both,  the  valleys  appear  deepened  and  narro\\ed,  but  in  Pteromiis
the  narrowing  is  effected  by  the  \erlical  increase  of  the  \Arinkles
referred  to  in  Sciuropfenis  molars  (Plates  YIII.  and  IX.  figs.  20,
21,  Plate  IX.  figs.  2,  5),  —  the  result  of  which  is  that  the  cup  of  an
inferior  molar  is  filled  up  by  these  ramifications  of  the  enamel,  and
the  crov\n  of  both  upper  and  lower  molars  becomes  almost  plane.
The  Eocene  Ailnravus  from  Egerkingen  (Switzerland)  %  which  I
consider  to  be  a  Eodent,  is  in  this  respect  somewhat  intermediate
between  Pteromj/s  and  Schtroptenis.

I  have  called  the  A'cz-ns-type  of  molar  a  somewhat  specialized
one,  and  am  justified  in  doing  so,  .as  the  teeth  presenting  it  are
no  more  brachydout  —  brachydontism  being  the  ]>rimitive  con-
dition.  The  brachydout  crown  of  Sciuromoi-pha  is  at  the  same
time  bunodont  ;  whereas  the  semi-hj  psodont  teeth  are  more  or
less,  and  the  hypsodont  teeth  are  completely,  lophodont.

Another  small  group  of  Ethiopian  Sqiurrels  —  Sc.  stangeri  (Plates
YIII.  and  IX.  fig.  7),  'SV.  ehii,  and  Sc.  anhmnii  (Plates  YIII.  and
IX.  fig.  8)  —  deserves  the  name  of  brachydout  Xeri,  as  it  shows  from
what  form  of  brachydout  molar  the  Yi?;v(s-type  may  have  origi-
nated.  Other  charactei's  of  this  same  small  group  to  be  mentioned
presently  hkewise  point  towards  the  Ilystricomorpha,  not^^ith-
standing  their  perfect  brachydontism.

In  concluding  these  general  remarks  on  the  form  of  the  Sciurine
molar,  I  repeat  what  has  already  been  stated,  \'iz.,  that  in  perfectly
brachydout  Sciurine  teeth  the  cusps  tend  towards  a  longitudinal
arrangement  —  two  marginal  series  in  the  lower  molars  :  t\\  o
marginal  and  one  or  more,  more  or  less  complete,  intermediate
series  in  the  upper  molars.  This  circumstance  is  of  importance,
as  pointing  towards  the  primitive  arrangement  of  the  molar  cusps,
and  we  shall  have  to  revert  to  it  when  treating  of  the  original
type  of  molar.

III.  liemarls  on  the  Classification  of  the  ScirBiD.T:.

We  have  now  to  consider  some  of  the  bearings  of  the  foregoing
remarks  on  Sciurine  molars  on  Classification.

Classification  was  not  my  original  purpose  ;  but  some  of  the
results  arrived  at  seem  to  me  of  some  intei-e.st  in  this  respect  too,
so  that  I  think  they  may  be  worth  mentioning.  Xor  do  I  see  why

^  Mr.  Hose  informs  me  that  Sc.  ho.m  is  a  groimcl-squirrel  like  Sc.  insignis  ;
this fact goes far to streugtlien tlie supposition tliat the food of both is similar.

-  L.  Riitimeyer,  /.  o.  pi.  vii.  figs.  18,  19.
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systematic  Zoology  should  not  take  into  consideration,  more  than
has  been  the  case  hitherto,  the  characters  of  the  skull  and  dentition
of  Sciuromorpha,  which  characters  have  been  of  such  excellent
service  for  Myomorpha.

My  arrangement  of  the  >Sciurid89  (see  the  table,  p.  1S9)  contains
three  subfamilies  :  —

1.  SciuriiKP,  including  the  genera  of  the  subfamily  S'chn'iuo'  of
authors  (with  the  exception  of  the  Flying-Squirrels  and
some  pigmy  forms),  as  well  as  the  members  of  the  sub-
family  Arcfoini/iiur  (Ci/HOi»i/-t,  Arctonv/s,  Spenaophilas).

2.  Pteromi/inoe,  including  all  the  Flying-Squirrels  (Sduroptems,
Pteromijs,  Eupeinurux).

3.  JVcoinosciuriiuf,  the  Oriental  Pigmy  Squirrels  Sc.  e.rUis,  S,
Miill.,  Sc.  melaaoiis,  Miill.  &  Schleg.,  Sc.  concinmis,  Thos.  ',
<SV.  wldti'headi,  Thos.  -,  as  well  as  the  Ethiopian  Pigmy
Squirrel,  Sc.  nnnvfrn,  Du  C'haillu.

I  shall  say  a  few  words  on  the  Pteromi/iiue  when  dealing  \\  ith
the  fossil  forms.

As  to  my  subfamily  Snnr'nur,  the  inclusion.of  the  Arctoini/hue  in
the  subfamily  Sclurimi',  which  appears  at  first  sight  to  be  a  radical
change,  will,  1  am  sure,  meet  with  the  least  opposition.  The  close
relationships  of  Spermophllus  to  Tamiax  and  Sciurus  are  generally
recognized  ;  and  my  scheme  is  further  justified  by  the  consideration
that  several  Xorth-  American  species  of  the  heterogeneous  genus
SpennopJiUiis  show  in  their  skidl  and  dentition  a  striking  analogy
with  Xenis,  a  circumstance  which  has  been  generally  overlooked.
Besides,  the  dejitition  of  the  Arctoiiii/inre  is  so  decidedly  Sciurine
that  I  do  not  see  why  we  should  any  longer  keep  Arc/oim/s  and
Spermophihm  artificially  separated  from  Xems  and  Sciums,  for  no
other  reason  than  con\enience.

As  to  the  minor  divisions,  it  results  from  the  preceding  remarks
on  the  dentition  of  Sciurincp  that  tlie  Ethiopian  Xerm  occupies,
with  its  three  species,  a  much  less  isolated  position  than  has
hitherto  been  admitted,  inasmuch  as  numerous  species  of  Ethiopian
Squirrels,  as  well  as  some  Oriental  forms,  included  in  the  genus
Sciurus,  have  close  relations  to  Xerus  in  characters,  which  at  the
same  time  approach  it  to  the  Hystricomorpha.  The  cliaracters  of
the  skull  of  Xerus  and  its  congeners  point  in  the  same  direction,
and  consist,  to  express  it  briefly,  in  the  elongate  form  of  the
cranium  in  general  and  the  froutals  particularly,  coupled  with  the
shortening  of  the  postorbital  processes  ;  whereas  the  remnant  of
Scimince  are,  on  the  contrarj^,  characteristic  for  their  broad  frontals
and  the  long  postorbital  processes.  Moreover,  a  small  group  of
Ethiopian  Squirrels,  related  to  Xerus  (Sc.  stamjeri,  Sc.  ehii,  Sc.

'  Ann.  Mag.  Nat.  Hist.,  Nov.  1888,  pp.  407,  408.  Hah.  Isabella,  Easilan,
Philippines.

-  Ann.  Mag.  Nat.  Hist.  (5)  1887,  xx.  p.  127;  P.  Z.  S.  1889,  p.  2^31.  Hr,/j.
Borneo.
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auhimiii),  presents  a  closer  approximation  towards  the  hystricine
type  in  the  relatiAely  large  infraorbital  opening  \

Again,  another  group  of  Ethiopian  8quii-rels  (Sc.  rufohrachiatus,
Sc.  anmdaUis,  Sc.  punctatus,  Sc.  s7n>Yn.5is),  belonging  to  the  Sciunts-
inil(/aris-ty\ye  by  the  characters  of  their  dentition,  show  in  the
conformation  of  their  skull  some  approach  towards  Xerus  ;  whilst,
on  tlie  other  hand,  a  few  species,  which  from  the  fonn  of  their
skull  cannot  be  separated  from  the  Xcr^s-group,  tend  by  the  cha-
racters  of  their  molars  somewhat  towards  the  Sciurus-vulr/aris-
type,  as,  for  example,  amongst  Oriental  Squirrels  the  Sc.  iristriatus
and  >SV,  pahnarum.

If  we  try  to  express  by  a  systematic  arrangement  these  vai'ious
relations,  two  courses  appear  open  to  us  :  either  to  unite  Xerus
with  Sec  urns,  or  to  create  separate  genera  for  those  groups  of
species  which  depart  from  Sciurns  in  approaching  Xerits.  However,
neither  of  these  two  suggestions  seems  satisfactory.  By  uniting
Xenis  with  Sciurns  this  last  genus  would,  become  still  more
heterogeneous  than  it  is  already  —  Xems,  sensu  stricto,  having
besides  near  relationships  with  Spermopjliilvs.  By  splitting  up
Sciurus  in  various  genera,  the  relationships  of  these  last  to  Xerus
would  not  be  seen  in  their  true  light.  So  that  it  appeared  to  me
more  rational  to  adopt  a  middle  course,  viz.,  to  detach  from  /S'cwn<,s
a  certain  number  of  species,  which  in  their  skull  and  dentition
show  Xeroine  affinities,  and  to  unite  them  with  Xerus,  which  last
genus  would  thus  become  composed  of  five  subgenera  (see  the
table  on  the  opposite  page).

The  genus  Sciurus,  distinguished  from  Xerus  by  characters
of  the  skull  as  well  as  of  the  dentition,  is  dinded  into  three
subgenera,  each  of  which  is  characterized  by  cranial  and  dental
peculiarities.

Subgen.  rt,  £'oscm/'»s,  contains  the  Oriental  Giant  Squirrels,  which
by  all  authors  on  the  subject,  Anth  the  exception  of  Anderson,
have  been  recognized  to  be  a  distinct  group  ;  in  1842  P.  Grervais  ^
pointed  out  the  characters  of  the  skull.  As  I  have  already
stated  more  than  once,  the  molars  are  perfectlj'  brachj'dont,  with
delicate  rugosities  of  the  enamel-covering.  Only  one  superior
premolar.

In  the  subgenus  h.  Sciurns  we  have  four  divisions  :  —  (a)  A  small
group  of  Ethiopian  Squirrels,  characterized  by  the  absence  of  the
minute  superior  premolar,  and,  as  a  compensation,  a  very  elongate
posterior  premolar.  On  the  rest,  the  dentition  is  similar  to  that  of
Sciurus  I'ulgnris.  I  have  before  described  the  slight  differences  in
the  molar  pattern  of  division  ft,  containing  the  majority  of  so-called

'  Their  skull  in  general,  and  most  of  all  that  of  Sc.  ebii,  is  so  strikingly
Xeri<s-\ike,  with  the  only  exception  of  the  jugalia  not  being  depressed,  that  it
seems  not  possible  to  maintain  them  in  the  genus  Sciurus  if  A'crvs  be
maintained as such.

-  P.  Gervais,  "  Description  de  I'Ecureuil  Delessert,  accompagn^e de  quelques
remarques  sur  la  famille  des  Rongeurs  seiuriens,"  Magasin  de  Zoologie,  2.  iv.
1842, p. 4.
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"  middle-sized  "  Oriental  Squirrels.  Division  y,  with  Sc.  vuh/aris
and  Sc.  si/riacus,  distinguished  from  each  other  by  slight  characters
of  the  first  supei'ior  premolar  (p').  Division  S  contains  most  of
the  American  Squirrels.

The  third  subgenus  c.  is  Tam'ias,  which  I  cannot  separate  from
the  genus  Sciurus.

The  skull  of  the  Pigmy  Squirrels  is  very  remarkable,  a  fact  to
which  attention  has  been  drawn  by  Miiller  and  Schlegel,  as  well  as
by  0.  Thomas.  The  anterior  zygomatic  root  is  a  perfectly  vertical
narrow  septum,  and  is  placed  so  much  backwards  (above  the  second
molar)  that  the  facial  part  of  the  cranium  appears  very  elongate,
whilst  the  frontal  region  is  broader  relatively  than  in  any  other
Sciiu'omorpha.  The  orbita  is  formed  by  an  almost  circular  bony
ring.

The  dentition,  of  which  I  give  the  figures  (Plate  X.  fig.  10,
Plate  XI.  figs.  6,  7)  is  unique  amongst  Sciuromorpha,  and  can,  as
I  have  said  before,  be  compared  only  with  that  of  some  Mijoxi.
In  the  upper  jaw  there  are  either  one  or  two  premolars,  and  one
in  the  lower  jaw.  The  posterior  upper  premolar  (p')  and  the
lower  premolar  (]i  J  are  of  minute  size  as  compared  to  the  homo-
logous  teeth  in  other  Sciuromorpha,  sometimes  scarcely  oue-thii"d
of  tlie  size  of  the  molars.  This  is  another  feature  they  have  in
common  with  certain  of  the  Mijox'i.  The  pattern  of  the  crown
differs  from  that  found  in  the  Sciuromorpha  generally,  in  pre-
senting  only  three  complete  trans\"erse  crests  in  the  upper  molars
instead  of  four,  and  three  in  the  lower  molars.  The  third  crest,
counting  from  front  to  back,  of  Sciuromorphous  molars  is  very
reduced  in  these  pigmy  Squirrels,  sometimes  scarcely  more  than  a
minute  cusp.  A  further  peculiarity  of  these  molars  is  the  large
development  of  the  anterior  transverse  Aalley  of  both  superior  and
inferior  molars,  as  compared  to  the  usual  Sciuromorphous  type,
sometimes  almost  equalling  that  of  the  posterior  valley.  This  last,
owing  to  the  partial  suppression  of  the  third  crest  (Riitimeyer's
Naclijocli),  occupies  the  area  of  the  median  as  well  as  that  of  the
posterior  transverse  valley  in  the  tooth  of  Sciuromorpha.

These  characters  of  the  teeth  and  the  skull  of  the  Pigmy
Sqiurrels  sufficiently  justify  the  creation  of  a  separate  subfamily  for
them.

IV.  Description  of  the  Fossil  Species.

The  remains  of  two  species  of  Squirrels  are  representatives,  the
one  (1)  Sciurus  spefmophilinus,  Dep.\  of  the  Sciurus  vuhjaris-tyiie,
the  other  (2)  Xerus  r/rivensis,  n.  sp.,  of  the  Xirus-tjpe,  which  both
types  have  been  so  fully  discussed  before,  that  I  need  scarcely
enter  into  further  details.

'  Oh.  Deperet,  "Recherches  sur  la  succession  des  Faunes  de  Vertebras
miocenes  de  la  Vallee  du  Rhone,"  Arch,  du  Miis.  d'Hist.  Nat.  de  Lvon,  t.  v.
(Lyon,  1887),  pp.  108-110,  pi.  xiii.  figs.  14,  14  a.

Id.,  "La  Faune de  Mammiferes  miocenes  de  la  Grive-Saint-Alban (Isere),  etc.,"
Arcli.Mus.  d'Hist.  Nat.  de  Lyon,  t.  v.  (Lyon,  1892),  pp.  48-50,  pi.  i.  figs.  26-27.
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Sc,  si)ennoi)liilinus  is  represented  by  a  fragineut  of  the  left
maxilla  (  Plate  X.  fig.  4),  carrying  the  posterior  premolar  aud  the
two  anterior  molars,  and  by  several  mandibular  rami  (Plate  X.
figs.  6-9).  A  minute  alveolus  for  p.^  is  visible  in  front  of  the
posterior  upper  premolar.  The  inferior  molars  show  the  cup-  or
basin-shaped  conformatiou,  the  cusps  being  arranged  laterally.

Deperet  is  of  opinion  that  the  molars  of  8c.  si)ermox)ldliiim
dift'er  from  Sc  vvlijaris  only  in  small  particulars.  I  find  more
resemblance  to  some  Oriental  members  of  the  subgenus  Scinrus  ;
the  antero-internal  cusp  of  the  lower  molars  being  extremely
elevated,  whilst  the  postero-interual  cusp  is  almost  suppressed
(Plate  X.  fig.  9).  We  meet  with  exactly  the  same  pattern  in  the
Oriental  Sv.  atrodorsaUs,  Gr.,  Sc.  roaeabenji,  Jent.,  Sc.  canice^is,  Gr.,
Sc.  brookci,  Thos.,  and  others.  The  third  lower  molar  is  more
elongate  than  in  Sc.  vuhjaris;  this,  too,  is  a  character  of  the
Oriental  group  of  Squirrels  mentioned.  Besides,  both  upper  and
lower  incisors  are  vertically  sti-iated  by  ridges  (Plate  X.  fig.  5).
Amongst  recent  Sciurince,  oulv  liJdthrusciurns,  whose  molars,  how-
e\er,  are  very  different  from  those  of  the  fossil,  presents  this
character.  It  occurs  also  on  lo«er  incisors  of  some  species  of
Sc'mroidcs  from  Cailux,  in  the  British  3Iuseum.  As  the  same
striation  of  incisors  is  found  in  the  Tillodont  Calamodon  of  the
Lower  American  '  and  Swiss  -  Eocene,  it  may  prove  to  be  an
inherited  character.

Length  of  m.„  m,,  p,  sup.,  6  millim.  ;  length  of  m^,  m.^,  m^  p.
inf.,  7'5  millim.

Xerus  (ji-ivemi-s,  n.  sp.  (Plate  X.  figs.  2,  3).  —  A  left  mandibular
ramus,  shoeing  the  three  molars  and  the  alveolus  of  the  pre-
molar.  Length  of  the  three  molars  6  millim.  Incisor  without
vertical  ridges.  The  molars  present  a  more  advanced  stage  of
lophodoutism  than  those  of  Sc.  xpcrinojiliiliaus,  not  only  the
anterior  cusps  uniting  transversely,  but  the  postero-external  and
postero-internal  cusp  —  the  latter  more  fully  developed  than  in
Sc.  spermopliilinus  —  showing  the  same  tendency.  So  that  we
have  three,  instead  of  two,  trans\erse  valleys,  the  median  and
posterior  valley  being  incompletely  divided.  I  could  not  better
characterize  the  molars  of  this  fossil  than  by  calling  them  a
minute  and  somewhat  less  semi-hypsodont  form  of  X.  herdmorci,
Bly.,  from  Afartabau,  Tenasserim,  Cambodja,  and  Cochiu-Chiua.

SciuroiJtenis  alhaneasis,  n.  sp.  —  The  thii*d  fossil,  a  left  ramus  of
the  lower  jaw  (Plate  X.  fig.  1,  Plate  XT.  figs.  3-5),  is  strikingly
similar  in  the  character  of  the  molars  aud  the  ramus  to  some  of
the  larger  species  of  Sc'mroptei-us,  and  especially  to  Pteromys  Upliro-
inehs,  Giinth.'  (Plate  XL  figs.  1,  2),  aud  Pter.  pJiceomelas,  Giiuth.,

'  E.  D.  Cope,  •'  The  Vertebrata  of  the  Tertiary  Formations  of  the  West,"
Book  I.  1883  (Eep.  Un.  States  Geol.  Surv.  of  the  Territ.  vol.  iii.,  Washington,
1884)  pp.  188-192,  pi.  xsiv.  c.  fig.  1  b.

^  L.  Eiitimeyer,  "  Die  Eocane Saugethierwelt  von Egerkingen "  (Ziirich,  1891),
pi.  viii.  figs.  25-27,  p.  126.

3  Proc.  Zool.  Soc.  Loud.  1873,  p.  413,  1880,  p.  53.
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from  the  Malay  region  aiid  Borneo,  which  are  both,  from  the
conformation  of  theii'  molars,  not  to  be  distinguishecl  from
Sciuroptcri.  I  present  an  enlarged  sketch  of  the  fossil  molars,
together  with  the  first  molar  of  Sc.  tepliromdaa.  The  few  small
differences  shown  by  the  comparison  of  the  fossil  with  the  recent
species  consist  in  a  somewhat  larger  deAclopment  of  the  anterior
valley,  and  some  minor  details  in  the  rugosities  of  the  enamel.
The  cusps  also,  bordering  the  basin-shaped  crown,  are  somewhat
stouter  in  the  fossil.

Length  of  the  four  grinders:  —  va^  4,  m^  3"5,  m^  3,  p,  2-5  millim.
This  is  the  firsr  fossil  of  Sciurojitents  recorded.  However,  I

am  of  opinion  that  Sciums  smisanieiisk,  Lart.,  from  the  jMiddle
Miocene  of  Sausan,  is  but  a  smaller  species  of  Sciuroptems,  judging,
at  least,  from  an  enlarged  figure  of  a  molar  published  by  Eilhol  '  .

Depcret  has  described  and  figured  as  a  species  of  Sciuroides  au
infeinor  molar  from  the  Lower  Pliocene  of  Eoussillon  '\  which  so
much  agi'ees  A\ith  the  homologous  molar  in  some  Sciuropteri  (cf.
Sc.  volam),  that  I  think  I  am  right  in  considering  the  iioussillou
tooth  a  third  fossil  form  of  Sciuroptems.

But  this  is  not  all  :  under  the  name  of  AJlomys  {Meniscomys),
Marsh  ^  and  Cope  '  have  made  known  remains  of  Eodentia  from
the  Miocene  of  Oregon.  Marsh  considers  them  as  "  probably
related  to  the  Flying-Squirrels,''  adding  that  the  teeth  are  some-
what  like  those  of  L^ngulates.

Cope  states'  that  "the  characters  of  the  dentition  of  tliis
genus  (i.e.  Meniscomi/s)  resemble  those  of  the  genus  Pteromys.^''

The  figures  given  by  Cope  ai'e  insufficient  for  close  comparison,
as  has  already  been  pointed  out  by  Schlosser  :  but  it  would
ap}iear  from  the  description  that  one  of  the  species,  M.  cavatus,
approaches  Sciuropterus  and  especialh'  Sc.  pearsoni.  The  crowns
of  the  inferior  molars  are  described  as  basin-shaped  ;  "  and
although  the  enamel  is  \^rinkled  in  a  complicated  manner,  the
wTiukles  are  not  elevated  as  in  the  other  species  of  the  genus.
Thus  the  inferior  molars  more  nearly  resemble  those  of  ordinary
Sciurida'  than  do  those  of  the  other  species  of  Meniscomys  "  ".  In
the  characters  mentioned,  these  other  species  would  form  some
approach  to  Pteromys.

When  comparing  the  upper  teeth  of  his  AUonvjs  nitens  with  those
of  L^ugulates,  Marsh  doubtless  refers  to  the  angulate  conformation

^  H.  Filhol,  '  Etudes  sur  les  Mammiferes  fossiles  de  Sansan  '  (Paris,  1891),
pp. 36, 37, pi. i. fig. 3.

^ Ch. Deperet, "' Les aniniaux pliocenes de RoussiUon." M^tu. Soc. G-eol.  de
France,  Paleontologie,  t.  i.  (Paris,  1890).  p.  49.  pi.  vii.  figs.  39,  39  cr,  t.  iii.  1892,
p.  121,  pi.  xii.  fig.  14.  (The  text  quoted  in  the  last  instance  refers  to  an  upper
molar figured, but tliere is no fig. 14 on pi. xii.)

'  O.  0.  Marsh,  "  Notice  of  some  new  Vertebrate  Fossils"  (Auiei-.  Journ.  of
Science  and  Arts,  vol.  xiv.  1877,  p.  253).

^  E.  D.  Cope,  "  The  Vei-tebrata  of  the  Tertiary  ForniatioDS  of  the  West."
Book  1.  1883  (Rep.  Un.  States  Geol.  Survey  of  the  Territ.  vol.  iii.,  Wasliington,
1884).

« Z/.c. p. 827.
« L. c. p. 831.
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of  the  outer  cusps.  A  siuiilar  shape  is  showu  by  the  outer  cusps
of  Sduroiiterus  pearsoni,  and  by  those  of  Pseudosciurus,  which  I
have  long  ago  *  described  at  length,  in  drawing  the  attention  to
their  various  analogies  with  Ungulates.  These  analogies  are  so
deceiving,  that  the  discoverer  of  Pseudoscmnis,  having  but  isolated
teeth  at  his  command,  considered  them  to  be  from  an  Ungulate.

Two  lower  molars  of  a  Eodent  from  the  Phosphorites  of
Mouillac  have  been  described  by  Nchlosser  under  the  name  of
I'Sciuroi.loii'-.  He  compares  them  with  Pteromys,  and  suggests  that
they  are  nearly  related  to,  aiid  perhaps  identical  with,  the  Oregon
Meniscomys  '.

In  the  British  Museum  are  preserved  several  unpublished  isolated
molars  of  a  minute-sized  Rodent  from  the  Oligocene  Bembridge
Limestone  of  the  Isle  of  Wight,  some  of  which,  hkewise,  can  only
be  approximated  to  Sciuropterus  or  a  nearly  related  genus.  Similar
remarks  apply  to  a  molar  from  the  Swiss  Eocene  of  Egerkingen,
lately  published  by  Riitimeyer  under  the  name  of  Ailumvus  ',  which,
however,  is  undoubtedly  a  lower  molar  of  a  Rodent,  and  agrees
most  with  those  of  the  larger  species  of  Sduroptenif<,  although,  as
stated  above,  it  is  somewhat  intermediate  bet\A"een  Pteromys  and
Sciuropterus.  Ailuravus  ha\ing  relations  to  one  of  the  species  of
Plesiadapis  (PI.  yervaisii,  Lem.),  from  the  Lower  Eocene  of  Reims  \
it  results  that  Scinro^yternsAike  Rodentia  were  very  abundantly
represented  and  widely  spread  during  the  Tertiary.

I  shall  hereafter  point  out  more  fully  the  resemblance  between
two  recent  species  of  Sciuropteri,  Sc.  horsfieldi  and  8c,  2>earsoui,
with  the  two  Eocene  genera  Sciuroides  and  Pseudoscmnis.

After  this  brief  reference  to  fossils  showing  close  analogy  with
recent  Flying-Squirrels,  it  remains  for  me  to  justify  my  arranging
these  last  in  a  distinct  subfamily,  the  PteromyitKX.

Taking  the  genus  Pteromys  in  a  restricted  sense,  it  is  a  very
homogeneous  one,  in  its  dentition  as  well  as  in  the  characters  of
the  skull.  The  Sciuropteri,  on  the  contrary  —  with,  which  I
propose  to  unite  Pteromys  tephromelas,  Griinth.,  and  Pt.  jjlicnomclus,
Griinth.  —  show  on  closer  examination  such  a  variety  in  the  shape
of  their  molars,  that,  if  found  in  a  fossil  condition,  they  would
without  hesitation  have  been  assigned  to  four  or  five  genera.  All
of  them  are  more  or  less  brachydont,  with  the  exception  of
Sciaroptems  rolans,  L.  sp.,  which  leans  towards  hypsodontism  ;  all
have  in  common  an  elegant  sculpturing  of  the  enamel,  which  gives
often  a  creuate  appearance  to  the  cusps  or  crests.  But,  apart  from
this,  almost  every  species  possesses  a  pecidiar  pattern  of  its  molars.

^ ' Nageriiberreste aus Bohnerzen Siiddeutschlands und der Scbweiz,' 1873.
'■'  M.  Schlosser,  -'Die  Nager  des  europaischen  Tertiars,"  I.  c.  pp.  91(73)-

93(75),  pi.  vu.  (ii.)  flgs.  3,  10.
^  i.e.  pp.  91,  146,  154.
^  L.  Riitimeyer,  "  Die  Eocaae  Saugethierwelt  von  Egerkingen  "  (Ziirich,

1891),  pp.  94-98,  pi.  vii.  figs.  18,  19.
°  Lemoiue,  "Etude  d'  ensemble  sur  les  dents  des  Mammiferes  fossiles  des

environs  de  Reims,"  Bull.  Soc.  Geol.  France,  t.  xix.  1891,  pi.  x.  flg.  65.
Proc.  Zool.  Soc.~1893,  No.  XIII.  13
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Similar  remarks  apply  to  the  skull.  As  to  molar-forms,  I  draw
attention  to  two  of  the  most  cui-ious  in  this  respect,  those  of
iSciuro/derus  Jiorsjleldi,  Waterh.  (Plates  A'lII.  and  IX.  fig.  21),  and
Sciuropt,  pearsoni,  Gray  (Plates  YIII.  and  IX.  fig.  20).  The  upper
molars  of  both  of  these  show,  on  the  inner  side,  t\\o  crescents
or  cusps,  with  an  interveuiug  depi'ession  —  a  conformation  which
in  recent  adult  Sciuromorpha  is  quite  unique,  but  is  met  with  in
the  Eocene  genera  ScmroiJcs,  Iscltijromys,  Fseudosciurus.  Pseuclo-
sciurKS,  moreover,  though  being  soDiewhat  more  brachydout  than
Sciuropt.  pearsoni,  has  in  common  with  it  the  sculpturing  of  the
enamel,  as  well  as  the  pattern  of  the  crown  in  general,  there  being
six  cusps  in  the  upper  molars,  which  in  the  living  species  show  a
tendency  to  form  crests.  Sciuropti'rus  liorsfieldi  shoMS  other
relations  to  Sciuroides,  besides  those  already  mentioned.

Now,  how  are  we  to  account  for  this  astonishing  variety  of
forms,  wliich  show  this  group  in  a  new  and  unexpected  light?
The  brachydontism  for  one  thing  proves  that  the  Sciuropferi  are  old
forms,  and  we  have  seen  that  they  made  their  appearance  certainly
in  the  Middle  Miocene  in  a  form  which  has  undergone  very  little
change  up  to  the  present  day,  aud  that  nearly  related  forms
appear  in  the  Oligoceue  of  Prance  aud  England,  and  in  the  Miocene
of  Oregon.  Moreover,  the  nearest  related  fossil  forms,  of  two  of
the  species  at  least,  are  Eocene.  In  stating  this,  I  do  not  pretend
to  say  that  Sciuroides  and  Pseudosciunis  were  Plying-Squirrels,
but  only  that  there  is  a  near  relationship  between  them  and  the
two  Sciuropteri  mentioned.

Now,  as  to  the  genetic  relation  of  the  Hying  to  the  ordinary
Squirrels,  there  are  three  suppositious  possible  :  —

(1)  The  most  obvious  would  be  to  admit  that  the  Plyiug-
Squirrels  have  e^•olved  from  various  species  of  nou-flying  Sciuro-
morpha.  In  fa'\"0ur  of  this  supposition  it  coidd  be  said  that,
considering  Plying-Squirrels  to  be  more  specialized,  they  have
apparently  evolved  from  less  specialized  forms,  and  that  the  more
fa\ourable  conditions  in  escaping  their  enemies  might  account  for
the  surnval  of  such  forms  as  Scinropt.  Iwrsfieldi  and  Sc.  pearsoni,
Avhose  nearest  relations  were  largely  represented  in  the  older
Tertiaries.  In  support  of  a  supposed  independent  evolution  of
the  species  of  ScluropU'ri  from  several  species  of  Sciitri,  the  fact
might  be  adduced  that  there  exists  some  similai'ity  in  the  dentition
of  an  Oriental  ficiuroptenis  (Sc.  Jimhriatus,  Grr.)  with  several
Oriental  Sciuri  (Sc.  jirci'osii,  e.  g.)  ;  and  the  same  might  be  said
with  regard  to  the  Nearctic  Sciuropterus  volucella.  Pall,  sp.,  as
compared  Anth  several  Nearctic  Sciuri,

(2)  A  second  possible  supposition  would  be  the  re^'erse  of  the
first.  Por  one  reason  or  other,  a  patagium  might  have  proved
disadvantageous,  and  the  Sc.  Jmdsonius  might  be  the  descendant  of
such  a  form  as  Scvuropt.  volucella,  as  Sciurus  prevosti  aud  other
Oriental  Sciuri  might  have  sprung  from  some  SciuropAerus  Jimhri-
atus.  In  favour  of  this  supposition,  the  fact  might  be  adduced
that  the  species  of  Sciuropteri  and  Pterotmjs,  taken  together,  are
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inferior  iu  number  to  the  non-flying  Sciuroniorpha,  and  have,  to  all
appearances,  greatly  diminished  from  Tertiary  times  up  to  the
present,  so  that  their  special  means  of  locomotion  do  not  seem  to
have  proved  of  moi'e  value  in  the  struggle  for  existence  to  those
of  the  nou-fljnng.

(3)  One  may  thirdly  suppose  that  there  is  no  direct  connexion
whatever  between  the  Sciurojderi  and  recent  tiviuri  or  iSdurlda'.
From  Tertiary  times  up  to  the  present,  the  species  of  riying-
►Scjuirrels  have  been  gradually  diminishing  iu  number,  their
characters  having  proved  inadaptive,  whilst  the  sjiecies  of  iSciuridse
have  been  increasing.  The  points  of  similarity  in  the  grinding-
teeth  of  Sciurus  prevosti  and  tSciuropternsJimhriatus,  on  the  whole,
are  very  slight  (and  so  are  those  between  Sciaropterus  volucella
and  Sciunis  hufhonms)  ;  with  a  httle  practice  it  is  at  once  possible
to  distinguish  an  isolated  tooth  of  the  one  from  that  of  the
other.  Their  skulls,  moreo\'er,  ai'e  veiy  different.

For  my  part,  I  rather  incline  towards  the  third  supposition,
although  admitting  that  the  grounds  on  which  it  is  based  may
not  be  convincing.  At  any  rate,  the  characters  of  tlie  cranium  as
well  as  those  of  the  dentition,  though  greatly  varying,  gi\e  on  the
whole  a  family  likeness  to  all  the  Flying-Squirrels,  so  that  1  cannot
but  separate  them  into  a  cUstinct  subfamily  from  the  Sciurinse.

The  Pteromys,  sensu  strictisshno,  have  probably  evolved  from  a
single  Sciaroj>tems-\\\.Q  form,  and  Eupetaunis  is  apparently  the
more  specialized  descendant  of  some  Pteromys.

The  really  important  characters  in  which  some  Sciari  and
Spenno/iMH  approach  the  Sciuropteri,  as  in  the  restricted
iuterorbital  region  of  Culohotis,  the  general  elongation  of  the
frontals  of  various  Sciuridfe,  the  general  shape  of  the  grinding-
teeth  in  Eosciurus,  and  in  the  stronger  development  of  the  first
ridge  in  the  upper  molars  of  the  Otospenao/ihiU,  are  all  such  that
they  may  be  considered  as  ancient  inheritances.

Therefore  we  need  not  admit  any  recent  connexion  between  the
Sciuropteri  and  the  above-mentioned  members  of  Sciurida;.

Anatomical  characters  and  palseontological  evidence  point  in  the
same  direction,  viz.  that  the  Sc'mropteri  are  the  Httle  modified
remnants  of  a  very  old  and  once  widely  spread  group.  There  is
not  sufficient  evidence  for  admitting  that  they  have  evolved  from
forms  of  non-flying  Squirrels  identical  with,  or  very  closely  allied
to,  those  actually  living  ;  their  power  of  flying  may  not  be  a  com-
paratively  recent  character.  They  are  specialized,  no  doubt,
compared  to  the  remnant  of  Sciuridse  ;  but  the  ancestral  non-flying
types  may  neither  have  been  Sciuridse  nor  even  Sciuromorpha.

It  would  be  more  consistent  with  these  vieMS  to  place  the  Flying-
Squirrels  in  a  distinct  family  ;  but  for  this  it  will  be  time  enough
when  their  recent  as  well  as  their  fossil  forms  are  better  known
than  is  the  case  at  present  \

^  The  present  paper  was  compfetelj  fiuished  when  I  fii'st  became  partially
acquainted  with  H.  Winge's  "  Jordfundne  og  nulevende  (3-navere  (Eodentia)

13*
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A'.  On  the  primitive  Type  of  the  Sciurine  Molar,  and  of  the
Eutherian  Molar  in  ijencral.

lu  surveying  the  various  modificatious  of  tlie  yduriue  luokr-
t\'pe,  I  refrained  from  entering  into  the  question  as  to  their  relation
to  the  prevailing  theory  of  trituberculisni.  I  proceed  now  to  this
hist  part  of  my  paper.

The  trituberoular  tlieory  has  been  \\orked  out  with  admirable
acumen  by  Cope,  Osboru,  Schlosser,  and  lastly  by  Kiitimeyer  and
Scott,  and  is  so  well  known  that  I  need  not  even  gi\'e  a  summary
of  it.  However,  as  I  have  to  refer  in  the  sequel  to  some  less  recent
papers  bearing  on  the  argument,  I  may  be  allowed  to  mention
them  here  as  briefly  as  possible.

In  a  Memoir,  M'hieh  may  be  regarded  to  contain  the  foundations
of  a  real  comparative  Odontography,  Eiitimeyer  was  led  to  consider
as  fundamental  type  of  the  Ungulate  molar  the  zygodont  form,  viz.
the  upper  molars  formed  by  t\\'o  transverse  ridges,  parting  under
right  angles  from  an  outer  wall  (^^  Aussenwand"),  with  a  transverse
valley  di\iding  them,  and  two  simple  transverse  ridges  in  the  lower
molars \

fi-a  Lagua  Santa,  Minas  Geraes,  Brasilieu.  Med  Uclsigt  over  Guavenies  ind-
byrtes  Slaegtskab"  (Afti-jk  af  "E  Museo  Liindii,''  Kjobeuhavn,  1887).  I
regret not to have known this important publication before, but shall be obliged
to  take  it  into  full  consideration  on  tlie  first  opjjortunity  if  I  succeed  in  over-
coming  the  difficulties  presented  by  the  language.  Meanwhile,  at  the  risk  of
not having in evei'y instance completely grasped the author's meaning, I canuot
refrain  here  from  a  few  obser\  atious.  Winge  presents  (p.  110)  the  following
genealogical tree of the Eodentia : —

Myoxidaj.  Muridii;.
\.  /
Dipodidse.  Hystricidaj.  Sacoomyidse.

\  /  I
Anomaluridffi.  Sciuridie.

\  ,  .  /
Haplodontida;.

Ischyroinyida'.

Leporida;.

Pscudosciuriis  and  Scinroidiv  are  included  as  a  distinct  subfamily  under  the
Anomaluridae, which last contain, moreover, besides Aiwmcdurus (subf. Anoma-
turini),  the  Tertiary  Trcchoiui/s  {Trcchomyini),  Thcridomijs,  Isswdorom?/s,  Ar-
thmumyi  {Thcridomyini),  and  the  recent  Pcdctcs  {Pcdcdni}.  1  do  not  in  the
least  deny  the  importance  assigned  to  the  masseter  (in  its  relation  to  the
mechanical  action  of  the  teeth),  and,  as  a  consequence,  to  the  shape  of  the
infraorbital  foramen.  However,  the  agreement  in  the  molars  of  Sciiiroidcs  with
those  of  Scit(ro2}teriis  horsficldi  on  the  one  side,  and  of  Pseudosciurus  with
those of Sciuro])tcrus pearsoni (and to a lesser extent oi Allomys) on the other,
is  such  that  I  do  not  think  it  justified  to  separate  so  widely  these  fossil  forms
from  the  Pteromyincs.  Besides,  amongst  Sciiirlnce  proper,  Protoxerus,  my  first
subgenus  of  Xcrus,  still  presents,  in  the  conformation  of  the  infraorbital
foramen, some approach to the primitive condition.

'  L.  Eiitimeyer,  "Beitrage  zur  Kenntniss  der  fossilen  Pferde  und  zur  ver-
gleichenden  Odontographie  der  Hufthiere  iiberhaupt,"  Verb.  d.  naturf.  Ges.  in
Basel, iii. 1S(J3, p. 558, gg.
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Eiitimeyer  starts  from  the  assumption  that  the  primitive  type
of  Mammalian  molars  had  a  conical  or  cylindrical  shape  ("  homce-
oclont"  type),  which  simple  form  became  complex  in  course  of
time,  so  that  we  must  expect  to  find  a  more  simple  type  of  molars
the  more  we  recede  in  time.  Eiitinieyer's  ^ieAvs  were  supported
by  the  fact  that,  in  several  of  the  oldest  deposits  then  known,  of
Tertiary  Mammaha  were  met  with  abundantly  the  Lophiodontid?e,
showing  the  zygodont  molar  in  its  typical  form.

Kowalevsky'  held  the  same  views  as  Eiitimeyer  and  pointed
out,  besides,  that  a  less  simply  constructed  form  of  molars  is  met
with  in  the  older  Tertiary,  especially  amongst  "primitive  Ungulates  "
(e.  g.  "  Microchcerus  ")  ".  But  whilst  he  did  not  enter  upon  the
possible  relations  between  such  complex  sextubercular  forms  and
the  zygodont  or  lophodont  type  (as  it  Mas  called  later),  Cope  had
urged  already,  in  1874,  that  a  bunodont  tooth  was  the  ancestral
form  of  the  modern  placental  molar,  thus  tacitly  admitting  that
the  zygodont  molar  is  a  secondary,  a  derived  form'*.  The  various
modifications  of  ungulate  molars  were  traced  back  by  Cope  to  a
qnadritubercular  type,  and  somewhat  later  he  traced  the  sectorial
type  of  inferior  molars  to  a  quinquetubercular  or  tuberculosectorial
type*.

The  discovery  of  the  Puerco,  the  oldest  known  Tertiary  Mam-
malian  faiuia  of  America,  gave  opportunity  for  the  recognition
by  Cope  of  a  still  more  primitive  type  of  superior  molar,  the
tritubercular  type,  the  great  majority  of  the  Puerco  Mammals
having,  accordiiig  to  Cope,  their  superior  molars  constructed  after
this  type".  In  the  latest  revie\v  of  the  Puerco  fauna  it  is  stated
that  almost  all  the  Placentalia  show  the  tritubercular  type  in
their  superior  molars,  as,  out  of  82  Placentalia,  only  four  are
quadrituberculate.  The  quinquetuberculate  or  tuberculosectorial
type  of  inferior  molars  is  equally  widely  spread,  although  less
generally  so,  64  out  of  82  Placentalia  possessing  it^

The  farther  development  of  the  tritubercular  theory  in  these
last  years  is  treated  of  at  length  in  all  the  recent  Manuals,  as  the
whole  phylogeny  of  the  Mammalia  is  directly  connected  with  the
question.

Not  one  palaeontologist  who  has  dealt  with  the  argimient  has

^  W.  Kowalevsky,  "  Monograpbie  der  Gattung  Anthracotherium,  Ciiv.,"
Palffiontographica,  xxii.  1873,  1874,  pp.  210,  263,  264.

^  "  Je  tiefer  wir  in  die  Schicbten  driugen,  je  altere  Pormen  wir  finden,  desto
complicirtere  Gestalten  tauchen  i)umer  auf.  .  .  .  ;  also  kann  das  als  ein  Wink
dienen,  wis  weit  wir  nocb  von  der  primitiven  Form  des  Zahnes  sind  "  {I.  c.
p. 230, note 1).

^  E.  D.  Cope,  "  On  tbe  Homologies  and  Origin  of  tbe  Types  of  Molar  Teetb
of  Mammalia  Educabilia,"  Journal  Academy  Nat.  Sciences  of  Pbiladelpbia,
new  series,  vol.  viii.  part  1  (Pbiladelpbia,  April  1874),  pp.  71-89.

'  L.c.  and  E.  D.  Cope,  "On  tbe  Trituberculate  Type  of  Molar  Tootb  in  tbe
Mammalia,"  Pal.  Bulletin,  no.  97,  Proc.  Amer.  Pbilos.  Soc,  Dec.  7,  1883  (publ.
Jan.  2,  1884),  p.  326.

•5 " On tbe Trituberculate Type &c.," I. v.
■^  E.  D.  Cope,  "Synopsis  of  tbe  Vertebrate  Fauna  of  tbe  Puerco  Series,"

Transact.  American  Pbilos.  Soc,  Aug.  1888,  p.  299.
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pronounced  unfavourably  on  the  theory  since  it  was  first  brought
forth,  and  the  same  is  the  case,  so  far  as  I  am  aware,  \\  ith  biologists
in  general.

The  cardinal  point  established,  to  use  Osboru's  words,  is  that
"  the  aatero-external  cusxj  in  the  lower  molars  and  the  antero-internal
cusp  in  the  upper  molars  of  the  Mammalia  are  homologous  u'ith  the
reptilian  cone  and  tvith  each  other  '".

Trituberculism,  or,  as  we  rather  ought  to  call  it,  the  reptihan-
cone  theory,  is  no  more  a  theory,  but  luis  become  a  dogma.  I  am
a  heretic,  "and  may  say  that  I  opposed  the  theory  already  in
1873,  viz.  before  it  was  invented";  since  that  time  I  have  kept
silent  for  various  reasons.

My  intention  is  not  to  deal  fully  with  the  subject  on  this
occasion  ;  1  wish  only  to  present  a  few  general  remarks  on  what  I
consider  to  be  weak  points  of  the  theory,  and  then  to  enter  on
more  particulars  so  far  as  the  Sciurine  type  of  molars  is  con-
cerned.

It  is  but  fair  to  begin  with  the  Puerco  fauna,  the  stronghold  of
trituberculism,  from  the  discovery  of  which  dates  the  estabhshment
of  the  theory.  In  this  fauna  we  have  106  species  of  Vertebrates  ',
the  most  numerous  being  the  Condylarthra  with  23,  and  the
Creodonta  with  50  species  '.  I  have  already  stated  that,  according
to  Cope,  amongst  82  Puerco  Mammalia  only  four  are  quadrituber-
culate,  all  the  rest  being  trituberculate.

Now  it  appears  to  me  that  the  Puerco  fauna,  as  at  present
known,  does  not  give  us  an  adequate  idea  of  what  must  have  been
the  Mammalian  life  of  that  period,  the  proportion  of  caruiAorous
Mammalia  being  far  too  large  to  be  a  real  one.  So  that  we  meet
here  with  exactly  the  same  mode  of  argument  which  years  before
had  been  resorted  to  \\ith  regard  to  the  zygodont  type.  In  the
oldest  (then  weU-known)  Tertiary  Mannnalian  faunas  the  Lophio-
dontid*,  showing  a  relatively  simple  type  of  molar,  «  ere  richly
represented  ;  hence  it  was  concluded  that  this  ^^  as  the  primitive
type  of  the  ungulate  molar,  lliitimeyer  has  recently  strongly
insisted  upon  the  fact  that  the  Carnivorous  Mammaha  of  the
Eo-erkingen  fauna,  the  same  whicli  has  yielded  numerous  remains
of  Lo]ihiodontid8e,  are  exceedingly  poorly  represented,  the  remains
of  Ungulata  being  more  than  twenty  times  in  excess  of  those  of
Carnivora'.  In  the  Puerco,  on  the  other  hand,  where  we  have
an  analogy  to  the  Egerkingen"  fauna  in  regard  to  primitive  types,

1  Osborn  and  Wortman,  "  Fossil  Mammals  of  the  Wahsatch  and  Wind  EiTer
Beds,  Collection  of  1891,"  Extr.  from  Bulletin  of  the  American  Museum  of
Nat.  Hist.  iv.  no.  1,  Oct.  1892,  p.  85.

^  Forsyth  Major,  "  Nageriiberreste  aus  Bohnerzen  Siiddeutschlands  xuid  der
Schweiz.  Nebst  Beitriigen  zu  einer  vergleichenden  Odoiitogvaphie  von  Ungu-
laten  und  Unguiculaten,"  1873.  Palseontwgrapliit-a,  sxii.

'■' Cope, ' Synopsis Puerco Fauna,' p. 300.
' Id. ib. pp. 304, 30.5.
'  L.  Kiitimeyer,  "  Die  Eocane  Saugethierwelt  von  Egerkingen,"  Abband-

lungen  d.  schweiz.  paliiontol,  Ges.  vol.  xviii.  1891,  p.  93,
^ Eiitimeyer, ih.
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the  proportion  is  reversed.  The  Creodonta,  with,  on  the  whole,
a  simple  type  of  molars,  prevailing  in  the  Puerco  fauna,  this  fact
has  been  considered  as  conclusive  for  Cope's  theory,  that  the
Mammalian  molar  is  derived  from  a  tritiibercular  type.

Secondly,  I  cannot  acknowledge  that  many  of  the  Puerco  molars
said  to  be  trituberculate,  are  really  such  ;  several  species  of  Mio-
clcemis,  for  example,  showing  a  rather  complex  type.

Now,  considering  the  fact  tliat  we  meet  amongst  the  so-called
trituberculate  types  with  molars  which  really  are  septem-,  octo-,  and
novem-tuberculate,  it  would  have  been  more  correct  to  speak  of  a
triangular  type,  this  shape  of  the  outline  being  the  only  thing  the
molars  in  question  have  generally  in  common.  But  they  are  not
all  even  triangular  forms,  as  those  presented  by  "  Oonori/ctes"
ditrigonus^,  ov  Periptichus  rliahdodon-,  show  on  either  side  of  the
principal  inner  cusp  two  secondary  cusps,  and  Riitimeyer  has
recorded  similar  types  from  Egerkingen.

Moreover,  Cope  is  not  consistent  with  his  own  theory  when  he
expounds  his  views  as  to  the  mutual  relations  of  Creodonta^.  The
genus  Mioclamus,  from  which  all  the  other  Creodonta  are  said  to
be  derived,  possesses  the  most  complex  structure  of  molar  of  them
all  ;  whilst  Mesony.v,  whose  upper  molars  present  a  simple  tri-
tubercular  type,  is  placed  at  the  end  of  a  series  instead  of  the
beginning,  as  the  theory  would  require.

1  farther  find  inconsistencies  in  his  diagram  showing  "  the  facts
and  hypotheses  as  to  the  phylogeny  of  the  Mammalia'".  Here
the  Creodonta  and  Carnivora,  as  well  as  all  the  other  placental
Mammalia,  with  the  exception  of  the  Cetacea,  are  traced  back
by  Cope  to  the  Condylartlira.  The  latter,  together  with  the  Mar-
supialia,  are  derived  from  the  Monotremata.  This  derivation
implies  that  in  the  opinion  of  Prof.  Cope  the  Monotrematous  teeth
must  have  been  constructed  on  a  trituberculate  or  a  still  more
simple  plan  ;  and  it  may  be  remembered  that  when  the  first  figures
of  worn  teeth  of  OrmtJiorJn/ncJiKs  v.-eY(i  published,  they  were  pro-
claimed  to  support  the  tritubercular  theory.  But  they  are  now
known  to  be  multituberculate  ;  so  I  suppose  that  this  being  the
case,  the  argument  will  probably  be  considered  of  no  value,  the
Ornitliorliynchus  being  an  aberrant  Prototliere.  But  still  the  fact
remains,  and  we  must  deal  with  it,  that  the  only  prototherian
teeth  known  to  this  day  are  multituberculate  to  the  extreme.

If  I  am  not  mistaken,  the  above  news  of  Cope  as  to  the  mutual
relations  of  the  different  orders  of  Mammals,  —  views  which  are  in
opposition  ^nth  trituberculism,  —  show  that  their  author  is  on  his
way,  unconsciously  perhaps  for  the  present,  to  become  a  partisan  of
the  multitubercular  origin  of  Mammalian  teeth,  so  that  support

^  E.  D.  Cope,  'The  Vertebrata  of  the  Tertiary  Formations  of  the  West.—  I.,'
1883, pi.  xxiv.  d.  figs.  2,  4.

2 76. pi.  Ivii.  fig.  1«.
^ '  Synopsis Puerco Fauna,'  p.  309.
^  B.  D.  Cope,  "  On  the  Evolution  of  the  Vertebrates,  progressive  and  retro-

gressive,"  Amer.  Naturalist,  February,  March,  April,  1885  (printed  April  13,
1884), p. 347.
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seems  to  be  coming  to  me  from  tbe  very  side  from  wbich  it  was
least  expected.

Schlosser  in  his  turn  has,  in  his  elaborate  and  valuable  Mono-
f!jrapbs\  taken  trituberculism  as  his  g^iide  for  tracing  the  phylogeny
of  various  orders  of  Mammalia.  He  states  his  ground  to  be  as
follows  :  —  "  We  have  but  to  start  from  the  perfectly  recognized
primitive  type  and  to  trace  the  modifications  which  it  has  under-
gone"-.  This  perfectly  recognized  primitive  type  is,  according  to
Schlosser,  tbe  tritubercidar  type  of  upper  molars,  and  the  tuber-
culo-sectoiial  type  of  lower  molars.  Accordingly,  in  the  diagram
placed  by  him  at  the  head  of  the  Monograph  of  Carnivora^  this  form
of  molar  type  is  attributed  to  the  supposed  first  true  Carnivore.

In  accordance  with  the  theory,  Schlosser  considers  Mesonycc
or  SarcotJiraustes  to  be  the  primitive  type  of  Carnivora  '.  With  the
same  inexorable  logic  all  Ungulates  are  dei-ived  from  carnivorous
Mammalia  ;  the  Condylarthi'a  being  considered  as  intei-mediate
between  the  Ungulata  and  Creodouta'.

I  have  not  to  deal  with  Carnivora  on  this  occasion,  so  that  I  \\ill
only  mention  incidentally  that,  in  my  eyes,  amongst  recent  Car-
nivoi'a,  the  Subursi  (and,  so  far  as  the  form  of  molars  is  concerned,
Ailurus)  approach  nearest  to  the  primitive  carnivorous  Mammalia,
whilst  some  of  the  Arctocyonidae  are  the  most  primitive  of  Creo-
donta.

Further  objections  may  be  made  when  Schlosser  considers  with
Cope  a  rather  complicated  form  of  inferior  molar  —  the  tuberculo-
sectorial  type  —  to  be  a  primitive  form,  and  when  it  is  assumed  that,
whilst  the  upper  molars  become  fin-ther  modified  by  addition,  the
lower  molars  from  quinquetubercular  become  quadritubercular  in
progress  of  time,  by  tbe  loss  of  an  anterior  cus]),  the  paraconid.
The  tuberculosectorial  type  is,  in  its  turn,  derived  from  a  simpler

1  M.  Schlosser,  "  Beitriige  ziir  Keuutniss  der  Staminesgeschichte  der  Hiif
thiere  und  Versuch  eiuer  Systematik  der  Paar-  uiid  Unpaarbufer,"  Morpholog.
Jahrbucli.  xii.  1887,  pp.  1-136  ;—  w/.  "  Die  Aifeu,  Lemuren,  Chiropteren,  lusecti-
voren,  Marsupialier,  Creodonten  und  Caniivoren  des  europaischen  Tertiars
und  deren  Beziehungen  zu  ihreu  lebenden  und  fossilen  aussereuropaischen
Verwandten,"  I.-III.,  Wien,  1887-1890  (Beitrage  z.  Paliiontologie  Oesterreieh-
Ungarns, Bd. vi.-viii.) ; — id. "Ueber die Beziehungen der ausgestorbenen Sauge-
thierfaimen  und  ihr  Vcrhaltniss  zur  Saugethierfauna  der  Gegenwart,"  Biolog-
isches  Centralblatt,  Ed.  viii.  no.  19,  Dee.  1888,  pp.  582-631.

-  "  Es  handelt  sich nur darum, TOn dera ■wohlerkanuten Grundtypus auszu-
gehen  und  alle  Veriindeningen  zu  verfolgen,  welcher  derselbe  fahig  ist,"  Die
Affen,  &c.  ii.  p.  9  (233).

■' Id. ib. p. 4 (228).
'  "  Wenn  wir  von  der  Voraussetzung  ausgehen  —  und  hiezu  sind  wir  auch

Tollauf bereehtigt— dass der Ohcrkicfer-JMolar der Greodonta urspriinglieh den
Trituberculartypus  in  voUster  Eeinheit  gezeigt  habe,  so  niiissen  wir  Mcaoni/.v
oder  Sarcofhraiisffs  unbediugt  als  den Urtypus  betrachten.  wenigstens  fiir  jene
Formen,  deren  obere  Molaren  mit  ruiidJichcii  ITuckern  versehen  sind.  Es
SL-hliessen  sich  diese  Typen  niehr  an  die  Kaubbeutler  als  an  Bklcliihi/a  an,"
Die  Affen,  Lemuren,  etc.  i.  p.  161.

^  ".  .  .  es  kann  keinem  Zweifel  unterliegen,  dass  alle  Hufthiere  von  Fleiscb-
fressern  abstammen.  wobci  ehcn  die  Condylarlhien  das  Zwischenstadiuni
reprasentirea " — M. ScUosBer, Ausgestorbene Siiugethierformeu, /. c. p, iJ85.
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form  by  the  addition  of  the  so-called  lieel  or  talon  to  the  original
trigon.

The  name  of  lieel  or  talon  is  borrowed  from  the  teeth  of  Car-
nivora,  where  this  part,  as  the  name  implies,  generally  appears
in  a  reduced  form  compared  with  the  rest  of  the  tooth.  In
other  orders  the  so-called  talon  is,  as  a  rule,  a  well-developed
part  of  the  inferior  molar,  so  that  it  seems  a  priori  highly  improb-
able  to  consider  as  a  later  development  that  part  which,  in  the
majority  of  Mammalia,  constitutes  the  whole  posterior  moiety
of  the  lower  molars.  What  we  at  present  know  of  the  oldest
forms  of  Perissodactyla,  Condylarthra,  Eodeutia,  and  even  of  some
forms  of  Creodonta,  as  revealed  especially  by  the  Cernaysian  fauna
of  Eeims\  does  not  in  the  least  justify  a  similar  assumption.  On
the  contrary,  the  "  talon,"  far  from  showing  a  tendency  to  dis-
appear,  is  in  several  of  these  archaic  Eidheria  very  prominent,  and
even  more  distinctly  developed  than  in  any  later  form,  not  only
in  longitudinal  extension,  but  partly  even  in  the  elevation  of  the
cusps,  as  compared  with  those  of  the  anterior  moiety.

The  question  of  the  heel  leads  us  to  an  objection  made  by
Fleischmann,  who  on  the  whole  accepts  the  tritubercular  theory,
but  maintains  that  the  cusps  of  upper  molars  are  not  directly
homologous  to  those  of  tlie  lower  molars  ;  or,  in  other  woi'ds,  that
not  only  does  the  intei'ual  side  of  upper  molars  correspond  to  the
external  side  of  lower  molars,  as  admitted  by  Cope  and  Osborn,
but  that,  besides,  the  anterior  part  of  upper  corresponds  to  the
posterior  part  of  lo«er  molars  '".

In  reply  to  Fleischmann,  Osborn  stati-s  that  "this  objection
w  ould  be  fatal  to  a  uniform  system  of  nomenclature  for  the  upper
aud  low  er  cusps  if  it  could  be  sustained,"  but  that  it  is  disproved  by
a  comprehensive  survey  of  the  Mesozoic  trituberculates,  especially
of  the  Amblotheriidfe  and  Spalacotheriidse  \  ISTeitlier  Osborn  nor
Fleischmann  seem  to  be  aware  that,  if  the  latter  is  right,  his
objection  will  be  fatal  not  only  to  the  homology  of  upper  and  low  er
cusps,  but  also  to  the  theory,  for  the  primitive  trigon  which  in-
cludes  the  protocouid,  the  supposed  homologue  of  the  reptilian  cone,
would  in  that  case  be  found  to  be  formed  for  the  greater  part  by
the  very  heel  which  the  theory  considers  to  be  a  late  addition.

There  can  be  no  doubt  as  to  the  correctness  of  Fleischmann's
statement,  which  is  easy  to  verify.  A  left  upper  anterior  milk-
tooth  of  Dvlelphis,  for  instance,  is  at  first  sight  very  difficult  to
distinguish  from  one  of  the  right  lower  series.  Even  in  such
specialized  molars  as  those  of  modern  Eumiuants,  in  holding  side
by  side  a  right  upper  and  a  left  lower  molar,  or  vice  versa,  \^■hat
appear  to  be  the  mutual  homologies  are  to  be  traced  out  even  to

'  Lemoine,  •'Etude  d'ensemble  sur  les  dents  des  Mam  uii  feres  fossiles  des
environs  de  Keims,"  Bull.  Soc.  Geol.  de  France,  iii''  strie,  t.  xix.  1891,  pp.
263-289,  pis.  X.,  xi.

^  A.  Fleischmann,  "  Die  Grundform  dei-  Backziibne  bei  Saugethieren  und  die
Homologie  der  einzelnen  Hooker  "  (Sitzungsber.  d.  k.  Preuss.  Akad.  d.  Wiss.
Berlin, 1891).

^ Osborn and Wortm.in, /. c, pp. 84, 8.5.
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very  small  details.  The  only  inference  I  Mish  for  the  present  ^  to
draw  from  this  fact  and  its  consequences  is,  that  Prof.  Fleischmann,
too,  is  on  his  way  to  become  an  opponent  of  trituberculism.

It  would  appear  that  the  Allotheria,  the  Multitubercnlata
Knr'  e£o)(()»',  ought  to  have  been  a  stumbling-block  for  the  theory.
Eut  this  is  not  the  case  ;  they  have  been  simply  pushed  aside  on
account  of  being  an  aberrant  order.  Nevertheless,  I  shall  refer  to
them  later  on.

The  dentition  of  Rodentia  has  as  yet  not  much  been  dealt  with
in  relation  to  the  tritubercular  theory.  Scott  was  the  first  to
touch  upon  the  question,  when  describing  the  Plesiardomys  sciu-
roiUeii,  S.  &  O.,  from  the  Uinta  formation",  considered  by  him  to  be
"  one  of  the  oldest,  if  not  the  very  oldest  known  form  of  rodent."
Owing  to  the  importance  which  for  this  reason  is  attributed  to  the
fossil,  I  must  dwell  upon  the  subject  at  some  length.  Scott  has
shown  to  his  own  satisfaction  and  to  that  of  others  that  the
superior  molars  of  Pleslarctomns  scmroides  "  are  plainly  of  the  tritu-
bercular  pattern,"'  and  that  "  the  inferior  molars  show  the  anterior
triangle  of  three  cusps  with  a  talon  behind,  or  \\  Iiat  Cope  has  termed
the  tuberculo-sectorial  molar."  It  might  be  questioned  at  once
whether  this  specimen,  the  teeth  of  which  are  much  worn  according
to  the  author's  own  assertion  ^  and  according  to  what  appears  from
the  diagram  '  and  the  figures  °,  is  a  proper  object  from  which  to  draw
such  important  inferences.  I  fail  to  see  in  its  molars  anything
else  than  the  usual  Sciuromorphine  type,  which  I  agree  with
Scott  in  considering  as  a  ^ery  old  one.  I  have  myself  pointed
this  out  twenty  years  ago  in  some  fossils  (Scim-ns  spectahiUs)  from
the  Eocene  of  Egerkingen  ",  which,  are  rather  older  than  the  Uinta
formation.  The  Uinta  beds  are  considered  by  Zittel  "  to  be  Lower
OHogocene,  whilst  the  Bohnerz  of  Egerldngen  has  important  rela-
tions  with  the  oldest  Eocene  of  Europe  (Eeims)  and  America
(Puerco).\  On  the  other  hand,  this  type  is  still  in  existence,  and
w  idely  spread  among  living  Sciuromorpha.

i  think  that  Scott  is  mistaken  in  what  be  considers  to  be  the
homologies,  in  tlie  lower  molars  of  Plrsiarctoim/s,  of  the  anterior
triangle  of  Unguhxtes,  Creodonts,  and  Lemuroids.  This  anterior
triangle  is  formed,  as  clearly  shown  by  unworn  molars  of  most  of
the  Sciuromorpha,  In'  the  antero-external  and  antero-internal
cusp  (the  jirolocoiiid  and  metaconiil  according  to  Osborn's  no-

1  See  also  \V.  B.  Scott,  "  The  Evolution  of  the  Premolar  Teeth  in  tlie  Mam-
mals"  (Proc.  Ac.  Niit.  Sci.  Philad.  1802,  p.  410).

-  William  B.  Scott  and  Henry  Fairfield  Osborn.  "  The  Mammalia  of  (he
Uinta  Formation  "  (Traus.  Anjer.  Philos.  Soc.  n.  s.  vol.  xvi.  pt  iii  Aug  ''O
1880,  pp.  47G-478).  is--.

^ L. c. p. 477.
' P. 476.
' PI.  xi.  1 r,  ]  t!.
"  Forsyth  Major,  •'  Nageriiberreste  aus  Bolinerzen  Siiddeutschlands  und  der

Schweiz."
'  '  Handbiich  der  Palaontologie,  T.  Paliiozoologie,'  IV.  Band,  1892,  p.  66.
"  L.  Riitiraeyer,  "Die  Eociine  Siiugethierwelt  voii  Egerkingen,"  Abhandl.

schweiz. palaont. Ges. xviii. 1801.
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menclature)  '  more  or  less  transversely  united,  together  m  itli
Osborn's  paraconvl  -,  and  include  between  them  what  I  ha^e  called
the  anterior  transverse  valley.  Owing  to  the  much-worn  con-
dition  and  partly  too,  perhaps,  to  the  feeble  development  of  this
anterior  part  —  as  found  in  some  recent  Sciuri  and  in  AirtOMi/s  —  the
anterior  vaUey  has  vanished  in  the  fossil  molars,  though  I  think  that
some  traces  of  it  are  still  visible  in  the  first  and  third  molar  o£
Scott's  figures  ',  so  that,  in  order  to  find  out  the  typical  triangle,
Scott  has  encroached  on  what  trituberculism  declares  to  be  a  late
addition  to  the  inferior  molars,  for  he  considers,  as  it  were,  the
postero-iuternal  cusp,  Osborn's  entoconid,  of  the  "  heel"  to  be  the
postero-internal  part  of  the  typical  triangle.  What  he  calls  the
talon  behind,  is  but  the  median  cusp  {Jufpoconvlid)  of  Osborn's
talon.  This  hypoconulid  is  in  fact  the  real  "  talon,"  viz.  that  part
Av  hich  is  so  generally  well  developed  on  the  posterior  side  of  third
lower  molars,  but  which  in  many  Sciuromorpha  can  be  distinctly
made  out  in  the  anterior  molars  too,  as  well  as  in  milk-teeth  of
Lepus  and  Mi/ohr/vs,  and  both  in  milk-teeth  and  permanent  molars
of  Lagodus  and  Titanomi/f<\

The  conclusions  to  be  drawn  from  the  foregoing  analysis  are,
I  am  glad  to  state,  the  very  same  at  which  Scott  has  arrived,  as
they  tend  to  show,  e\  en  more  unmistakably,  "  that  the  llodents  are  to
be  derived  from  the  same  generalized  group  of  ]n'irailiTe  placental
Mammals,  the  Bunotheria,  to  which  we  refer  the  origin  of  the
Ungulates,  Creodonts,  and  Lemuroids  "''.  In  respect  to  what  Scott
considers  plainly  to  be  '•the  tritubereular  pattern"  of  superior  molars,
it  cannot  be  denied  that  there  appear  three  pi-incipal  cusps,  two
external  and  one  internal  one,  in  the  upper  molars  of  Plesiarctonuis
sciuroides  ;  but  there  are  other  parts  to  be  seen,  even  in  these  mucJi-
worn  molars,  and  I  have  already  pointed  out  that  it  is  dangerous
to  draw  inferences  from  ivom  teeth.

Very  similar  remarks  apply  to  tw  o  papers  by  Schlosser  °,  m  which
this  author  endeavours  to  refer  the  molars  of  Eodejitia  to  trituber-
cidism.  I  therefore  refrain  from  discussing  them  at  length,  and  I
wish  only  to  remark  upon  the  second  of  the  papers  quoted.  Schlosser
asserts  in  the  most  positive  manner,  Axhat  at  first  siglit  a]ipears  to  be
a  startliiig  fact,  that  PJesiadn/ns  and  Proloadapk,  from  the  Lower
Eocene  of  Eeims,  are  Eodentia.  Flfsiadajrk  had  pre\  iously  been

'  Cf.,  e.  (J.,  H.  F.  Osborn  aiirl  J.  L.  Wortiuan,  "  Fossil  Mammals  of  tlie
Wahsatch  and  Wind  Kiver  Beds."  Collection  of  1891.  L.  c.  p.  86,  figs.  1  &  2.

'" Bi.
'  L.  c.  p.  476,  and  pi.  xi.  fig.  1  d.
^  See  also  the  inferior  molars  oi  '■'  I'le^iadapls"  in  Lemoine,  "Etude  d'en-

semble sur les dents des Mammifil-res fossiles des environs de Reims '' (Bull. Soo.
Geol.  de  France,  trois.  serie.  t.  xis.  Mai  1891,  pi.  x.  fig.  ().5  e),  and  of  Dcctica-
dapis, ibid. pi. xi. fig. 146 e, 146 es.

' Scott, I. c. p. 478.
^ Max Schlosser,  "  Die Differeuzirung des Saugethiergebisses "  (Biol.  Centva-

blatt, Band x. Nos. 8 & 9, Erlangen, 1 & 15 .June 1890, pp. 2.%, 251).— 7f/. " Ueber

.Tahrgang 1892, Band ii. p]"
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considered  by  .Schlosser  himself  to  be  a  Lemurid  \  and  Osborn'  had
placed  both  of  them  amongst  the  Pseudolemuridje.  AVhilst  fidly
agreeing  with  Schlosser  in  his  main  conclusions,  for  reasons  which
[  shall  discuss  else\\  here,  I  am  again  at  a  loss  to  see  w  bat  trituber-
culism  has  to  do  with  the  matter  \  and  would  put  but  one  question  :
Ho«  comes  it  that  both  Pt-otoadapis  and  PlesHahtpis,  which  are
indeed  the  most  ancient  types  of  Eodents  hitherto  known,  show
the  so-called  heel  of  inferior  molars  in  sucli  a  perfect  condition  '  in
spite  of  trituberculism,  \\  hich  considers  these  parts  as  a  late  addition
to  the  original  triangle  of  inferior  molars  ?

I  have  declared  myself  opposed  to  the  tritubercular  theory,  but
have  limited  my  remarks  hitherto  merely  to  criticism,  though
occasionally  I  offered  some  positi\e  argument  in  favour  of  an
hypothesis  which  is  in  many  points  the  very  reverse  of  the  pre-
vailing  theory.  It  remains  now  for  me  to  justify  the  position  I
have  taken  with  regard  to  it  ;  what  I  am  going  to  say  is  partly  a
summing  up  of  preceding  remarks,  and  partly  embraces  a  far  \nder
field,  and  will,  1  have  no  doubt,  meet  with  some  opposition.

Xo  better  starting-point  could  be  chosen  than  the  "  Seiuruhe,"
amongst  which  we  meet  with  the  most  primitive  form  of  molars  of
this  low  order  of  Mammalia.
-  The  adherents  of  trituberculism  assert  that  they  have  proved
the  Mammalian  molar  to  be  traced  back  to  a  more  and  more  simple
form.  I  have  tried  to  show  that  they  have  failed  to  do  so,  and  in
my  turn  assert  that  the  molar  of  Placentalia  can  be  traced  to  a
polybunous  form,  and  that  the  real  tritubercular  pattern  is  a  moi-e
specialized  secondary  stage.  So  that,  as  a  matter  of  course,  the
cardinal  point  to  be  established  is  to  show,  that  the  more  complex
forms,  which  ui  the  Low  er  Eocene  as  well  as  in  the  recent  period
are  found  side  by  side  with  the  simpler  forms,  trituberculate  or
otherwise,  are  indeed  the  primitive,  the  more  generalized  type.

To  prove  my  assertion,  I  start  from  five  assumptions  :  —

1.  Brctfhydont;!  is  tJie  more  primitive,  the  more  generalized  condition
of  molar  form,  and  so  is

2.  Binwdonti/,  as  opposed  to  Lopliodontii  ("*'  ^I/i/odontt/,  which  is
the  same  thing).

3.  The  more  brachi/dont  a  molar  is,  the  more  mxdtituhercular  it  is,
or,  let  vs  sag,  polgbunoits.

■i.  The  transformation,  vi:.,  the  redxction  and  simplification,  pro-

'  M.  Schlosfier,  "  Die Affen,  Lemuren,  Chiropteren,  Insectivoren etc.  des eiiro-
piiischeii  Tertiiirs,  etc."  Pt.  I.  Wien.  1887,  p.  47.

-  Henry  Fairflelci  0.-<born,  "A  Review  of  the  Oernaysian  Mammalia  "  (Proc,
Phil.  Acad.  Nat.  Sci.,  May  Gtb,  1800,  pp.  r.j,  r.(i).

■' " Dass aber die.ser Typus (/. c. Trituberculartypiis) audi den Ausgangspunkt
fiir die oberen Molaren der Nager darstellt,  erselieu wir daran-;,  dass er sich bei
Sciiiriis  sogar  noch  bis  in  die  Gegenwart  ziemlich  rein  erlialten  hat."  (L.  c,
p. 240.)

^ Lemoine, /, c. pi. x.
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ceecls  from  the  inner  side  outwards  in  superior,  and  from  the
outer  sidx  inwards  in  inferior  molars.

5.  Tlie  now  prevalent  transverse  arrangement  of  ciisjis  or  lobes  is
not  the  primitive  comlition,  but  a  specialized  pattern  of  the
crown.

The  first  two  points  ueed  no  discussion,  as  no  biologist  of  the
present  dav  denies  them.  1  thirdly  maintain  that  the  more  brach;/-
dont  a  molar  is,  the  more  pol  ijbu  nous  it  is  ;  so  that  change,  which  in
our  case  means  reduction,  simphtication,  of  the  molar-crown  ele-
ments,  goes  hand  in  hand  with  the  gradual  progress  from  brachy-
donty  towards  hypsodonty.

In  the  general  survey  of  Sciurine  teeth,  it  has  already  been  shown
that  the  more  the  iriolars  are  brachydont,  the  more  they  are  poly-
bunous,  so  that  by  this  statement  alone  polybuny  is  proved  to  be
the  primitive  condition.

If  we  examine  the  outer  parts  of  upper  and  the  inner  parts
of  lower  molars,  we  see  that  they  present  much  less  variation
in  Brachydontia  as  compared  to  Hypsodontia,  and  iu  the  various
stages  of  Hypsodontia  compared  together,  than  does  the  rest
of  the  crown,  especially  the  inner  side  iu  upper  and  the  outer
side  in  lower  molars.  It  therefore  at  once  strikes  us,  that
the  outer  side  of  upper  and  the  inner  side  of  lower  molars  (viz.,
those  parts  which,  when  the  jaws  are  at  rest,  are  protruding
over  the  corresponding  parts  of  the  opposite  jaw)  have  uudergone
the  least  modifications,  that  they  are  the  more  stable  elements  of
molars.  These  same  sides  being  generally  more  complex  than  the
inner  side  above  and  the  outer  below,  we  may  infer  from  it  that
the  complex  condition  is  the  primary  one,  and  that  the  reduced,
simplified  state  of  the  inner  side  above  and  the  outer  side  below  is
a  specialized  condition,  the  beginning  of  which  we  see  alread\-  in
molars  of  Cretaceous  Mammalia  and  iu  those  of  Ornithorhtj  nchu^.

The  extreme  of  this  specialized  condition  is  what  has  been  called
tritubercuhsm,  and  considered  to  be  a  primitive  pattern  of  Euthe-
riau  molars.  It  is  not  more  primitive  in  Uugulata,  Condylarthra,
Creodonta,  and  Lemuroidea  than  iu  ,Sciurince,  the  species  of  which,
when  there  is  only  one  cusp  on  the  inner  side  of  upper  molars,
present  an  approach  to  trituberculism.

Now,  what  is  the  meaning  of  this  reduction  on  the  inner  side
of  superior,  and  the  outer  side  of  inferior  molars  ?

We  have  seen  that  in  perfectly  brachydont  teeth  the  outer
aud  inner  sides  of  the  molars  present  the  least  difference  from
each  other  in  longitudinal  extension,  as  well  as  iu  the  number
of  their  cusps  ;  and  that  the  superior  molar  becomes  shortened
on  its  inner  side,  as  well  as  the  inferior  on  its  outer  side,  by  the
excessive  development  of  some  cusps  (generally  either  one  or
three,  rarely  two,  in  Sciurhue)  at  the  expense  of  others,  which
are  present  in  such  perfectly  brachydont  teeth  as  those  of  Eosciuri
or  RhitJirosciurus.  The  meaning  of  this  process  of  reduction  be-
comes  obvious,  when  we  consider  that  the  internal  cusps  of  superior,
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aud  the  external  cusps  of  inferior,  molars  have  to  fit  into  the
hollows  or  Talleys  of  the  opposing  teeth.  When  tliere  is  only  one
cusp  exclusively  or  prominently  developed  on  the  inner  side  of  a
superior  molar,  as  in  the  so-called  trituhercular,  or  at  a  lesser
degree  in  tlie  trigonodont  type,  this  single  cusp  lits  in  the  more
or  less  cup-like  depression  of  the  posterior  moiety  of  the  corre-
sponding  inferior  molar  ;  in  other  words,  the  protocone,  —  viz.,  the
oldest  element  of  upper  molars,  according  to  the  trituhercular
theorj-  —  fits  in  what  the  theorists  consider  to  be  the  most  modern
part  of  inferior  molars.  Aud,  vice  versa,  Wxe  postero-eA-tevnal  cusp  of
inferior  molars,  that  is  the  hijpoconid  oi  the  "heel,"  has  to  fit  in  the
median  valley  of  superior  molars,  formed  essentially  by  the  three
cusps  of  uhat  tritubei'culism  considers  to  be  the  primitive  trigon
of  upper  molars.

The  special  development  of  two  inner  cusps  in  superior  molars
has  been  shown  to  be  so  \'ery  rare  an  occurrence  in  Sdnrince,  that
uj)  to  the  present  day  it  ^\•as  known  only  in  some  fossil  forms  (Sciu-
roides,  Pseudosnarus,  Ischi/romifs),  whereas  it  is  the  predominant
feature  amongst  Ungulata.  To  these  t\^o  inner  cusps  correspond
two  hollows  or  valleys  of  the  inferior  tooth.  The  relative  develop-
ment  of  the  anterior  valley,  formed  by  the  so-called  primitive  trigon
of  inferior  molars,  corresponds  to  that  of  the  postero-internal
cusp  of  superior  molars,  —  the  hi/jjocoxe,  a  later  addition  according  to
the  trituhercular  theory  :  when  the  hypocone  is  suppressed,  as  in
the  pure  trituhercular  type,  or  feebly  developed,  as  in  the  trigon-
odont  type,  the  anterior  valley  in  the  lower  molars  is  atrophied  or
insignificant.  It  is  well  developed,  to  receive  the  hypocone  as  a
pestle,  when  this  last  has  the  same  or  almost  the  same  size  as  the
protocone.

Fourthly,  we  are  able  to  state  that  the  transformation,  viz.  the
reduction  and  simjTliJi  cation,  j^irocecds  from  the  inner  side  outwards
in  sv^H'rior,  and  from  the  outer  side  inwards  in  inferior  molars.
Here  I  have  to  repeat  what  I  said  with  regard  to  semi-hypsodont
teeth,  \y/..,  that  the  vertical  elevation  of  the  crown,  the  first  stage
towards  hypsodonty,  always  has  its  starting-point  from  the  inner
side  of  upper  molars.  A  fai'ther  stage  of  semi-hypsodontism,  as
presented  by  the  rooted  molars  of  Miocene  Lagomorjiha  (Larjodus),
shows  how  hypsodontism  gradually  extends  towards  the  outer
side,  accompanied  by  a  gradual  and  essential  change  of  the  pattern
of  the  crown.  In  the  same  way  the  inner  root,  which  ultimately
will  remain  open,  gradually  extends  outwards,  increasing  in  size,
and  receives  a  coating  of  enamel.  This  process  is  so  slow,  that  for
a  long  time  the  outer  side  retains  a  braehydont  as  well  as  a
complex  conformation.

The  fifth  point  advanced  was  stated  as  follows  :  —  The  now  pre-
vcdent  traiisverse  arrangement  of  cusps  or  lobes  is  not  the  primitive
condition,  hut  a  specialized  pattern  of  the  crown.  What,  then,  was
the  primitive  condition  ?  The  primitive  generalized  pattern  was
the  exact  reverse,  viz.,  the  arrangement  of  cusps  in  longitudinal
series,  separated  by  longitudinal  grooves  or  valleys.  This  is,  indeed,
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a  cardinal  point  aud  will,  wheu  ouce  geuei-ally  recognized,  appear
to  be  a  simple  truth.

Bunodontv,  as-  opposed  to  lophodonty,  is  the  first  step  from  a
transverse  arrangement  towards  the  longitudinal  one,  and  is  not
always  to  be  distinguished  at  once  from  the  second  step  1  am
speaking  of,  though  this  last  is  often  characterized  by  a  sort  of
asymmetry,  or  confusion,  in  a  \\a,x,  as  is  usually  the  case  in
transitional  stages.

First,  as  to  Sciurince.  As  has  already  been  said,  transverse
i-rcsts  are  to  be  found  only  in  semi-hypsodont  ty})es,  many  of  which
tend  towards  the  Hystricomorpha,  which  for  their  lack  of  bruchy-
dont  molars  at  once  show  themselves  to  be  more  specialized  forms.
With  the  exception  of  Myoxine  types  —  -and  this  exception  is  oidy
an  apparent  one  —  we  may  say  that  the  more  the  molars  tend
towards  brachydonty,  the  more  the  crests  are  broken  u])  into  cusps.
Of  these  cusps  there  are  generally  five  on  the  outer  side  of  upper
molars,  two  or  three  of  which  have  been  prominently  developed.
In  the  middle  two  intermediate,  aud  on  the  inner  side  in  the  same
manner  as  on  the  other  side,  originally  a  lomjitudinal  series  of
cusps  were  developed,  which  very  soon,  viz.,Avhen  the  tooth  ceases
to  be  perfectly  brachydont  ('as  well  as  in  somewhat  worn  semi-
hypsodont  or  hypsodont  teeth  ),  ai-e  reduced  in  number  aud  tend  to
become  coalesced,  a  middle  cusp  appearing  the  most  developed.
This  middle  cusp  seems  to  be  for  the  greater  part  the  remnant  of
a  fifth  series  which  ha^■e  become  partially  atrophied,  in  order  to  gi\  e
place  for  the  median  trans\erse  valley  ;  and  it  is  in  consequence
of  the  formation  of  this  valley  that  the  cusps  appear  arranged
in  transverse  series,  even  before  being  connected  as  ridges  or
crests.

In  superior  and  inferior  molars,  the  most  brachydont  members
of  the  family  are  at  the  same  time  those  a\  liich  show  a  tendency
towards  a  longitudinal  alignment  of  their  cusps.  The  diiierence
between  superior  and  inferior  molars  consisting  in  the  presence  in
upper  molars  of  intermediate  cusps,  in  more  specialized,  \\z.  less
brachydont  forms,  generally  reduced  to  two,  as  before  stated,  but
which,  as  shovATi  by  the  most  brachydont  forms,  are  the  remnants
of  one  or  more  longitudinal  series  of  cusps  or  tubercles,  inter-
mediate  between  the  outer  and  the  inner  series.

The  cup-  or  basin-like  shape  of  inferior  Sciuromorphine  molars
is  but  a  slight  specialization  of  a  primitive  type,  a  disposition  of
the  cusps  on  the  outer  and  inner  margin,  with  an  intervening
longitudinal  depression.  The  slight  specialization  consists  in  the
beginning  of  a  transverse  arrangement.  In  the  Bornean  lUdtltro-
sciunis  (Plate  IX.  fig.  2),  the  whole  of  the  Aery  brachydont  inferior
molars  consists  mainly  of  two  seines  of  marginal  cusps,  none
specially  developed,  and  with  a  spacious  longitudinal  gi-oove  dividing
the  outer  from  the  inner  series;  thus  pointing  significantly  to-
wards  some  primitive  mammalian  molars  remote  in  time  {Micro-
lestes).  And  so  the  curious  F.feudosciurm,  from  tlie  Upper  Eocene
of  Southern  Germany,  shows  tbe  tendency  towards,  or,  as  we  rathe
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should  say,  tlie  traces  of,  a  primitive  arraugemeiit  of  its  tubercles
of  upper  molars  in  three  lougitudiDal  series,  there  being  two  rows
iu  the  lower  molars.

This  paper  does  not  pretend  to  enter  into  details  as  to  other
families  and  orders.  But  I  think  it  important  to  state  in  a  few-
words  that  this  tendencj'  of  older  forms  towards  a  longitudinal
arrangement  is  qidte  general  in  Eodents  as  well  as  iu  Creodonts,
Lenuu'oids,  and  Ungulates.  In  Sciuridae  we  have  very  primitive
fonns  still  existing  side  by  side  with  those  more  specialized,  so
that  the  transxerse  arrangement  does  not  at  first  sight  appear  to
be  a  later  transformation.  The  Lagomorpha  are  in  this  respect,
as  in  others,  highly  instructive,  the  molars  of  the  living  members
being  very  specialized.  I  hope  to  show  fully  on  anotlier  occasion
that  the  structure  of  tlie  molar  form  of  Lagomt)rpha  is  to  be  traced
back  from  the  perfect  transverse  direction  presented  by  their
enamel-ridges  to  a  pelycodoid  type  of  molar,  that  means,  to  a
molar  approachiug  closely  to  those  of  Pcltjcodvs,  a  mammal  from
the  Lower  Eocene  of  Xorth  America  and  Egerkingen  in  Switzerland,
which  has  hitherto  been  considered  to  be  a  Lemuroid.  In  a  some-
what  lesser  degree,  the  Lagomorphan  molar  tends  toM  ards  Estho-
ny.r,  cousidered  by  Cope  '  to  be  one  of  the  progenitors  of  Eodentia.

The  intermediate  stages  are  the  unworn  milk-teeth,  premolars
and  molars,  of  yoimg  Lejms,  the  Miocene  PaJaolagus,  Lagomys,  the
Pleistocene,  Pliocene,  and  Miocene  M/jolcu/vs,  and  the  Miocene
Lagodus.  The  anterior  upper  and  lo\\"er  premolar  of  Lejms,  the
second  superior  and  the  anterior  inferior  premolar  of  Lagomys,  the
superior  premolars  and  more  or  less  all  the  superior  molars  of
Myolagus,  as  well  as  the  inferior  anterior  premolar  of  the  latter,
show,  even  iu  adult  specimens,  a  conformation  \A-hich  points
unmistakably  to^vards  a  longitudinal  arrangement  of  partially
sharp-edged  cusps  —  these  cusps  beiug  three  longitudinal  series
separated  by  two  longitudinal  grooves  in  the  upper  teeth,  and  two
series  with  one  intermediate  longitudinal  groove  in  the  lower
molars.  The  difference  bet^^•een  the  first  lower  premolar  and  the
other  grinding-teeth  is  verj'  strildng,  especially  in  Myolagus,  for
which  I  refer  to  a  figure  from  Filhol's  memoir  on  the  Sansan
fauna '.

As  to  other  Orders,  I  must  be  satisfied  to  give  a  few  iusiances.
Amongst  recent  Carnivora,  the  Subiu'si,  especially  AiJurus,  and
partially  the  Ursidse  themselves,  show  unmistakably  the  longitu-
dinal  arrangement  of  their  molar  cusps.  In  the  same  direction
the  milk-teeth  of  several  Orders  point  significantly,  even  those  of
modern  liumiuauts.

In  the  Lo\\er  Eocene  many  molars  of  various  Orders  tell  the
same  tale  as  to  their  origin,  often  in  a  distinct  manner.  In  favour
of  my  Aiew  I  refer  to  the  following  figures  :  —  First,  from  Cope's

'  E.  D.  Cope,  "  The Mecbanical  Causes of  the Development of  the Hard Parts
of  the  Mammalia"  {Joumal  of  Morphology,  vol.  iii.  Boston,  U.S.A.  1889,
p. 263).

^ ' Etudes sur les Mamraiferes fossiles de Sausan ' (Pai-is, 1891), pi. i.  fig. 8.
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Tertiary  Vertebrata  :  Calamodon'^,  Anisonchus^,  Edomtm^,  Peripty-
chus  carinidens*,  ditrijonus',  and  rhahdodon'^,Paheosijops  Icevidens'',
Phenacodus",  Protogonia^  .  Secondly,  from  Lemoine's  'Etude
d'ensemble  sur  les  dents  des  Mammifures  des  en\drous  de  Eeims'  ^°  :
ffycenodictis",  Dissacus^^,  Arctocyon'^^,  Lophiodoclioerus^*,  Pleura-
spidotherium'^'%  Pachynolopihus  maldaiii^'^,  Protodichobune  oive^iii".
Thirdly,  from  Eiitimeyer's  '  Eociiue  Siiugethierwelt  von  Eger-
kingen'^'':  Ailuravus^"',  Pehjcodus  helveticus'"',  Hyopsodus'^,  ''Plesi-
ad(qns?"'^,  AcotJieridum-^,'^  CebocJioems'^\  Lophiodon  parisicnse^\
Paloplotherium  mag  mini  '^^  ;  the  last  two  only  so  far  as  their  milk-
teeth  are  concerned.

I  ^A-ish  to  answer  in  advance  an  objection  which  will  certainly
have  occurred  to  the  reader.  The  extreme  of  complication  is  met
with  in  such  highly  specialized  recent  forms  as  Hydrochoerus,
Phacochcerus,  and  Elephas,  and  to  a  lesser  extent  in  semi-rooted
molars,  especially  amongst  Eodentia.  As  to  the  supposed  more
complex  form  of  these  last,  it  is  only  apparent.  A  \vorn  molar
of  Hi/strir,  for  instance,  seems  rather  more  complex  than  the  rooted
molar  of  Erethizon,  but  on  examining  unworn  grinding-teeth  of
Eystriv,  even  the  seemingly  very  complex  milk-tooth  only  presents
five  more  or  less  transverse  enamel-folds.

The  worn  molars  show  a  large  quantity  of  enamel-islets,  and
thus  have  a  very  complex  appearance  ;  but  this  is  not  the  conse-
quence  of  an  augmentation  of  enamel  substance,  or  additional
cusps,  but,  on  the  contrary,  of  diminution  of  the  enamel,  which
diminishes  in  the  proportion  that  the  worn  surfaces  approach  the
roots.

Besides,  I  have  always  maintained  that  in  progress  of  time  a
new  addition  may  occasionally  have  occurred  in  molars  ;  but  it
would  appear  that  in  one  instance  at  least  I  was  mistaken.  Con-
trary  to  Owen",  and  all  later  paleontologists,  with  the  only

' ' The Vertebrata of the Tertiary Formations of the West,' pi. xxiv. e. fig. 22.
^  L.  c.  pi.  xxiv.  g.  fig.  6.
^ L. c. pi. XXV. e. fig. 12.
*  L.  c.  pi  xxiii.  d.  figs.  14,  15,  pi.  xxiv.  g.  fig.  6.
^  L.  c.  pi.  xxiii.  g.  fig.  12,  pi.  xxix.  d.  fig.  2-4.
«  L.  c.  pi.  Ivi.  f.  figs.  1  a,  2  a.
'' L. c. pi. 1. fig. 3.
'  L.  c.  Ivii.  b.  fig.  1.
°  L.  c.  pl.  XXV.  e.  fig.  13,  pi.  xxix.  f.  fig.  1  a,  pi.  Ivii.  f.  fig.  8.

'0 L. s. c.
1'  L.  c.  pl.  X.  fig.  4.  1'  L.  c.  pl.  X.  fig.  2.
'3  L.  c.  pl.  X.  figs.  14,  18,  20,  22,  &c.  "  L.  c.  pl.  xi.  fig.  129.
1'  L.  c.  pl.  xi.  fig.  87.  ^^  L.  c.  pl.  xi.  figs.  117,  118.
"  L.  c.  pl.  xi.  fig.  132.  "  L.  s.  c.
"  L.  c.  pl.  vii.  figs.  18,  19.  ^°  L.  c.  pl.  viii.  fig.  1  (partim).
"  L.  c.  pl.  viii.  figs.  7,  8.  =^  L.  c.  pl.  viii.  figs.  16,  17,  21.
='  L.  c.  pl.  iv.  figs.  22,  24.  ^  L.  c.  pl.  iv.  fig.  30.
^'  L.  c.  pl.  i.  fig.  8  {d^  sup.).  '"'  L.  c.  pl.  i.  fig.  1  {d  sup.).
^^  Eioh.  Owen,  "  Description of  the Cavern of  Bruniqueland its  Organic  Con-

tents.  Part  II.  Equine  remains  "  (Phil.  Trans,  vol.  159,  London,  1870,  p.  537).
Proc.  Zool.  Soc—  1893,  No.  XIY.  14
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exception  of  Kowalevsky,  who,  in  the  same  22ud  volume  of  the
'  Palaeontograpliica,'  had  expressed  an  identical  view,  I  had  supposed
that  the  two  inner  lobes  of  upper  equine  molars  are  not  homo-
logous  with  those  of  Anchltherium,  but  are  a  more  modern  addition
to  the  tooth.  Now  ontogeny,  according  to  Klever  ',  suggests  that
Kowalevsky  and  myself  are  wrong.

As  to  the  molars  of  Hydrochoerus,  Phacochoerus,  and  Elephas,  I
leave  them  to  ontogenists  ;  and,  if  I  am  not  mistaken,  there  is
every  appearance  that  we  shall  not  have  to  wait  very  long  for  an
answer.

It  may  be  asked  whether  the  pattern  of  molars  towards  which
the  types  of  almost  all  the  Orders  of  Mammalia  represented  in
the  Lower  Eocene  tend  is  nowhere  realized.

"When  I  first  saw  the  plates  of  Marsh's  "  Discovery  of  Cretaceous
Mammalia,"  my  impression  was  that  the  molars  figured  on  plate  ii.^
constitute  one  of  the  most  important  discoveries  as  regards  the
ancestry  of  Placentalia,  inasmuch  as  these  figures  correspond  to
what  I  considered,  and  have  been  expounding  just  now,  to  approach
the  presumed  ancestral  form  of  Mammalian  molars.  In  going  over
the  text,  I  found  that  Marsh  collocates  all  these  multitubercular
teeth  in  the  "  aberrant"  Order  of  Allotheria,  and  states  expressly,
that  "  Carnivores,  Eodents,  and  Ungulates  appear  to  be  entirely
wanting  in  this  unique  fauna,"  and  that  "  a  still  more  surprising
fact  is  the  absence  of  their  probable  ancestors,  unless,  indeed,  the
insectivorous  forms  are  entitled  to  this  important  position  :  many
known  facts  point  in  this  direction"  ^.  In  Part  III.  of  "  Discovery
of  Cretaceous  Mammalia"  Marsh  again  states  :  "  These  remains  are
not  transitional  between  Mesozoic  and  Tertiary  forms,  but  their
affinities  are  with  the  former  beyond  a  doubt  "  ''.

To  me  it  appears,  from  what  we  now  know  of  those  important
fossils  called  Allotheria,  we  are  not  entitled  to  consider  the  whole
Order  as  an  aberrant  one,  though  there  may  be,  and  certainly  are,
aberrant  genera.  But,  on  the  whole,  the  Allotheria  are  not  more
aberrant  than  the  Myomorpha,  for  instance.

The  discovery  of  the  Laramie  mammals  led  to  a  controversy
between  their  discoverer  and  another  eminent  American  palaeonto-
logist  ;  but  this  side  of  the  question  has  not  been  taken  into
consideration,  both  disputants  being  agreed  in  assuming  that  the
multitubercular  teeth  in  question  belong  to  an  aberrant  group.
This  aprioristic  assumption  may  have  prejudiced  the  impartial
investigation  of  facts.  I  cannot  enter  fully  into  the  question,
especially  as  it  would  be  rash  to  pronounce  too  positively  on  an

'  Ernst  Klever,  "  Zur  KenntnisB  der  Morphogenese  des  Equidengebisses  "
(Morphol.  Jabrb.  xv.  1889,  Leipzig,  pk.  xi.-xiii.).

^  O.  C.  Marsh,  "  Discovery  of  Cretaceous  Mammalia,"  American  Journal  of
Science,  vol.  sxsviii.  July  1889,  plate  ii.

^ L. c. p. 83.
*  "  Discovery  of  Cretaceous  Mammalia.  --Part  III.,"  /.  c.  vol.  slii.  March

1892, p. 2.50.
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examination  of  the  iigures  and  descriptions  without  having  seen
the  originals  ;  but  I  wish  to  offer  a  few  remarks.

Marsh  has  considered  a  certain  number  of  isolated  molars,
possessing  three  longitudinal  pairs  of  elevations,  to  be  upper  molars,
although  the  type  of  Dipriodon  rohustus,  the  only  molar  which  is
undoubtedly  from  the  upper  jaw,  left  side,  "  its  position  being
decided  by  a  portion  of  the  maxillary  attached  to  it,"  '  appa-
rently  has  only  two  longitudinal  rows.  This  circumstance  has
given  origin  to  part  of  Osborn's  criticisms^.  The  type  of  Tripri-
odon  coelatns^,  considered  by  Marsh  "*  as  the  tirst  upper  molar  of  the
left  side,  as  well  as  the  type  of  Selenacodon  frai/ilis  %  also  stated  to
be  an  upper  molar  (both  having  three  longitudinal  rows  of  cusps),
are  declared  by  Osborn  to  be  respectively  a  last  lower  molar  of
Meniscoessus,  and  an  anterior  lower  molar  of  the  same  ^  In  a
subsequent  note  '  Osborn  writes  as  follows  :  —  "  It  remains  for  the
author  to  show  specifically  that  the  types  of  Selenacodon  and
Tripriodon  are  maxillary  teeth,"  adding:  "I  should  myself  have
considered  them  as  such  but  for  the  fact  that  the  type  of  Dipriodon
rohustus,  with  two  rows  of  tubercles,  was  described  as  a  maxillary
tooth,  and  figured  with  a  supposed  fragment  of  Ihe  zygomatic
arch  attached  to  the  alveolar  border."  With  regard  to  the  upper
molars.  Marsh  asserts,  in  his  latest  paper  on  the  subject,  that  be
has  the  means  of  showing  what  Osborn  has  objected  to  :  "  Although
not  found  in  position  in  any  one  specimen,  so  many  have  been
secured  with  portions  of  the  jaw  attached,  that  their  place  in  the
dental  series  has  been  ascertained  in  several  forms  ;  "  and  he  goes
on  to  state,  "  that  the  upper  molar  teeth  may  be  separated  into  two
series,  the  first  having  three  longitudinal  rows  of  elevations  on  the
crown,  and  the  second  series  but  two  rows  "  **.  With  the  caution
imposed  by  the  fact  that  I  am  judging  only  from  the  published
figures,  I  venture  to  suggest  that  the  type  of  Dipriodon  rohustus,
which  has  the  undoubted  fragment  of  the  zygomatic  arch  attached
to  the  alveolar  border,  had  originally  three  longitudinal  rows  of
cusps,  the  middle  one  being  worn  off.  Marsh  himself  states  that
its  "  points  are  somewhat  worn"",  and  this  appears  to  me  clearly
shown  in  his  figure  '".  If  we  now  assume  that  where  there  are
three  rows  of  tubercles  above  and  two  below,  "  the  cusps  of  the
lower  rows  fit  into  the  valleys  of  the  upper  teeth"  "  (which  in  my

'  Marsh,  I.  c.  part  I.  p.  85,  pi.  ii.  figs.  1.3-15.
^ As stated by Osborn himself  in  "  A Eeply  to Professor O.  C.  Marsh's  '  Note

on Mesozoic Mammalia.'  "  Eeprinted with slight alterations from the 'American
Naturalist,'  September 1891, p. 782.

3  Marsh,  I.e.  part  I.  pi.  ii.  figs.  19-21.
" L. c. p. 86.
5  Marsh,  /.  c.  part  I.  pi.  ii.  figs.  22-24,  p.  86.
^  H.  Fairfield  Osborn,  "A  Eeview  of  the  Cretaceous  Mammalia"  (Proc.  Acad.

Nat.  Sc.  Philadelphia,  1891,  p.  128).
''  A  Reply  to  Professor  O.  C.  Marsh's  Note,  &c.,  p.  782.
«  Part  III.  p.  2.53.
"  Part  I.  p.  85.

"  X.c.  pi.  ii.figs.  13,  14.
'^'^ Osborn, " A Eeview of the Cretaceous Mammalia."

14*



212  DK.  C.  J.  FORSYTH  MAJOR  ON  MIOCENE  SQUIRRELS.  [Feb.  28,

opinion  allows  only  for  a  movement  in  the  longitudinal  direction),
this  mechanical  action  of  the  jaw  would  be  followed  by  the  wearing
away  first  of  all  of  the  middle  row  of  the  upper  molars,  which  rubs
against  the  inner  and  outer  side  respectively  of  the  outer  and  inner
row  of  the  opposing  tooth.  Compared  with  the  types  of  "  Tri-
priodon  ccelatus  "  '  and  "  caperatus  "  ^,  Dipriodon  rohusUis  shows  its
inner  cusps  nnproportionally  extending  outwards,  and  this  would
justify  the  supposition  that  the  remnauts  of  two  cusps  of  the
middle  row  have  united  with  what  remains  of  the  enamel-folds  of  the
two  inner  cusps,  a  mode  of  coalescence  which  we  often  see  realized
in  worn  molars.  I  therefore  fail  to  find  in  Marsh's  previous  publi-
cations  the  proofs  of  the  statement  made  by  him  ^  that  one  series
of  upper  molar  teeth  of  Cretaceous  Allotheria  has  but  two  rows  ;
although  from  certain  analogies  —  with  the  molars  of  Mus  on  the
one  side,  those  of  Cricetodon  on  the  other  —  analogies  which  may
hereafter  turn  out  to  be  homologies,  I  am  quite  willing  to  admit
that  Prof.  Marsh  may  have  in  his  hands  the  means  for  proving  it.
I  cannot  admit  Osborn  to  have  satisfactorily  shown  that  in  this
group  of  Cretaceous  Allotheria  there  are  lower  molars  with  three
rows  of  cusps.  If  there  were  three  rows  of  cusps  with  two  longi-
tudinal  grooves  in  the  lower  molars,  we  would  have  to  urge  four
rows  of  cusps  ^^■ith  three  longitudinal  grooves  in  the  upper  molars  ;
these  have  not  been  forthcoming  up  to  the  present  date.  Thus  there
seems  to  be  no  reason  for  denving  Marsh's  statement  that  "the  lower
molars  ....  although  differing  widely  in  the  form  and  structure
of  their  crowns,  have  only  two  parallel  series  of  crescents  or
tubercles,  an  outer  and  inner  row,  with  a  groove  or  valley  between
them"\

For  my  present  purpose  it  may  be  sufficient  to  point  out,  that
both  authors  agree  in  stating  that  there  are  several  forms  with
upper  molars  composed  of  three  longitudinal  rows  of  cusps  \A-itli
two  grooves  between  them,  to  which  correspond  Uvo  lougitudinal
rows  with  one  groove  in  the  lower  molars  ;  but,  as  stated  before,
they  have  not  furnished  sufficient  proof  for  their  opinion  that
these  molars  belong  to  an  aberrant  Order  of  Mammalia.  In
comparing  the  teeth  in  question  with  those  of  the  Mnridae  and
more  particularly  of  Mus,  it  becomes  evident  that  the  main
differences  between  them  consist  in  this,  that  whilst  in  the
Cretaceous  molars  the  prevailing  division  is  effected  by  longi-
tudinal  grooves,  in  Mus,  on  the  contrary,  the  molars  are  deeply
divided  by  transverse  grooves  :  the  longitudinal  grooves  in  this
genus,  of  which  there  are  two  in  the  upper,  and  one  in  the
low  er  molars,  being  relatively  shallow.  For  further  particulars  on
this  argument,  as  far  as  it  relates  to  Muridse,  I  refer  the  reader  to
a  paper  by  Hensel  on  Mus  orihodon  from  the  Ossiferous  Breccias

1  L.  c.  part  I.  pi.  ii.  figs.  19,  20.
2  L.c.  partIII.pl.  v.  fig.  2.
3  L.  c.  part  III.  p.  253.
* lb. p. 253.
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of  Sardinia  ^,  and  to  a  subsequent  paper  by  myself  on  the  same
subject ^.

Marsh  has  recently  made  the  following  statement  :  —  "  One  fact  is
becoming  more  and  more  evident,  the  near  affinity  of  the  early
Primates,  Carnivores,  Ungulates,  and  Eodents,  with  each  other
and  with  the  Insectivores,  and  more  remotely  with  Marsupials.
The  key  to  the  mystery  lies  concealed  in  the  great  break  between
the  Lower  Wahsatch,  at  the  base  of  the  Eocene  as  now  known,  and
the  Laramie  beds  of  the  Cretaceous.  In  the  latter,  none  of  the
above  placental  mammals  have  been  found,  but  in  the  early  Eocene
occur,  side  by  side,  Carnivores,  Eodents,  and  L^ngulates  .  .  .'"  ^

I  have  endeavoured  to  show  that  the  key  to  the  mystery  actually
lies  for  the  chief  part  in  Prof.  Marsh's  own  hand,  and  I  trust  that  he
himself  will  before  long  furnish  us  with  the  full  proofs  that  several
at  least  of  the  Cretaceous  AUotheria,  so  called,  are  in  the  direct
ancestral  line  of  Eutheria.

And,  in  the  meanwhile,  I  confidently  state  as  follows  my
conclusious  as  to  the  primitive  type  of  the  Eutherian  molar:  —

(1)  The  primitive  condition  of  the  Euthei'ian  molar  is  that  of
polybu ny.

(2)  The  single  tubercles  or  cusps  were  arranged  in  longitudinal
series  (Tinotacvis),  divided  by  longitudinal  grooves  or  valleys,  there
being  generally  three  rows  with  two  grooves  in  the  upper,  and  two
rows  with  one  groove  in  the  lower  molars.

(3)  Microlestes  may  proxe  to  be  a  remote  ancestor  of  the
Eutheria.

*  R.  Hensel,  "  Beitrage  zur  Kenntniss  fossiler  Saugethiere.  —  II.  Ueberreste
von Miis in der Breccie vou Cagliari," Zeitschr. d. deutsch. geolog. Gresellschaft,
viii.  Band,  1856,  p.  281.  Tlie  conformation  of  the  flr.«t  upper  molar  of  3fus
is  described bv  Hensel  as  follows :  — "  Seine  Krone zerfallt  durch zwei  fast  bis
auf  den  Grund  der  Krone  eiiidringende  Querfurchen  in  drei  Querleisten,  von
weiehen die beiden erst«n nach vorn convex, nach hinten zu concav erscheinen . . .
Zwei  verhiiltnissniassig  seichte  Langsfurchen  zertheilen  wiederum  jede  Quer-
leiste in drei mehr oder weniger deutliche Hocker . . . Das Schema f iir die Back-
euziihne  des  Unterkiefers  (Fig.  Hi)  ist  ein  wesentlich  anderes.  Zwar  sind
aueh  bier  die  Kronen  durch  zwei  Querrurchen  in  drei  Querleisten  getheilt.
AUein statt zweier Langsfurchen findet sieh nur eine, so dass jede Querleiste in
zwei Hocker, die ganze Zahnkrone also in sechs derselben zerfallt." {L. c. p. 282.)

^  Forsyth  Major,  "Sulla  conforniazione  dei  Molari  nel  Genere  Mus,  e  sul
Mils  meridinnaUs  e  Mus  orfhodon,  Hensel,"  Atti  Soc.  Tosc.  Sc.  Nat.  Proo.  Verb.
1888, pp. 129-14.5. — Mr. OldOeld Thomas has lately drawn my attention to his
" Description of  a new Genus and Species of  Rat  from New Guinea," the Ckini-
ro7nysforbesi  (Proc.  Zool.  Soc,  April  17,  1888,  pp.  237-2-10,  fig.  2,  p.  239).  In
this  paper  it  is  stated  that  the  teeth  of  Chiruromys  "are  remarkably  compli-
cated, and show a hifrh degree of specialization, far more than is found in any
other  genus  at  aU  allied  to  the  present  one,"  and  that  "this  extreme  speciali-
zation  both  of  teeth  and  tail  is  especially  remarkable  in  an  animal  inhabiting
such  a  refuge  for  old  and  little-modified  forms  as  New  Guinea."  From  what  I
have  been  saying,  it  is  to  be  inferred,  that  the  teeth  in  question,  far  from
showing  a  high  degree  of  specialization,  are,  on  the  contrary,  of  a  very
generalized type, prec-isely such as we might anticipate to meet with in a refuge
for old and little-modified forms.

^  O.  C.  Marsh,  "  Anew  Order  of  extinct  Eocene  Mammals  (Mesodactyla),"  in
American  Journal  of  Science,  vol.  xlii.  May,  1892,  p.  449.
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(4)  From  the  polybuuous  molar,  as  characterized  before,  have
beeu  derived  the  other  types  of  Placental  molars,  by  a  gradual
transformation  of  the  longitudinal  arrangement  of  cusps  into  a
transverse  one  {Chiastotaxis),  and  by  a  prevailing  development  of
a  few  cusps  —  a  sort  of  Oligarchy  —  as  well  as  by  the  fusion  and
suppression  of  others,  several  of  which  are,  however,  maintained
with  great  persistency  in  a  secondary  condition.

(5)  In  the  upper  molars  two  outer  cusps  and  one  or  two  inner
cusps  are  usually  the  most  developed.

(6)  The  truly  tritubercular  molar  is  Imt  a  very  specialized  stage,
which  is  often  preceded,  not  followed,  by  Riitimeyer's  trigonodont
type.

(7)  The  supposition  that  the  so-called  heel  or  talon  of  inferior
molars  is  a  later  development,  is  an  arbitrary  one,  disproved  by
facts.

(8)  Which  of  all  the  cusps  of  the  primitive  polybuuous  molar
or  its  derivatives  may  be  "  homologous  with  the  reptilian  cone,"
I  do  not  know.

VI.  EXPLANATION  OF  THE  PLATES.

Plate  VIIL
Eight superior molars, much magnified, of: —

Fig.  L  Sciurus  (Eosciurus)  indtcus,  Tirsl.  m,.  (B.M.  1203a.)
2.  ScprevosthBesm.  mj.  (B.M.  5836.)
3.  Sc.  lokroidcs,  Hodgs.  m^.  (B.M.  18fi8/4  .  4.3.)
4.  Sc.  cveretti,  Thos.  m.,.  (B.M.  1892/9  .  6.8.)
5.  A'ertis  (Eoxerus)  hosei,  Tlios.  p^.  (B.M.  1892/7  .  19.2.)
6.  A'erus  (Eoxerus)  insignis,  Fr.  Ouv.  m,.  (B.M.  68  c.)
1.  Xents{Protoxerus)  stangeri,'SV&i&i[i.  m,.  (B.M.  515  0.)
8.  Xerus  (Protoxeriis)  aubmnii,  Qv.  m^.  (B.M.  1875/4  .  30.4.)
9.  Xertis  {Atlantoxcrus)  gctulus,  Gesn.  m,.

10.  Xerus  erythopus,  Geoff.  m„.  (B.M.  1888/11  .4.4.)
11.  Xerus  {Eoxerus)  Micaudatas,  Gv.  mj.  (B.M.  1885/8  .  1.272.)
12.  „  ,,  Pi-  ,,
13.  Anomalurus  fraseri,  Waterh.  pj.  (B.M.  555  c.)
14.  AnomalHnis'beecroffi,¥raa.  m^.  (B.M.  1066  6.  1886/1  .  5.1.)
15.  Xerus  (Paraxerus)  pi/rropics,  Fv.  Cuv.  m^  (B.M.  897«.)
16.  Xerus  {Eoxerus)  berdmorei,  BIy.  (juv.)  m^.  (B.M.  1878/6  .  17.51.)
17.  „  „  (middle  age),  mj.  (B.M.  1878/6.17.33.)
18.  „  „  (old),  m,.  (B.M.  1861/4.12.13.)
19.  Pteromys  leiwogenys,  Temm.  mj.  (B.M.  656  b.)
20.  Sniuropterus  fearsoni,  Gr.  m.,.  (B.M.  1883  «.)
21.  Sciuroptertis  horsfcldi,  Waterfi.,  type.  m^.  (B.M.  1855/12  .  24.102.)
22.  A'erus  (Paraxertis)  ce^Mpi,  Smith,  m,.  (B.M.  1885/12  .  8.2.)
23.  Xerus  (Paraxerus)  pyrropus  anerythrus,  Thos.  mj.  (B.M.  1890/6.

8.22.)
24.  Xerus  (Paraxerus^  Isabella,  Gr.  m^.  (B.M.  1862/5  .  9.3.)  Cameroons.

Plate  IX.
Eight inferior molars, much magnified, of :  —

Fig.  1.  Sciurus  (Eosciurus)  indmts,  Er.\l.  m;.
2.  Ehithrosciunis  macrotis,  Gr.  mj.  (B.M.  1888/8  .  13.7.)
3.  Sciurus  lokroides,  Hodgs.  m,.
4.  Sciurus  everetti,  Thos.  m^.
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Fig.  5.  2^erus  (Eoxerus)  hosei,  Thos.  p,.
0.  A'erus  (Ecxeriis)  in&lgnis,  Fr.  Cuv.  m^.
7.  Xerus  [Prutoxerus)  sfaiigcri,  Wa^ei'li.  m^.
8.  Xerus  {Protoxerus)  aubinnii,  Gr.  iiij.
9.  Xenis  {Atlaiitoxerus)  gctulus,  Gesn.  iii^,

10.  Xerus  erythopus,  Geoff,  ui,.
11.  Xerus  {Eoxeriis)  lalicaiidatus,  Gr.  p,.
12.  „  „  m,.
13.  Anomaluriis  fraseri,  Waterb.  p^.
14.  Anomahtrus  beccrofti,  Fras.  m^.
1.5.  Xerus  {Paraxertis)  pyrropus,  'Ft.  C\iv.  ni|.
16.  Xerus  (Eoxertts)  berdmorei,'B\y.,iuv.  nij.
17.  ,,  ,,  middle  age.  irij.
18.  „  .,  old.  nij.
19.  Pteromys  leucogenys,  Teuim.  lUj.
20. Sc'mropf erus pearsoni, Gr. m.,.
21.  Sciuropterus  horsfieldi,  Waterb.,  type.  \\\y
22.  Xerus  {Pai-axcrus)  pyrropiis  anerythrus,  Thos.  in,.
23.  ^Vi??'«s  (Paraxerus)  cepapi.  Smith,  nij.
24.  Xerus  (Paraxerus)  Isabella,  Gr.  m^.

Plate  X.

Fig.  1.  Sciuropterus  albanensis,  n.  sp.  (Middle  Miocene  of  Griye-Saint-Alban.)
Upper  incisor,  a,  I'roiu  the  outer,  b,  from  the  inner,  e,  from  the
anterior side.

2.  Xerus  (Eoxerus)  grivcnsis,  n.  sp.  (Middle  Miocene  of  Grive-Saint-
Alban.)  Left  mandibular  ramus,  nat  size.

3. mj, m^, mg, of the siime ; magn. f.
4.  Sciurus  spermopkUinus,  Dep.  p,,  m,,  m^  sup.  sin.  ;  magn.  f.
5.  ,,  ,,  Anterior  view  of  inf.  incisor  ;  magn.
6.  „  „  Left  mandibular  ramus,  inner  view,  nat.

size.
7.  „  „  Left  mandibular  ramus,  outer  view,  nat,

size.
8.  ,,  „  Pi,  mj,  m.^,  mj,  inf.  sin.,  upper  view  ;

magn. \.
9.  ,,  ,,  The  same  as  fig.  8,  inner  view  ;  magn.  f  .

10.  Nantwsciurns  concinnus,  Thos.  (Isabella,  Basiiaii,  Philippine.-),  type.
(B.M.  1940  a.  1870/10  .  4.7.)  dp  m^  nio,  m.^,  inf.  sin.  ;  magn.  J.

Plate  XI.

Fig.  1.  Sciuropterus  tephromelas,  Giinth.  Malay  Peninsula.  (B.M.  1885/8.
1.12(5.)  Left  mandibular  ramus.  Nat.  size.  From  the  inner  side.

2.  The  same,  m^  ;  magn.  \.
3.  Sciuropterus  afba/iensis,  n.  sp.  (Middle  Miocene  of  Grive-Saint-Alban.)

Left  mandibular  ramus,  from the inner side ;  nat.  size.
4. The same from the outer side ; nat. size.
5.  The  grinding-teetb  of  the  same,  upper  view  ;  magn.  f.
6.  Nannosciurus  minutus,  Du  Chaillu.  W.  Afi-ica.  (B.M.  1794  a.

1861/7  .  29.19.)  Superior  grinding-teeth  of  the  right  side  (p^,  m^,  raj,
va^) ; magn. f .

7.  Nannosciurus conainnus,  Thos.,  juv.  Superior  grinding-teeth of  the right
side (di, mj, m,, m^) ; magn. f .
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2.  Observations  on  tlie  Development  of  the  Rostrum  in  the
Cetacean  Genus  Mesophdon,  with  Rema:rks  on  some  of
the  Species.  By  Heney  O.  Fobbes,  F.Z.S.,  F.R.G.S.

[Received  January  17,  1893.]

(Plates  XII.-XY.)

In  the  course  of  my  duties  as  Curator  of  the  Canterbury
Museum,  Christehurch,  X.  Z.,  I  had  occasion  to  study  the  Cetacea
in  that  collection.  In  my  determinatiou  of  the  species  of  Jleso-
2)hdon  I  was  necessarily  guided  by  the  authoritative  papers  on  this
group  by  Sir  AVilliam  Flower  in  the  '  Transactions  '  of  this  Society,
and  by  Sir  William  Turner  in  his  Report  on  the  Cetacea  of  the
'  Challenger  '  Expedition.  In  his  paper  iu  volume  x.  of  our  '  Trans-
actions,'  page  422,  Sir  William  Flower  observes,  in  speaking
of  a  form  near  to  Mesoplodon  grayi,  Haast  :  —  "  Making  every
allowance  for  individual  variation,  it  scarcely  seems  possible  that
a  rostrum  such  as  that  shown  in  figure  2  [i.  e.  Mesoplodon  grayi  :
Plate  XIV.  fig.  3]  could  change  in  the  course  of  growth  to  that
in  figure  3  [i.  e.  Mesoplodon  haasti,  Flower  :  Plate  XII.  fig.  2].
If  so,  most  of  the  determinations  of  the  fossil  species  based  solely
on  the  form  of  the  rostrum  are  quite  valueless."  The  same  author,
on  an  earher  page  (page  420)  of  the  same  paper,  remarks  :  —
"  There  is  still  much  to  be  learued  with  regard  to  the  mode  of
ossification  of  this  cartilage.  All  the  specimens  which  I  have  had
an  opportunity  of  examiuing  are  either  so  young  that  ossification
has  not  commenced,  and  the  trough  of  the  vomer  in  the  rostrum
proper  is  completely  empty  in  the  dried  skull,  or  so  old  that  the
consohdation  of  the  cartilage  and  its  union  with  the  surrounding
bone  has  been  completed."  In  haxiug  lived  for  some  time  in  the
region  in  which  this  genus  is  not  uncommon,  I  have  been  fortunate
inha\iiig  had  an  opportunity  of  examining  several  immature  crania
iu  which  the  relations  of  the  boues  uhich  constitute  the  rostrum
were  such  as  to  enable  me  to  trace  some  unobserved  stages  in  their
development.  These  observations  I  have  thought  of  sufficient
interest  to  lay  before  the  Society,  especially  as  they  bear  on  some
of  the  characters  by  which  the  vai-ious  fonns  of  Mesoplodon  and
Ziphius,  both  recent  and  fossil,  have  been  separated  from  each
other.

The  deductions  I  have  arrived  at  in  this  paper  are  based  on  a
personal  examination  and  comparison  of  the  following  specimens  :  —

A.  A  very  young  (and,  according  to  Haast,  a  male)  skuU,  with
its  mandible,  —  one  of  three  specimens  sent  from  the  Chatham
Islands  to  Sir  Julius  von  Haast  in  1875.  It  is  a  co-type  of  Meso-
plodon  (Oulodon)  grayi,  Haast,  described  in  vol.  ix.  of  the  '  Transac-
tions  '  of  the  Js.Ti.  Institute.  In  this  specimen  the  vomerine
trough  is  quite  empty.  It  forms  part  of  the  coUsction  in  the  Otago
Museum,  Dunediu,  X.Z.

Ao.  A  young  specimen  in  the  Otago  Museum,  Dunedin,  in
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which  the  first  appearance  of  change  in  the  mesorostral  groove  is
visible.

B.  A  damaged  cranium,  without  its  mandible,  received  from  the
Chatham  Islands,  and  now  exhibited  ;  of  unknown  sex,  and  of  a
more  advanced  age  thin  A.  The  vomerine  trough  is  still  empty
aud  perfectly  smooth.  It  would  appear  to  be  about  the  same  age,
being  apparently  about  the  same  stage  of  development,  as  Meso-
plodon  f/i'a)/i,  Haast,  figured  by  Van  Benedeu  and  Gervais  in  their
'  Osteographie  des  Cetaces.'

C.  A  skeleton  in  the  Museum  of  the  Eoyal  College  of  Surgeons  —
that  described  and  figured  by  Sir  W.  Flower  as  31.  c/rat/i,  Haast,
in  his  paper  already  cited.  This  is  the  second  of  the  two  Salt
Water  Creek  skeletons  prepared  by  Sir  J.  von  Haast,  and  deter-
mined  by  him  to  be  Oulodon  grayi.  Its  sex  is  doubtful  ;  but  it  is
still  quite  young,  as  the  interior  of  the  vomerine  spout  (so  far  as
unconcealed  by  the  rostral  integument  on  the  anterior  part  of  the
snout  and  of  tlie  dried  cartilage  in  the  canal)  is  still  smooth  and
free  from  ossification.

D.  The  rostrum  of  a  specimen  obtained  for  me  from  the
Chatham  Islands,  and  now  exhibited.  I  have  no  doubt  it  belongs
to  the  species  Mesoplodon  graiji,  Haast.  Its  sex  is  unkno\^n,  but
its  age  is  somewhat  greater  than  any  of  those  already  mentioned.
The  vomerine  trough  is  partially  filled  with  osseous  tissue.

E.  The  rostrum  of  a  third  specimen  from  the  Chatham  Islands,
and  now  on  the  table,  of  unknown  sex  and  of  a  still  more  advanced
age,  but  still  immature.  This  specimen,  along  with  B,  D,  and  G,
will  be  presented  to  the  British  Museum.

F.  A  skull,  with  its  mandible,  of  an  immature  (according  to
Haast,  female)  specimen  of  Mesoplodon  (Oulodon)  grai/i,  Haast.
This  is  the  second  of  the  three  skulls  described  by  him  in  the  ninth
volume  of  the  '  Transactions  '  of  the  New  Zealand  Institute  from  the
Chatham  Islands,  and  now  in  the  Otago  Museum,  Dunedin,  N.  Z.
It  is  also  a  co-type  of  the  genus  and  species  Oulodon  grayi.

G.  The  rostrum  of  a  cranium  obtained  for  me  from  the  Chatham
Islands.  It  is  still  immature,  as  the  mesorostral  furrow,  though
nearly  full  of  ossified  tissue,  is  not  yet  quite  filled  up,  and  the
whole  of  the  bones  are  still  spongy.  It  belongs  undoubtedly  to
the  species  grayi,  Haast,  of  this  genus.

H.  A  complete  female  skeleton  of  Mesoplodon  {Oulodon)  grayi,
Haast,  one  of  four  individuals  that  in  December  1876  ran  on  the
beach  near  Salt  Water  Creek,  north  of  Banks  Peninsula,  N.  Z.  It
was  identified  and  described  as  the  co-type  of  Oulodon  grayi  by
Sir  J.  von  Haast.  Of  these  four  specimens  two  skeletons  were
prepared  —  one  (C)  being  sent  to  the  Eoyal  College  of  Surgeons,
London,  and  the  present  specimen  retained  in  the  Canterbury
Museum,  where  it  is  now.  Though  described  by  Sir  J.  von  Haast
as  "  a  full-grown  animal,"  it  still  bears  marks  of  immaturity  in  its
incompletely  fiUed-up  vomerine  spout  and  in  the  rostral  bones
exhibiting  none  of  that  petrosal  density  so  characteristic  of  fully
adult  Mesoplodonta.
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I.  An  aged  skull,  without  the  maudible  (probably  a  male),
from  Kaiapoi  beach,  Canterbury,  N.  Z.,  labelled,  under  direction
evidently  of  Sir  J.  von  Haast,  as  Meso2)lodo)i  l-no.vi,  Hector,  and  by
another  hand  changed  into  Mesoplodon  Jiectori,  Gray.  This  is  the
specimen  referred  to  by  Sir  James  Hector,  in  the  'Transactions'
of  the  N.  Zealand  Institute,  vol.  v.  page  168,  as  being  in  the
Canterbury  Museum  from  Kaiapoi  "  without  the  lower  jaw,"  which
he  considered  the  adult  form  of  his  young  MesopJodon  l-noxi.  It
appears  also,  with  little  doubt,  to  be  the  same  specimen  of
which  Sir  J.  von  Haast,  in  volume  ix.  of  the  same  publication,
page  455,  makes  the  following  observation,  which  in  the  absence
of  the  mandible  I  am  at  a  loss  to  understand,  as  it  seems  to  be  and
to  have  been,  the  only  specimen  from  Kaiapoi,  or  of  M.  hectori,  in
the  Museum  :  —  "  I  wish  to  add  that  a  comparison  of  these  thi'ee
skidls  of  Oulodon  [A,  F,  I]  with  the  skull  of  Mesoplodon  hectori,
Gray  [=  M.  hnoici,  Hector]  in  the  Canterbury  Museum,  and
which  is  derived  from  an  aged  specimen,  shows  at  a  glance  the
distinct  specitic  character  [i.  e.  teeth  at  the  symphysis  of  the
mandible],  besides  being  much  smaller  in  all  its  proportions."

The  Canterbnry  Museum  specimen,  as  will  be  seen  from  fig.  1,
Plate  XIII.,  diiiers  from  Mesoplodon  hectori,  Gray,  as  figured  in
Sir  W.  Flower's  paper  (Tr.  Z.  S.  vol.  x.  pi.  Ixxi.  fig.  4).

J.  The  skeleton  of  an  adult  from  Lyall  Bay,  N.  Z.,  in  the
British  Museum,  described  and  figured  by  Sir  W.  Flower,  in
volume  X.  of  the  Sociel-y's  '  Transactions,'  as  Mesoplodon  australis.
It  is  probably  of  the  male  sex.

K.  A  mntilated  skull,  with  its  mandible,  of  an  aged  male
Mesoplodon  {Oulodon)  (jrayi,  Haast.  This  is  the  remaining  one  of
the  three  Chatham  Island  crania  referred  to  under  specimen  A.
It  is  the  type  specimen  of  the  genus  and  species,  and  is  the
individual  figured  by  Von  Haast  in  the  '  Transactions  '  of  the  N.  Z.
Institute,  vol.  ix.  plate  xxvi.  fig.  3  (not  fig.  1,  as  erroneously  marked
on  that  plate).  Along  with  its  two  companions  (A  and  F)  it  had
remained  in  the  same  condition  as  found  and  figured  in  1875,
enveloped  in  its  integuments,  till  all  three  were  partly  dissected
and  partly  macerated  out  by  me  in  July  1890.

L.  The  specimen  described  and  figured  by  Sir  "William  Flower
in  the  paper  so  often  referred  to,  under  the  name  of  Mesoplodon
haasti.  This  is  an  old  —  even  aged—  individual,  nearly  of  the  same
age,  in  my  opinion,  as  K.  It  is  undoubtedly  a  male,  and  is  now  in
the  collection  of  the  Eoyal  College  of  Surgeons,  London.

With  these  specimens  I  have  compared  the  pubHsbed  descrip-
tions  of  Mesoplodon  (Oulodon)  grayi,  Haast,  given  by  Van  Benedeu
and  Gervais  on  plate  Ixii.  of  their  '  Osteographie.'

All  the  above  13  specimens  belong  without  any  doubt  to  Meso-
plodon  grayi,  Haast;  indeed  no  fewer  than  six  of  them  were  recog-
nized  by  Sir  Julius  von  Haast  as  belonging  to  the  species  which  he
had  himself  established.

M.  The  skeleton  of  an  aged  male  of  Mesoplodon  layardi  in  the
Canterbury  Museum,  N.  Z.  —  labelled  M.Jloweri,  Haast.
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N.  A  cranium  of  an  immature  example  of  M.  layardi  in  the
"Wellington  Museum,  N.  Z.  ;  sex  unknown.

O.  A  cranium  of  a  young  individual  of  M.  layardi,  in  the  Napier
Athenseum,  N.  Z.,  in  which  the  vomerine  trough  is  quite  empty
and  smooth  ;  sex  unknown.

P.  A  cranium  of  an  aged  individual  in  the  British  Museum,
evidently  a  male.

Q,.  For  purposes  of  comparisou  with  the  species  of  Mesoplodon,
I  have  exnmined  the  skeletons  of  Zipliius  cavlrostris  {^Epiodon
chathamensis)  in  the  Canterbury  Museum,  N.  Z.

B.  A  cranium  of  a  very  young  individual  of  Ziphius  cavlrostris,
collected  by  myself  in  the  Chatham  Islands  in  January  last  (1892),
and  now  iii  the  Canterbury  Museum,  in  which  the  vomerine  spout
is  quite  empty  and  smooth,  except  on  the  bottom  of  the  trough,
where  there  is  a  small  upgrowth.

8.  A  aVehton  oi  ZijJtlKS  {Eplodon)  chathamensis  {  =  Z^  cavlrostris)
in  the  British  Museum  collection.

T.  A  cranium  of  Ziphius  cavirostHs  (the  type)  in  the  British
Museum.

XT.  A  younger  cranium  than  T,  of  Ziphius  cavirostris,  in  the  same
collection.

V.  A  skeleton  and  two  crania  of  Berardius  arnuxii,  in  the
Canterbury  Museum,  N.  Z.

With  these  I  have  also  compared  the  various  fossil  species  in
the  Geological  Department  of  the  British  Museum,  Mesoplodon
ungustus,  M.  gihhus,  Choneziphius  pdanirostris,  and  G.  planus.

Por  the  opportunity  of  examining  one  or  more  of  the  above
enumerated  specimens  I  am  greatly  indebted  to  the  kindness  of
Dr.  Giinther,  F.K.S.,  and  Dr.  Woodward,  F.K.S.,  of  the  British
Museum  ;  to  Professor  Stewart,  P.L.S.,  Eoyal  College  of  Surgeons,
Prof.  T.  J.  Parker,  P.E.S.,  Dunedin,  N.  Z.,  Sir  James  Hector,
r.E.S.,  Wellington,  N.  Z.,  and  to  the  authorities  of  the  Hawke's
Bay  Philosophical  Society  in  Napier,  N.  Z.

Prom  an  examination  of  these  specimens  I  have  come  to  the
conclusi(m  that  the  species  of  Mesoplodoii,  and  certainly  some  of
Ziphius,  change  very  greatly  in  regard  to  the  form  of  their  rostra
with  age  and  sex  ;  and  from  the  transverse  sections  of  various  rostra
that  I  exhibit  it  will  be  apparent  that  the  contour  of  each  varies
with  the  amount  of  ossification  and  consolidation  of  the  rostral
bones  in  different  sexes  at  different  ages.  It  will  then  be  seen,  I
think,  that  the  species  designated  Mesoplodon  hectori,  Gray,  by
Hector  and  Haast,  and  Mesoplodon  australis  and  Mesoplodo7i  haasti
by  Sir  W.  Plovver,  are  really  more  or  less  aged  forms  of  Mesoplodon
g'rayi,  Haast.  In  his  paper  in  the  '  Transactions  '  of  the  Zoolo-
gical  Society  already  referred  to.  Sir  W.  Plower  has  been  careful
to  remark  :  —  "  Under  the  circumstances  it  is  somewhat  difficult  to
know  what  course  to  pursue  with  reference  to  the  names  by  which
these  specimens  are  to  be  respectively  distinguished  ;  but  on  the
whole  it  will  lead  to  less  confusion  if  I  designate  them,  provi-
sionally  at  least,  by  specific  appellations,  bearing  in  mind  that  it



220  MR.  H.  O.  FORBES  ON  THE  [Feb.  28,

is  quite  possible  that  further  information  and  more  abundant
materials  may  cause  a  modification  of  this  view  "  \

Sir  William  Turner,  in  his  paper  on  Ziph'ms  cavirostris  and  Meso-
plodon  soiuerhyi,  in  the  Trans.  E.  S.  Edinburgh,  vol.  xxvi.  p.  768,
says:  —  "In  my  description  I  have  named  the  dense  solid  bar  in
the  middle  of  the  beak  the  mesorostral  bone.  This  bar  corresponds
with  the  '  vomer  '  of  Cuvier,  Gervais,  and  Gray,  with  the  '  anterior
tuberosity  of  the  vomer'  of  Fischer,  with  the  '  continuation  of  the
pre-frontals  forward  to  near  the  end  of  the  premaxillaries  '  of
Owen,  and  with  the  'anterior  prolongation  of  the  ethmoid'  of
Flower.  "Whatever  name  be  applied  to  it,  there  can  be  no  doubt
that  it  is  an  ossification  of  the  anterior  end  of  the  long  cartila-
ginous  bar,  which  in  the  Cetacea  is  prolonged  forwards  to  the
end  of  the  beak,  and  in  relation  to  the  sides  and  lower  surface
of  which  the  spout-like  vomer  is  formed."  And  Sir  William  Flower,
in  the  paper  I  have  already  quoted  from,  continues:  —  "But
it  must  be  observed  that,  although  the  cartilage  appears  to  be
nothing  more  than  a  continuation  forwards  of  the  ordinary
mesethmoid  lamina  or  septum  of  the  nose,  the  ossification  is
not  a  simple  extension  forwards  of  that  which  occurs  in  all
Cetacea  (in  all  Mammalia,  in  fact)  in  the  hinder  or  internarial  portion
of  the  septum,  but  appears  to  be  an  independent  production,
peculiar  to  the  genera  ^Jesojdodon,  Ziphiits,  and  certain  allied  extinct
forms.  It  is  separated  by  an  interval  (which  appears  to  diminish
with  age,  but  of  which  traces  can  be  seen  on  the  upper  surface  of
the  rostrum  near  its  base)  from  the  true  mesethmoid  ossification.
It  differs  from  the  latter  in  being  intensely  hard  and  compact,
whereas  the  mesethmoid  is,  especially  at  its  anterior  part,  some-
what  spongy  in  texture.  It  differs  also  in  showing  strong
indications  of  being  formed  by  a  pair  of  lateral  ossifications,  united
in  the  middle  line,  as  the  upper  surface  in  many  parts  and  the
anterior  apex  show  a  marked  median  groove.  I  think  it  mil  be
well  therefore  to  adopt  Prof.  Turner's  name  of  '  mesorostral  '
bone  for  this  solid  bar  forming  the  centre  of  the  rostrum,  restrict-
ing  mesethmoid  to  the  part  lying  between  the  nares  and  a  short
distance  in  front  of  them,  which  is  ossified  in  the  young  animal
and  in  all  other  species  of  Cetacea  "  ^.

An  examination  of  the  sections  of  young  specimens  of  Meso-
plodon  grayi  and  M.  layardi  in  the  light  of  what  takes  place
in  Ziphius  aivirostris,  Berard'ms  arnuxii,  and  OJymenia,  and  per-
haps  in  the  fossil  genus  Choneziphius,  will,  I  think,  show  satis-
factorily  that  the  mesorostral  consolidfition  is  not  an  ossification
of  the  mesorhiual  or  mesorostral  cartilage,  but  is  an  upgrowth
in  the  rostral  trough,  formed  by  a  proliferation  of  the  osseous
tissue  of  that  part  of  the  vomer  itself,  and  perhaps  partly  of  the
premaxillaries,  at  all  events  not  an  ossification  of  the  mesorostral
cartilage  pure  and  simple,  as  occurs  in  Clymenia  and  Berardius.

Before  discussing  the  question  of  species,  1  shall  trace  from

1  Tr.  Z.  S.  vol.  X.  p.  419.  =  Tr.  Z.  S.  vol.  x.  p.  420.
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