
No.  3.  —  On  a  Eevision  of  the  Ethmoid  Bone  in  the  Mammalia,  loith

special  Reference  to  the  Beserii^tion  of  this  Bone  and  of  the  Sense  of
Smelling  in  the  Cheiroptera.  By  Hahrison  Allen,  M.  D.,  Profes-
sor  of  Physiology  in  the  University  of  Pennsylvania.

In  the  Bulletin  of  the  Museum  of  Comparative  Zoology  dated  Febru-
ary,  1880,  I  described  briefly  some  peculiarities  of  structure  I  had  de-
tected  in  the  ethmoid  bone  of  the  Cheiroptera.*  It  is  my  purpose  in
this  communication  to  extend  my  remarks  in  the  same  direction,  and  by
way  of  introduction  to  give  a  brief  account  of  the  ethmoid  bone  as  it  is
met  with  in  the  mammals  generally.

The  ethmoid  bone  in  mammals  lies  within  the  ethmoidal  notch  of  the

frontal  bone,  and  is  in  all  but  a  few  groups  (e.  g.  in  Primates,  Quadru-
mana,  and  some  of  the  genera  of  Felidse)  protected  laterally  by  the
descending  process  of  the  frontal  bone,  the  orbital  process  of  the  palatal
bone,  and  the  orbital  process  of  the  orbito-sphenoid  bone.  In  the  nasal
chamber  it  is  protected  above  by  the  nasal  bone  and  in  part  by  the
vomer.  Its  several  portions  lie  in  the  nasal  chamber  and  in  the  frontal
and  sphenoidal  sinuses.  With  a  near  approach  to  accuracy,  it  may  be
said  tliat  the  ethmoid  is  included  between  the  following  openings  :  the
optic,  the  ethmoidal  and  the  sphenoidal  foramina,  and  the  lachrymal
and  the  infraorbital  canals.  The  suture  between  the  palatal  bone  and
the  superior  maxilla  in  the  roof  of  the  mouth  corresponds  nearly  to  the
anterior  limit  of  the  cthmoturbinals.

The  Nomenclature  of  the  Subdivisions  of  the  Ethmoid  Bone.  —  The
ethmoid  bone  of  the  human  subject  is  described  by  anatomical  writers  as
composed  of  a  pair  of  lateral  masses,  sponges,  or  labyrinths,  united  to  a
perpendicular  plate  by  means  of  the  cribriform  plate,  the  projection  of
the  former  above  the  latter  constituting  the  crista  -galli.  Each  lateral
mass  in  turn  is  composed  of  ethmoid  cells,  and  presents  upon  its  median
surface  two  scrolls.  The  "cones  of  Wistar  "  ax'e  a  pair  of  symmetrical
ossicles  appended  to  the  lateral  masses  posteriorly,  and  are  not  of  olfac-
tory  significance.

* The prodrome of this memoir, as announced in the above-named paper, has not
been  followed  in  all  respects.  The  points  of  difference,  however,  do  not  demand
special attention.
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The  departures  from  this  arrangement  in  the  ethmoid  of  quadrupeds
are  so  nun>erous  and  pronounced  that  an  adherence  to  a  similar  plan  of
description  is  not  satisfactory.

In  proposing  modifications,  I  will  'use  the  following  language  :  —
The  ethmoid  bone  is  composed  of  the  meso-ethmoid  and  two  ethmo-

turbinals.  The  former  includes  the  perpendicular  plate  and  the  crista
galli  ;  the  latter,  as  in  human  anatomy,  the  lateral  masses  of  the  bone.
These  terms  are  in  general  use  by  English  writers.  The  nasoturhinal  is
an  ethmoturbinal  plate  projecting  in  front  of  the  remaining  plates,  and
forming  the  superior  limit  to  the  series,  as  seen  on  the  median  surface
of  a  longitudinal  (sagittal)  section.  —  The  "cones  of  Wistar  "  form  the
sphenoturbinals.

Each  ethmoturbinal  element  is  an  olfactory  plate.  The  space  between
any  two  plates  is  called  an  olfactory  interspace.

Each  olfactory  plate  is,  as  a  rule,  plicated,  and  each  plication  in  turn
forms  an  olfactory  fold.  The  free  projecting  ends  of  the  olfactory  plates
constitute  the  olfactory  lobes.

The  ethmoturbiiial  plates  are  divided  into  two  groups,  the  ectotur-
binals  and  the  endoturbinals.  The  ectoturbinal  plates  are  those  which  lie
in  a  space  defined  by  the  frontal  bone  and  the  superior  maxilla.  This
space  communicates  with  the  nasal  chamber  at  the  interspace  between
the  nasoturhinal  and  the  first  endoturbinal,  as  well  as  by  a  large  oval
opening  behind  the  maxillo-turbinal  and  the  vertical  plate  lying  between
the  superior  maxilla  and  the  ethmoid.  The  ectoturbinal  plates  are
arranged  on  the  lateral  sides  of  the  chamber,  from  which  they  project
inward  toward  one  another,  but  never  to  a  degree  to  be  seen  on  the
median  surface  as  this  is  seen  in  a  longitudinal  section  of  the  skull.

The  endotio'binal  plates  are  arranged  in  a  series  lying  beneath  as  well
as  medianly  to  the  foregoing.  They  are  placed  in  oblique  parallel  rows
from  above  downward,  and  are  best  seen  in  a  longitudinal  (sagittal)  sec-
tion  of  the  skull.  Each  ethmoturbinal  plate  has  a  base  where  it  arises
from  the  cribriform  plate.  The  ujjper  border  of  each  plate  is  its  frontal
border,  while  its  lower  border  is  its  palatal  border.*

The  space  between  the  meso-ethmoid  and  the  ethmoturbinal  is  the
septoturbinal  space.  The  lamina  uniting  the  ethmoturbinals  one  with

* The tenns ecto- and endoturbinal are named with reference to the relations they
entertain to the nasal chamber. The ectoturbinals do not appear, with a few excep-
tions, on the lateral wall of the undissected nasal cliamber (see Plate I. fig. 1), while
the endoturbinals so appear, or can be made to do so, by producing the axes of the
olfactory plates entering into tlicni.
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another  constitutes  the  transverse  lamina.  Its  posterior  portion  unites
with  the  vomer,  and  may  receive  the  name  of  the  turbino-vomerine  lamina.
Its  anterior  portion  lies  in  front  of  the  last  named.  The  sphenotur-
binals  are  furnished  with  olfactory  plates  that  join  the  vomer,  thus
crossing  the  septoturbinal  space.

The  surface  of  the  ethmoid  bone  entering  into  the  construction  of  the
brain  case  is  called  the  encranial  surface.  It  exhibits  a  perforate  or
aibriform  plate,  and  a  non-perforate  plate  placed  posteriorly  to  the  fore-
going.  The  perforate  plate  answers  in  position  to  the  ectoturbinals,
the  endoturbinals  in  great  part,  and  the  septoturbinal  space.  The
non-perforate  space  covers  the  sphenoturbiuals  and  the  lowest  of  the
endoturbinals.  The  encranial  surface  may  be  subdivided,  for  con-
venience  in  description,  into  surfaces  which  correspond  to  the  divisions
of  the  ethmoid  as  seen  from  the  nasal  chamber.  Thus  the  septo-
turbinal,  the  ectoturbinal,  and  the  endoturbinal  surfaces  are  easily
distinguished.

The  Literature  of  the  Ethmoid  Bone.  —  That  the  terminology  of  the
ethmoid  bone  at  present  in  use  needs  revision  can  be  readily  shown  by
a  reference  to  the  literature  of  the  subject.

E.  F,  Gurlt  (Handbuch  der  Vergleichenden  Anatomic  der  Haus-Saug-
thiere,  Berlin,  1843,  Vol.  I.  p.  81)  describes  the  ethmoid  on  the  basis  of
the  human  bone.  He  identifies  the  nasoturbinal  as  the  superior  conch
and  the  first  endoturbinal  as  the  middle  conch.  All  parts  not  appearing
on  the  median  surfixce  he  groups  under  the  head  of  the  "  Labyrinth."

H.  Strauss-Durckheim  (Anatomic  Descriptive  et  Comparative  du  Chat,
Paris,  1845,  p.  385)  gives  the  sphenoturbiuals  as  equivalent  to  the  "cor-
net  de  Bertin,"  and  forming  the  third  division  of  the  bone.  The  second
division  is  the  group  of  plates  seen  only  in  the  cat  and  its  congeners.
It  is  a  development  from  the  transverse  lamina.  All  the  remaining  por-
tion  of  the  ethmoturbiual,  comprising  as  it  does  the  bulk  of  the  bone,
Strauss-Durckheim  calls  the  first  or  superior  division  of  the  bone.  The
space  between  the  two  ethmoturbinals  on  a  level  with  the  lower  border
of  the  chamber  of  the  ectoturbinals  and  the  equivalent  to  the  ethmoidal
notch  of  human  anatomy  receives  the  name  of  the  "  ecartement  des
anfractuosites  superieures."  The  mesoturbinal  is  named  the  "  lame  ver-
ticale  moyenne."

Owen  (Archetype  and  Homologies  of  the  Vertebrate  Skeleton,  1848)
named  the  meso-ethmoid  the  prefrontal,  and  gave  to  the  ethmoturbinals
the  name  which  they  have  since  borne.  In  his  elaborate  work  on  the
Anatomy  of  the  Vertebrates,  Owen  restricts  the  term  ethmoturbinal  to
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the  lower  plates  only  of  the  mass  (the  endoturbinals  of  this  paper),  as
seen  in  the  hog.  In  the  description  of  the  etlimoid  in  this  animal  the
word  "  labyrinth  "  is  also  used,  showing  that  the  term  had  not,  in  the
mind  of  the  writer,  supplanted  that  of  "  ethmoturbinal."  —  In  the  tajnr
the  cribriform  plate  is  said  to  be  reticulate,  with  long  radiating  meshes.
The  ethmoturbinal  in  this  aiiimal  consists  of  many  convolute  divisions,
and  each  is  perforated  by  many  foramina.  —  In  the  horse  the  ethmotui*-
binal  is  separated  from  the  nasoturbinal.  The  same  language  is  em-
ployed  in  describing  the  ethmoids  of  other  animals.  —  The  giraffe  exhibits
the  upper  folds  of  the  labyrinth  coalescing  in  the  moderately  long  arid
deep  ethmoturbinal.  —  In  the  dog  the  horizontal  folds  of  the  "  labyrinth  "
are  four  in  number.  Here  by  the  woi'd  "  labyrinth  "  the  median  sur-
face  of  the  ethmoturbinals  (endoturbinals)  is  intended.  Indeed,  through-
out  the  descriptions  in  this  woi'k,  the  term  ethmoturbinal  includes  the
periphery  of  the  lateral  mass,  excepting  that  portion  lying  above  the
cribriform  plate.  Thus  the  os  planum  and  the  middle  and  lower  plates  of
the  median  surface  are  ethmoturbinal,  while  the  intervening  structures
and  the  superior  division  are  vaguely  included  in  the  "  labyrinth."  This
is  evidently  so  in  the  account  of  these  parts  in  the  giraffe,  where  the
upper  folds  of  the  labyrinth  are  said  to  coalesce  and  to  be  produced  into
the  ethmoturbinal.  In  like  manner,  the  ethmoturbinal  forms  the  part
identical  with  the  transverse  lamina.

J.  Chatin  (Les  Organs  des  Sens  dans  la  Serie  Animale,  Paris,  1880,
p.  241)  describes  each  olfactory  plate  as  it  appears  upon  the  median
surface,  where  it  is  called  a  "cornet."  The  "cornet  superieur"  is  the
same  as  the  nasoturbinal  ;  the  "  cornet  ethmoidal,"  the  equivalent  of
the  endoturbinals.  No  attempt  is  made  to  describe  the  ethmoturbi-
nal.  It  is  simply  stated  to  be  most  bizarre  in  its  construction.  In
the  Tiangaroo  the  maxilloturbinal  is  called  the  "volute  ethmoidal."

Kitchen  Pfirker  ("On  the  Structure  and  the  Development  of  the  Skull
in  the  Pig,"  Philosoph.  Trans.,  Vol.  CLXIV.  Part  I.,  1874)  calls  the  first
plate  of  the  ectoturbinals  the  "  upper  turbinal  "  ;  the  first  endoturbi-
nal,  the  "  middle  turbinal."  The  maxilloturbinal  forms  the  "lower  tur-
binal."  The  nasoturbinal  is  called  the  "nasal  turbinal."  In  advance  of
the  olfactory  region  Parker  recognizes  two  turbinals,  viz.  the  maxillo-
turbinal  and  the  alinasal  turbinal.  The  first  of  these  has  been  already
noticed.  The  last  named  is  a  ledge-like  point  within  the  nostril  continu-
ous  with  the  ledge  supporting  the  maxillotui'binal.  A  veiy  good  general
view  of  the  ethmoid  as  seen  in  the  hog  is  shown  in  Plate  XXXV.  of  the
above  memoir,  —  the  ectoturbinals  being  as  yet  imperfectly  developed.
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Dr.  Elliott  Coues  ("Osteology  and  Myology  of  the  Opossum,"  Me-
moirs  of  the  Boston  Nat.  Hist.  Soc,  II.  62)  treats  of  the  ethmotur-
binal  as  synonymous  with  the  lateral  mass,  and  of  the  perpendicular
plate  as  being  probably  homologous  with  a  pair  of  coalesced  prefron-
tals.  He  further  ambiguously  states  that  the  "spongy  convolutions"
are  borne  on  either  side  of  the  perpendicular  plate.  Respecting  the
arrangement  of  the  olfactory  plates,  he  remarks,  "  It  would  be  diffi-
cult  even  if  it  were  desirable  (!)  to  describe  the  details  of  the  spongy
convolutions."

The  description  in  Bronn's  Klassen  und  Ordnungen  des  Thier-Reichs
(Bd.  VI.  Abtheil.  X.  52)  embraces  a  general  account  of  the  bone.
No  attempt  is  made  to  discriminate  between  the  olfactory  plates.  The
ethmoturbinal  mass  is  named  the  labyrinth,  and  composed  of  thin  rolled
plates  of  bone  enclosing  the.  ethmoidal  cells.

The  Method  employed  hy  the  Author  in  studying  the  Ethmoid  Bone.  —
The  study  of  the  ethmoid  bone  is  greatly  facilitated  by  immersion  of
the  bone  in  an  acid  solution  which  is  sufficiently  strong  to  remove
the  bone-salts.  .  When  the  bone  is  detached  from  the  skull,  the  deli-
cate  folds  are  easily  decalcified  by  a  solution  of  nitro-muriatic  acid  of
not  greater  strength  than  eight  drops  of  the  acid  to  an  ounce  of
water.  When  the  entire  skull,  say  of  an  animal  of  the  size  of  a  horse
or  dog,  is  subjected  to  the  acid  solution,  a  strength  from  a  half-drachm
to  a  drachm  of  acid  to  the  pint  of  water  will  be  required.  For  small,
delicate  skulls,  such  as  those  of  the  bats,  a  fluid  slightly  acidulated,
say  two  drops  to  the  ounce  of  water,  is  sufficient.  Immersion  from
six  to  twelve  hours  is  needed  for  the  smaller  specimens,  and  perhaps
a  renewal  of  the  fluid  for  a  second  period  as  long  as  the  first  for  the
larger  ones.  The  specimen  is  next  washed  and  soaked  through  sev-
eral  waters,  and  afterwards  can  be  preserved  in  alcohol.  The  ethmoid
bone  thus  prepared  can  be  studied  with  signal  advantage  over  the
natural  bone,  since  a  dissection  can  be  effected  with  ease,  and  without
danger  of  mutilation.  I  think  perhaps  the  best  way  to  obtain  a  satis-
factory  preparation  for  general  purposes  of  comparison  is  to  secure  a
macerated  skull  *  of  the  animal  whose  ethmoid  is  desired,  and,  after  the
bone-salts  have  been  removed,  to  bisect  the  skull  longitudinally  at  one
side  of  the  line  of  the  vomer,  and  reserve  one  half  of  the  specimen
for  study  of  the  median  surface  of  the  ethmoid  bone.  The  encranial

* Care must be taken to protect the freshly macerated skull from the attacks of a
voracious dipterous larva, that is capable of destroying the delicate structures of the
ethmoid in an incredibly short space of time.
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surface  will  be  seen  in  the  same  specimen.  Next,  to  make  a  trans-
verse  (frontal)  section  of  the  opposite  piece,  in  such  a  -manner  as  to
divide  transversely  all  the  parts  of  the  ethmoid  bone  directly  in  advance
of  the  cribriform  plate.  The  section  must  be  made  concentrically
to  the  plane  of  the  cribriform  plate,  and  of  course  to  include  the  meso-
ethmoid.  The  proximal  surface  of  such  a  preparation  embraces  a  sec-
tion  of  the  ethmoturbinals  and  of  the  septoturbinal  space,  and  gives  at
a  glance  the  plan  of  the  bone.  The  parts  of  both  specimens  can  be  han-
dled  with  freedom,  as  the  botanist  can  press  aside  the  several  parts  of  a
flower,  and  afterward,  without  violence,  return  them  to  their  natural
positions.

If  it  be  desired  to  retain  the  mucous  membrane  in  connection  with

the  olfactory  plates,  the  superficial  parts,  together  with  the  temporal  and
masseter  muscles  and  the  eyes,  should  be  first  removed  to  enable  the
acidulated  fluid  to  act  directly  upon  the  bony  surfaces.  After  the  bone-
salts  have  been  dissolved,  a  saw  may  be  employed  to  sever  the  denser
surrounding  structures,  such  as  the  frontal  bone,  the  zygomata,  the  hard
palate,  etc.,  reserving  the  interior  parts  to  be  divided  by  the  scissors  or
the  knife.  By  this  means  irregular  laceration  of  the  plates  and  mem-
branes  is  avoided,  and  the  parts  are  kept  free  from  bone-dust.*

A  General  Account  of  the  Ethmoid  Bone,

At  the  risk  of  repeating  here  and  there  a  fact  already  incorporated  in
the  above  list  of  terms,  I  will  now  give  a  succinct  account  of  the  eth-
moid  bone,  as  studied  in  a  number  of  well-known  mammals  other  than
the bats.

The  Encranial  Surface.  —  The  cribriform  plate  is  divided  into  two  por-
tions,  one  lying  over  the  septoturbinal  space,  and  the  other  answering
to  the  ethmoturbinal  spaces.  The  latter  is  again  divided  into  two  por-
tions,  a  superior  and  an  inferior,  which  correspond  to  the  ectoturbinal
and  endoturbinal  spaces  respectively.  In  the  Carnivora,t  so  far  as  exam-
ined,  these  divisions  are  abruptly  angulated  one  to  the  other.  The  line

*  I  desire  to  return  my  acknowledgments  to  the  Academy  of  Natural  Sciences
of  Philadelphia  for  the  use  of  crania  from  its  collection.  When  it  is  seen  that  a
decalcified skull subsequently subjected to the making of sections of the ethmoidal
region is one practically expended in the cause of science, it will be conceded that no
inconsiderable privilege was accorded me.

t For purposes of comparison, the ethmoid bone of the dog and otter are figured
side by side in Plate L But the bone of the otter is not separately described.
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separating  them  is  distinctly  ridged,  and  is  conspicuous  iu  the  raccoon
and  the  dog,  but  inconspicuous  in  tlic  doth.  This  ridge  is  the  basal  en-
cranial  aspect  of  the  lirst  endoturbinal,  and  the  foramina  ranged  on  the
sides  and  at  the  tip  of  the  ridge  aftbrd  openings  of  exit  to  the  olfactory
nerves  supplying  the  sides  of  the  plate.  Indeed,  all  the  olfiictory  nerves
excepting  those  of  the  septoturbinal  spaces  are  similarly  placed  with
respect  to  basal  lines  of  the  ethmoturbinal  plates.  The  first  endoturbi-
nal,  beJng  the  largest  of  the  series,  secures  for  its  base  a  more  decided
line  than  is  the  case  with  the  others.  The  septal  openings  are  arranged
in  a  single  straight  line  parallel  to  the  crista  galli.

The  simplest  arrangement  of  foramina  is  seen  when  a  row  of  openings
lies  parallel  to  the  median  border  of  the  enci'anial  surface,  and  another
is  seen  similarly  disposed  along  the  lateral  border.  The  successive  de-
grees  of  complication  on  the  surface  ai'e  dependent  upon  tlie  extent  that
the  basal  ridges  extend  niedianly  from  the  last-named  row.

A  genei'al  idea  of  the  plan  of  the  ethmoidal  plates  can  be  thus  formed
by  the  study  of  the  encranial  surface.  The  number  of  the  foramina
present,  the  size  of  the  basal  )'idges,  the  extent  of  the  non-])erforate
space,  will  be  found  to  hold  an  exact  relation  to  the  number  and  size  of
the  olfactory  plates,  and  indirectly  to  the  functional  importance  of  the
olfactory  region.

As  a  rule,-  the  encranial  ectoturbinal  surface  is  rounded  in  form,  and
of  greater  diameter  than  the  surface  for  the  endoturbinals.  In  the  cat
the  cribriform  plate  is  eveiywhere  narrow,  the  ectoturbinal  surfaces  be-
ing  separated  by  a  median  frontal  process,  on  either  side  of  which  septal
foramina  are  arranged.  The  crista  galli  is  not  developed  at  the  anterior
third  of  the  endoturbinal  region.  The  ridge  for  the  first  endoturbinal  is
scarcely  longer  than  the  width  of  the  septoturbinal  space  at  its  side.
The  second  endoturbinal  closely  resembles  the  first.  The  foramina  of
the  last-named  plates  are  continuous  at  the  lateral  border  of  the  cribri-
form  plate.  The  ridge  of  the  third  plate  is  indeterminate,  the  foramina
being  large  and  clustered.

In  the  dog  (Plate  I.  figs.  1,  2)  the  ectoturbinal  surface  is  subrounded,
higher  than  it  is  broad,  with  tlie  septoturbinal  space  widened  superiorly.
The  ectoturbinal  ridges  and  foramina  are  displayed  laterally,  and  lie  on
the  level  of  the  descending  portion  of  that  poi'tion  of  the  frontal  bone
articulating  with  the  orbitosphenoid.  The  first  endoturbinal  ridge  is
three  times  the  width  of  the  related  septoturbinal  space.  The  second
is  two  thirds  the  length  of  the  first.  The  third  ridge  is,  as  in  the  cat,
indeterminate,  and  tlie  foramina  are  clustered.
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In  both  the  cat  and  the  dog  the  non-perforato  space  is  exceedingly
small.  In  the  former  it  is  reduced  to  a  mere  elevated  rim,  and  in  the
latter  it  is  concealed  by  the  anterior  edge  of  the  presphenoid.  The  non-
pcrforatc  space  is  well  seen  in  the  seal,  Phoca  vitulina,  the  opossiim,
and  the  peccarij.  In  the  otter,  the  hear^  and  other  Carnivora,  it  is
nearly  absent,  so  that  the  posterior  border  of  the  cribriform  plate
is  also  the  posterior  border  of  the  bone.  The  non-perforate  space  is
in  close  relation  with  the  orbitosphenoid  and  the  presphenoid,  so  that
tb.e  sphenoidal  sinuses  may  be  occupied  by  the  lowest  of  the  cndo-
turbinals.

As  is  well  known,  the  sphenoidal  turbinals  in  mmi  are  distinct  ossi-
cles,  lying  between  the  ethmoturbinals  and  the  presphenoid.  In  some
mammals,  as  the  sloth,  the  presphenoid  has  a  group  of  plates  which
closely  resemble  an  olfactory  plate  of  the  ethmoturbinal,  but  differing
therefrom  by  the  fact  that  the  plates  unite  with  the  crest  at  the  basal
surface  of  the  cranio-facial  axis,  instead  of  being  separated  by  an  inter-
vening  space,  as  in  the  ethmoturbinals.  A  slight  tendency  in  the  same
direction  is  seen  in  the  'peccary.  Is  this  group  of  plates  homologous  with
the  sphenoturbinals  of  man  ?

In  the  otter  (Plate  I,  fig.  4),  the  mhih,  the  %veas.el,  and  the  hear,  the
frontal  sinuses  are  occupied  by  the  ectoturbinals.  When  such  frontal
development  is  pi'onounced,  the  ectoturbinal  division  of  the  ethmoid  is
of  a  cii'cular  form  in  ti'ansverse  section  and  on  the  encranial  surface,
while  the  endoturbinal  division  is  longer  than  wide.

The  Nasal  Surfaces.  —  Each  ethmoturbinal  plate  is  attached  to  the
cribriform  plate  proximally,  to  the  os  planum  laterally,  and,  it  may  be,
to  an  associate-turbinal  distally.  Upon  the  median  surfaces  the  plates
remain  free,  and  either  end  simply,  or  exhibit  a  tendency  at  their  ends  to
form  two  revolutc  parts,  the  convex  surfaces  of  which  appear  upon  the
superficies  of  the  lateral-wall  of  the  nasal  chamber.  In  a  longitudinal
section  of  the  nose  the  median  aspect  of  the  ethmoturbinal  is  thus
made  up,  in  the  last-named  variety,  of  the  rounded  convexities  of  the
plates  and  the  spaces  between  them.  The  uppermost  of  the  plates  is
much  longer  than  the  others.  .  .  .  The  latei-al  aspect  of  the  nasal  cham-
ber  at  the  ethmoturbinal  region  is,  therefore,  made  up  simply  of  those
plates  which  have  a  common  plane.  The  sui-face  gives  no  impression  of
the  number  of  the  plates  present  ;  for  some  may  not  reach  the  median
siu'face,  and  from  this  circumstance  be  not  scon  or  accounted  for.
Neither  is  the  surface  a  guide  to  the  length  of  the  i)lates,  since,  as  the
reader  has  already  seen,  the  cribriform  plate  is  wider  above  than  below,
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SO  that  a  plate  extending  from  the  last-named  to  the  median  surflice  is  of
necessity  longer  than  one  extending  between  similar  points  below.

Ill  the  transverse  section  it  will  l)e  seen  that  a  number  of  the  plates
have  failed  to  reach  the  median  surface.  In  the  do;]  (Plate  I.  fig.  1),  for
cxam])lc,  tlie  ectoturbiuals  arc  four  in  number.  The  fii'st  is  obliquely
placed  li\)m  above  downwarel,  and  within  outward.  Two  conspicuous
convolutions  arc  present  at  the  distal  end,  tlic  lower  one  <>f  which  alone
lies  toward,  but  not  on,  the  median  surface.  The  second  plate  pos-
sesses  a  single  convolution,  which  is  directed  outward.  Tiie  lliird  and
fourth  are  very  short,  biconvolute,  and  directed  upward  and  forwanh
None  of  the  ectoturbiuals  appear  on  the  longitudinal  surface  of  the
nasal  chamber.  The  first  endoturbinal  is  long  and  complex.  It  is  di-
rected  forward  and  upward,  and  neai'ly  touches  tlie  median  convolution
of  the  first  ectoturl)inal.  It  is  biconvolute,  l)ut  the  parts  are  sh(jrt
and  not  incurved.  Three  secondary  convolutions  are  seen  on  the  sides
of  the  plate,  —  one  on  the  upper,  and  two  on  the  lower  aspect.  Both  of
the  latter  reach  the  surface  of  the  longitudinal  section.  The  second
endoturbinal  is  the  longest  of  the  series,  and  touches  the  septum.  A
single  primary  convolution  is  directed  upward,  and  much  convoluted.
A  single  upper  and  two  lower  secondary  convolutions  are  seen,  as  in  the
lii'st  ])late,  lint  they  are  less  conspicuous.  The  third  and  remaining
])late  is  tlie  smallest  of  tlie  endoturbinals,  and  arises  from  the  os  pla-
num,  as  this  structure  is  seen  in  the  section.  It  is  directed  upward  and
inward,  to  appear  on  the  longitudinal  section.  It  presents  a  single  con-
volution.  Immediately  beneath  the  last  plate,  the  transverse  plate  or
lamina  is  seen.  Tiie  nasoturi)iiial  is  seen  in  the  section  as  a  minute
iion-convdlute  structiu'e,  intci'mediatc  l)etwecn  tiio  two  sets  of  plates.

The  endoturbiuals  are  always  ai'ranged  in  tiers  one  above  another.
All  originate  fnnn  tlie  lateral  surface.  In  the  do;/  (Plate  I.  fig.  2)  the
second  of  the  plates  descends,  and  may  follow  the  curve  of  the  sides  and
the  bottom  of  the  nasal  cliamber  as  far  as  the  meso-ethmoid,  along
which  it  ascends  a  short  distance.  The  plates  in  this  portion  of  the  eth-
moturbinal  in  the  dog  are  from  three  to  four  in  number.  Tlie  olfactory
plates  tend  to  unite  anteiiurly.  Tlius  two  to  tliree  plates  unite  to  form
the  nasoturbiual  in  tlie  r/07.  'I'he  lower  endoturbinal  jilates  unite  in
ii-oiit  b}'  broad,  thin  pLites.  These,  taken  collectively,  constitute  tlie
transverse  lamina  of  Sti-auss-Din-ckhcim.  It  is  constantly  present,
stretching  across  the  septoturbiual  space  to  the  vomer,  against  whicli
it rests.

The  ectotiirbi'ud  plates  may  Ik;  rudimentary  or  absent.  They  would
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appear  to  be  al)sent  in  the  ape,  at  least  in  the  adult.  In  man  they
are  also  absent.  The  opossum  has  two  cctoturbinals  ;  the  cat,  two  to
three  ;  the  hrxj,  five  ;  the  ox,  eight.  In  the  seal  the  ectoturbinals  are
developed  to  a  greater  degree  than  the  euiloturbiuals.

The  oltactory  plates  are  either  simjile  at  tlieir  ends  or  convolute.
Their  anterior  ends  are  often  produced  forwards  in  a  scries  of  tongue-
like  projections,  which  have  received  the  name  of  the  olfactory  lobes.
The  projection  known  as  the  nasoturbinal  is  the  most  conspicuous  of
these.  The  lobe  on  the  first  endoturbinal  is  always  well  developed.
The  cndoturbinals  of  the  luxj  are  without  marked  lobulations.  'I'lic
Carnivora  and  the  liodentia,  as  far  as  examined,  possess  lobes  on  all
the  folds.  In  the  ojoossum  two  of  the  plates  are  simple,  the  remainder
are  convolute.  Occasionally  a  convolute  fold  arises  from  the  side  of  a
plate  instead  of  from  the  end,  as  iu  the  larger  plates  of  the  Carnivora
and  the  Uuminantia.  The  arrangement  of  the  cndoturbinals,  as  seen  in
tlie  median  surface  of  the  ethmoturbiuals,  is  nmch  the  same  as  in  other
Carnivora.

The  septoturbinal  space  is  in  all  manunals  narrow,  and  indeed  may  be
obliterated  here  and  there  where  the  endoturbinal  ])lates  lie  in  contact
with  the  septum.  Such  a  point  of  contact  is  evident  in  the  macaque,
M.  nemestrinus,  where  a  depression  is  seen  on  the  septum  answering  iu
position  to  the  first  endoturbinal  plate.  Similar  depressions  are  seen  in
the  bats,  as  in  Antrazous  and  Corynorhinus.

In  Ctbas  (Plate  II.  figs.  1,  2)  the  absence  of  an  ectoturbinal  series,  and
the  endoturbinal  series  being  restricted  to  a  single  plate  bearing  incisures
upon  its  posterior  border,  and  retaining  upon  its  anterior  surface  a  de-
flected  and  abortive  nasoturbinal  (uncinate  process),  an  example  is  aff'orded
of  the  manner  after  which  the  ethmoid  bone  is  modified  in  passing  "from
the  quadrupedal  form  to  the  primate.  In  man  the  interval  between  the
endoturbinal  series  and  the  lateral  aspect  of  the  bone  is  occupied  by  a
number  of  cellules.  These  being  absent  in  Cehii^  and  J/acacns  (the  only
genera  examined),  it  would  appear  as  though  tiie  chief  difierencc  l)e-
tween  these  forms  and  the  human  ethmoid  lay  in  tlie  development  of
the  ethmoid  cells.

The  human  ethmoid  bone  (Plate  II.  fig.  3),  viewed  from  beneath,  fur-
nishes,  as  in  Cchus,  an  al)orted  nasoturbinal  in  the  "  uncinate  process,"
and  the  rugose  under  surface  of  the  single  endoturbinal  plate  in  the
"  middle  turbinated  bone."

A  Special  Account  of  the  EtJnnoid  Pxme  in  the  Horse,  the  I'eccarij.  the
Sloth,  the  Cat,  the  Seal,  and  ilie  Jfole.  —  I  have  tlnis  endeavored  to
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sketch  tliG  general  |)lan  of  arrangement  of  the  ethmoid  bone  in  the
mammals,  and  to  indicate  the  relations  that  the  several  parts  hold  one
to  another.  Before  describing  the  bono  in  the  Cheiroptera,  I  propose
giving  detailed  accounts  of  the  ethmoid  in  the  cat,  the  seal,  the  peccar}-,
the  sloth,  and  the  mole  ;  with  the  object  of  bringing  together  some
widely  diverse  examples,  and  ])resentiug  descriptions  which  will  be  sufli-
cientlv  detailed  to  permit  of  comparisons  being  made  witli  those  which
will  follow  in  tlic  concluding  portion  of  tliis  ])aper.

In  tlie  horse  (Plate  II.  figs.  4,  5)  the  endoturbinal  aspect  of  the  encra-
nial  surface  is  concealed  from  the  brain  case  at  its  upper  third  by  a  trans-
verse  plate  apparently  of  the  frontal  bone,  but  which  in  reality  is  an
ossification  of  the  ethmoid.  The  foramina  of  the  endoturbinal  surface
ai'C  arranged  elaborately  in  a  crescent  extending  across  the  anterior  end.
The  foramina  of  the  ectoturbiual  surface  are  seen  in  five  transverse
triangular  or  clavate  clusters.

The  ethmoid,  studied  from  its  lateral  aspect,  exhibits  a  trenchant  dis-
tinction  between  the  endoturbinals  and  the  ectoturbinals  by  a  thin  sep-
tum  extending  across  the  great  crauio-facial  sinus.  Both  the  turbinal
sets  lie  in  this  sinus,  connected  by  a  thin  papyraceous  lamina,  save  at  the
anterior  fourth  of  the  ectoturbiual  series,  wliere  it  is  firmly  connected
by  the  ends  of  tlie  olfactoiy  ])latcs  to  the  descending  process  of  the  fron-
tal  hone,  as  well  as  with  the  line  of  junction  this  process  effects  with  the
orbitosphenoid  and  the  frontal  bones.

Seen  in  transverse  section,  the  turbinal  mass  exhibits  sharply  the  di-
vision  between  the  two  sets  of  plates.  The  ectoturbinals  are  eight  in
number,  including  the  nasoturbinal.  The  endoturlnnals  are  five  in  num-
ber,  and  preserve  the  order  already  described  as  existing  in  the  hog.
The  last  plate  sends  backward  a  single  folium  within  the  sphenoidal  sinus,
so  that  tlie  olfactory  apparatus  extends  a  short  distance  posterior  to  tlie
encranial  surface.

Seen  from  the  median  aspect,  the  nasoturbinal  is  seen  to  assume
enormous  proj^ortions,  being  much  wider  than  any  of  the  endoturbinals.
Four  of  the  endoturbinals  are  visil)le,  and  all  are  markedly  biconvolute,
the  convexities  of  the  scrolls  alune  appearing  on  the  general  surface.
Anteriorly  each  plate  is  seen  ending  siuijily  at  the  bases,  Imt  toward
the  apices  they  arc  more  or  less  lohate.  'JMie  first  and  second  plates
project  beyond  the  transverse  lamina.

A  small  lint  distini't  plate  crosses  the  septoturbinal  sjiace  obliquely  at
the  orifice  of  the  sphenoid  sinus.  The  septum  is  distinctly  foliated
opposite  the  third,  foui-th,  and  fifth  ])lates.

vol..  X.  —  NO.  :'..  10
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In  t!ic  peccary,*  Dicotijlcs  torquatui<  (Plato  III.  figs.  1  -3),  the  encra-
iiial  surface  is  uniformly  concave,  and  presents  scarcely  any  angulation
inferiorly.  Hence,  the  indications  of  separation  of  the  cctoturbinals
from  the  enduturbinals  arc  indistinct.  'J'he  Inisal  as2)ccts  of  the  cndo-
turbinal  })lates  form  well-ilelined  lines  on  the  crihriform  plate,  about
which  ai'o  arranged  a  number  of  little  pits.  From  the  bottom  of  these
lie  the  foramina  of  the  olfactory  nerves.  The  most  conspicuous  of
these  is  the  one  for  the  first  eudoturbinal  plate.  The  sci)toturl)inal  sur-
face  is  on  a  higher  plane  than  that  of  the  ctlunoturbinals.  The  crista
galli  is  distinct  throughout.  The  non-perforate  space  is  nearly  one  third
the  length  of  the  cribrifonn  plate.  Of  the  nasal  surfaces,  it  is  seen  on  the
frontal  section  that  the  divisions  between  the  cctoturbinals  and  the  endo-
turbinals  are  well  defined.  The  ft)rmei'  are  seen  to  have  a  less  compli-
cated  structure,  and  are  arranged  as  converging  i-adii  fi-om  the  iipper  and
lateral  walls.  The  cndoturbinals  arc  arranged  in  tiers,  and  constitute,
with  the  median  exposure  of  the  nasoturbinal,  the  entirety  of  the  me-
dian  surface.

The  cctoturbinals  are  nine  in  nund)er.  The  first  cctoturbinal  and
the  nasoturbinal  are  confluent.  The  former  presents  a  convex  uniform
surface  above.  The  nasotuiiiin;d  is  distinct  from  the  nieso-ethmoid.
The  second  cctoturbinal  is  of  the  same  size  as  the  fii'st,  but  more  dis-
tinctly  biconvolute  at  the  base.  The  third  is  the  longest  of  the  ecto-
turliinal  scries,  and  reaches  the  centre  of  the  cctoturbinal  space.  Three
additional  plates,  rudimental  in  character,  are  seen  on  the  lateral  aspect
of  the  section.  The  endotiu'binals  are  also  nine  in  numlier,  foiu'  of
them  oidy  reaching  the  median  surface.  They  are  nnich  more  convo-
lute  than  in  the  ectoturl)inals,  and  jn'csent  a  number  of  secondary  folia.

The  sphenoturbinal  is  seen  distinctly  united  to  the  meso-etlnnoid.
In  the  two-toed  sloth.  t  ChohcpUK  diihidiihis  (I'late  III.  figs,  f),  (i),  the

cribi-ifoi-i;i  ])late  is  without  iin^'ulation,  as  seen  in  the  skull  of  tho  young
of  this  sjjecies,  and  the  entii'e  surface  which  answei's  to  that  ibr  cndo-
turbinals  is  marked  by  four  plates  and  associated  foramina.  The  jilates
are  all  united  anterioi'ly  into  a  single  transverse  lamina.  'i"he  ))osterior
non-pei'tbi'ate  s]iace  equals  in  lonuit  udinal  diauictor  one  third  of  tlic
area  (jf  the  eril)rii'orni  jilatc  The  scptoturbinal  spa.ce  is  scarcely  raised
above  the  plane  of  the  tuil)inal  spaces.  Tiie  erista  galli  answers  in

* l'"iir piupn^i's (if rniiijiarisiiii, till' ciii'i'aiii;!! siirfacr >>[ tlic c'lluiioiil liuiic of tin:
li<.)g is lii,'uicil (I'latc IIL liy. 4t, lint not ilcsi'i-ilii'.L

t l''i)i' jiinpdsf.s ol" coinjiai'i.smi, tlic fiicraiiial ami tln' nasal surfaces of L'nab/jtus
arc presented in ligs. 1 and '2 uf I'latc IV., but not liere described.
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position  to  the  anterior  two-thirds  of  tlic  same.  No  separate  arrange-
ment  for  cctotnrbinals  appears  to  exist.  On  tlie  nasal  surface  the  endo-
turhinals  are,  with  the  exception  of  tlie  first,  without  lobes,  and  the
nasotm-binal  and  the  cctotnrbinals  arc  absent.  The  sphenoturbinal  is
united  to  the  septum  by  three  distinct  lamintc.

In  the  cat  *  the  nasal  surfaces  are  much  compressed  medio-laterall3\
With  the  exercise  of  a  little  care,  the  parts  can  be  analyzed  without  re-
sorting  to  a  transverse  section.  The  first  ectoturbinal  is  excessively
short,  and  presents  biconvolute  folia  directed  upward.  The  second,
third,  and  fourth  ectoturbinals  are  slight,  and  are  biconvolute  their
entire  length.  The  plates  and  the  convexities  of  the  convolutions  are
distinctly  visible  on  the  lateral  surface  of  the  ethmoturbinal  mass.  The
nasoturbinal  is  biconvolute,  the  median  convolution  being  the  larger
anteriorly.  The  lobule  of  this  turbinal  is  in  height  equal  to  one  half
the  length  of  the  nasoturbinal,  and  is  crescentic  in  outline.  The  naso-
turbinal  and  all  the  ectoturbinals  are  united  anteriorly  by  a  transverse
lamina.

The  endoturbinal  plates  are  five  in  number.  The  first  is  the  largest
of  the  series.  It  is  obscurely  convolute,  while  the  lobule  is  as  long  as
the  plate.  It  is  obliquely  placed  from  above  downward,  and  before  back-
ward,  lying  in  front  of  the  second  and  third  endoturbinals,  and  composed
of  a  number  of  closely-set  convolutions.  It  is  the  anterior  division  of
Strauss-Durckheim.  The  second  plate  also  possesses  a  distinct  foliated
lobe.  The  second  and  third  plates  are  united  on  the  lateral  surface  by
a  common  lamina.  The  third  plate  is  small,  concealed  from  the  median
surface,  without  lobes,  and  partly  concealed  on  the  lateral  surface  by  the
aliove-named  lamina.  The  fourth  plate  closely  resembles  the  second.  Its
lobule  is  nearly  the  length  of  the  plate.  The  fifth  is  without  a  lobe,  and
convolute  medianly,  the  convex  surface  of  this  convolution  appearing  for
its  entire  length  on  the  free  median  surface  of  the  ethmoturbinal  mass.

In  tlic  seal,  Phora  vltnlina  (Plate  IV.  figs.  3-5),  the  encranial  surface
presents  a  narrow  septoturbinal  surface.  It  lies  on  the  same  plane  with
that  of  tlio  turbinal  surfaces,  extends  over  less  than  one  third  tlie  width
of  the  encranial  surface,  and  terminates  anteriorly  by  an  enormous
foramen.  The  rounded  surf\ice  answering  to  the  ectoturl)inal  space  is
bordered  by  an  elliptical  row  of  foramina.  The  ridges  for  the  endoturbi
nals  are  inconspicuous  and  short,  not  extending,  even  for  the  first  endo-
turbinal,  more  than  one  third  of  the  diameter  of  the  cribriform  plate.

* Elaborate figures of the etlinioid of the cal are contained in the work of Strauss-
Durcklieim, loc. elf.
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The  crista  galli  is  robust,  and  extends  the  entire  length  of  the  cribriform.
The  non-pcrforate  space  is  one  thii'd  as  long  as  the  cribi'iform,  thus  pre-
senting  a  striking  contrast  with  the  same  plate  of  the  other  Carnivora
mentioned  in  this  paper.  It  is  concealed  in  part  by  the  frontal  bone
in  articulation  of  the  bone  with  the  cranium,  but  in  the  disarticulated
bone  it  is  convex  or  rounded  in  outline  and  nearly  equal  to  the  ectotur-
binal  surface  in  diameter.  From  it  the  ectoturbiual  j)lates  in  part  arise.
These  last-named  plates,  with  their  accompanying  convolutions,  are  well
seen  on  the  lateral  surface.

As  in  the  dog,  the  cat,  the  otter,  and  other  carnivores,  the  nasotm-bi-
nal,  as  in  the  seal  in  part,  arises  from  the  mcso-ethmoid.  It  is  held  to  tlie
meso-ethmoid  one  half  the  length  of  the  latter,  at  its  upper  margin.  The
union  does  not  interfere  with  free  access  of  air  to  the  olfactory  plates.

Huxley  makes  a  statement,  in  his  "Anatomy  of  the  Vertebrated  Ani-
mals,"  to  tlie  effect  tliat  the  cthmoturbinals  hi  the  seal  are  small  and  flat-
tened,  and  that  the  latter  are  anehylosed  with  the  vomer  on  each  side.  In
a  single  specimen  examined  I  did  not  lind  tliis  to  be  the  case.  (See  Plate
IV.  fig.  3.  The  position  of  the  arrow  indicates  the  septoturbinal  space.)
It  is  true  tliat  tlie  mass  is,  on  the  whole,  flattened  ;  but  the  frontal  por-
tion  of  the  mass  is  more  than  usually  well  developed,  and  at  no  point
did  anchylosis  exist.  The  remarkably  thickened  transverse  lamina  was
probably  in  this  statement  mistaken  for  an  exceptional  layer  of  union.

In  the  star-nosed  mole,  Condijlura  cristata,  the  ectoturbinals  ad-
vance  forward  as  far  as  the  anterior  end  of  the  transverse  lamina.  The

nasoturbinal  extends  as  ftir  as  the  third  premolar.  The  first  endoturbinal
reaches  to  the  last  premolar  ;  the  second  and  third  are  of  nearly  equal
size  ;  all  the  endoturbinals  presenting  uniformly  broad  contiguous  me-
dian  surfaces,  the  first  and  thii'd  not  connected  below  the  cribriform
plate.  In  transverse  section  the  ectotni'binals  are  seen  to  be  four  in
numbei',  the  last  being  the  largest.  It  would  here  seem  that  the  last
is  the  one  retained  in  the  Cheiroptera.

The  Etidiou)  Bo\e  in  the  CiiEiRon'ERA.*

Enough  has  been  said,  I  ti-ust,  of  the  general  plan  of  aiTangemcnt
of  the  several  parts  in  the  ethmoid  bone  of  mammals,  to  serve  as  an
introduction  to  the  description  of  the  bone  in  the  Cheiroptera.  It  was,
indeed,  in  attempting  to  describe  the  bone  as  found  in  the  bats  that  the
necessity  of  a  revision  of  the  subject  became  evident.  It  is  not  to  be

* Tlie rvMiiiii furnisliiiirr tlie basis of tliis study were, with few execptions, furni.'^lu-d
by the jMuscuiu of roiupaiativc Zoulnsy.
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inferred  from  this  statement  tliat  the  ethmoid  bone  in  the  bats  differs

in  any  essential  feature  from  the  bone  as  above  described.  In  the
more  generalized  forms,  as  the  Pteropines  and  in  most  of  the  Phyllosto-
mines,  the  etlimoid,  while  simple  in  construction,  is  in  general  appear-
ance  much  the  same  as  in  other  mammals.  l>ut  in  tlie  more  specialized
genera,  the  details  are  so  strongly  contrasted  with  those  of  tlie  mamma-
lian  ty{)e,  (presenting  a  number  of  characters,  which  it  is  thought  may
be  of  value  in  classification,)  that  the  special  attention  of  the  reader  is
invited  to  their  consideration.

Descriptions  of  the  Ethmoid  Boxe,  ixcluding  all  its  Parts.

Pteropxis  medius.  —  The  encraiiial  surface  presents  a  small  ectoturbi-
nal  space,  wliich,  however,  is  as  wide  as  the  union  of  the  septoturbinal
and  endoturbinal  spaces  farther  backward.  The  cribriform  is  thus  nar-
rowed,  and  without  cons]:)icuous  ridges  or  other  marlcings  than  tlie
median  and  lateral  rows  of  foramina.  The  non-perforate  surface  is  a
mere  narrow  rim.

The  cthmoturhinal  mass  is  much  compressed  laterally,  and  composed
of  a  single  ectoturbinal  and  a  series  of  foiu*  endotui'binal  plates,  which
are  united  anteriorly  and  laterally.  The  tendency  for  the  endoturbinal
plates  to  form  parts  of  one  functional  surface  recalls  the  disposition  of
the  parts  in  the  Quadrumana.  The  opening  above  the  endoturbinal
series  is  distinctly  median.  The  first  plate  lateral  to  this  opening  would
be  the  nasotiirbinal,  which  here  does  not  appear  to  be  different  from  the
usual  disposition  of  an  ectotui'binal,  and  I  have  concluded  so  to  name  it.

The  ectotnrbinal  extends  as  far  as  the  plane  of  the  anterior  border  of
the  first  molar.  It  is  higher  at  its  origin  fi*om  the  cribriform  plate  than
at  its  anterior  free  end.  It  is  curvilinear  and  convolute  outward.  It  is
attaclied  its  entire  length  to  the  lateral  surface  of  the  ethmoturbinal
mass,  and  anteriurly  to  the  endoturbinal  transverse  lamina.

The  endoturbinal  scries  of  plates  ai'e  united  by  a  broad  transverse
lamina,  which  anteriorly  (i.  c.  beyond  the  point  of  its  union  with  the
vomer)  is  deeply  concave  on  its  free  under  sui'face,  so  as  to  cover  in  the
maxilloturbinal.

In  a  profile  view  of  the  median  surface  of  the  ethmoturbinal  series  the
vertical  aspect  of  this  concave  surface  is  distinctly  seen,  and  closely
resembles  a  lobe  ;  but  it  is  not  traceable  to  any  one  olfactory  plate.
Tlie  transverse  lamina  is  traceable  backward  to  the  anterior  ends  of  all
the  olfactory  plates,  including  the  ectoturbinal.  The  lower  anterior
half  of  the  median  surface  of  the  plate  is  emarginatc.  The  anterior
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cud  of  the  lamina  reaches  as  f;xr  as  the  canine  tooth.  Of  the  endotnr-

binal  plates  themselves  it  may  be  said  that  the  first  cndoturbinal  plate
is  nearly  simple,  and  reaches  the  transverse  lamina  at  tiie  plane  of  tlie
anterior  border  of  the  fii'st  molar.  The  second  endoturbinal  plate  arises
in  common  with  the  preceding,  and  ends  at  the  same  pohit.  It  is
biconvulute.  The  third  plate  reaches  as  fixr  as  a  point  between  the  first
and  second  molars.  It  is  convolute,  but  permits  a  small  portion  of
tlie  plate  to  be  seen  anteriorly.

Cyonycteris.  —  The  general  plan  of  the  plates  is  the  same  as  in  Ptero-
jius.  The  median  vertical  aspect  of  the  concavity  of  the  transverse
lamina  is  one  fourtli  the  length  of  the  second  endoturbinal  plate.  The
anterior  nmrgin  is  concave.

Epomophorus  fiamhianus  (Plate  V.  fig.  1).  —  The  general  plan  of  the
plates  as  in  Ptempus.  The  ju-oduccd  end  of  the  transverse  lamina
reaches  the  plane  of  the  anterior  edge  of  tlie  second  premolar.

Cijanoiderh.  —  The  general  plan  of  the  plates  as  in  Pternjms,  The
anterior  margin  of  the  median  vertical  aspect  of  the  transverse  lamina  is
straight  (tliat  is,  not  concave),  and  less  oblique  than  in  Ptcropm.

PlillUorhbiii  tridens  (Plate  VI.  fig.  5).  —  The  olfactory  plates  two  in
nnmlier.  They  are  appai'cnth'  the  first  and  jiccond  cndoturbinals.
Each  plate  ends  anteriorly  in  a  clavato  median  process  or  lobe.  Tlie
two  are  separate  from  each  otiier,  and  nearly  vertical  in  position.  The
encranial  surface  is  of  extreme  simplicity.

Pldnolophus  ferro-equinum  (Plate  VI.  fig.  4).  —  The  first  ectoturbinal
arched,  long,  reaching  as  far  as  the  plane  of  the  anterior  border  of  the  fii-st
molar.  The  first  and  second  cndoturbinals  are  horizontal,  simple,  not
contiguous.  They  arc  without  lobes,  and  arc  non-convolute.  They  do
not  advance  beyond  the  vomerine  portion  of  the  transverse  lamina.
The  encranial  surfixce  is  slightly  inflated  over  the  cribriform  jilate.  The
ectoturbinal  space  is  absent.  The  non-perforatc  space  is  scarcely  at
all  raised.

Megaih'i'ina  f)'o)u  {VlaiG  VI.  fig.  2).  —  The  ectoturbinal  absent.  The
endoturliinals  two  in  number,  as  in  PJii/Uoyhlna  and  RhhiolopJunt.  Both
of  these  possess  small  swollen  lobes,  but  arc  both  confined  within  the  lim-
its  of  the  vomerine  ])ortion  of  the  transver.se  lamina.  The'  lobes,  as  they
appear  on  the  median  surface,  are  nearly  vertical.  Pi'ojecting  in  advance
of  the  plates  as  far  as  the  leA'el  of  the  last  premolar  is  a  lobule,  which
may  be  said  to  represent  the  produced  transverse  lamina,  although  in
this  genus  it  more  closely  resembles  a  septum  defining  the  outer  wall  of
the  nasal  chamber.  The  encranial  surfaces  were  not  examined.
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Megaderma  sjMsma  (Plate  VI.  lig.  1).  —  The  ectoturbinal  a  minute
tubercle,  lying  ul)ove  and  to  outer  side  of  first  endoturbinal.  The  ethmo-
turbinals  four  in  number.  The  first  endoturbinal  is  separated  by  a
short  interval  from  the  remaining  two.  It  is  but  slightly  lobulated,
extends  as  far  as  the  level  of  the  anterior  border  of  the  second  molar,
and  is  obliquely  placed  from  above  downward  and  from  behind  forward.
The  second  and  third  endoturbinals  are  parallel,  nearly  contiguous,  the
second  scarcely  exceeding  the  third  in  length.  The  first  is  lobed  for  one
third  its  length.

Nyderis  thehaica  (Plate  VI.  fig.  3).  —  The  plates  are  three  in  number,
one  ectoturbinal  and  two  endoturbinal.  The  first  of  these  answers  in
position  to  the  nasoturbinal,  since  it  bounds  posteriorly  the  opening-
leading  outward  from  the  nasal  chamber.  Its  frontal  surface  is  fur-
nished  with  a  clavate  swelling,  which  is  slightly  projected  as  a  small
lobe.  The  first  and  second  endoturbinals  are  smaller  than  the  naso-
turbinal,  and  are  so  arranged  as  to  permit  the  second  to  conceal  the
third.  The  latter  is,  indeed,  the  only  one  of  the  two  seen  in  profile,
tlie  former  lying  between  it  and  the  nasoturbinal.  The  first  endotur-
binal  is  slender  pedunculated,  and  bears  a  small  bifid  lobule.  The  sec-
ond  endoturbinal  is  almost  as  stout  as  the  nasoturbinal,  and  its  lobule
projects  forward  for  a  distance  equalling  one  half  of  the  plate  itself.  The
lobe  is  obscurely  clavate.

In  the  Vespertilionidae  the  arrangement  of  the  plates  is  more  simple
than  in  the  Pteropidye,  but  more  complex  than  in  Rhinolophus  and  tlie
allied  genera,

Vesperus.  —  The  openings  of  the  septoturtinal  space  are  confined  to  a
large  foramen  placed  just  in  advance  of  the  non-perforate  space.  Near
to  the  septum,  at  the  anterior  portion  of  the  space,  is  seen  a  group  of
foramina  advancing  well  to  the  front.  Directly  opposite  the  beginning
of  this  series  to  the  lateral  side  is  the  group  of  foramina  for  the  first
endoturbinal  plate,  while  in  front  of  the  latter  lie  the  two  foramina
for  the  single  ectoturbinal  plate.  The  arrangement  is  the  same  in
Vespei'ugo.

Seen  from  the  nasal  aspect  in  Vesperus  noctula,  the  ectoturbinal  is  two
thirds  the  length  of  the  first  endoturbinal.  It  is  thickened  above  and
convolute  laterally  at  the  summit.  The  lateral  surface  is  concave.  The
entire  plate  rests  on  the  concave  lateral  surface  of  the  first  endoturbi-
nal.  The  last-named  plate  is  very  broad  above,  and  expands  laterally
and  in  front  of  the  ectoturbinal.  It  is  narrower  at  the  base  than  at  the

tip,  where  it  is  prolonged  slightly  along  the  median  border  into  a  slen-
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der  process.  The  lateral  border  of  the  portion  in  advance  of  the  trans-
verse  lamina  extends  as  far  as  the  anterior  edge  of  the  second  premolar.
It  is  concave  to  receive  the  convex  maxilloturbinal.  The  second  endo-

turbinal  is  slightly  narrower  behind  than  in  front.  It  is  twice  the  size
of  the  third  endoturbinal,  which  is  subrounded.

Vesperus  fascus.  —  The  ectuturbiiial  is  as  in  V.  nodula,  with  the  ex-
ception  that  it  is  deflected  a  little  more  outward.  The  first  endoturbinal
is  acuminate,  with  a  uniformly  sloping  border.  On  the  median  surface
the  plate  is  not  visible  below  the  second  and  third  plates.  The  second
plate  is  as  in  V.  noctula.  The  third  is  longer  than  wide.

Scotophilns  Temmincti.  —  The  ectoturbinal  is  compressed  medio-later-
ally,  without  lateral  concavity,  and  is  deflected  slightly  outward.  It  is
a  little  more  than  one  half  the  length  of  the  fii'st  endoturbinal.  The
latter  plate  is  much  as  in  V.  noctula.  Its  lateral  border  extends  a  short
distance  beyond  the  ectoturbinal.  The  end  of  the  free  portion  is  a  nar-
row  point,  and  lies  at  the  level  of  the  jiremolar.  The  median  surface
bears  a  general  resemblance  to  the  same  part  in  V.  noctula.

Vespertilio  (Plate  VII.  fig.  G).  —  The  encranial  surface  in  all  essential
features  as  in  Ves])e7-us.  The  single  ectoturbinal  one  third  the  length  of
the  first  endoturbinal  plate.  As  seen  from  above,  the  ectoturbinal  is
lodged  in  a  concavity  in  the  lateral  surface  of  the  preceding  plate.  The
first  endoturbinal  is  produced  as  far  as  the  first  premolar.  The  plate  is
of  a  pyriform  figure  as  seen  from  above,  and  presents  a  truncate  apex.
The  portion  in  advance  of  the  transverse  lamina  is  deeply  concave  be-
low,  and  overlies  the  maxilloturbinal.  The  second  endoturbinal  is  of  a
triangular  figure,  with  a  rounded  apex.  It  appears  to  be  lodged,  when
the  parts  are  viewed  superficially,  on  the  median  surface  of  the  endotur-
binal  series.  The  third  endoturbinal  is  the  smallest  of  the  three,  and  is
continuous  with  the  upper  portion  of  the  first  endoturbinal.

All  the  preceding  genera  of  the  Vespertilionidte,  as  contrasted  with  the
genus  next  to  be  mentioned,  have  the  first  and  third  endoturbinal  plates
united  above  the  second  })late.

Atalapha.  —  In  A.  novehnrnccnsis  the  encranial  surface  presents  the
septoturbinal  foi'amina  placed  in  a  row  along  the  anterior  half  of  the
space  of  the  same  name.  The  openings  of  the  ectoturbinal  surface  are
in  a  direct  line  with  the  foregoing,  and  both  are  depressed  below  the
general  surface.  The  foramen  for  the  first  endotnrbinal  is  seen  lying  at
the  bottom  of  the  conspicuous  depression  near  the  crista  galli.  The
foramina  are  everywhere  at  the  sides  of  the  encranial  surface.  Seen
from  the  nasal  aspect  the  ectoturbinal  seems  to  be  nearly  the  length  of
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the  first  endoturbinal,  and  is  compressed  medio-laterallj.  It  is  slightly
convolute  outward  at  its  base,  and  concave  on  its  lateral  surface.  The
first  endoturbinal  is  abruptly  aciuninate  anteriorly,  and  sti'aight  on  its
median,  lateral,  and  under  free  siirfaces,  the  last  named  being  concave
inferiorly.  The  second  endoturbinal  plate  is  oblique,  and  slightly  in-
flated  at  its  anterior  end.  Its  lower  border  forms  the  inferior  edge  of
the  median  series  of  plates.  The  third  endoturbinal  is  triangular  in
shape,  and  is  one  half  the  size  of  the  preceding.

In  ul.  cinereiis  the  general  plan  resembles  that  of  the  foregoing  species.
The  parts  are,  however,  of  greater  height,  the  interval  between  the  first
and  second  endoturbinals  being  wider.  The  second  endoturbinal  is  rela-
tively  larger,  and  curved  outward.  This  arrangement  causes  the  plate
to  present  a  concave  surface  outward,  which  receives  the  swollen  lower
border  of  the  third  plate.  The  median  aspect  of  the  first  endoturbinal
is  straight  ;  bitt  the  lateral  sui'face  is  deflected  outward,  and  is  impressed
on  its  entire  surface  by  the  ectoturbinal  which  rests  upon  it,  leaving  only
a  raised  rim  of  the  endoturbinal  round  its  anterior  half  The  median
surface  of  the  produced  portion  of  the  first  endoturbinal  is  nearly  as
high  as  it  is  long.  The  concave  under  surface  embraces  securely  the
maxilloturbinal.

Ni/dicjus  crepuscular  is.  —  In  this  genus  the  encranial  surface  is  about
one  third  the  area  of  the  entire  region,  the  cribriform  plate  marked  as
follows  :  first,  a  single  opening  is  seen  on  the  sphenoturbinal  surface  ;
second,  two  openings  on  the  ectoturbinal  surface  ;  third,  a  relatively
large  depression  on  the  endoturbinal,  containing  two  openings,  well  to
the  lateral  aspect,  for  the  first  endoturbinal  plate.

The  nasal  surface  exhibits  a  single  ectoturbinal  plate.  It  is  a  little
less  than  one  half  the  length  of  the  first  endoturbinal,  is  directed
almost  vertically  downward,  the  swollen  upper  border  looking  outward.
The  lateral  surface  is  concave,  deflected  outward  as  far  as  the  tip  of  the
first  endoturbinal.  It  is  slightly  concave  above.  The  free  portion  is
acuminate,  reaching  as  far  as  the  level  of  the  canine  tooth.  The  sec-
ond  plate  is  as  in  V.fiiscus,  but  not  so  much  narrowed  at  the  base.  The
third  is  a  mere  rounded  nodule.

Lasinni/cteri."  noctivagans.  —  The  scptoturbinal  space  extends  a  little
ia  advance  of  the  septal  line.  There  is  but  a  single  opening  for  the
ectoturbinal.  The  main  plate  is  marked  by  a  relatively  small  opening,
behind  which  extends  a  row  of  three  small  foramina.  The  non-perforate
space  is  as  in  the  preceding  forms.  On  tlie  nasal  surface  the  endoturbinal
series  is  inflated,  and  does  not  exhibit  the  lateral  concavity  seen  in  other
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Vcspcrtilioni(l;TO.  It  is  directed  downward  and  forward.  The  lii'st  endo-
tui'luiial  is  as  in  V.  /'i(sc//s.  It  ivaehcs  a  point  as  I'ar  as  the  canine  tooth,
is  slightly  dei)resscd  above,  and  presents  -a  uiiirormly  sloping  surface  lat-
erally.  Its  lower  edge  forms  the  lower  border  of  the  median  surface,
'i'he  second  endotnrbinal  is  of  uniform  wiilth,  longer  than  high,  and
e([ual  in  length  to  the  free  portion  of  the  first  endotnrbinal.  The  third
endotnrbinal  is  smaller  than  tlie  preceding.

AiifrozDKfs  jndllihis.  —  Tiie  etlnnoid  bone  in  tliis  genus  closely  resem-
bles  that  of  other  Vespertilionid;e.  The  ectoturbinal  is  compressed
mediodaterally.

MoUosus  obt^airus.  —  The  ectoturbinal  is  biconvolute,  slightly  acu-
minate  in  front,  and  snbecpial  in  length  to  the  mesoturbinal.  The  endo-
turbinal  is  somewhat  broader  in  front  than  behind,  straight  on  its  median
surface,  concave  on  its  lateral  surface  to  receive  in  a  measure  the  ectoturbi-
nal.  It  is  a])parently  witlunit  an  tdfactorv  plate,  wliich  bfiuu'  understood
to  be  present  the  entire  endotui-binal  forms  a  sinnmit  thereto  with  two
convolutions  which  make  up  the  median  and  latei'al  surfaces  I'espectively.
The  concavity  thus  opening  downward  receives  in  })art  the  maxillotur-
binal.  Tlie  second  endotnrbinal  is  absent.  The  third  and  fourth  ch)scly
resendde  the  same  plates  in  the  IMij-llostomiiruhe,  and  do  not  demand
any  special  description.  The  transverse  lamina  is  apparently  absent.

J/.  j>ert>fig.  —  The  ectoturbinal  is  compressed  from  side  to  side,  and  is
one  half  the  length  df  the  tirst  endoturbinal.  Tlic  first  endotnrbinal  is
acinuiuate  as  it  is  seen  from  tlie  median  surface,  the  i)ortion  projecting  in
advance  of  the  third  endoturbinal  being  slightly  convex  interiorly.  The
third  endoturbinnl  is  received  in  a  depression  on  the  lateral  surfixcc  of
the  first,  the  second  being  absent.  It  in  turn  receives  the  f  )urth.  Both
these  tnrbinals  as  seen  in  situ  are  longer  than  wide.

Natalm  strfnuine  iis.  —  Tho  ectoturbinal  is  absent.  The  second  is  slen-
der  and  acuminate,  the  convolutions  uniting  infcriorly  at  the  anterior
two-thirds.  The  lower  luinler  of  the  free  part  is  straight.  The  third
endoturbinal  is  globose,  and  one  third  the  lengtli  of  free  portion  of  the
preceding.  The  fourth  is  exceedingly  niiiuitc,  being  about  one  third  the
length  of  the  third.  It  is  s<^mewhat  rounded  in  form.

TaphoMus  (Plate  VIT.  figs.  2,  4).  —  The  ectoturbinal  somewhat  broader
than  the  first  endoturbinal,  but  of  the  same  length.  The  transverse
lamina  dee])ly  concave,  completely  concealing  the  small  maxilloturbiual.
The  uudci'  poition  uf  the  free  jiortion  of  tlie  iii'st  endoturbinal  is  trace-
able  as  far  I-xick  as  the  eud  of  tlie  endoturbinal  series.  The  median  as-

])ect  of  tlie  concavity  not  pmjected,  as  in  most  genera,  but  appears  as  a
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rounded  convexity  of  equal  width  with  the  exposed  portions  of  the  cndo-
turbinals.  The  second  cndoturbinal  appears  as  a  nodvde  between  the
transverse  lamina  and  the  second  endoturbinal  ;  the  third  and  fourth
nuK'li  as  in  otlier  yenera,  the  lower  border  of  tlie  tliird  plate  being  visi-
ble  from  the  lower  edge  of  tlie  series.

Jihynronydariti  naso.  —  The  ectoturbinal  a\)sent.  IMie  remaininu'  three
endoturbinals  closely  resemble  one  another.  The  lirst  projects  in  ad-
vance  beyond  the  third  no  nioi'e  than  tlie  third  projects  beyond  the
fifth.  The  free  portion  of  the  first  small,  yet  reaches  the  level  of  the
anterior  of  the  second  premolar.  Tiie  plates  on  the  median  surface
while  contiguous  leave  exposed  a  larger  surface  than  is  the  case  in  any
other  genus  of  the  jMolossi.

Noctilio  leji())'iiius  (Plate  VII.  fig.  T)).  —  The  ectoturbinal  inflated  nearly
twice  the  thickness  of  the  first  endoturbinal,  and  nearly  equalling  it  in
length.  The  median  aspect  of  ethmoturbiual  closely  resembling  Molos-
sus.  The  free  portion  of  each  plate  of  about  equal  width.  The  naso-
turbinal  of  great  width  anteriorly,  and  almost  entirely  concealing  the
maxilloturbinal.

Mormops  mer/apliylla.  —  The  encrauial  surfoce  presents  the  following
features.  The  suigle  ectoturbinal  foramen  is  small,  '^fhat  for  the  first
endoturbinal  is  conspicuous.  The  extent  of  the  non-perforatc  space  ap-
pears  to  be  enormous  as  compared  with  the  same  space  in  other  genera.
The  ectoturbiual  is  a  iiiere  rounded  point  at  the  base  of  the  first  endo-
turbinal.  The  endoturbinal  series  closely  resembles  the  same  in  the
Vespertilionidfc.  The  first  endoturbinal  is  Avithout  the  lobe  present  in
Cliiionycteris.  Its  mider  surfixce  is  concave  at  the  free  produced  portion,
and  conceals  the  unusually  long  maxillotui'binal.  The  second  ethmotur-
biual  is  very  slender  and  oblique.  It  is  continuous  above  with  the  first
thus  differing  from  the  arrangements  seen  in  A'esjiertilinnidje.  The
third  plate  is  obscure,  if  not  absent.  It  is  ai)pareutly  continuous  witli
the  crista  galli.

Chil<myrtn-is  ruhiginosa.  —  The  first  ectottn-binal  subglobose,  one
fourth  the  length  of  the  first  endoturbinal.  The  free  projecting  por-
tion  of  the  first  endoturbinal  is  deeply  concave  beneath,  and  com])letely
covers  in  the  maxilloturbinal,  as  in  the  Vcspertilionid;e.  It  reaches  as
far  as  the  first  premolar.  This  plate  bears  upon  its  summit  a  lobule,  as
in  the  Phyllostomididfc.  The  second  and  third  endoturbinals  are  sim})le,
non-revolute,  nearly  vei'tical,  the  third  being  the  broader.

Desrnodus  rufus  (Plate  VII.  fig.  1).  —  Tlie  ectoturbinal  is  inilati'd,  and
nearly  the  length  of  the  first  endoturbinal.  The  first  endoturbinal  is
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compressed,  and  reaches  the  plane  of  the  anterior  border  of  the  single
molar.  A  lobule  in  the  position  of  tlie  basal  convolution  of  other  Phjl-
lostomines  lies  between  the  first  iiud  the  tbird  plates,  and  resembles  in
genei'al  appearance  a  separate  endoturbinal.  The  second  endoturbinal
is  small  and  concealed.  The  third  and  fourth  plates  are  in  general
appearance  much  as  in  other  Phyllostomiues.  Tlie  lobes  of  the  first  and
third  endoturbinals  are  conspicuous.

CaroUla  hrevkauda  (Plate  V.  figs.  3,  5).  —  The  first  ectoturbinal  is
inflated,  witli  no  trace  of  the  concavity  marking  tbc  ])late  in  the  Vcsper-
tilionidse.  It  is  two  tliirds  the  length  of  the  first  endoturbinal.  The
last-named  plate  is  narrowed  anteriorly,  but  not  acuminate,  since  the  tip
is  truncate.  Its  lower  border  is  concave.  The  lobule  at  the  summit  of

the  plate  is  broader  in  front  than  behind,  and  equals  the  free  portion  in
length.  The  third  plate  is  concealed.  Tlie  fouiih  is  of  the  same  size
and  shape  as  the  foregoing.  The  fifth  is  triangular  in  fijrm,  open  be-
neath,  and  presents  the  appearance  of  having  a  large  lateral  convolu-
tion  equ:d  in  length  with  the  main  plate.  The  maxilloturbinal  is
rudimentary  and  free  from  the  ethmotui'binal.

Lonchoglossa.  —  The  general  plan  in  this  genus  is  as  in  other  Pliyl-
lostomines.  The  ectoturbinal  is  minute,  compressed,  not  more  than  one
half  the  length  of  the  first  endoturbinal.  The  latter  is  thin,  straight,
with  a  long  falciform  lobe,  which  is  concave  inferioi'ly.  The  basal  lobule
is  well  developed,  and  lies  at  the  lower  border  of  the  median  surface  of
the  ethmoturbinal.  The  remaining  endoturbinals  as  in  other  Phyllosto-
miues,  but  less  obliquely  inclined.

Phyllontoma  hastatuin  (Plate  V.  fig.  21.  —  The  foramina  of  the  septo-
turbinal  and  the  ectoturbinal  surfaces  on  the  encranial  aspect  form  a
continuous  arch.  The  depression  for  the  main  plate  is  large,  and  the
space  behind  it  is  occupied  by  numerous  openings  arranged  without
apparent  order.

Schizostoma.  —  The  ectoturbinal  is  moderately  inflated,  but  less  so
proportionally  than  in  Dermarmra.  The  narrow  and  acuminate  first
endoturbinal  projects  about  one  third  of  the  length  of  the  ectoturbinal.
Its  lobule  is  inconspicuous.  The  second  endoturbinal  is  concealed,  and
presents  a  slightly  inflated  upper  border.  The  third  ])late  possesses
a  large  anterior  lobule,  which  is  convex  forward.  The  parts  are
contiguous  upon  the  median  surface.

Macrotus  Waterhouaii  —  Tlie  ectoturbinal  is  small,  a  little  less  than
one  half  the  length  of  the  first  cndotinl)inal.  Its  U])per  liorder  is  hori-
zontal,  and  its  lower  concave.  The  extreme  tip  of  the  lobule  extends  as
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far  as  the  anterior  border  of  the  first  molar.  The  second  plate  is  con-
cealed,  and  the  third  and  fourth  are  arranged  much  as  in  Vampyrops,
which  this  form  in  great  part  resembles.  The  lobule  on  the  first  endo-
turbinal  is  small,  but  readily  discernible.  The  plates  below  their  in-
flated  summits  are  not  clearly  seen.  The  parts  on  the  median  surface
are  contiguous.

Vampyrops.  —  The  ectoturbinal  extends  the  entire  length  of  the  inner
wall  uf  the  orbit,  and  is  inflated.  The  first  endoturbinal  is  concealed
between  the  last  named  and  the  second  endotnrbinal.  It  is  a  simple
hiflated  plate,  without  convolutions.  It  is  in  intimate  association  with
the  region  of  the  second  plate,  with  wliich  it  may  be  confounded.  If
the  first  endoturbinal  plate  be  counted  as  a  lobule  upon  the  base  of  the
second,  the  series  will  lack  the  number  five  Avhich  all  other  genera  of
this  group  possess.  Assuming,  therefore,  that  the  concealed  plate  is  the
true  second  endoturbinal,  the  one  below  it  becomes  the  third.  The  last-
named  third  plate  is  the  largest  of  the  series,  and  resembles  the  second
of  the  Pteroderma  related  forms.  It  is  broad,  non-convolute,  and  ends  in
a  narrow  tongue  that  reaches  a  point  as  far  fi.)rward  as  the  anterior  bor-
der  of  the  first  molar  tooth.  The  fourth  endoturbinal  is  a  nearly  simple
j)late,  liaving  a  thickened  free  upper  border.  Its  free  surface  is  entirely
median,  and  almost  linear.  The  fifth  endoturbinal  is  exposed  on  the
median  surfixce  for  its  entire  extent  ;  its  anterior  border  is  thickened,  and
convolute  upwards.  The  frontal  section  of  the  ethmoturbinal  presents
tlie  ectoturbinal  and  tlie  first  endoturbinal  in  close  juxtaposition  and  as-
suming  a  medio-lateral  relation,  while  the  remaining  plates  are  arranged
nearly  at  right  angles  to  them.  There  appear  to  bp  no  plates  compara-
ble  to  the  sphenoturbinals.

Pteroderma  (Plate  V.  fig.  G).  —  The  ectoturbinal  of  a  triangular  foi-m,
whose  base  is  forward  and  advances  as  far  as  the  ends  of  the  olfactory
plates  of  the  endoturbinals  minus  the  lobules,  and  nearly  to  the  hinder
border  of  tlie  orifice  of  the  maxillary  sinus.

The  first  endoturbinal  is  convolute  laterally,  and  possesses  an  acu-
minate  lobe  directed  forward  that  equals  the  plate  itself  in  length.  The
free  end  of  the  olfactory  plate  is  distinctly  seen  beneath  the  level  of  the
lobe.  Lying  at  the  level  of  the  lobe  just  described,  behind  the  free  por-
tion  of  the  plate,  is  a  small  nodule,  which  may  i-eceive  the  name  of  the
posterior  lobe,  as  opposed  to  the  preceding,  which  is  as  compared  to  this
an  anterior  lobe.  The  second  endoturbinal  plate  is  free  inferiorly,  but  is
biconvolute  above  for  the  greater  part  of  its  length.  The  last-named
portions  are  concealed  by  the  lobes  of  the  adjacent  plates.  The  third
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cndoturbinal  plate  is  free  beneath,  and  possesses  a  broad  fleshy  lobe
directed  forward.  The  fourth  plate,  niilike  the  preceding,  is  not  free  at
its  base  beneath,  and  is  the  smallest  of  the  scries.  It  presents  a  concave
border  in  front,  and  is  furnished  with  a  fleshy  lobe  which  is  directed
backward.  The  surfaces  of  all  tlic  olfactory  plates  arc  separated  by
appreciable  intervals.

Artiheus  (Plate  V.  figs.  4,  0).  —  The  parts  in  this  genus  closely  resem-
ble  those  of  Pteroderma.  The  ectoturbinal  is  exceeding  slender,  and  is
furnished  with  a  fleshy  summit,  which  is  convolute  outward.  Its  upper
])ortion  alone  is  seen  from  the  median  surface.  The  first  endoturbiual  is
free  below,  but  fleshy  above.  It  is  produced  forward  one  half  its  length
bevond  the  end  of  the  ectoturbinal  in  the  form  of  a  lobule,  is  acumi-
natc,  and  j)0ssesscs  as  in  Dermaimra  a  small  posterior  lobe.  The  second
cndoturbinal  is  concealed  by  the  third.  AVhen  the  latter  is  pressed  aside
at  its  upper  part  the  small  biconvolute  plate  of  the  second  plate  is  seen
in  position.  The  third  cndoturbinal  possesses  a  large  lobule,  which  lies
upon  the  median  surface.  The  lolmlc  is  subroundcd  in  form,  com-
pletely  occupying  the  upper  edge  of  the  j^late,  so  that  it  appears  to  arise
from  the  cribriform  plate  by  a  pedicle.  The  fourth  endoturl)iual  pre-
sents  an  exposed  plate  on  the  median  surface.  It  is  beneath  the  convex
non-pcrforate  space,  and  yields  a  single  largo  (jonvolution,  whicli  is  turned
outward.  Although  this  plate  lies  back  of  the  cribriform  plate,  the
absence  of  any  connection  between  it  and  the  vomer  would  seem  to
show  that  the  arrangement  met  with  in  many  mammals  is  departed
from.

Dermcumra.  —  In  this  genus  the  ectoturbinal  is  inflated,  and  is  pro-
jected  beyond  the  first  cndoturbinal  one  half  its  length.  The  first
cndoturbinal  is  concave  outward,  is  withoiit  a  lobule,  and  in  a  measure
embraces  the  last-named  plate.  The  remaining  j:)lates  are  arranged  as  in
Ptcroderma.  On  the  encranial  surface  the  depression  for  the  main  plate
is  without  associated  foramina,  but  in  their  stead  three  openings  are
seen,  ranged  transversely.  The  ectoturbinal  opening  is  single.

The  Puysiological  Anatomy  of  the  Olfactory  Sense  in  the
Mammalia.

The  olfactory  organ  in  the  mannnalia  is  an  appendage  to  the  respira-
tory  tract.  It  depends  upon  the  direct  contact  of  the  odoriferous  parti-
cle  upon  the  specific  cell  fixed  upon  the  olfactory  surface,  anil  united
with  a  terminal  filament  of  an  olfoctory  nerve.  The  olfoctniy  plates
upon  which  the  cells  lie  are  composed  of  two  sets,  an  ectoturbinal  and
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an  endoturbinal,  the  space  between  them  being  defined  on  the  median
aspect  by  the  nasoturbiiiaL  In  advance  and  beneath  these  plates,  as
well  as  being  more  or  less  embraced  by  the  endoturbinals,  the  maxillo-
turbinal  lies.*  This  l)one  acts  as  a  sieve  to  wai'm  the  current  of  air
entering  the  olfactory  region,  and  to  exclude  extraneous  particles.  The
particles  which  pass  through  the  upper  half  of  the  maxilloturbiual  pass
directly  to  tlic  ectoturbinals  and  the  plates  of'  the  endoturbinals  for  the
distance  from  their  lateral  attachments  to  the  primary  terminal  convolu-
tions  or  endings.  The  current  passing  through  the  lower  half  of  the
maxilloturbiual  is  received  within  the  space  below  the  level  of  the  eth-
moturbinal,  and  is  chiefly  respiratory.  A  large  opening  exists  between
the  nasal  chamber  and  the  superior  maxillary  sinus,  partly  within  which
the  ectoturbinal  plates  lie.  The  lower  current  may  be  deflected  in  part
laterally  through  this  opening  or  drawn  upward  between  the  lobes  of  tlie
endoturbinal  plates.  Direct  contact  of  the  inspiratory  currents  through
the  space  between  the  maxilloturbiual  and  the  septum  must  be  incon-
siderable,  by  reason  of  the  close  relation,  if  not  contact,  existing  between
these  parts.  A  small  passage  between  the  nasoturbinal  and  the  sep-
tum  would  permit  some  to  pass.  It  will  be  seen  that  all  the  currents
above  indicated  are  directed  immediately  inward,  or  inward  and  upw\ard.
In  these  directions  no  continuity  with  the  air-passage  exists.  The  cur-
rents  in  time  must  impinge  upon  tlie  sides  and  roof  of  the  nasal  cham-
ber  above  the  level  of  the  ti'ansverse  lamina,  and  lie  atrainst  the
cribriform  plate.  Within  this  restricted  area  the  currents  may  be  as-
sumed  to  cease,  and  their  odor-bearing  particles  to  fall  gently  upon  tlie
olfactory  surfaces.  This  condition  of  rest  doubtless  goes  on  while  ordi-
nary  respiration  continues.  So  it  is  couceivalile  for  a  gentle  respiratory
current  to  be  passing  in  and  out  along  the  lower  portion  of  the  nasal
chamber,  while  the  air  is  at  rest  unloading  itself  of  its  odoriferous  parti-
cles  above  the  transverse  lamina.  When  the  air  is  sniffed,  tlie  invitation
fur  its  ascent  into  the  olfactory  chambers  is  marked,  —  an  act  probably
accompanied  by  partial  elevation  of  the  soft  palate,  by  which  means  the
respiratory  current  through  the  nose  is  suspended,  and  the  air  com-
pelled  to  ascend  to  the  olfoctory  level.  The  transverse  lamina,  there-
fore,  has  great  functional  significance.  The  parts  contained  above  tliis

* The maxilloturbinal is continuous forward through the means of a well-defined
crest into the snout, whore it ends in the prominent swelling at the upper lateral hor-
der. Near its end it is concave outward, the concavity receiving a little crestdike fold
on the outer side of tlie snout. Tlie above description applies to the parts as seen in
f^. noctula, but is probably true of all mammals.
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lamina  would  appear  to  have  the  most  strongly  localized  olfactory  sig-
nifiance,  and  the  projected  parts  or  lobes  to  be  in  part  pi'otectors  of  the
maxilloturbiuals,  or  highly  specialized  portions  of  the  olfactory  apparatus,
in  animals  remarkably  endowed  with  the  sense  of  smell.*

Conclusions.

From  the  foregoing  statements  it  is  evident  that  the  ethmoid  bone
varies  greatly  in  its  details  in  the  Mammalia.  While  these  variations
may  not  have  yielded  any  clews  to  relationship  of  genera  in  addition  to
those  already  entertained,  they  may  nevertheless  be  said  to  present  new
evidence  by  which  old  claims  can  be  strengthened.  It  has  been  seen
that  generalized  forms,  such  as  Sus,  Equus,  or  Dicotyles,  are  related  to
more  specialized  forms,  such  as  Bos  or  Ovis,  not  only  by  the  characters
yielded  by  the  foot,  the  teeth,  and  the  placenta,  but  by  the  ethmotur-
binal  bones  as  well.  In  like  manner,  in  a  generalized  genus  of  the  Car-
nivora,  as  Ursus  or  Procyon,  the  ethmoturbinal  bones  possess  a  less  degree
of  specialization  than  in  Felix  in  one  direction,  and  in  Phoca  in  another.
If  the  testimony  in  confirmation  of  such  relations  of  these  genera  were
lost,  it  could  be  restated  from  the  data  obtainable  from  a  study  of  the
ethmoidal  plates.  —  In  the  hats  a  plan  similar  to  the  one  existing  in  the
majority  of  the  mammals  is  recognized  in  the  Pteropidse  and  Phyllostomi-
didje  (groups  already  known  to  be  generalized),  but  which  is  strangely
departed  from  in  highly  specialized  forms,  as  the  Megadermatida?  and
the  Rhinolophidse,  and  in  a  widely  different  way  in  the  Vespertilionidas,
—  It  has  been  found  that  in  many  of  the  Cheiroptera,  generic  and  even
specific  characters  can  be  found  in  the  ethmoid  bone;  and,  on  the  whole,
it  is  temperate  to  affirm  that  a  comprehensive  account  of  any  species  of
bat  would  be  imperfect  which  omitted  an  account  of  this  bone.  It  is
probable  that  a  similar  statement  might  with  propriety  be  made  for  all
mammals.  Certainly  it  may  be  said  that,  in  the  study  of  those  genera

* The relation borne by the ectotnrbinals to the frontal sinus, by the sphenoturbi-
nals to the sphenoidal sinuses, and by the passages of access to the lateral part of the
ethmoturbinals to the maxillary sinuses, suggests the probability that the primary sig-
nification of these chambers is to accommodate the olfactory plates ; and that in the
human subject, where they are empty and not held subservient to the sense of smell-
ing,  the  original  conception  has  been  lost,  owing  to  the  stunted  condition  of  the
olfactory apparatus. Until  elaborate studies of the development of the mammalian
head are instituted with the object of confirming such a suggestion, but little can be
said  about  it  in  this  connection.  It  must  be  remarked  that  the  labors  of  Kitchen
Parker (loc. cit.) have not led to any affirmative answer to such a line of inquiry.
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of  whose  affinities  the  zoologist  remains  in  doubt,  a  careful  examination
of  the  ethmoid  bone  should  be  made.  —  Much  might  be  said  of  the  re-
lation  existing  between  the  size  of  the  olfactory  bulb  and  the  degree  of
development  attained  by  the  ethmoturbinal  plates,  —  the  bulbs,  as  has
been  found,  being  well  developed  in  animals  having  large  ethmoturbi-
nals,  and  being  small  in  others  having  small  endoturbinals,  —  and  of
the  mechanism  of  the  act  of  smelling,  and  the  significance,  in  a  word,  of
the  function  of  smelling  in  connection  with  habit.  But  any  such  ex-
tended  discussion  would  be  out  of  place  in  a  communication  planned  as
this  has  been,  and  would  in  no  way  strengthen  the  proposition  which  it
was  the  original  object  of  the  paper  to  demonstrate.*

* I may here add, that a careful microscopic study of the cells of the olfactory plates,
and a comparative study of the olfactory sense, and the tactile sense of hats as devel-
oped in the external nasal appendages, yielded at the hands of my friend, Dr. Francis
X. Dercum, a negative result. The forms that were taken for study were Phyllostoma
hastatum and Nyderis Thcbaica.

VOL.  X.  —  NO.  3.  11
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EXPLANATION  OF  TPIE  ABBREVIATIONS  EMPLOYED  IN
DESCRIBING  THE  FIGURES.

in.  t.  JIaxilloturbinaL
n.  t.  Nasoturbinal.
tr.  I.  Transverse  lamina.
ect.  t.  Ectoturliinal.
end.  t.  Endoturbiiial.
ect. sp. Ectoturbinal space.
end. sp. Endoturbinal space.
s. t. sp, Septoturbinal space.
TO. e, Meso-ethmoid.

,9^9. t. Septoturbinal.
fr.  Frontal.
op.  f.  Optic  foramen.
(.•/•. (//. Crista galli.
orb. sph. Orbitosplicnoid.
n. p. s. Non -perforate space.
I.  Lobule.
ol.  pi.  Olfactory  plate.
orb. pi. Orbital plate.

EXPLANATION  OF  FIGURES.

Fig. 1.

PLATE  I.

Sagittal section of head of the dog, showing the oblique position of the encra-
nial surface of the ethmoid bone, with the median aspect of the lateral mass
of the same bone. A portion of the septum has been inclmled in the sec-
tion at  the transverse lamina.  Tbe horizontal  line between the asterisks
represents the dividing line between the olfactory and the respiratory re-
gions of the nasal chamber. — It is probable that some variation will be
found to exist in the turbinals of the domestic dog. Natural size.

Frontal section of the nasal chamber of the dog, a short distance in advance
of the encranial surfaci'. Natural size.

Diagrammatic representation of the encranial  surface of the dog. Natural
size.

Encranial  surface of the otter.  Natural  size.
Diagrammatic frontal section of the turbinals of the otter. Natural size.

PLATE  II.

Fig.  1.  Median surface  of  lateral  mass  of  ethmoid bone of  Cebus capuccinus.  Nat-
ural size.

Fig.  2.  The  under  surface  of  same.  Natural  size.
Fig.  3.  The  under  surface  of  lateral  mass  of  the  human  ethmoid  bone.  Natural

size.

Fig. 2.

Fig. 3.

Fig. 4.
Fig. 5.
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Fif.  4.  The encranial  surface of  the ethmoid bone of  the horse.  The dotted line,  as
it  extends  across  the  surface,  rejireseiits  the  lower  limit  of  the  plate  of
Lone described in the text as covering in the ectoturbinal subdivision of
the surface. Natural size.

Y\".  5.  Frontal  section,  diagrammatically  treated,  of  the  turbinals  of  the  horse.
Natural size.

PLATE  III.

Fig.  1.  Encranial  surface  of  the  ethmoid  bone  of  the  peccary.  Natural  size.
Fig.  2.  The  isolated  ridge  of  the  first  endoturbinal  plate.  Natural  size.
Fig.  3.  Frontal  section  of  turbinals  of  same,  made  close  to  the  encranial  surface.

Natural size.
Fig. 4. The encranial surface of the ethmoid bone of the hog.
Fig. 5. The under nasal surface of the ethmoid bone of the two-toed sloth (Cholcc-

2)us  didadiiliis).  Natural  size.
Fig.  G.  The  encranial  surface  of  the  same.  Natural  size.

PLATE  IV.

Fig. 1. The anterior aspect of the etlunoturbinals of the ethmoid boue of the three-
toed sloth (Brcahjpus tridadylus).

Fig.  2.  The encranial  surface of the same.
Fig.  3.  The ethmoid bone of the connnon seal  [Phoca vitidina).
Fig.  4.  The  encranial  surface  of  the  same.
Fig. 5.  The under surface of the same.

The figures are all of natural size.

PLATE  V.

Fig. 1. Median sagittal section of nasal chamber of Epomophorus rjamhiamis. Slight-
ly enlarged.

Fig.  2.  The same of  Pliyllosfmna hasfafum.
Fig.  3.  Tlie  same  of  t'oroUia  hrrvkauda.
Fig.  4.  Tlie  same  of  Artdiciis  (slightly  distorted).
Fig.  5.  Dorsal  aspect  of  tlie  turbinals  \\\CaroUia  hrcvicauda.
Fig. 6. The sagittal section of nasal chamber of Ptcroderma (slightly distorted).
Fig.  7.  The  dorsal  aspect  of  turbinals  of  Artibcus.

Figs. 2-7 enlarged one half.

PLATE  VI.

Fig. 1. A median sagittal section of the nasal chamber of Mrgndcrma spasma.
Fig.  2.  Tlie same of Mcgadcrma frons.
Fig.  3.  Tlie  same  of  Nydcris  Thehaica.
Fig.  4.  The  same  of  Rhinolnphusfernim-cquinum.
Fig.  5.  The  same  of  Plijllurhina  trklcns.

Figures enlarged one half.
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PLATE  VIL

Fig.  1.  A  median  sagittal  section  of  the  nasal  chamber  of  Dcsmodus  rufus.  Figure
enlarged two thirds.

Fig.  2.  The  same  of  Taplwzous,
Fig.  3.  The dorsal  aspect  of  the turbinals  of  Vespertilio  subidatus.
Fig.  4.  The  same  of  Taplwzous.
Fig.  5.  A  median  sagittal  section  of  the  nasal  chamber  of  Nodilio  leporiiius  (some-

what distorted, the nasoturbinal elevated).
Fig.  6.  The same of  Vespertilio  subulatus  (somewhat  distorted,  the  first  endoturbi-

nal elevated).
Figs. 2-6 eulaged one half.

Philadelphia,  November  4,  1882.



1  1  Ai  I  (Ml  (jii  [•'.  iiiiii  fjici  r.  i)ui'
; -13 t

 ̂"* e nd.r .
'»"' end t

r>*; 1

3""ecl t

^i^'

/
3- e-.d t

^?^

Fig. 3

ect sp.

= 1 SI)
en o sp

I'ii;

■""l?^' ■

'9 'f

end t 3

FiJ .').

!■: I x..i<.i, ,i.



M  Allt'u  <>i\  I'UiinioKi  Bone Plate  11.

^  <>  ..endt. -d t

Fia.l

F,o 2.

'■'ig .i

eao "^p

»• '•"

end ts I

b !C +

P'l >2

% I .v.. Inn. fc i- It,. ,„,.„„. ,1,1



Al! 1 L 1\ 1 1 1111 o 1 (i ! Son (■

> t.sp-

J5-

«*.-/

-Sj., ...

M.,

1^

ijS^ •* '

\

Kig.l

Kig,

l->a 3.

•  !r,i,'.r

Pi*. +-

i 1 1- ■-.
t

/

r^:

S^

i^

Fig . "'
hi 0. (i

K.J. V<.Imi...I.I



1  Allen  oil  Ethmoid  licttn- "Dlate  ]■

i-'i^.i.

CCt tb .

crb . sph F12.3.

_<*l5'

J

(  ̂n s p .

n.p s .

2"° eno.t

# ^.

I'l I +

' ■ *

Fi| , 5.

E .I.NuliiM il>



ri.AUeia  oil  Etlmaoid  Bone Plate  V:

:m.t.

r"

iVsnd t
2 ".' e n d . 1

.."'■^

Vt

-•^.

pfi 1 W't e 1 d . t .
'end.t. Fie-  ^i  ('I  p'

•'S«»?js».

, 1 " e r d t

7^

A~

3 '." e n d . t

Fi^. .'V ',
-* '" end.t.

*"• era. t.
3"en<J t. Fi6. -I -I

' erd I.

Fig.

''end t

ol  pis.  Fie  (5  ',

ectt.  i S"Cl t-

. l="ie y

t: .1 SoIru ..ici.



I I . VI 1 o T 1 o n I'J I hi n < j i d 13 o vi e

Kit: 1
3 etui

' era I

, I •' e '. 'J •

Fii!

)■;■V
^^  ~

V

fi^. •■!. V,

a-'eod I.

\\

•.' end.t.
!".'erd.t

^  :,i^^

Fi6. -1. *i

K.J. Xt>lnti,<l<-t.



H..\ll(.Mi.  OIL  [•ilUnioid  Bone Plate  V.

2 '."end ■ ! ** e f ̂d t
^. "' find*.

'W^

m\^
J

•*?;v>^

r.-;,! Fi * .

ct t

K.e
Kie-l- =1

/f"

2"'t
■''.■'iX-/ /

' end '
2"" end t

/

r

l-\o r,

Vii. G

E J \olnM .Ul



Allen, Harrison. 1882. "On a revision of the ethmoid bone in the Mammalia,
with special reference to the description of this bone and of the sense of
smelling in the Cheiroptera." Bulletin of the Museum of Comparative Zoology at
Harvard College 10(3), 135–164. 

View This Item Online: https://www.biodiversitylibrary.org/item/24991
Permalink: https://www.biodiversitylibrary.org/partpdf/304649

Holding Institution 
Harvard University, Museum of Comparative Zoology, Ernst Mayr Library

Sponsored by 
Harvard University, Museum of Comparative Zoology, Ernst Mayr Library

Copyright & Reuse 
Copyright Status: NOT_IN_COPYRIGHT

This document was created from content at the Biodiversity Heritage Library, the world's
largest open access digital library for biodiversity literature and archives. Visit BHL at 
https://www.biodiversitylibrary.org.

This file was generated 7 October 2023 at 04:10 UTC

https://www.biodiversitylibrary.org/item/24991
https://www.biodiversitylibrary.org/partpdf/304649
https://www.biodiversitylibrary.org

