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Abstoact:  The  classification  of  the  gekkonid  hzards  is  reviewed  briefly.
The  recent  family  classification  of  the  gekkonid  hzards  by  Garth  Underwood
is discnssed and [oHowckI as far as Western lieniisphere groups are concerned.
The absence of femoral pores in all  endemic species of the Gekkonidae in the
Western  Hemisphere  is  reported.  The  genera  Veropus  and  Hcmidactylus
are regarded as transported here by man. Specialized glandular scales on the
posterior  ventral  and  subFcmoral  regions  are  discussed  and  a  prehminary
microscopical  study  of  the  scales  is  offered.  The  name  "escutcheon  scales,"
proposed for tliese by Chapman Grant, is used. It is believed that these scutes
may represent the ancestral type of the femoral and preanal pores.

For  a  considerable  time  the  gekkonid  lizards  have  been  of  much
interest  to  the  senior  audior  who  in  his  field  exploration  in  various
parts  of  the  world  has  collected  representatives  of  some  eighty
forms  of  these  interesting  saurians,  several  of  which  have  been
described  as  new.  His  recent  review  of  the  lizard  fauna  of  Costa
Rica  has  again  opened  the  problem  of  the  classification  of  the  gek-
konid  lizards  and  he  found  it  necessary  to  make  a  cursory  review
of  those  groups  occurring  in  the  Western  Hemisphere,  and  to  make
an  attemjit  to  re-evaluate  die  rank  of  the  groups  represented.

In  the  latter  half  of  the  19th  century  the  gekkonid  lizards  were
regarded  as  belonging  to  three  famihes:  the  Uroplatidae,  Eublc-
pharidae  and  the  Gekkonidae.  This  arrangement  was  used  by
Boulenger  in  his  British  Muscmn  Catalogue  and  by  Cope  in  his
work  on  American  Hcrpctology.  It  was  hkewise  followed  by
a  majority  of  the  herpetologists  of  their  time.

Furbringer  (1900)  pu  Wished  a  classification  of  the  lizards  recog-
nizing  three  families.  However  he  placed  the  Uroplatidae  in  a
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"gcn.s"  different  from  the  otlicr  two.  The  following  year  Gadow
(1901)  considered  all  the  gekkonid  lizards  under  the  suborder  Geek-
ones  placing  them  in  a  single  family,  Geckonidae,  with  three  sub-
famihes  —  Uroplatinae,  Eublepharinae,  and  Geekoninae.  After  a  time
there  was  a  tendency  on  the  part  of  herpetologists  to  follow  this  ar-
rangement,  but  not  without  some  variation.  Thus  Charles  Camp
(1923)  in  his  scholarly  contribution  on  classification,  reviewed  the
Sauria,  recognizing  the  Uroplatidae  as  a  distinct  family  but  treating
the  EubJepharidae  with  the  Gekkonidae.

One  of  the  troublesome  groux)s  formerly  associated  with  the
Gekkonidae  is  one  comprising  certain  small  Centra]  and  South
American  saurians  including  the  genera  Sphaerodactylus,  Gona-
iodes,  Fseudogonatodes,  Coleodaciylus  and  Lepidohlepharis.  More-
over,  one  cause  for  this  trouble  was  that  certain  forms  in  South
Asia  (of  dilferent  relationship)  were  placed  in  the  genus  Gonalodes
erroneously,  so  that  one  had  in  a  single  genus  both  amphieoelous
and  procoelous  forms,  thus  rendering  the  character  of  the  vertebrae
useless  for  the  separation  of  families.

G.  K.  Noble  (1921)  in  his  study  of  Sphacrodactylus  and  allied
genera  noted  the  characteristics  of  the  group  in  Central  and  South
America.  He  found  it  necessary  to  remove  this  group  of  genera
from  the  Gekkonidae  proper  and  associate  it  with  the  Euble-
pharidae.  Moreover,  he  did  not  include  amphieoelous  Asiatic
forms  in  Gonatodes.  Werner  (1912)  already  had  referred  Lepi-
dohlepharis  to  the  Eublepharidac.  Noble  was  convinced  that  these
genera  of  small  saurians  represented  a  natural  group.  Concerning
the  vertebrae  he  states,  "The  procoelous  vertebrae  have  been  de-
veloped  in  this  series.  quite  independently  of  similar  changes  in
any  other  scries."  Despite  numerous  other  differences  he  associated
them  with  the  Eublepharidac  chiefly  on  the  basis  of  this  one  char-
acter.

H.  W.  Parker  (1926)  treated  this  same  group,  adding  to  it  an-
other  genus,  Coleodaciylus.  He  subscribed  to  the  Gadow  classifi-
cation  and  all  were  placed  in  the  Gekkonidae.  The  Zoological
Record  of  1926  did  not  use  the  family  name  Eublepharidac  and  it
did  not  appear  in  the  American  Checklist  of  Stejneger  and  Barbour
of 1923.

Smith  and  Taylor  in  their  Mexican  checkhst  (1946)  reluctantly
followed  this  usage  although  it  was  apparent  to  both  authors  that
the  arguments  were  equally  as  strong  for  the  retention  as  for  the
abandonment  of  the  family.  Since  they  were  not  treating  species
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of  the  Uropliitidac  tlic  status  of  that  family  was  not  their  immediate
concern.  As  for  the  group  deliurated  by  Noble,  his  opinion  as  to
their  relationship  was  accepted.  The  group  entered  Mexican  terri-
tory  only  in  the  sonthern  part  and  two  diminutive  species  of
Sphaerodactylus  were  the  only  ones  available  to  them  in  their  col-
lections.

To  the  senior  author  in  liis  studies  of  the  Costa  Rican  fauna,  the
group  was  more  important  since  Costa  Rica  has  representatives  of
three  genera  and  several  species  and  the  general  characteristics  of
the  group  were  examined.  It  was  noted  diat,  aside  from  the  pro-
coelous  vertebrae,  the  paired  parietals,  sternum  characters,  and
the  sternum-rib  relationship  pointed  out  by  Noble,  they  lacked  a
voice  mechanism.  The  ^'clutch"
laying.  Neither  postanal  sacs  nor  postanal  bones  were  present  in

It  was  noted  that  the  males  and  females  had  no  femoral

consisted  of  a  sin.s^lc  egg  at  one

icr sex.eid
or  preanal  pores  but  that  there  were  present  in  males  a  series  of
spcciahzed  glandular  scales  in  the  posterior  region  of  the  venter.
In  some  species  these  also  appeared  in  the  femoral  region,  sug-
gesting  dicir  possible  analogy  to  the  true  femoral  and  preanal  pores.

He  began  a  hasty  search  of  the  Hteraturc  to  ascertain  whether
these  characters  had  been  described  and  was  informed  by  his  stu-
dent,  Mr.  Peter  Chrapliwy,  of  the  description  by  Maj,  Chapman
Grant  (1931)  in  a  paper  dealing  with  West  Indian  members  of  the
genus  Sphaerodactylus,  and  of  tlie  work  by  Noble  and  Klingel.
Grant  who  seemingly  was  the  first  to  mention  them  in  htcrature  had
given  die  name  of  "escutcheon  scales"  to  this  group  of  glandular
scales.  Noble  and  Khngel  seem  to  have  been  the  first  and  perhaps
tlic  only  subsequent  workers  to  give  consideration  to  these  scales.
Aside  from  noting  the  escutcheon  scales  on  certain  species  they
made  a  preHminary  study  of  the  microscopical  structure  (Noble
and  Klingel,  1932).

From  the  first  we  were  convinced  that  the  group  unquestionably
merited  ati  least  subfamily  recognition  and  proposed  to  deal  with  it
in  this  category.  Shortly  after,  wc  received  a  paper  by  Garth
Underwood  (Nov.,  1954)  *  dealing  on  an  extensive  scale  with  the
anatomy  and  classification  of  the  G^kkoes.

While  it  is  somewhat  futile  to  report  our  own  proposals  for
the  arrangement  of  the  American  gekkonid  lizards,  they  were  as
follows:

* This pfiper was first recnivrd hv ns in May, 1955. A report on _ our study was pre-
sented by Ihe senior author at the 1955 meeting of the Ameriean Soeiety of Ichthyologists
and Herpt-tologists at San Francisco in June.
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Arrangement  of  American  Gekkonips

Eublepharidae
Eublcpharinae  (with  preanal  pores)

ColeoDyx
Sphacrodactylinac  (with  specialized  glandular  scales  in  males

uncertain  in  Pseudogonatodes  and  Coleodactylns)
Gonatodes  Fitzinger
Sphaerodactylus  Wagler
Lepidoblepharis  Peracca
Pseudogonatodes  Ruthven
Coleodactylns  Parker

Gekkonidae  (without  preanal  or  femoral  pores  )
Bogertia  Loveridge
Briba  Amaral
Thccadactylus  Cuvier
Aristelligella  Noble
Tarentola  Gray
Homonota  Gray
Phyllopczus  Peters
Aristelliger  Cope
Discodactylus  Titschaek
Gymnodactylus  Spix
Phyllodactylus  Gray
(nonendemic  imported  forms)  femoral  and/or  i)rcanal  pores

present
Hemidactylus  Cuvier
Perox^ns  Wiegmann

Underwood  has  arrived  at  his  classification  largely  through  a
study  of  the  eyelids  and  the  structure  of  the  eye  itself,  cliaractcrs
that  we  had  not  considered  in  our  own  work.  He  has  not  used
thisj  however,  to  the  exclusion  of  other  important  characters.  One
significant  fact  which  we  overlooked  was  that  sexual  dimorphism
in  color  was  a  presumed  universal  characteristic  of  the  group.  We
were,  of  course,  aware  that  it  occurred  in  certain  species.

Underwood  recognizes  the  superfamily  Gekkonoidea  and  under
it  his  arrangement  of  families  is  as  follows:

Gekkonoidea
Eublepharidae
Sphaerodactylidae
Gekkonidae

Gekkoninae  (including  Uroplatidae  auct.)
Diplodactylinac
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Wc  are  accepting  Underwood's  general  arrangement  of  families
for  the  Western  Hemisphere.  There  remains  considerable  doubt
as  to  the  wisdom  of  placing  the  Uroplatidae  in  the  subfamily  Gek-
koninae  since  in  so  doing  manerous  significant  characters  seemingly
are  disregarded.

Since  Underwood  restricted  the  genus  Gymnodactylm  to  South
America,  of  the  endemic  genera  of  American  gekkoes  only  Fhyllo-
dachjhis  has  representatives  outside  of  the  Western  Hemisphere
with  femoral  or  preanal  pores.  Tarentola  also  with  Old  World
representatives  may  have  some  special  glandular  scales  such  as
occur  in  Sphaerodachjlidae.

The  specific  function  of  i>reanal  or  femoral  pores  has  not  been
satisfactorily  explained.  The  pores  when  present  are  usually  in
males;  however,  in  some  groups  they  may  appear  in  females  or
they  may  be  absent  in  both  sexes.  Thus  the  pores  are  present  in
the  males  of  the  Eublepharidae  but  are  absent  in  all  endemic
genera  and  species  of  the  Gekkonidae  in  the  Western  Hemisphere.
Thus  it  would  appear  that  there  is  nothing  that  acts  as  general
inhibitor  for  the  development  of  pores  save  in  the  case  of  the  Gek-
konidae.  Nor  would  it  ai^i^car  that  the  absence  of  pores  has  had
any  marked  effect  on  the  success  of  the  forms.

Species  of  Uemldacttjhis  and  Peropus  have  lines  of  femoral
or  femoro-preanal  pores  but  we  suspect  that  these  species  have  all
been  imported  or  if  they  have  developed  into  new  subspecific  fonns,
this  has  happened  since  their  importation  by  man.*  Seemingly
these  forms  thrive  here  widi  ihe  pores  present  and  the  question
of  their  importance  in  survival  is  unanswered.  Certain  species  of
Ilcmldactylus  have  been  described  in  the  Western  Hemisphere
that  were  presumed  to  be  of  endemic  origin.

In  the  Sphaerodactylidae  the  males  of  the  Central  American
forms  all  have  a  group  of  glandular  scales  (escutcheon  scales)  in
the  posterior  region  of  the  venter  and  many  have  this  scries  con-
tinued  along  the  underside  of  the  femur  sometimes  to  near  the
knee;  and  in  at  least  one  genus  (Gonaiodes)  some  of  the  postanal
scales  may  be  so  modified.  These  scales  are  not  distinctly  modi-
fied  in  the  females.

Where  series  have  been  available  the  number  of  these  scales
has  varied  somewhat,  and  in  the  case  of  Lepidoblephans  xantho-
stiama  the  variation  is  considerable.  It  was  noted  that  the  smaller

* On. nuKl.l conceive of a pair of c^^s of the highly domestic Hc7m.J«6ty«.camcc  ̂to
this country from the Philippiius. The resulting annnals nnght. 7.,,.^.  ̂'''\^^^^^^^^^
time, with l.ro.IxT-sistnr nuUings. produeo a population showuig ^f ^^»^^;^,,^^:^''  ̂^^'"
original Asiatic population due to the stoppage of gene flow from an Asiatic source.
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numbers  were  eounted  in  yonng  males,  the  largest  numbers  in
old  males.  As  an  example,  the  senior  author  reports  on  a  series
of  specimens  from  Limon,  Costa  Rica,  in  which  28  to  46  could
be  counted  in  a  juvenile  and  young  adults,  while  60  to  110  oc-
curred  in  larger  and  older  specimens.  It  seemed  probable  that
while  the  entire  lot  of  scales  is  early  diflcrcntiated  all  do  not  take
on  their  adult  characteristics  until  much  later.  Even  in  some  of
the  largest,  presumably  oldest  specimens  some  of  the  scales  ad-
joining  the  escutcheon  scales  often  exhibited  areas  lacking  surface
pigment.  The  femoral  scales  in  this  species  may  be  in  a  single  row
with  three  or  four  scales  or  there  may  be  two  rows  widi  five  or
six  altogether.  These  are  always  widely  separated  frouj  the  ventral
escutcheon.

In  the  genus  Sphacrodactyltis  this  differentiation  between  young
and  old  is  less  obvious  and  the  femoral  series,  if  present,  are  con-
tiguous  with  the  escutcheon  scales  on  tlie  venter.  This  genus  has
two  groups  in  Costa  Rica  one  of  which  has  the  escutcheon  on  the
posterior  ventral  region  but  lacks  entirely  the  femoral  glandular
scales;  the  other  group  has  them  present.  The  number  and  arrange-
ment  varies  from  species  to  species.  We  did  not  find  any  evidence
of  postanal  glandular  scales  in  the  genus.

Gonatodes  fuscus  difFers  from  the  other  two  genera  in  having
a  larger  number  of  the  scales  in  the  escutcheon.  The  area  extends
forward  nearly  one  third  of  the  length  of  the  body,  and  consists
of  approximately  200  scales,  with  about  50  similar  scales  on  the
under  surface  of  each  femur.

It  seems  probable  that  the  character  of  these  scales  will  serve  to
assist  in  distinguishing  species^—  perhaps  subgenera  and  genera
in  the  family  Sphaerodactylidae,  and  should  be  described  in  detail
for  each  form.

Willie  we  have  at  hand  no  specimens  of  Pseudogonatodcs  or
Coleodachjlus,  we  have  made  a  superficial  examination  of  speci-
mens  of  Pseudo  gonatodes  at  the  Agassiz  Museum  at  Harvard  Cob
lege.*  We  did  not  find  the  scales  present  in  what  we  identified
as  males  on  the  basis  of  external  characters.  We  have  seen  no
specimens  of  Colcodactylus.  Should  the  escutcheon  be  absent  in
one  or  both  of  these  genera  it  should  not  lessen  the  importance  of
the  character  as  helping  define  the  family.  However,  the  poreless
genera  of  the  Gekkonidae  should  be  carefully  examined  for  species
with  scales  of  the  escutcheon  type.

L

* Our thanks are flue to Mr, Arthur Loveridjie for the privilege of examming this
material-
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Structure  and  MiCROSConc  Anatomy  of  the
Escutcheon  Scales

In  preserved  material  the  uripigmeutcd  surface  epithelium  of
these  escuteheon  scales  can  be  removed  by  gentle  pressure  and  a
rubbing  movement  of  the  tlmmb  or  finger.  The  normal  scales,
or  the  scales  in  the  same  area  in  females,  remain  completely  intact
by  the  same  treatment.  When  the  surface  is  removed  the  granular
mass  is  exposed  and  may  be  partially  or  completely  removed  with
a  dissecting  needle,  thus  leaving  a  euplike  depression  hncd  by  basal
pigmented  epidiehum.  Ordinarily  the  escutcheon  cells  arc  creamy
white  or  white  in  color  witli  a  somewhat  darker  edge.  This  is
due  to  the  fact  tliat  the  rim  of  the  "cup"  is  pigmented  and  is  visible
through  the  transparent  scale  cover.

As  pointed  out  the  number  of  the  visible  glandular  scales  may
be  reduced  in  the  young,  but  scales  contiguous  to  these,  as  tlie
animal  grows  older,  take  on  the  general  characteristics  of  die
glandular  scales;  scales  touching  these  in  turn  seemingly  become
changed  to  the  glandular  type.  How  long  this  process  is  continued
we  do  not  know.  In  some  old  specimens  of  LepidohlcpJiaris  with
the  highest  numbers,  adj(jining  scales  may  show  a  portion  of  their
surface  lacking  pigment.

The  histological  specialization  of  the  scales  on  the  preanal,  fem-
oral,  and  sometimes  the  postanal  regions  of  males  of  the  Sphaero-
dactyhdae  is  unique  in  our  exj^erience,  and  unlike  any  dermal
specialization  in  lizards,  or  other  animals,  known  to  us.

The  base  of  the  scales  in  question  is  depressed  to  produce  a
definite  pit,  the  floor  of  which  is  formed  by  a  typical  cornificd  strati-
fied  squamous  epithelium  and  carries  the  typical  pigmentation  of
external  layers  (fig.  1,  c,  g);  this  layer  is  continuous  from  scale  to
scale  among  the  specialized  ones,  and  contimies  onto  the  un-
specialized  scales,  where  it  forms  the  superficial  layer.  This  hasal
epUhclkim  is  typical  of  such  epitheha  as  they  occur  in  higher  verte-
brates  generally;  the  gernnnative  layer  (fig.  1,  g;  fig.  2,  h)  rests
on  a  basement  membrane  of  collagenous  connective  tissue  (fig.  1,
f)  within  and  below  which  are  dense  aggregations  of  pigment  cells
(fig.  1,  f  ).  Above  the  germinativc  layer,  w^iieh  consists  of  columnar
cells  for  the  most  part,  there  is  a  layer  of  more  or  less  rounded  or

'  polygonal  cells  ranging  from  three  to  eight  cells  in  thickness.  Near
the  surface  of  the  basal  epithelium  the  cells  become  flattened  and
cornified  (fig.  1,  e;  fig.  2,  k);  it  is  these  cells  which  on  unspecialized
scales  form  th(^  outer  protective  desquamating  covering.
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Microscopic  Anatomy  of  Specialized  Scales  from  tlic  Preanal
Region  of  Qoxwlodes  fuscus  (llullowell)

Fig.  1.  a,  cornifiod  capping  epithelium;  h,  germinative  layer  of  capping
epitheliinn;  c,  granular,  "secretory"  cells;  d,  j^^erminative  layer  of  "secretory'
cells; c, cornified layers of basal epithelium; /, pigment cells below germinative
layer of  basal  epithelium; g,  continuity of  basal  epithelium from scale to scale.
Celestine Blue and eosin;  magnification,  X  220.

Fic.  2.  h,  germinative  layer  of  capping  epithelium;  i,  granular  cells  of
"secretory" epithelium; /,  germinative ceils  of "secretory" epithehum; k,  corni-
fied  layer  of  basal  epithelium.  Mallory  s  Triple  Stain;  magnification,  X  250.
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Within  the  depressed  portions  of  the  speciahzed  scales,  however,
another  germinativc  epithelium  (fig.  1,  d;  fig.  2,  /)  composed  of
ku'ge  faintly  staining  cuboidal  to  rounded  cells  hes  in  direct  con-
tact  with  the  cornified  cells  of  the  basal  epithelium.  This  second
germinative  epithelium  produces  large,  polygonal  to  depressed
rhomboidal  cells  containing  dense  accumulations  of  coarse  granules
(fig.  1,  c;  fig.  2,  i)  which  are  presumed  to  be  secretory  in  nature.
For  this  reason  this  layer  is  here  referred  to  as  the  ''secretory'
epithelium.  The  cells  of  this  layer  fill  the  cuplike  depression  of
the  scale,  and  often  produce  a  distinct  convexity  on  the  outermost
surface.  The  granules  of  these  cells  stain  faintly  with  Celestine
Blue,  but  with  Mallory's  Triple  Stain  they  become  deeply  pig-
mented  (fig.  2,  i).  There  is  but  little  modification  among  these
granular  cells,  except  a  slight  degree  of  depression  near  the  outer
surface  of  the  layer.

A  third  germinativc  epithelium  rests  on  the  granular  cells  of  the
secretory  epithelium  (fig.  1,  h;  fig.  2,  li);  these  cells  are  cuboidal  to
rounded,  and  seem  never  to  be  columnar.  They  give  rise  to  a  layer
not  more  than  three  to  five  cells  in  thickness  which  quickly  be-
comes  cornified  and  squamose;  we  refer  to  this  outermost  non-
pigmcnted  epidielium  as  the  eapping  cpitheJium.  This  varies  in
thickness,  but  everywhere  prcs(^nts  the  same  general  characteristics
and  in  preserved  sptx'imens  as  stated  may  be  removed  by  rubbing
a  finger  over  the  surface.

The  arrangement  of  three  distinctive  superimposed  epithelia
in  these  scales  not  only  provides  a  unique  morphological  feature
that  serves  to  distinguish  these  lizards  from  others  known  to  us,
but  raises  several  intriguing  biological  problems.  For  example,
how  these  superimposed  epithelia  are  nourished,  situated  as  they
arc  above  one  or  more  layers  of  cornified  cells  of  presumed  im-
permeability,  and  certainly  remote  from  the  circulatory  supply  that
lies  below  the  basal  epithelium,  presents  a  difficult  problem.  Fur-
thermore,  the  function  of  the  secretory  epithelium  is  unknown
to  us.  It  seems  obvious  that  these  cells  pass  through  a  cycle  of
biochemical  stages,  typical  of  secretory  cells  (compare  fig.  1,  c
with  fig.  2,  i)  since  in  our  material  it  can  be  observed  that  the  gran-
ules  become  larger  as  the  cells  enlarge;  in  addition,  the  staining
properties  of  the  cells  when  treated  with  Mallory's  stain  is  not  con-
sistent;  some  cells  stain  deeply  with  fuchsin,  odicrs  with  aniline  blue,
and  certain  cells  contain  granules  some  of  which  take  the  blue  '
stain,  others  the  red.  Still  another  problem  is  raised  by  the  ob-
servation  that  the  germhiative  layer  of  the  secretory  epithelium
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and  that  of  the  capping  epithelium  are  frequently  out  of  phase;
that  is,  when  one  seems  aetive  and  well  developed,  the  other  seems
less  so  (compare  fig.  1  with  fig.  2  with  reference  to  the  germinative
layers).  In  some  scales  the  capping  layer  seems  to  have  desqua-
mated  to  the  point  of  nearly  exposing  the  underlying  secretory
cells  (fig.  1)  but  whether  or  not  the  secretory  cells  actually  be-
come  exposed  at  the  surface  is  not  revealed  by  any  of  our  material.
Unfortunately  for  present  purposes,  all  the  material  available  to
us  was  collected  by  the  senior  author  in  a  single  season  (summer)
of  the  year,  so  that  presumed  cyclic  changes  in  the  specialized
scales  cannot  be  determined  at  this  time.

The  relationship  of  these  scales  to  the  preanal  and  femoral  pores
is  uncertain.'^  Their  position  on  the  body  in  the  same  general  areas
as  the  pores  suggests  that  they  may  subserve  the  same  general  pur-
pose.  One  might  suspect  that  they  represent  a  primitive  stage  in
pore  development.  The  femoral  and  x^reanal  pores  themselves  are
of  several  kinds  and  may  be  polyphyletie  in  origin.  Further  study
is  necessary  to  ascertain  die  degree  of  relationship.
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