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X.  On  the  Nomenclature  of  the  Foraminifera.
By  W.  K.  PARKER,  M.  Micr.  Soc.,  and  T.  R.  JONES,  F.G.S.

Part  III.  The  Species  enumerated  by  Von  Fichtel  and  Von  Moll.

THE  work  we  have  now  to  treat  of  has  been  already  incidentally
noticed  in  our  former  papers.  It  is  entitled  :

"  Testacea  Microscopica  aliaque  minuta  ex  generibus  Argo-
uauta  et  Nautilus  ad  naturam  delineata  et  descripta  a  Leopoldo  a
Fichtel  et  Jo.  Paulo  Carolo  a  Moll.  Cum  24  Tabulis  sen  incisis."

("  Microscopische  und  andere  kleine  Schalthiere  aus  den
Geschlechtern  Argonaute  und  Schiffer,  nach  der  Natur  gezeich-
net  und  beschrieben  von  Leopold  von  Fichtel  (Mitglied  der
Linneischer  Gesellschaft  zu  London,  und  der  Asiatischen  zu
Calcutta),  und  Joh.  Paul  Carl  von  Moll.  Mit  24  Kupfertafeln.
4to.  Wien,  1803.")

In  the  works  of  Walker  and  Montagu  previously  noticed  by
us*,  we  have  had  to  do  with,  for  the  most  part,  dwarfish  forms
belonging  to  northern  habitats  ;  and  hence  many  of  them  have
had  to  be  ranked  as  varieties,  of  but  secondary  value  zoologically.
In  the  Linnsean  list  of  Foraminifera  (see  our  paper  in  the  Ann.
Nat.  Hist.  3  ser.  vol.  iii.  p.  474,  &c.)  there  are  several  typical
forms,  which  attracted  the  attention  of  the  older  naturalists;
but  in  the  work  before  us  we  have  a  fine,  though  incomplete,
series  of  large,  well-grown,  specific  types,  which  have  been  the
source  of  numerous  quasi-generic  and  pseudo-specific  distinc-
tions  in  the  works  of  later  authors.  These  writers  have  been
guided  by  the  false  analogy  of  Molluscan  types,  which,  however,
have  nothing  in  common  with  Rhizopodous  shells,  except  simi-
larity  of  form,  or  isomorphism  ;  and  it  was  not  until  naturalists
recognized  the  really  low  grade  of  the  Foraminifera  }  as  demon-
strated  by  Dujardin  (1835)  with  respect  to  several  of  their  forms,
that  their  classification  was  seen  to  be  dependent  upon  a  wide
range  of  variation  within  specific  limits,  such  as  one  again  finds
only  in  the  lower  members  of  the  vegetable  kingdom.

Fichtel  and  Moll,  in  their  Preface,  give  a  rapid  glance  at  what
had  been  already  effected  in  the  working  out  of  the  Foraminifera,
and  express  their  dissatisfaction  with  the  result.  The  micro-
scopical  Nautiloid  shells  chosen  by  them  for  description  are  not,
as  a  whole,  illustrative  of  any  particular  fauna;  but  most  of
them  are  Mediterranean  forms,  either  recent,  or  fossil  from  de-
posits  belonging  to  the  Mediterranean  area,  namely  Tuscany
and,  in  a  few  instances,  the  Austro-  Hungarian  district.  The
remainder  were  derived  from  the  Red  Sea.

As  the  specimens  selected  for  illustration  represent  only  one
section  or  "  genus,"  in  the  nomenclature  used  by  these  authors,

*  Ann.  Nat.  Hist.  ser.  3.  vol.  iv.  p.  333,  &c.
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namely  that  which  they  termed  "Nautilus,"  and  as  they  in-
tended  to  have  figured  and  described  (had  the  work  paid  its
expenses)  others  of  the  sections  proposed  by  them  to  constitute
their  genera  "  Hammonium,"  "  Lituus,"  and  "  Orthoeeras,"  a
more  complete  illustration  of  the  Mediterranean  fauna,  with
specimens  from  other  localities,  would  probably  have  been  made,
had  their  work  been  completed.

Impressed  with  the  difficulty  of  defining  species,  these  authors
appear  to  have  seized  upon  certain  well-marked  and,  as  a  rule,
large  forms  for  description  ;  and  in  some  degree  they  were  evi-
dently  led  towards  a  conception  of  the  true  characters  of  a
Pihizopodous  species,  as  far  as  the  Cristellarian  forms  are  con-
cerned  ;  still  they  were  so  far  trammelled  with  the  notion  of  the
Cephalopodous  nature  of  these  little  shells,  that  they  left  the
subject  almost  as  they  found  it,  except  having  put  forward
the  important  recognition  of  the  often  doubtful  value  of  mere
surface-marking  and  of  outline  in  the  characterization  of  the
species.  Their  careful  descriptions,  however,  and  their  well-
drawn  and  neatly  coloured  figures  mark  an  epoch  in  the  biblio-
graphical  history  of  Foraminifera.  Montagu,  in  our  own  country,
at  the  same  period  was  also  bestowing  care  and  taste  on  the  de-
scription  and  figuring  of  these  little  shells  ;  but  his  work  had
not  reached  Vienna.

In  the  following  Table  we  have  arranged,  according  to  their
relations,  the  Rhizopodous  shells  figured  and  described  by  Fichtel
and  Moll  ;  and  we  may  remark  here,  as  we  have  elsewhere,  that
it  is  not  to  confuse  the  student  that  we  so  freely  group  together
under  a  few  specific  names  the  varieties  that  have  received  so
many  distinctive  appellations,  but  to  assist  in  the  elucidation  of
the  exact  relationship  of  the  several  forms  ;  so  that,  instead  of
separate  and  unintelligible  atoms,  to  be  classed  only  according
to  their  shape  and  size,  the  Foraminifera  may  be  ultimately  seen
to  fall  into  natural  groups  intimately  related  and  at  once  carry-
ing  their  meaning,  physiologically  and  zoologically,  to  the  edu-
cated  eye.  We  have  many  collaborators  in  this  pleasing  task,  at
home  and  abroad,  some  strong  in  long  experience  of  these  pro-
tean  animalcules,  some  powerful  with  the  microscope  to  unravel
their  tissue,  some  bringing  a  rich  knowledge  of  other  forms  of
life  to  the  work.  We  gladly  contribute  the  result  of  our
own  gatherings  in  these  several  branches  of  research,  and  firmly
believe  that  ultimately,  with  conscientious  labour,  and  free  ex-
pression  of  independent  opinions,  the  Rhizopodists  will  arrive  at
the  hoped-for  result  of  placing  these  Microzoa  on  as  good  a  basis
of  classification  as  that  on  which  many  of  the  higher  groups  of
animals  now  rest.  We  may  repeat,  too,  that  the  varietal  names
already  established  are  not  by  any  means  thrown  aside  by  us  in



100 Messrs.  W.  K.  Parker  and  T.  R.  Jones  <m  the

.g
]>"  f'l

PHg,  <

1
S3

=3

-g
iS

.>
1
s

w

Li

!

sl
s-c

g  -g  *  ,

if  1  -B-OiS

G

'

g

..

I
2  ?  ?
5  1,2

d-^
I^'I^IS

ifllilg

*n*gg|

i->
&

.a

*i.
*-l3

PLAADD

i^Jl'l^

V3
O

|
"I

:  'i-i  *  ~  <s  ^^

O Q

&%  dSriSgg
S*ii35s'S|

sg  r  f!  iz
uO  j  HtfQ  |  I  PM  I  pnO

S
J4

^.sl|
i^o
5 g

I
I <3

c ̂01 c^



Nomenclature  of  the  Foraminifera.  101

general  use,  unless  they  are  in  duplicate,  or  otherwise  quite
unnecessary  ;  but  that  these,  and  as  many  more  as  it  may  be
requisite  to  propose,  must  be  used  in  descriptions  and  compari-
sons  their  really  slight  zoological  value  being  always  kept  in
mind.

1.  Nautilus  asterizans.  Page  37,  pi.  3.  figs.  e-h.  "  Recent  :
Zoophytic  concretions  *,  Mediterranean."  This  is  a  Nonionina,
small,  many-chambered,  and  Nautiloid  ;  it  has  a  slight  umbili-
cus,  around  which  an  exogenous  growth  of  shell-matter  radiates
along  the  concave  septal  lines  to  about  one-half  their  length.
It  inhabits  sandy  shores  and  estuaries,  and  is  common,  in  its
many  varieties,  both  in  the  fossil  and  the  recent  state.  This  is  one
of  the  typical  forms  of  Nonionina  (which,  after  all,  are  but  low
forms  of  Polystomella).  It  exhibits  the  chief  features  which  are
seen  in  different  degrees  of  development  in  other  related  forms.
Its  astral  limbation  is  a  feature  which  is  much  exaggerated  in
N.  limba,  D'Orb.  (Modeles,  No.  11),  and  curiously  modified  with
flaps  in  N.  stellifera,  D'Orb.  (Foram.  Canaries,  pi.  3.  figs.  1,  2).
The  figure  in  Soldani's  '  Testaceograph.'  referred  to  by  Fichtel
and  Moll  with  some  doubt,  as  equivalent  to  N.  asterizans,  is
clearly  not  related.

2.  Nautilus  incrassatus.  Page  38,  pi.  4.  figs.  a-c.  "  Recent  :
Portoferrajo,  Isle  of  Elba,  Mediterranean."  An  umbonate  va-
riety  of  Nonionina  asterizans  ;  it  has  deeply  sulcate  septal  lines,
and  is  more  rounded  at  its  periphery  than  the  foregoing,  from
which  also  it  generally  differs  in  having  a  closer  texture  with
finer  pores.  Many  of  the  forms  of  Nonionince  which  have  re-
ceived  specific  appellations  exhibit  considerable  variableness  in
the  size  of  the  perforations  of  their  shells.  N.  incrassata,  F.  &  M.,
and  N.  Scapha,  F.  &  M.,  have  usually  the  finest,  N.  granosa,
D'Orb.  and  N.  perforata,  D'Orb.,  the  coarsest  pores.

N.  incrassata  lives,  with  other  varieties  of  N.  asterizans,  in  the
shallow  waters  of  the  Mediterranean;  it  occurs  fossil  at  Grignon,
and  is  the  same  as  N.  Icevis,  D'Orb.  (Modeles,  No.  42),  fossil
from  Bordeaux.  The  umbo,  in  some  of  the  astral  forms,  is
represented  by  granules,  as  in  N.  tuberculata,  D'Orb.  (For.  Foss.
Vien.  pi.  5.  figs.  13,  14).

A  small  delicate  variety  of  N.  asterizans  (from  Cuxhaven),
intermediate  between  N.  depressula  and  N.  crassula  of  Walker,
is  accurately  figured,  with  the  colours  of  nature,  by  Prof.  Ehren-
berg,  in  the  (  Abhandl.  Akad.  Berlin,  1839'  (1841),  pi.  2,  figs.
1  a-\  g.  It  is  here  termed  "  N.  Germanica."

*  In  the  shelly  deposits  of  the  Mediterranean,  and  at  the  base  of  coral-
reefs,  we  find  such  concreted  masses  of  broken  shells,  Bryozoa,  Nullipores,
&c.,  as  are  here  doubtlessly  referred  to.
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3.  Nautilus  pompilioides.  Page  31,  pi.  2.  figs.  a-c.  "  Recent  :
zoophytic  concretions,  Mediterranean.  Fossil  :  Coroncina,  Tus-
cany."  A  small,  common,  Nautiloid  Nonionina.  Subglobose,
with  flush  cells,  which  are  not  so  numerous  as  in  N.  asterizans,
umbilicate,  smooth,  intermediate  as  to  the  size  of  its  perforations
between  N.  incrassata  and  N.  granosa.  This  is  one  of  the  sub-
globose  varieties  of  a  subspecies,  the  peculiar  features  of  which
are  best  represented  by  Nonionina  asterizans.  The  N.  umbilicata
of  D'Orbigny's  'Modeles'  (No.  86)  and  N.  Soldanii,  D  ;  0rb.
(Foram.  Foss.  Vienne,  pi.  5.  figs.  15,  16),  are  closely  related  va-
rieties.  The  N.  crassula,  Walker,  N.  depressula,  Walker,  and
N.  umbilicata  of  Montagu  (not  Walker),  are  also  nearly  allied,
but  they  are  thinner,  and  have  the  septal  joints  more  deeply
sunken.  N.  tuberculata,  N.  perforata,  N.  granosa,  N.  punctata,
N.  communiSj  and  N.  Boueana  (D'Orb.  For.  Foss.  Vien.  pi.  5)
are  forms  akin  to  N.  Soldanii,  and  present  varietal  conditions
of  outline,  of  ornament,  and  of  foramina  within  the  limits  of
specific  latitude.

A  r  .  pompilioides  is  very  common  fossil  in  the  Subapennine
clays,  and  recent  in  deep  water  (especially  at  from  100  to  500
fathoms)  in  the  Mediterranean  and  other  seas.

N.  pompilioides  bears  the  same  relation  to  N.  asterizans  that
Rotalia  Soldanii  does  to  R.  Beccarii,  being  a  thick  form  with
flush  cells,  which  in  shallow  water  become  more  outspread  with
gibbous  chambers.

The  following  references  to  Soldani's  figures  by  Fichtel  and
Moll,  for  this  species,  are  correct  :  Soldani,  Sagg.  Oritt.  p.  300,
pi.  2.  fig.  16  tt,  T  T,  V  V,  X  X.  ;  Testaceogr.  vol.  i.  p.  59,  pi.  46.
fig.  q  q.

4.  Nautilus  Scapha.  Page  105,  pi.  19.  figs.  d-f.  "Recent:
Adriatic  Sea."  This  is  an  oblong  variety  of  Nonionina  asterizans,
rapidly  increasing  in  the  size  of  its  chambers.  It  is  the  Nonio-
nina  communis,  D'Orb.  (For.  Foss.  Vien.  pi.  5.  figs.  7,  8).  This
variety  is  of  common  occurrence  in  all  seas,  and  also  in  the
Tertiary  deposits.

5.  Nautilus  Faba*.  Page  103,  pi.  19.  figs.  a-c.  "  Recent  :
sand  from  Rimini  and  other  parts  of  the  Adriatic  and  Medi-
terranean.  Fossil  :  Sienna,  Volterra,  and  near  S.  Quirico."
This  is  an  interesting  variety,  showing  the  first  trace  of  passage
between  Nonionina  and  Polystomella,  further  links  of  union
being  supplied  by  the  next-mentioned  variety  (P.  striatopunc-
tata),  of  which  this  may  be  said  to  be  an  oblong  form.  The
aperture  is  here  crossed  with  little  bars  ;  and  the  septal  lines
also  are  bridged  over  in  some  specimens  ;  both  of  which  features

*  This  form  is  not  related  to  the  figures  referred  to  in  the  works  of
Soldani  and  Plancus.
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are  carried  to  greater  extent  in  the  following  varieties.  This
variety  is  not  common  ;  our  best  specimens  are  from  the  Arctic
Seas.

6.  Nautilus  striatopunctatus.  Page  61,  pi.  9.  figs.  a-c.
"  Recent  :  Red  Sea*."  A  smooth  round-edged  Nonionine  shell,
variable  in  its  thickness  and  in  the  number  of  bridges  over  the
septal  spaces.  Its  aperture  varies  from  the  simple  cross-slit  to
the  cribriform  plate.  Here  the  Nonionine  character  is  merged
in  that  of  Polystomella,  the  septal  lines  being  more  or  less  regu-
larly  bridged  over,  though  often  so  minutely  as  to  escape  casual
observation.  When  more  developed,  these  bridgings  of  the
septal  lines  produce  not  only  linear  pits,  but  sometimes  a  double
row  of  septal  galleries.  In  the  P.  gibba  of  Schultze  the  septal
bridges  are  well  developed,  and  a  further  growth  of  exogenous
matter  takes  place  over  the  whole  shell,  in  the  form  of  elegant
sinuous  patches  of  transparent  calcareous  granulations.  A  still
greater  modification  of  the  surface  obtains  in  Polystomella  crispa
and  its  allies,  presently  to  be  noticed.

P.  striatopunctata  sometimes  has  the  simple  crescentic  aper-
ture  of  Nonionina  ;  but  this  is  often  subdivided  by  calcareous
bars,  and  so  becomes  the  cribriform  septal  plane  of  Polystomella.
It  may  be  either  umbilicate  or  umbonate  ;  and  the  umbo  may
be  granulated,  and  so  afford  a  gradation  into  Nonionina  granosa,
D'Orb.

Polystomella,  indeed,  is  but  a  more  complex  form  of  Nonio-
nina.  They  belong  to  one  generic  group  ;  and  indeed  we  seem
to  have  but  one,  or  at  most  two,  species  here.  Some  of  the
Nonionina  (of  the  N.  spharoides  type)  are  probably  of  a  different
specific  group.  As  two  subspecies,  the  Nonionina  asterizans  and
Polystomella  crispa  may  be  retained  in  nomenclature  with  advan-
tage  N.  asterizans  being  the  central  form  of  one,  and  P.  crispa
that  of  the  other;  but  Polystomella  is  the  true  leading  form.

Nonionina  striatopunctata  occurs  in  shore-sand  nearly  every-
where,  especially  in  the  Arctic  Seas,  where  it  attains  its  greatest
size,  and  is  accompanied  by  N.  Faba,  N.  Scapha,  and  N.  stelli-

fera.  It  is  found  fossil  in  the  Upper  Tertiaries.
Ehrenberg  has  well  figured,  with  natural  colours,  some  living

specimens  of  N.  striatopunctata  (under  the  name  of  Geoponus
Stella-borealis),  from  Cuxhaven,  in  the  (  Abhandl.  Akad.  Berlin,
1839'  (1841),  pi.  1.  figs.  a-g.

7.  Nautilus  ambiguus.  Page  62,  pi.  9.  figs.  d-f.  "  Recent  :
Red  Seaf."  This  is  a  somewhat  flat  Polystomella,  slightly
umbonate,  with  the  septal  spaces  open,  rendering  the  chambers

*  In  sand  obtained  from  large  shells,  and  given  to  the  authors  by
Spengler.

t  In  sea-sand  from  shells,  given  by  Spengler.
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somewhat  vesicular  and  the  outline  crenulate.  It  approaches
near  to  the  typical  P.  crispa,  and  is  a  common  variety.  D'Or-
bigny  has  figured  a  similar  form  under  the  name  of  P.  Listen
(For.  Foss.  Vien.  pi.  6.  figs.  19-22).

8.  Nautilus  macellus  (two  varieties).  Page  66,  var.  a.  pi.  10.
figs,  e-g;  var.  /3.  pi.  10.  figs.  hk.  "  Recent  :  Zoophytic  concre-
tions,  Mediterranean."  Var.  a  is  a  sub-complanate,  slightly
unsymmetrical  Polystomella  :  the  unequal  development  of  the
two  faces  is  an  interesting  feature.  Var.  /3  is  symmetrical,  not
quite  so  flat  as  var.  a,  and  is  lobated  in  its  outline  by  a  periodical
irregularity  of  growth,  peculiar  perhaps  to  the  individual.  Both
of  these  are  thin  varieties  of  Polystomella  crispa.

D'Orbigny  has  recognized  the  similarity  of  his  P.  Fichteliana
(For.  Foss.  Vien.  p.  125,  pi.  6.  figs.  7,  8)  to  P.  macella,*  simi-
larity  too  close,  in  our  opinion,  to  allow  of  any  distinction.

P.  macella,  when  plano-convex,  would  be  equivalent  to  the
Faujasina  carinata,  D'Orb.  (For.  Foss.  Vien.  p.  194,  pi.  21.
figs.  29-31)  from  the  chalk  of  Maestricht.

This  variety  and  other  flat  Polystomella  are  very  common  in
the  shallow  waters  of  the  Mediterranean  and  the  tropical  seas,
and  have  been  washed  into  the  sands  from  the  sea-weeds  to
which  they  have  been  attached  by  their  flattest  surface.  This
face  often  shows  the  whole  coil  of  the  spire,  as  in  Faujasina
carinata,  D'Orb.

A  large  symmetrical  urnbonate  variety,  near  to  P.  macella,
var.  a,  occurs  in  great  abundance  in  some  of  the  Subapennine
and  other  Tertiary  sands  and  clays.

Polystomella  macella  is  more  unsymmetrical  than  any  Oper-
culine  variety  of  Nummulite,  but  not  so  much  so  as  is  the  rule
in  Amphistigma  vulgaris  (-=A.  gibba]  :  in  the  latter  the  aperture
is  a  large  slit  nearly  all  on  the  more  bulging  side  ;  whilst  in
Polystomella  macella,  when  most  twisted  in  its  growth,  the  sep-
tal  plane  and  aperture  are  but  little  affected,  indeed  scarcely
more  so  than  in  the  unequally  gibbous  Operculina.  Both  the
symmetrical  and  unsymmetrical  Nautiloid  Foraminifers  delight
in  complanate  varieties  ;  and  these  are  often  the  more  irregular
in  their  growth  because  of  their  weak  and  starved  condition.

The  peculiar  twist  acquired  by  the  complanate  Polystomella  is
equalled  by  that  in  the  Australian  Vertebralina,  both  discoidal
and  crozier-shaped,  which,  although  showing  just  the  same
kinds  of  variation  as  they  are  wont  to  do  in  other  parts  of  the
world  (and  in  fossil  deposits),  yet  have,  one  and  all,  their  mouth
turned  more  or  less  to  one  side  ;  and  in  the  very  flat  discoidal
varieties  the  shells  are  often  saddle-shaped.

Polystomella,  in  its  very  small  and  simple  varieties,  as  well  as
its  very  large  and  complex  forms,  and  also  in  its  often  prickly
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and  occasionally  strongly  spinous  varieties,  has  a  peculiar  and
interesting  parallelism  with  Rot  alia  Beccarii.

9.  Nautilus  strigilatus  (two  varieties).  Page  49,  var.  .  pi.  5,
figs.  c-e\  var.  @.  pi.  5.  figs./,  g.  "Recent  :  Poville,  near  Novi,
Austrian  shore  of  the  Adriatic."  Var.  a  is  a  somewhat  flattened
P.  crispa,  with  a  small  urnbo,  which,  however,  is  relatively  larger
than  in  the  foregoing  varieties.  Var.  {$  is  a  rowelled  condition
of  the  same,  and  is  the  P.  aculeata,  D'Orb.  (For.  Foss.  Vien.
pi.  6.  figs.  27,  28).  Both  are  common  shallow-  water  forms.
Fichtel  and  Moll  refer  correctly  to  Soldani,  Testaceogr.  vol.  i.
p.  54,  pi.  34.  fig.  1,  for  this  form.

10.  Nautilus  crispus.  Page  40,  pi.  4.  figs.  d-f.  "  Recent  :
Adriatic.  Fossil  :  Etruria."  The  references  to  Plancus  and  Sol-
dani  for  figures  of  this  species  are  correct  :  Plancus,  Conch.
p.  10,  pi.  1.  fig.  2  ;  Soldani,  Sagg.  Orit.  p.  100,  pi.  2.  fig.  17  Y  z  ;
Testaceogr.  vol.  i.  p.  54,  pi.  33.  fig.  F,  and  pi.  34.  figs.  G,  H.
This  is  the  typical  Polystomella  crispa,  LinnaBus,  being  an  inter-
mediate  state  of  development  between  that  of  the  thin,  flat,  de-
pauperated  P.  macella  and  the  very  thick,  largely  umbonate,
and  frequently  gigantic  P.  craticulata.  It  is  of  world-wide  dis-
tribution,  and  occurs  fossil  in  the  Tertiaries.  Its  relationship
to  Nonionina  is  alluded  to  at  pages  101  &  103.

11.  Nautilus  craticulatus.  Page  51,  pi.  5.  figs.  h-k.  "Recent:
Red  Sea.  From  sea-sand  in  large  shells  :  given  by  Spengler."

This  is  the  form  of  Polystomella  which  attains  a  very  large
size  among  the  coral-reefs  of  Fiji,  Red  Sea,  Australia,  and  New
Zealand,  also  at  the  Canaries  and  the  Philippines.  In  the  figure
referred  to  the  umbo  is  drawn  large,  but  frequently  we  have  met
with  massive  individuals,  from  the  Australian  reefs,  having  this
central  exogenous  growth  extending  over  nearly  the  whole  of
the  shell,  small  patches  only  of  the  septal  structure  appearing
here  and  there  towards  the  margin.  Indeed,  this  masking  of
the  surface  has  been  erroneously  regarded  by  some  as  charac-
teristic  of  a  specific  difference.  Not  only  in  this  large  Polysto-
mellous  species,  but  in  many  specific  groups  of  Foraminifers,
superficial  shelly  matter  may  either  be  wanting  or  be  developed
to  any  extent,  without  proving  essential  distinctness.

It  occurs  fossil  in  the  Miocene  Tertiary  beds  of  San  Domingo.
12.  Nautilus  radiatus.  Page  58,  pi.  8.  figs.  a-d.  "  Recent  :

Red  Sea/'  In  sea-sand  from  the  interior  of  shells  in  Spengler's
collection.

This  is  a  small,  smooth,  lenticular  Nummulina,  about  1  line
in  diameter  ;  marked  with  twenty-four  radiating,  translucent,
septal  lines,  slightly  sinuous,  with  an  open  sigmoid  flexure,
which  extends  from  the  periphery  to  the  umbonal  centre,  and  as
many  intermediate  short  parallel  septal  lines  towards  the  peri-
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pherical  margin.  These  indicate  altogether  nearly  fifty  chambers
in  the  outer  whorl,  the  lateral  lobes  of  which,  in  passing  towards
the  umbonal  centre,  interfere  with  each  other,  leaving  only  indi-
cations  of  half  as  many  elongate  triangular  sinuous  umbilical
lobes.

In  the  section,  fig.  c,  we  see  four  whorls  and  a  round  central
primordial  cell  ;  and  the  outer  whorl  has  seventeen  chambers,
narrow  from  back  to  front,  transversely  wide,  and  obliquely  set.

13.  Nautilus  venosus.  Page  59,  pi.  8.  figs.  e-h.  "  Recent  :
Red  Sea/'  From  shell-sand  sent  by  Spengler.

A  small,  smooth,  lenticular  Nummulina  (1  line  in  diameter),
marked  with  twelve  translucent,  sinuous,  radiating  septal  lines,
several  of  which  appear  to  bifurcate,  and  some  to  trifurcate,  at
their  peripheral  extremities.  These  may  indicate  seventeen
chambers  of  irregular  width,  the  umbilical  lobes  of  which  inter-
fere  with  each  other,  leaving  only  about  twelve  broad  triangular
lobes  on  the  surface,  with  small  intercalations.  In  the  section,
fig.  g,  three  and  a  half  whorls  and  a  central  cell  are  seen  ;  the
outer  whorl  is  here  figured  as  made  up  of  twelve  rhombical
chambers.

The  only  difference  between  Nummulina  venosa  and  N.  radiata
is  that  in  the  latter  the  chambers  are  relatively  larger  (twice  the
size),  the  segments  of  sarcode  produced  at  each  gemmation
having  been  thicker  from  back  to  front  than  in  the  former  shell.
The  angle  at  which  the  segments  are  set  on  is  the  same  in  the
two  shells,  and  the  lobes  or  flaps  laid  on  the  umbilical  surfaces
have  in  both  the  same  gentle  sinuous  form,  though  in  one  shell
they  are  of  half  the  size  that  they  are  in  the  other.  As  the
relative  size  of  the  segments  cannot  be  accepted  as  a  specific
distinction,  we  do  not  regard  these  two  Nummulina  as  belonging
to  separate  species.  Fichtel  and  Moll  themselves  had  some
hesitation  in  giving  them  two  names.

In  Prof.  Williamson's  Nummulina  planulata,  Monogr.  p.  37,
pi.  3.  figs.  76,  77,  we  have  a  similar  little  shell  (y^  -yV  ^  nc  ^  in
diameter),  with  straight  or  rather  wavy  radii:  the  umbilical
area  is  left  open  by  the  shortened  apices  of  the  lateral  lobes,  so
that  parts  of  the  former  whorls  are  visible,  a  condition  retro-
spective  of  some  Operculinte.  Prof.  Williamson  had  his  speci-
mens  from  Portsmouth  and  Scarborough  ;  and  he  refers  it  cor-
rectly  to  the  N.  planulata  of  Lamarck,  more  especially  to  the
biconvex  variety  known  as  N.  variolaria,  Lam.  We  have  no
doubt  of  this  belonging  to  the  same  species  as  the  two  varieties
above  mentioned,  although  the  curvature  of  the  septal  lines  is
modified  in  some  of  the  later  chambers,  and  though  there  is  an
umbilical  deficiency  of  shell  -matter.  From  Hund  Island,  in
Davis  Strait,  we  have  some  small,  delicate,  recent  Nummulina
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(dredged  by  Dr.  P.  C.  Sutherland,  at  25  to  30  fathoms)  of  the
same  type  as  the  above,  presenting  sinuous  radial  lines  of  the
same  pattern  as  those  in  N.  radiata.  Recent  Nummulina  of
larger  size  than  any  of  the  foregoing  (about  ^  inch  in  dia*
meter)  are  abundant  along  the  Australian  coral-reefs  at  from
10  to  20  fathoms,  as  shown  by  dredgings  brought  from  Australia
by  Mr.  Jukes.  These  show  radiating  septal  lines  of  a  similar
sigmoidal  pattern,  and  thus  closely  resemble  D'Orbigny's  Num*
mulina  radiata*  (For.  Foss.  Vien.  p.  115;  pL  5.  figs.  23,  24).
This  Viennese  Nummulite  D'Orbigny  has  referred  to  Fichtel
and  Moll's  Num.  lenticular  is,  var.  8,  but,  we  believe,  erroneously,
as  far  as  varietal  relationship  is  concerned.  The  Australian
NummulincB  just  mentioned  freely  pass  into  Operculince,  of  a
rather  larger  growth;  by  the  gradual  loss  of  the  triangular  over-
lying  flaps  of  sarcode,  gradations  being  thus  made  between
such  a  form  as  that  above  quoted  from  Williamson's  '  Mono-
graph/  through  innumerable  and  gentle  stages,  into  flat  out-
spread  Operculina  and  Assilina,  exposing  their  bare  whorls.  In
these  Australian  dredgings  the  individuals  are  excessively  nu-
merous,  in  an  almost  purely  calcareous  mud,  constituting  in  some
instances  upwards  of  fifty  per  cent,  of  the  deposit.  These
Foraminifers  are  accompanied  by  a  great  variety  of  Orbito!ites  t
Alveolina,  Polystomella,  Milioke,  Rotalia,  &c.,  mostly  of  large
size.  This  fauna  is  strikingly  a  counterpart  of  the  Calcaire
grossier.

14.  Nautilus  Mamilla.  Page  53  3  pi.  6,  figs.  a-d>  "  Fossil  :
Brunn  near  Steinfeld,  Neusiedler  See,  Margareth,  Maria  Loretto,
Kroisbach,  and  other  places  in  Lower  Austria  and  on  the  con-
fines  of  Hungary."

A  smooth  lenticular  Nummulite  (1|  line  in  diameter),  with
thin  edges  and  a  raised  umbonal  centre  on  each  face.  In  fig.  c
5J  whorls  are  shown,  with  24  oblique  chambers  in  the  outer
whorl  ;  the  central  cell  is  small.

Vicomte  d'Archiac  and  M.  J.  Haime,  in  their  '  Monographic
des  Nummulites  '  (contained  in  their  '  Description  des  Animaux
Fossiles  du  Groupe  Nummulitique  de  1'Inde/  4to,  Paris,  1853),
express  an  opinion  that  "  Nautilus  Mamilla  '*  is  probably  Num-
mulina  Ramondi,  Defr*,  var.  d  (Monogr.  p.  129,  pi.  7.  figs.  13-
17)  :  this  may  be,  though  the  evidence  is  not  very  clear.

15.  Nautilus  lenticularis*  Five  varieties;  p.  55.  "Fossil:
Klausenberg  in  Transylvania.

Var.  a,  pi.  6.  figs.  e-h.  A  small,  smooth,  thickly  lenticular

*  MM.  d'Archiac  and  Haime  pass  over  this  Nummulite,  suggesting
that  it  may  be  an  Amphistegina  (Monogr.  p.  160).  It  is,  however,  a  true
Nummulite  in  all  its  characters.  We  do  not  know  of  any  bilaterally  sym-
metrical  Amphistegina.

8*
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Nummulite,  2  lines  in  diameter.  The  section,  fig.  g,  shows
three  whorls  and  a  large  central  chamber;  eighteen  chambers
in  the  outer  whorl.  The  chambers,  as  to  their  relative  size  and
setting-on,  are  like  those  of  N.  Mamilla.

By  MM.  d'Archiac  and  Haime  N.  lenticularis,  var.  a,  is
recognized  as  a  species,  and  renamed  N.  Tchihatchejfi,  Monogr.
p.  98,  pi.  1  .  fig.  9.

Var.  /J,  pi.  7.  figs,  a,  b.  A  small  lenticular  Nummulite,
2  lines  in  diameter,  covered  with  closely-set  granules  ;  on  the
figure  about  thirteen  granules  lie  in  a  row  along  the  diameter  of
the  shell.

According  to  MM.  d'Archiac  and  Haime,  this  is  N.  Lucasana,
Defr.,  var.  ,  Monogr.  p.  125,  pi.  7.  fig.  7.

Var.  7,  pi.  7.  figs.  c-f.  A  small,  smooth,  lenticular  Nummulite
(3J  lines  in  diameter),  more  convex  on  one  face  than  on  the
other.  In  the  section,  fig.  e,  6|  whorls  are  seen,  with  the  central
cell  large,  and  thirty-six  chambers  in  the  outer  whorl  (thirty-
two  on  the  fifth,  and  about  the  same  number  in  the  third  whorl);
chambers  very  like  those  of  N.  Mamilla  and  N.  lenticularis,  var.  a,
but  more  numerous.

MM.  d'Archiac  and  Haime  refer  this  to  N.  Molli,  d'Arch.,
Monogr.  p.  102,  pi.  4.  fig.  13.

Var.  S,  pi.  7.  fig.  g.  A  small  lenticular  Nummulite,  3|  lines
in  diameter,  marked  with  twenty-four  more  or  less  curved  or
sinuous  striae,  radiating  from  the  periphery  towards  the  centre
of  the  face,  but  leaving  a  small  clear  umbonal  area.

M.  D'Orbigny  collates  this  variety  as  identical  with  his
N.  radiata,  For.  Foss.  Vien.  p.  115;  but  we  cannot  coincide  in
this  determination,  though  these  varieties  may  belong  to  one
species.  According  to  MM.  d'Archiac  and  Haime,  this  is  N.
Biaritzensis,  d'Archiac,  Monogr.  p.  131,  pi.  8.  figs.  4-6.

Var.  ,  pi.  7.  fig.  h.  A  small  lenticular  Nummulite,  3|  lines
in  diameter,  resembling  var.  S,  excepting  that  the  interspaces
between  the  radial  lines  are  occupied  with  granules,  mostly  in
single  rows  of  from  4  to  7,  but  sometimes  in  double  series
towards  the  periphery.

This  is  N.  perforata  (Montf.),  D'Orb.,  and  accepted  under
that  name  by  MM.  d'Archiac  and  Haime,  Monogr.  p.  115,  pi.  6.
figs.  1-12.

These  figures  of  five  varieties  of  Nummulites,  though  boldly
drawn  and  apparently  with  care,  give  us  but  little  exact  evidence
of  the  real  relationships  of  the  originals.  We  have  quoted  the
determinations  arrived  at  by  MM.  d'Archiac  and  Haime,  after
considerable  research  ;  but,  even  with  the  aid  of  their  pains-
taking  and  minute  descriptions  and  their  numerous  and  faithful
drawings,  we  cannot  readily  follow  them  to  their  conclusions.
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Nummulina,  like  other  Foraminifera,  take  such  licence  in  their
mode  of  growth,  in  the  relative  size  and  setting-on  of  the  segments
and  their  alar  lobes,  and  in  the  exaggeration  of  the  exposed
septal  lines  and  pillars  by  the,  as  it  were,  capricious  growth  of
shell-matter,  that  it  is  difficult,  even  with  the  best-  grown  of
these  giants  of  the  family,  to  determine  where  anything  like
specific  limits  can  be  marked  out.

It  appears  to  us  that,  in  its  style  of  growth,  Nummulina  is
related  to  Operctdina,  so  closely,  indeed,  that,  like  Assilina,
the  latter  sinks  to  the  low  grade  of  a  subvarietal  condition,  there
being  no  strict  boundary  between  it  and  Nummulina,  as  we  find
abundantly  proved  by  both  recent  and  fossil  specimens.  Just
so  Nonionina  loses  itself  in  Polystomella.

The  hundreds  of  indifferently  described  Nummulitic  forms  to
be  found  in  geological  works  were  in  1853  reduced  to  order  by
the  combined  labours  of  M.  le  Vicomte  d'Archiac  and  M.  Jules
Haime,  and  arranged  as  fifty-two  species,  grouped  in  six  sections,

namely,  1.  Nummulinse  Iseves  aut  sublseves;  2.  Reticulate;
3.  Subreticulatse  ;  4.  Punctulatse;  5.  Plicate  vel  striatse  ;  6.  Ex-
planatse  (septa  et  spira  plus  minusve  prominentes),  Nos.  15
forming  the  division  characterized  by  "cloisons  embrassantes,
plus  ou  moins  inclinees  et  arquees,"  No.  6  being  a  division  by
itself,  with  "  cloisons  non  embrassantes  et  presque  droites."

The  group  No.  1  ,  "  Iseves,"  have  the  alar  or  umbilical  lobes
attenuate  (corresponding  to  the  smallness  of  the  segments)  and
extremely  sinuous,  "filets  cloisonaires  simples,  tres-sinueux."
This  is  the  chief  characteristic  of  the  large,  flat,  smooth  Num-
mulites  forming  the  group,  of  which  N.  complanata,  Lamarck,
is  the  type.  We  should  have  preferred  the  term  "  sinuatse  "
or  "  complanatse"  for  the  group.  Groups  No.  2  and  No.  3,
"  reticulate  "  and  *'  subreticulatse,"  are  characterized  by  the
inosculation  of  the  "filets  cloisonaires"  or  alar  lobes  of  sarcode
proceeding  laterally  from  the  segments;  they  are  so  closely
related,  that  we  may  regard  them  as  one  group,  characterized  by
the  net-like  arrangement  of  the  inosculating  lobes,  "reseau
cloisonaire,"  and  typified  by  N.  lavigata,  Lam.  The  "punc-
tulatse  "  of  group  No.  4  are,  we  believe,  artificially  brought  to-
gether  :  they  belong  part  to  group  1  and  part  to  group  5,  and
in  some  cases  have  very  close  relations  with  groups  2  and  3.
The  feature  referred  to  as  characteristic  in  group  No.  4  is  the
granulation  of  the  surface  ;  and,  owing  apparently  to  the  strange
mistake  of  the  authors  (formerly  made  also  by  Dr.  Carpenter  in
his  Memoir  on  Nummulites  in  the  Quart.  Journ.  Geol.  Soc.
vol.  vi.*)  in  regarding  the  subcrystalline  columns  seen  in  sections
of  Nummulites  (that  is,  the  septal  walls  and  pillars)  as  calcareous

*  Corrected  by  him  in  Phil.  Trans,  vol.  exlvi.  p.  558,  note.
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infillings  of  funnel-shaped  holes  or  pores,  the  nature  of  these
granulations  was  misunderstood  by  MM.  d'Archiac  and  Haime.
In  a  Nummulite  of  any  of  the  groups  the  septal  lines  exposed
on  the  surfaces  may  be  thickened,  built  up,  or  exaggerated  by
ridges  or  granules  of  hyaline  shell-substance  permeated  with
tortuous  passages  part  of  the  so-called  "  vascular  system  "  of
the  shell  ;  and  these  exogenous  granules  need  not  be  confined  to
the  septal  lines,  but  may  be  planted  in  the  interspaces,  as  in  Am-
phistegina  and  other  cognate  forms,  and  will  thus  stand  as  lines
and  pillars  of  division  to  the  alar  lobes  as  the  new  segments  are
successively  added.  This  is  markedly  the  case  in  N.  scabra,
Lam.,  the  granulated  variety  of  N.  l&mgata,  and  indeed  in  nu-
merous  instances  among  Nummulince  and  their  allies.  In  many
Nummulites  the  granulate  surface  may  be  found  at  one  period
of  growth,  and  the  smooth  at  another  ;  for,  if  a  new  segment  or
segments  have  been  lately  added,  the  surface  will  be  far  smoother
than  in  the  stage  when  the  external  increase  of  the  septal  lines
and  pillars  only  is  going  on.

The  group  No.  5,  e<  plicatse  vel  striatse,"  contains  a  great  many
varieties  characterized  by  a  simple  radiate  arrangement  of  the
alar  lobes,  which  are  usually  elongate  triangular,  straight  or
slightly  curved,  either  falciform  or  sigmoid.  These  Nummulites
are  usually  small,  and  are  well  typified  by  Num.  planulata,
Lamk.  We  should  have  preferred  the  term  "  radiate  "  for  this
group.

No.  6  is  the  Assiline  group  ("  explanatse"),  in  which  the  whole
pf  the  spire  is  apparent  from  the  want  of  the  alar  lobes.  Assi~
lino,  however,  like  Operculina,  passes  by  insensible  gradations
into  Nuifimulina,  by  the  varying  development  of  the  lateral  lobes
or  flaps,

There  are  individual  specimens  that  tend  to  show  a  linking
together  of  the  *'  sinuate,"  "  reticulate,"  and  "  radiate"  groups  ;
but  for  the  present  we  propose  to  regard  these  as  three  specific
groups,  headed  respectively  by  Nummulina  complanata,  N.  Icevi-
yata,  and  N.  planulatfl.  The  Assiline  forms  are  probably  related
as  varieties  to  the  "  radiate  "  and  "  sinuate  "  groups.

Having  said  thus  much  respecting  the  Nummulites  generally,
we  return  to  FichteJ  and  MolPs  illustrations,  with  the  following
remarks  :

N.  Mantilla  and  N.  lenticular  is  ,  var.  a,  do  not  present
any  indication  of  the  superficial  lobes  ;  but,  from  the  style  of
their  chambers,  they  probably  belong  to  the  "  radiate"  group,
and,  for  what  we  can  see,  are  of  the  same  species,  the  relative
amount  of  convexity  not  being  essentially  distinctive.

N.  lenticularis,  var.  /3,  may  be  the  N,  Lucasana  (of  the  "  ra-
diate"  group),  as  stated  by  MM.  d'Archiac  and  Haime,  but  is
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quite  as  like  some  of  the  granulate  varieties  of  the  "  sinuate  "

group.
N.  lenticularis,  var.  7,  is  referred  by  MM.  d'Archiac  and  Haime

to  the  "reticulate"  group,  probably  with  justice,  and  to  a  new
species.  Nevertheless  it  much  resembles  their  figures  of  N.
Tchihatcheffi  in  every  respect.

JV.  lenticularis,  var.  S,  is  decidedly  a  "radiate"  form,  resem-
bling  N.  Ramondi,  N.  Guettardi,  N.  striata,  and  others,  even  more
than  N.  Biaritzensis,  to  which  MM.  d'Archiac  and  Haime  refer
it.  The  differences,  however,  are  merely  varietal.

N.  lenticularis,  var.  e,  is  far  more  like  N.  Rouaulti  and  N.  Lu-
casana  (of  the  "radiate"  group)  than  N.  perforata  (of  the
"sinuate"  group).

N.  radiata,  N.  venosa,  and  their  allies  above  described,  are
simple  forms  of  the  "  radiate"  group.

Nummulina,  essentially  symmetrical  in  all  its  varieties,  is  con-
nected  with  the  truly  unsymmetrical  species  of  Nautiloid  Fora-
minifers  by  the  unequal-sided  Amphistegina,  small  varieties  of
which  have  a  striking  isomorphism  with  the  Asterigerine  varie-
ties  of  Rotalia  Beccarii  for  instance,  the  Asterigerina  lobata  and
A.  carinata  of  D'Orbigny  ;  but  the  Rotalian  forms  seldom  hide
their  primordial  cell  in  their  successive  folds,  whilst  this  habit
is  constant  in  Amphistegina,  however  distorted  it  may  become  :
thus  this  species  never  exposes  its  spire  on  both  sides,  like
Operculina,  nor  on  one  side,  as  in  Polystomella  macella  and  the
Rotalia.  Heterostegina  (a  flattish  Nummulitoid  species  with
subdivided  chambers)  is  in  external  form  rather  more  like  some
Operculina,  with  the  earlier  portion  lenticular,  and  with  thin
marginal  chambers*,  than  an  Amphistegina  ;  and  it  bears  the
same  relation  to  Operculina  that  Orbiculina  does  to  Penero-
plis  ;  whilst  Cycloclypeus,  a  species  next  beyond  Heterostegina  in
development,  is  in  this  respect  analogous  to  Orbitolites.  See  also
Dr.  Carpenter,  Phil.  Trans.  1856,  vol.  cxlvi.  p.  565.

16.  Nautilus  Calcar.  Page  69.  Twelve  varieties.  Five  varie-
ties  (a-e)  :  "  Recent  :  Rimini  shore,  Adriatic.  Fossil  :  Coroncina,
near  Sienna."

Var.  a.  PI.  11.  figs.  a-c.  Keeled,  rowelled,  ribbed,  and  um-

*  The  form  here  referred  to,  with  its  gently  biconvex  centre  and  thin
edge,  is  the  Amphistegina  Cumingii  of  Dr.  Carpenter,  so  fully  described
and  illustrated  in  his  last  Monograph  (read  before  the  Royal  Society,
June  17,  1858,  and  published  in  the  Phil.  Trans,  for  1859).  We  cannot
agree  with  this  talented  author  in  placing  this  somewhat  feebly  developed
Nummulme  form  in  the  genus  Amphistegina.  For  our  own  part,  we  can-
not,  on  any  good  physiological  grounds,  separate  it  from  Operculina  com-
planata,  on  the  one  hand,  or  Nummulina  planulata,  on  the  other,  which
latter  we  regard  as  the  parental  form  of  both.
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bonate.  A  thick,  well-developed  CristeUaria  Calcar  :  typieal.
See  Annals  N.  H.  2  ser.  vol.  xix.  p.  290;  and  ibid.  3  ser.  vol.  iii.
p.  476.

Var.  yS.  PI.  11.  figs.  d-f.  ("  Plancus,  Conch,  p.  85,  pi.  1.
fig.  12,  STV,  and  fig.  13^,  Z  ;  Soldani,  Sagg.  Orit.  pi.  1.  fig.  ff,G,
Testaceogr.  vol.  i.  pi.  33.  fig.  B.")  Keeled,  ribbed,  and  umbo-
nate.  CristeUaria  cultrata  of  authors  :  a  common  well-developed
variety.

Var.  7.  PL  11.  figs.  g-h.  Keeled,  rowelled,  bead-ribbed,  and
umbonate.

Var.  8.  PI.  11.  figs.  i-k.  Keeled,  rowelled,  and  bead-ribbed.
7  and  8  are  varieties  of  C.  Calcar  ornamented  with  granulated
septal  lines.

Var.  e.  PI.  12.  figs.  a-c.  ("Soldani,  Sagg.  oritt.  p.  98,  pi.  1.
fig.  6  J  ;  Testaceogr.  vol.  i.  pi.  59.  figs,  q  q,  r  r.")  Keeled,
ro  welled,  with  irregular  spikes,  ribbed,  umbonate  ;  surface  gra-
nulate  and  chambers  narrow.  A  fine  variety  of  C.  Calcar,  with
narrow  falciform  chambers.

Var.  f.  PL  12.  figs.  d-f.  "Fossil:  Ripalta,  near  S.  Quirico,
in  the  Sienese."  Keeled,  ribbed,  umbonate  ;  last  few  chambers
distorted.  C.  cultrata  :  a  modified  individual.

Three  varieties  (ni).  "Recent:  Adriatic  and  Mediterranean.
Fossil:  Coroncina."  Var.  77.  PL  12.  figs,  g,  li.  ("Plancus,
Conch,  p.  12,  pi.  1.  fig.  3  H.")  Keelless,  ribbed,  umbonate.
The  most  common  variety  of  C.  Calcar  in  its  less-developed
state.  The  same  as  C.  rutulata,  Robulina  simplex,  &c.

Var.  0.  PL  12.  figs,  i,  k.  Keelless,  slightly  rowelled,  ribbed,
and  umbonate.  Like  the  last,  but  rowelled.

Var.  i.  PL  13.  figs,  a,  b.  Keeled,  slightly  rowelled,  bead-
ribbed,  the  granulate  septal  lines  meeting  at  the  umbo.  An
ornamented  variety  like  vars.  7  and  S,  but  smaller.

Var.  K.  PL  13.  figs,  c,  d.  "Recent:  Mediterranean."  Keel
slight,  with  some  teeth  ;  ribs  faint  ;  no  umbo  ;  chambers  nar-
row.  A  variety  of  C.  Calcar,  faintly  developed  as  to  its  several
features.

Var.  X.  PL  13.  figs.  e-g.  "Fossil:  Coroncina."  Slightly
keeled,  faintly  ribbed,  umbonate  ;  chambers  large.  A  variety  of
C.  Calcar,  with  large-sized  chambers.

Var.  IJL.  PL  13.  figs,  h,  i  (k,  /,  section).  "  Recent  :  Mediter-
ranean.  Fossil  :  Coroncina."  Sharply  rowelled,  faintly  ribbed,
largely  umbonate.  The  exogenous  shell-substance  in  this  va-
riety  of  C.  Calcar  forms  long  sharp  keel-teeth,  and  a  large
umbo.

CristeUaria  Calcar,,  of  a  symmetrical  but  limited  growth,
occurs  early  in  the  Secondary  deposits,  and  is  often  abundant  in
the  clays  of  the  Upper  Trias,  Lias,  Oolites,  Gault,  and  Chalk.
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In  the  Tertiaries  it  is  also  abundant,  and  frequently  attains  a
larger  size,  and  puts  on  a  bolder  form  of  growth.  In  the  recent
state  it  is  world-wide,  localities  for  large  specimens  being  the
Canaries,  Mediterranean  (especially  the  Adriatic),  Norway  coast,
and  the  Abrolhos  Bank.  Bailey  has  figured  it  of  a  large  size
from  the  coasts  of  the  United  States.

17.  Nautilus  papillosus.  Page  82,  pi.  14.  figs.  ac.  "  Recent  :
Adriatic/'  An  elegant  variety  of  Cristellaria  Calcar,  with  a
small  keel  and  beaded  septal  lines.  It  is  thick,  and  has  many
chambers.

18.  Nautilus  Vortex.  Page  33,  pi.  2.  figs,  d-i.  "  Soldani,
Sagg.  Oritt.  p.  99,  pi.  1.  fig.  12  ;  Testaceogr.  vol.  i.  p.  66,  pi.  59.
fig.  /  t"  "  Fossil  :  Coroncina."  This  is  a  keelless,  thick  va-
riety  of  Cristellaria  Calcar  ;  it  has  very  narrow  and  much-curved
chambers,  the  septal  lines  taking  a  long,  curved  sweep  to  reach
the  margin.  There  are  many  gradual  intermediate  forms  be-
tween  this  and  the  type.  It  is  not  unfrequent  in  clays  of  the
Mediterranean,  at  about  the  depth  of  90  fathoms  ;  and  it  occurs
fossil  in  the  Tertiary  clays  of  Tuscany,  Vienna,  and  Malaga.

D'Orbigny  has  given  two  figures  of  this  variety  :  that  of  his
Robulina  orbicularis,  Annales  Sc.  Nat.  vol.  vii.  p.  288,  No.  2.
pi.  6.  figs.  8,  9  ;  and  that  of  his  R.  Imperatoria,  For.  Foss.  Vien.
p.  104,  pi.  5.  figs.  5,  6.  The  former  differs  from  Cristellaria
Vortex  in  having  a  slight  keel,  in  not  being  quite  so  thick,
and  in  being  somewhat  umbonate.  R.  Imperatoria,  having  the
same  amount  of  keel  as  R.  orbicularis,  is  less  gibbous,  but  more
distinctly  umbonate  than  the  latter.  These  slight  and  almost
insensible  degrees  of  modification  render  the  three  shells  here
referred  to  notable  examples  of  the  gradual  passage  so  often
recognizable  between  varietal  forms  of  species.  The  roundness
and  plumpness  of  Cristellaria  Vortex  is  modified  to  the  lenticular
and  comparatively  lean  C.  Imperatoria,  having  markedly  con-
tracted  chambers  (the  narrowest  of  any  Cristellaria)  and  a  pout-
ing  aperture,  which  is  lost  in  the  greater  fulness  of  the  chambers
of  C.  Vortex  and  C.  orbicularis.  Full-sized  and  entire-keeled
specimens  of  C.  Vortex,  supplying  still  further  intermedia,  are
figured  by  Soldani.

19.  Nautilus  costatus.  Page  47,  pi.  4.  figs,  g,  h.  "  Recent  :
Mediterranean,  Coast  of  Africa."  A  Cristellaria,  more  or  less
keeled  ;  the  keel  is  somewhat  toothed  ;  the  septal  lines  are  raised
or  limbate,  a  character  which,  however,  is  absent  in  D'Orbigny's
figured  specimen  of  a  similar  variety  from  the  Tertiary  beds  of
Vienna  (Robulina  Ariminensis,  For.  Foss.  Vien.  pi.  4.  figs.  8,  9)  ;
the  chamber-walls  are  regularly  marked  with  numerous  ribs  at
right  angles  to  the  septal  lines.  In  this  variety  of  C.  Calcar
(which  is  not  of  common  occurrence,  but  sometimes  met  with  in
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deposits  rich  in  Cristellaria)  we  have  the  link  with  the  Margi-
nuline  variety  of  Nodosaria  Raphanus,  especially  in  the  Viennese
specimen,  which  is  narrow  -chambered,  pinched,  and  umbilicate,
like  the  crozier-part  of  a  Marginulina.  This  linking  is  not  only
shown  by  the  form,  the  aperture,  and  the  general  structure  of
the  shell,  but  markedly  in  the  style  of  ornament.  The  orna-
mentation  of  ribs  is  highly  characteristic  of  the  Nodosarine
group.  In  Nodosaria  the  riblets  are  often  fully  and  symmetri-
cally  developed;  in  some  Marginulinae  the  rib  on  the  convex
border  surpasses  its  fellows;  in  Cristellaria  it  is  often  the  only
remnant  of  these  ribs  ;  but  in  some  varieties,  as  in  Robulina
echinatu,  D'Orb.,  R.  ornata,  D'Orb.,  and  especially  in  R.  Arimi-
nensis  and  FichtePs  Nautilus  costatus,  the  rib-ornament  still
bears  evidence  of  the  relationship  mutually  borne  by  these
diversely  modified  forms.  Hence  one  of  the  grounds  for  the
foundation  of  the  comprehensive  genus  Nodosarina*,  intended
by  us  to  embrace  the  Nodosarice,  Cristellaria,  and  all  the  inter-
mediate  and  associated  varieties.  Indeed,  we  see  as  yet  no
essential  characters  in  this  protean  group  whereby  more  than
one  real  species  can  be  established,  although  we  have  examined
thousands  of  forms,  not  to  say  individuals,  from  the  Permian,
Triassic,  Liassic,  Oolitic,  Cretaceous,  and  Tertiary  deposits,  as
well  as  from  deep  and  shallow  seas  of  all  parts  of  the  world.

20.  Nautilus  acut-auricularis.  Page  102,  pi.  18.  figs.  g-i.
"  Recent  :  zoophytic  concretions,  Mediterranean."  A  sub-
globose  or  ovoid  Cristellaria,  with  numerous  smooth,  narrow,
flush  chambers,  slightly  keeled.  This  is  a  variety  intermediate
between  C.  Calcar  and  Defrance's  Saracenaria  Italica.  It  is
also  nearly  related  to  C.  arcuata,  D'Orb.  (For.  Foss.  Vien.  pi.  3.
figs.  34-36).  This  appears  to  be  a  rather  rare  and  small  form.
Fichtel  and  MolPs  reference  to  Soldani,  Testaceogr.  vol.  i.  p.  61,
pi.  49.  fig.  x  y  for  this  form,  is  correct.

21.  Nautilus  Crepidula.  Page  107,  pi.  19.  figs.  #-z.  "Recent  :
Leghorn  coast."  A  delicate,  elongate,  Marginuline,  flattened
Cristellaria.  This  variety,  which  by  innumerable  Unkings  passes
into  C.  Calcar  ,  is  so  readily  modified  by  external  conditions  as
perhaps  not  to  be  represented  by  any  two  perfectly  similar  indi-
viduals.  D'Orbigny's  C.  cymboides  (For.  Foss.  Vien.  pi.  3.  figs.
30,  31)  is  almost  an  exact  counterpart  of  Fichters  figure;  but
in  the  former  the  coil  is  more  open.  C.  compressa,  D'Orb.  (loc.
cit.  figs.  32,  33),  and  C.  lanceolata,  D'Orb.  (/.  c.  figs.  41,  42),  as
well  as  Montfort's  "Astacole  crepidule,"  which  is  Blainville's
and  Defrance's  "  Crepiduline  astacole  "  (Diet.  Sc.  nat.  pi.  19.
fig.  8),  are  similar  attenuate,  but  keeled,  varieties  of  Cristellaria
Calcar.

*  Annals,  1869,  iii.  p.  477.



Nomenclature  of  the  Forarninifera.  315

CristeUaria  Crepidula  runs  insensibly  into  C.  Cassis  on  one
hand,  and  on  the  other  into  the  Planularian  section  of  the  Va-
ginulirwe.  It  is  common  wherever  Cristellaria  are  abundant,
whether  in  the  fossil  or  recent  state.  The  specimen  figured  by
Soldani  (Testaceogr.  vol.  i.  p.  64,  pi.  58.  fig.  b  b)  is  very  similar,
to  N.  Crepidula,  as  Fichtel  and  Moll  supposed.

22.  Nautilus  Cassis.  Page  95.  Five  varieties.  "  Fossil  :
Coroncina."

a.  PL  17.  figs.  a-d.  Plancus,  Conch,  p.  120,  pi.  1.  fig.  11  Q  R.
13.  PL  17.  figs.  e-ff.  Soldani,  Oritt.  p.  97,  pi.  1.  fig.  1  A  B  C.
7.  PL  17.  figs.  A,  t-
8.  PL  17.  figs.  *,  /.  Soldani,  Testaceogr.  vol.  i.  p.  63,  pi.  55.

fig.  A.
e.  PL  18.  figs.  a-c.

We  have  here  some  modifications  of  a  varietal  form  of  Cris-
tellaria,  discoidal  and  foliaceous,  apt  to  be  ornamented  by  clear
granules  at  the  centre  and  along  the  septal  lines,  and  to  expand
itself  into  a  broad  and  serrate  keel.

Individuals  of  this  variety  are  often  pre-eminent  among
CristeUaria  for  their  size  and  elegance.  Their  sinuous  and,  as
it  were,  loosely-set  chambers,  their  flatness,  and  the  irregular
position  of  the  aperture,  remove  them  but  a  little  way  from  the
typical  C.  Calcar.  In  the  var.  e  the  aperture  is  so  nearly  central
that  the  chambers  grow  saddle-shaped,  and  present  us  with  the
essential  characteristic  of  Flabellina.  Hence  the  removal  of
another  supposed  "  generic  "  limit,  nay,  of  a  "  specific  "
boundary.

Cristellaria  of  this  shape  and  size  occur  in  the  Italian
Subapennine  Tertiaries,  and  also  at  Malaga  in  Spain.  Indivi-
duals  of  smaller  growth  abound  in  some  Secondary  and  Tertiary
deposits,  and  also  in  recent  seas.  In  the  muds  dredged  off  the
Abrolhos  Bank,  in  about  30  fathoms  water*,  we  have  similar
Cristellaria,  almost  rivalling  the  Subapennine  specimens.

Besides  the  references  to  Soldani  and  Plancus  above  noted,
Fichtel  and  Moll  refer  with  justice  to  Soldani  (Testaceogr.  vol.  i.
p.  63,  pi.  55.  figs.  A-G,  and  pi.  56.  figs.  H-N)  for  figures  of
various  forms  of  CristeUaria  Cassis.

23.  Nautilus  Galea.  Page  100,  pi.  18.  figs.  d-f.  "  Fossil  :
Coroncina."  This  is  a  fine,  outspread,  extremely  flattened,
smooth,  and  broad-keeled  CristeUaria  Cassis,  with  very  widely
transverse  chambers,  the  inner  extremities  of  which  stretch  be-
yond  the  spire.  In  this  feature  we  have  an  interesting  isomor-
phism,  if  we  may  so  term  it,  with  other  and  not  related  generic
forms.  This  individual,  with  its  attempt  at  cycloid  growth,  re-
minds  us  of  the  Peneroplis  planatus,  in  its  broadest  forms,  out-

*  By  Capt.  Richards,  H.M.S.  <  Plumper.'
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grown  from  their  short,  thick,  Dendritine  type;  and  also  of  that
peculiar  variety  of  Vertebralina  striata  in  which  the  later  cham-
bers  curve  round  and  embrace  the  earlier  spiral  portion  (Renu-
lites  opercularis)  ;  nor  is  the  mode  of  growth  essentially  different
in  Orbiculina,  which  shows  this  tendency  in  0.  adunca  and  its
varieties,  and  becomes  perfectly  cyclical  in  some  individuals,  a
feature  which  is  the  typical  character  in  Orbitolites.

[To  be  continued.]

XI.  Note  on  the  Comparative  Size  of  Marine  Mollusca  in  various
Latitudes  of  the  European  Seas.  By  R.  M'  ANDREW,  F.R.S.

IN  the  '  Natural  History  of  the  European  Seas,'  by  the  late
Prof.  Edward  Forbes,  edited  and  continued  by  Mr.  Godwin  -
Austen,  I  meet  with  the  following  passage,  treating  of  the
shells  of  Piedmont  :  "  '  It  is  remarkable/  says  Mr.  Jeffreys,
'that  examples  of  the  same  species  are  smaller  than  those  found
in  the  British  seas  :  Tellina  balaustina,  Jeffreysia  diaphana,  and
Rissoa  pulcherrima  are  instances  of  this/  The  diminution  in
size  which  is  to  be  observed  with  respect  to  many  other  species,
such  as  Corbula  nucleus,  when  traced  from  north  to  south,  is  the
more  remarkable  because  the  converse  does  not  take  place  as
to  southern  forms  in  their  range  north.  Haliotis  tuberculata,
which  extends  through  the  whole  Lusitanian  zone,  is  larger  at
Guernsey,  which  is  the  extreme  northern  limit,  than  elsewhere.
Ringicula  auriculata  and  Mactra  rugosa  are  larger  in  Vigo  Bay
than  in  the  Mediterranean,  though  at  Vigo  they  are  both  out-
liers  ;  and  Tellina  balaustina,  which  has  its  numerical  maximum
in  the  Mediterranean,  is  largest  about  the  Hebrides."

I  do  not  question  the  correctness  of  Mr.  Jeffreys^  remark
applied  to  the  shells  collected  by  him  on  the  coast  of  Piedmont  ;
but  to  infer  from  it,  and  from  the  other  instances  cited  by
Mr.  Austen,  that  Mollusca  generally,  or  any  large  proportion  of
them,  whether  belonging  to  northern  or  southern  latitudes,
increase  in  size  as  they  advance  northward,  and  none  in  a
southerly  direction,  is  a  grave  error,  which  I  feel  called  upon  to
dissipate,  as  far  as  this  end  can  be  accomplished,  by  a  statement
of  the  results  of  my  own  experience  bearing  upon  the  point;
because,  in  order  to  advance  our  knowledge,  I  look  upon  it
as  more  essential  to  get  rid  of  existing  fallacies  than  even  to
establish  new  facts.

Corbula  nucleus  diminishes  in  size  when  traced  northward
as  well  as  southward  from  the  British  seas,  and  is  as  large
at  Lisbon,  or  even  at  Malaga,  as  upon  the  shores  of  North
Drontheim.
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