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ON F O R A M I N I F E R A
FROM

THE UPPER SENONIAN
OF SOUTH LIMBURG (MAESTRICHTIA!!)

TECHNICAL REMARKS
The F oram in ife ra  were s tud ied  w ith  a new  m ethod , described at first 

in m y paper  : The F oram in ife ra  of the  Malay Archipelago (V idensk  Medd. fra  
D ansk  na turh . Foren, Vol. 93, 1933, pp. 74-75). The m ethod  was perfection- 
na ted  in  the  fo llow ing  way.

Foram s were first laid in  b o i l ing  paraffine , m e l t in g -p o in t  58° C. The air 
in th is  way b e in g  rem oved , they are placed in  pa ra ff ine  on  a slide, and  especially 
w hen  one  is dea ling  w ith  sm all form s, g ro u n d  dow n on  a f ine cha lk  stone, 
used genera lly  for rasors. The stone is wet w ith  rh ic inus-o il.

W h e n  the pa rt  of the  shells w h ic h  one  w ants  to s tudy is reached , the  slide 
is heated  so th a t  the  paraffine  becomes once m ore  l iqu id . A second slide is 
b r o u g h t  on tem pera tu re ,  paraffine  is m elted  on  it, and  the  slide w ith  the  ob jec t  
is held upside dow n over it, so th a t  the  two drops of pa ra ff ine  reach  each o ther . 
The ob jec t  s inks dow n on the second slide in  the  now  w anted  position . Very 
beau tifu l  th in  slides are obtained in this way w ith  a m in im u m  of troub le .

W h e n  slides are w anted  w ith  filled-up canalsystem s o r  cham bers ,  the  slides 
are ob ta ined  in  the  same way, b u t  they are m ade  som ew hat th icker .  The slide 
then  is laid in a ba th  of acetic or chloric  acid, till all cha lk -m ater ia l  is solved. 
Even the  fossil m ateria l  of M aastricht showed very beau tifu l  p repara tions  in 
this way, so tha t  several unse tt led  questions could  be solved.

In  the case transverse  sections are w anted  f ro m  small objects , these shells 
are im bedded  in  the  usua l  way in a sm all vessel w ith  paraffine . T hen  the  
con ten ts  of the  vessel are cooled, and at the  place, w here  the shells are situated 
(very sm all shells m ay  be im bedded  lay ing  on  a sm all piece of chalk) a square  
of paraffine  is cu t  ou t.  This  piece of paraffine  is m o u n te d  on  a slide, one  of 
its sides dow n, and  the  ob jec t  g ro u n d  dow n in  the  usua l  way.
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DISCUSSION OF THE SPECIES OF FORAMINIFERA, 
OCCURRING IN THE UPPER SENONIAN CHALK 

OF MAESTRICHT.

In this paper  I deal w ith  the collection of F oram in ife ra ,  ga the red  at d iffe ren t 
localities of the  Senonian  layers of cha lk , f ro m  the  In s t i tu t  royal des Sciences 
na tu re lles  de Relgique. The collection was ga thered  by Rosquet, U bagiis, Nyst, 
Her d er en , Cornet , Malaise , th u s  also b e a r in g  a h is torica l value. T he  local­
ities were Saint P ie te rsberg  near  M aestricht, C anne, Sichen, Gronsveld , Bem elen, 
Keer, G eulhem , F au q u em o n t ,  Folx-les-Caves, Sch in  op Geul.

Many labels in the  tubes  w ith  m ateria l  were in  the  h a n d w r i t in g  of U bagiis.
New species found  up are the  fo llow ing  ones :

W ebbine lla  cretacea, Haplostiche trigona, Peneroplis  senoniensis .

Several species, mentioned by other authors, have been traced to be only forms or 
varieties of other species. These are the species :

Haplophramium æquale, being presumably nothing but the microspheric form of 
//. grande.

Robulus (or Lenticulina) multiseptus,  being the microspheric form of Rubidus 
rotulata. Lenticularia gibba, being one of the megalospheric forms of Robulus rotulata, 
w hile Cristellaria ovalis is presumably a synonym of the microspheric form of 
R. rotulata.

Marginulina ensis is nothing else than the microspheric form of Nodosaria monile, 
another Marginulina showed to be the microspheric form of N. vertebralis. The genus 
Dentalina was obliterated throughout, all specimens belonging to Nodosaria vertebralis 
and N. monile.

Lagena globosa must be the megalospheric first chamber of Nodosaria monile, while  
Lagena acuticosta is the first chamber of Nodosaria vertebralis, in case that these Lagenæ 
occur in the Maestrichtian layers.

Pseudopolymorphina digitata is nothing else than some Polymorphina  w ith  
reproduction-chamber; these forms also occur of several other Polymorphinæ. Other 
Polymorphina1 than those mentioned in my paper on the Polymorphida; from Maes­
tricht must fall away. Those are :

Pyrulina fusiformis, Guttulina roemeri, G. paalzowi, G . caudata, G. elliptica, 
G. bulloides, Globulina gravis, G. prisca, G. lacrima, G. porrecta.

Faujasina carinata does not exist; it is probable, that Bosquet described some form 
of Amphistegina fleuriausi under that name.

Operculina cretacea must be some form of Amphistegina fleuriausi, described fully 
in my paper on this subject. Quite the same is the case w ith Operculina complanata, 
described erroneously by V i s s e r  when dealing w ith Amphistegina fleuriausi.

Gümbelina globulosa must be one of the forms of Textularia faujasi.
Gyroidina depressa, G. nitida and G. globosa may be nothing but some forms of 

Truncatulina involuta; Rotalia hemispraerica and Rotalia involuta are forms of the same 
species, called here Truncatulina involuta.

Lepidorbitoides minor, Orbitoides apiculata and 0 .  media  belong to one species, 
Orbitoides faujasi.



FROM THE UPPER SENONIAN

Some species had to a lter  the ir  n am e , as investiga tion  found ou t th a t  they 
be long  to o th e r  genera  th an  was suggested  hy fo rm er  au tho rs .  This  was the  
case in  :

Textularia faujasi, formerly indicated as Gaudryina.
Robulus rotula , indicated as Lenticularia.
Pulvinulina binckhorsti and P. bosqueti, mentioned as Discorbis.
Truncatulina involuta , mentioned as Rotalia.
Nonion tuberculifera , described as Rotalia tuberculifera.
Baculogypsina calcitrapoides, described as Siderolites calcitrapoides, w hile S. I levi­

gata is only a variety of this species.
Lepidorbitoides minor  is a real Orbitoides.
Omphalocyclus macrojmra is a Sporadotrema.

LIST OF SPECIES OF FORAMINIFERA, 
OCCURING IN THE U PPER SENONIAN CHALK 

OF MAESTRICHT, ACCORDING TO THE COLLECTIONS 
OF THE INSTITUT ROYAL DES SCIENCES NATURELLES

DE BELGIQUE.

W e b b in e l la  cretacea  nov . spec. 
H a p lo p h r a g m iu m  g ra n d e  R eu ss. 
H a p lo p h r a g m iu m  irreg u la re  (R oem er). 
H a p lo s t ich e  tr igona  n o v . spec.
T e x tu la r ia  c o n u lu s  R eu ss.
T e x tu la r ia  fa u ja s i  R eu ss.
G a u d r y in a  o x g c o n a  R eu ss.
G a u d r y in a  p u p o id e s  d’O rbigny.
B i lo c u l in a  f ra g i l is  H o fk e r .
Q u in q u e lo c u l in a  r e t i c u lo s t r ia ta  Cushm an. 
M ilio la  tr icar ina ta  d’O rbicny.
P o ly p h r a g m a  cr ibrosa  (R eu ss).
/ lo b u lu s  ro tu la  Lam arck.
M a rg in u l in a  b a c i l lu m  (R f.uss).
Nodosar ia  ver teb ra l is  B atsc h .
N odosar ia  m o n i l e  v. Hagenovv.
N odosar ia  f i l i fo r m i s  R eu ss.
P y r u l in a  c y l in d ro id e s  (R oem er).
P y r u l in a  fu s i fo r m i s  (R oem er).
S ig m o id e l la  e le g a n t i s s im a  (B a rk e r  e t Jones). 
P s e u d o p o ly m o r p h in a  so ld a n i i  (d’O rbigny).

P s e u d o p o ly m o r p h in a  leo p o l i ta n a  (R eu ss). 
G u t tu l in a  p ro b le m a  (d 'O rbigny).
G u t tu l in a  t r ig o n u la  (R eu ss).
G lobulina  g ib b a  d’Orbigny.
G lobu l ina  r o tu n d a ta  (Bornemann). 
G lobul ina  m y r i s t i fo r m i s  W illiam so n . 
U vig er in a  w es tp h a l ic a  F ranke .
B o l iv in a  tegu la ta  R eu ss.
T u rr isp ir i l l in a  cretacea  (R eu ss). 
P u lv in u l in a  b in c k h o r s t i  (R euss). 
P u lv i n u l i n a  bosq u e t i  (R eu ss). 
T r u n c a tu l in a  in v o lu ta  R eu ss.
N o n io n  tu b ercu l i fe ra  (R euss). 
A m p h i s t e g in a  f le u r ia u s i  d’O rbigny. 
B a c u lo g y p s in a  ca lc i trapoides  (Lam arck). 
C y m b a lo p o ra  ra d ia ta  v. Hagenow. 
A l lo m o r p h in a  t r ig o n a  (R euss).
M in ia c in a  m i n u t u m  (Chapman).
P en ero p l is  s e n o n ien s is  nov . spec. 
O rbito ides fa u ja s i  D efrance 
S p o ra d o tre m a  m a c ro p o ra  (Lam arck).
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W ebbinella cretacea nov. spec.
This  species occurred  in  the  m ate ria l  in  5 specim ens, all a ttached to 

Bryozoic stems. The h a lf -g lobu lar  shell consists of fine calcarious m ateria l,  
w i thou t  pores, and  form s l ine  sto lon-shaped  p r o t ru d in g  o u tg ro w th s  at its base 
a lo n g  the surface of the  body , on  w h ich  it is a ttached . Between these fine 
o u tg ro w th s  very n a rro w  open ings  are found .

Since it is always probab le , th a t  all these fo rm s, connected w ith  W ebbine lla ,  
are n o th in g  else th a n  cysts of o th e r  Foram inifera ,  th e  e s tab l ish ing  of a species 
in  these g roups  is always som ew hat doubtfu l .

It is possible th a t  W ebb ine lla  subhem isphcerica  F r a n c k e , 1936 (Foram . 
d. deu tsch . Lias, Geol. L andesanstalt ,  A bh.,  1936) is identica l w ith  o u r  species.

H aplophragm ium  grande R e u s s .

Haplophragmium grande =  11. aequale R e u s s , A. E . ,  1860, Die Foram. d. westphäl.  
Kreide. (Sitz. ber. d. kais. Akad. d. W iss., W ien, 1860, vol. XL, p. 218, pi. 15, fig. 27.)

Test w ith  sm ooth  surface, cy lindrica l.  Som e specim ens som ew hat  c lub- 
shaped, o thers  sho rt  and b lu n t .  A perture  a s ing le  o p e n in g  in  the  cen tre  of 
the  en d  of the  shell, w i thou t  neck.

Two fo rm s could easily be d is t ingu ished , the  one  b lu n t,  short,  the  o ther  
m ore  slender  and  c lub-shaped . In bo th  the  shell is s ligh tly  segm en ta ted  by 
th e  su tu res  of the  last-form ed cham bers .

W alls  always consis t ing  of fine, closely cem en ted  m ateria l,  and  ra th e r  th in .

1. Short,  stou t fo rm . This fo rm  seems to be the  Aa-forin, as the  p ro loculus  
is relatively large. It is followed by a set of spira lly  a rra n g e d  ch am b ers ,  w ith

Fig. 1. — W e b b in e l la  cre tacea  n . sp.
T h re e  sp ec im en s , sh o w in g  th e ir  a tta c h m e n t  on  B ry o zo ic  stem s . x20.
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relatively th ick  walls, m ostly  5 in  n u m b e r .  Afterwards th ree  o r  four  un iseria l  
c h a m b e rs  are added. A perture  a te rm ina l  oval o p e n ing . Aa-form.

2. S lender form . F irst c h a m b e r  sm all, followed by an  irregu la rly  a rran g ed  
set of cham bers ,  m ore  o r  less coiled up . These cham bers  are followed by 5 or

F ig. 2. — H a p l o p h r a g m iu m  g ra n d e  R eu ss.

A-D : f o r m a  A2.
A : sid e -v iew : B : a p e r tu ra l  face ; C : id em ; D : lo n g itu d in a l  sec tio n . xiO.

E-H : f o r m a  A,.
E  : lo n g itu d in a l  sec tio n ; F  : a p e r tu ra l  face ; G : sc h e m a tic  sec tio n ;

H : s id e-v iew , x 40.

6 uniseria l ones, m ost of w h ich  are s im ple , h u t  in a du lt  fo rm s they m ay become 
som ew hat lab y r in th ic  in  shape. W alls  always sm ooth  exterially . A j-form.

3. The m ic ro spher ic  form  was not found  up  in  the  m ateria l,  b u t  it would 
no t be as ton ish ing , w hen  later  investiga tions  would show  th a t  the fo rm , h i th e r to  
know n as H a p lo p h ra g m iu m  æquale  Reuss from  the M aestrich tian  chalk  is 
m ic rospher ic  and then  th is  fo rm  is the  m ic rospher ic  genera tion  of H aplophrag­
m i u m  grande.
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H aplophragm ium  irregulare R euss.

R e u s s , A. E., 1860, Die Foram. d. wegtphäl. Kreide. (Sitz. ber. d. kais. Akad. d. W iss.,
W ien, i860, vol. XL, p. 219, pi. 10, fig. 9; pi. 11 fig. 1.)

Three  form s occur in the  m ate ria l  :

F o rm a  R. —  Test coiled in  the  early  stage, cons is t ing  of two coils of 
lab y r in th ic  cham bers ,  followed by a set of 5 to 8 un iseria l  ones. These ch a m b e rs  
are nearly  c ircu la r  in transverse  section and  show no  lab y r in th ic  in n e r  s truc tu re .  
W alls th ick , w ith  m a n y  large  chalk-partic les , surface i r re g u la r .  A perture  
m ostly  single , often  two o r  th ree  open in g s  in  the  cen tre  of the  face of the 
ch am b er .

F o rm a  Aí. —  Pro tocu lus  rela tively  sm all, followed by a very sho rt  spiral 
of cham bers .  These c h am b ers  are followed by an un ise r ia l  set of abou t  7 c h a m b ­
ers, m ost w ith  m ore  than  one apertu re .  C ham bers  no t lab y r in th ic .  The w hole 
shell abou t 1 %  m m , sligh tly  curved , c lub-shaped , the  coiled p a r t  no t d is t in g ­
u ishab le  f rom  the rest of the  shell.

F o rm a  Aa. —  Pro locu lus  larger, followed by one  o r  two irregu la rly  
a r ra n g e d  cham bers .  The rest of the  shell consists of a set of un ise r ia l  ch a m b e rs  
in  the  n u m b e r  of 9-11. Surface w ith  large  p ro tru d in g  cha lk -g ra in s .  Shell 
s tra ig h t  c lub  like o r  som ew hat cu rbed , b ro ad e n in g  tow ards the  end . Aperture  
one o r  m ore  open ings  betw een the san d g ra in s  on  the end-face of the  las tform ed 
ch am b er .

Haplostiche t r ig o n a  nov. spec.

Three  m egalospher ic  specim ens were found . They  show  the  features of 
the  genus  Haplostiche, b u t  the  shell is fla ttened , so th a t  the  section shows an 
oval form . The ch a m b e rs  have  very th ick  walls, coarsely c e m e n t in g  large 
g ra in s  of chalk . T he  ap e r tu re  is s ituated  at the  end of the  last form ed ch am b er ,  
an  i r re g u la r  oval o p e n in g .  C ham bers  covering  m ost  of the  surface of the  
fo rm er  ones, show ing  thus  one  of I he m ost typical charac te r is t ics  of the  genus . 
Su tures  n o t  d istinct.  As on ly  a m egalospher ic  fo rm  was found , the  real system atic  
place of the species rem ains  som ew hat  doub tfu l .  L eng th  of the  shell abou t 
2 m m .

This species shows som e resem blance w ith  II. com pressa  Seguenza , 1880 
(R. Aocad. Lincei Hal., 1880, Ser. 3, Vol. 6, p .  309).

S cuijfsma m en tio n s  it e rroneously  as F labe llam m ina  (Sciiijfsma, E., 1946, 
The F o ram in ife ra  f rom  th e  H erv ian  of Sou th  L im b u rg ,  Diss. Leiden, 1946). 
He com pared  his specim ens w ith  F abe llam m ina  compressa  (Bkissel) ,  b u t  m ade  
no sections, th u s  ig n o r in g  the  real s truc tu re  of the  shell. T here  is, however,
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F ig. 3. — H a p lo p h r a g m iu m  irreg u la re  R eu ss.

A : m ic ro sp h e r ic  fo rm ; B : f o r m a  A2; C : f o r m a  A,. x20. — 1) : a p e r tu ra l  
face  o f f o r m a  B; E : th e  sa m e , f o r m a  A2; F  : a p e r tu ra l  s lit;  
G : f o r m a  A.. x40. — H : en d  of f o r m a  A2, sh o w in g  so m e w h a t la b y r in ­
th ic  c h a m b e rs . x40. — J : sec tio n  th ro u g h  fo r m a  B; K : sec tio n  th ro u g h

f o r m a  A2. x40.
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some p robab il ity  as to the  m ic rospher ic  fo rm  be ing  F labelline  w ith  coiled first 
pa rt  of the  shell. In th a t  case the  species had  to be nam ed  Flabellina , b u t  than  
the  genus  would  show m egalospheric  fo rm s w ith o u t  any  trace of coil.

Fig. 4. — H a p lo s t ich e  tr igona  n . sp.
A, B : in d iv id u a l  f ro m  fa ce  a n d  side-v iew ; 

C :  a p e r tu r a l  fa ce ; D :  sec tio n . x40.

Textularia faujasi Reuss.

R e u s s , A. E., 1861, Foram. d. Kreidetuffs von Maastricht. (Sitz. ber. d. kais. Akad. d. 
W iss., W ien, vol. XLIV, 1861, p. 320, pi. 3, fig. 9.)

In a p re l im in a ry  note  on the  Textu larids  of the  Senonian  of M aestricht 
(N atuurh is to risch  M aandblad , Vol. 20, 1931, n° 5, p. 78) I m en tioned  a large  
T extu larid ,  w h ic h  I f igu red  also, h a v in g  only  at m y disposition  som e broken  
shells, lack in g  the  in itia l  part .  It show ed very m u c h  likeness w ith  Gaudryina  
subro tunda ta  Schwager  from  the  C aribbean  Sea, and  so I conc luded  it to be 
som e species of Gaudryina.
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I pointed out already, that a rem arkable d ifference betw een G. s u b r o tu n ­
data (G. f l in t i i  Cushman) and the fossil species consisted  in the m o u th ,  s ince in the  
recent species it form s a circular o p en in g ,  w h ile  the fossil form  show s a sp lit­
like o p e n in g  at the ventral base o f  the last-form ed cham ber.

I m en tioned  already in  th a t  paper  th a t  1 in ten d ed  to s tudy a la rg e r  m ateria l 
of the  species and  th a t  m ate ria l  was the  beau tifu l  collection of the  M useum of 
Brussels. Here I had to deal w ith  a collection of several h u n d red s  of specim ens, 
m ost of th e m  how ever b roken  too.

W m

Fig. 5. — T e x tu la r ia  fa u ja s i  R eu ss .
A, B : tw o  sh e lls , x ‘20. — C, D : sh e lls  f ille d  up  w ith  
p a ra f f in e ;  E : f i r s t  p a r t  o f a  sh e ll, sh o w in g  f i r s t  te x tu la r id e  
c h a m b e rs , sec tio n , x 40. — F  ; sh e ll sh o w in g  th e  slit-lik e  

a p e r tu re ,  x 40.

No ind iv idua ls  were fou n d  w ith  the in itia l  ch a m b e r ,  b u t  several of th em  
showed at any  way the  th ird  o r  fou rth  c h a m b e r  of the  shell. 'So it seems, th a t  
the  species is a long -l iv ing  one, in  w h ich  the  f irs t  ch a m b e rs  erode at later 
stages.

Not the  slightest ind ica tion  was found of a G aadryine  b e g in n in g  of the  shell, 
as is the  case in  Gaudryina subro tundata ,  and  therefo re  I m u s t  conclude , th a t  
this large  and  f req u en t  species of Textularia  is n o t  a G audryina  at all. For  in 
the  reg ion , in  w h ich  real G audry inœ  always show  the triseria l a r ra n g e m e n t  of 
the  cham bers ,  h e re  on ly  the  biserial a r ra n g e m e n t  was found .

As m odern  au tho rs  have  looked at th is  species as b e in g  the  Textularia  
(Gaudryina ) fau jas i  of R e u s s , I m en tioned  th is  species as Textularia  fau jasi  
R euss.
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D escription :

Shell large, u p  to 4 m m . C ham bers  in  la ter  parts  w ith  very d istinct 
su tu res , in fla ted , latest c h a m b e r  w ith  n a rro w  slit at the  base of the  ch am b er .  
The f irs t  sets of c ham bers  always corroded  an d  lack ing , la ter  c h a m b e rs  covered 
w ith  a layer of cha lk  g ra in s ,  so th a t  th e i r  su tu res  are ind is t inc t .  The m ateria l  
of the  shell consists of chalk -part ic les . The ch a m b e rs  are connected  w ith  
each o th e r  on ly  by the  sing le  fo ram ina , pores are  to ta lly  absent. In  lo n g i­
tud ina l  section the  ch a m b e rs  are low in th e  first po r t ion  of the  shell b u t  later  
they  becom e h ig h e r ,  th e i r  h ighes t  p a r t  situated tow ards the  m idd le  of the  shell. 
The o u te r  surface is coarsely g ranu la te .

As the  wall of o u r  species consists of ro u g h  calcareous m ate ria l,  an d  real 
Verneuilina  and  G audryina  a lways bu ild  th e i r  tests of fine sandg ra in s ,  always 
w ith  a large  a m o u n t  of iron  in  it (they show  a b ro w n  co lour w h ich  in  fossil 
m ate ria l,  even in M aestricht, rem a ins  in  the  cham berw alls )  th is  too is an  in d i­
cation th a t  o u r  species is no t at all a Gaudryina.

Marssonella oxycona (R eu ss)  .
Reuss, A. E., 1860, Foram. der westphäl. Kreide. (Sitz. ber. d. kais. Akad. d. W iss.,

W ien, p. 229, pi. 12, fig. 3.)

This species occurs very rare ly  in  the  M aestrich tian  cha lk . It was at m y 
d isposition  in  10 specim ens. All showed to be m egalospheric .

The shell is b u i l t  u p  by fine m ate ria l,  m ostly  consis t ing  of l ine  sandg ra in s  
w h ich  are cem ented  to g e th e r  by m eans  of a b ro w n ish  m ate ria l,  as is always the  
case in Gaudryina  and Verneuilina.  Most ind iv iduals  how ever were now 
coloured yellowish, on ly  in  sections the  in n e r  walls are still s ta ined b row n . The 
walls are th in  w h ich  is a charac te r is t ic  of Gaudryina.  The shell, w ith  a leng th  
of abou t  0,75 m m . ,  is typ ica lly  conical, w ith  a nearly  c ircu la r  a p e r tu ra l  face 
w hich  is flat w ith  sh a rp  edged m a rg in .  The ap e r tu re  is a n a rro w  slit at the  
in n e r  m a rg in  of the  last-form ed c h a m b e r ,  covered by a k ind of too th . The 
in itia l  c h a m b e r  is followed by two sets of triseria l sm all ch am b ers ,  followed 
by a series of biserial cham bers ,  th e  la t te r  flat an d  in te rca l la t ing . The conical 
shape and  the  sm ooth  surface of the  shells are the  m ost typical features, by 
w h ich  they  can be easily d is t ingu ished  f rom  Textularia  conu lus .  The  type 
specim en  at the  Geological Survey at H aarlem , H olland , shows, th a t  Schijfsma’s 
Textularia  turris  is n o th in g  else th a n  Marssonella oxycona ,  described here 
(Schijfsma, These 1946, pp. 31-32, PI. I, fig. 3) th o u g h  his f igure  does not 
suggest  so.
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Fig. 6. — M a rsso n e lla  o x y c o n a  (R eu ss).

A, B : to ta l  sh e lls ; C : a p e r tu r a l  face ; I) : sec tio n , 
m e d ia n ; E : sec tio n , m o re  ta n g e n t ia l;  F  : th re e  su c ­
cessiv e  se c tio n s  fro m  th e  in it ia l  end  of th e  sh e ll. x40.

cy

Fig. 7. — G a u d r y in a  p u p o id e s  d’O rbigny.
B : sh e lls , s id e-v iew ; C : a p e r tu ra l  face , D, E  : sec tio n s . x40.
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Gaudryina pupoides o ’Orbigny.  

d’Orbigny, A., 1840, Mém. de la Soc. géol. de France, IV, p. 44, pi. 4, fig. 22-24.

The species has been described by Cushman, J .  A., 1937 (M onogr. of the  fain. 
Valvulinidoe, Spec. puh i.  C u sh m an  L aboratory , n° 8, p. 77) u n d e r  the  nam e 
of Dorothia pupoides.  The  specim ens from  M aestricht how ever  show the real 
G audryina  characteris tics .

This  species, also ra re  in the  M aestrichtian  cha lk , was available  in abou t 
20 specim ens. Most of th em  show  the  b row n colour, typical for the  genus  
G audryina,  b u t  som e specim ens were of a m ore  yellow o u te r  co lour. The 
inw ard  walls show ed always the b row n  co lour  of the  c e m e n t in g  m ateria l.  The 
walls are sm oo th , cons is t ing  m ere ly  of fine sand-g ra ins ,  closely cem ented  
toge the r .  W alls  relatively th ick ,  th ick e r  th a n  in m ost recen t Gaudryinae.

The c h a m b e rs  of the  f irs t  sets are  n o t  visible from  w ith o u t  and  they  are 
followed m ostly  by th ree  rows of biserial ch a m b e rs ,  som ew hat  in fla ted , especially 
the  last form ed ones. Apertural face rounded , bu t the  h e ig h t  of it about 
1 %  tim es the  b read th .  A perture  a sm all and  narrow  slit at the in n e r  m arg in  
of the  last-form ed ch a m b e r ,  w i th o u t  tooth.

The lo n g itu d in a l  section shows only  two sets of triserial ch am b ers ,  fol­
lowed by 5 sets of biserial ones. W alls of the  c h a m b e r  th ick ,  especially the  
in n e r  ones, the  f ine  san d g ra in s  be ing  m ostly  lucid in the  da rk  b ro w n  cem en t.  
W alls  very ha rd ,  w hen  g ro u n d  dow n.

Miliolidae.
In the  cha lk  of Maestricht and s u r ro u n d in g  localities several species of 

M iliolida’ occur, b u t  always very rare ly . So it is d iff icu lt  to n am e  the  species, 
as m ost species o ccu r  on ly  in one  o r  two specim ens, th u s  the  b ionom ics  of these 
species can n o t  be s tud ied , an d  the g iv in g  of nam es  in this case is always som e­
w hat triv ia l. Yet, as no fo rm e r  au tho rs  m en tioned  any  Miliolids f rom  the chalk  
of M aestricht, the  discovery of several species of th e m  is of som e im por tance .

In a fo rm er  paper  1 described  the  only  species, w h ich  occurs  in som e a b u n ­
dance in the  m ateria l,  viz. the  rem a rk a b le  Biloculina  frag il is  Hofker (N a tuur­
historisch M aandblad , Jg .  16, 1927, pp. 173-176).

O ther  species, o c c u rr in g  in the Senonian  layers of M aastricht are :

1. Q uinquelocu lina  re ticu lo s tr ia ta  Cushman.

2. Triloculina  (Miliola) tricarinata  d’Orbigny .

3. Miliola spec.
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Nodosaria (M arginulina!) vertebralis ( B a t s c h ) .

In m y  paper  on the Nodosarice f rom  the  M aestrich tian  chalk  (N atuurh is­
torisch M aandblad , Nov. 1932) and  in  m y p aper  dea ling  w ith  the F oram in ife ra  
f rom  the  Key-Archipelago (Vidensk Medtl. fra D ansk  n a tu rh .  Foren , Bd. 93, 
1933) 1 described this species. In  the  recent m ateria l I found  the m icrospher ic  
fo rm , h a v in g  the shape  of a M arginulina .  In the  senonien  m ate ria l  in 1932 I 
was no t so successfull, as I could  not f ind  any  m icrospher ic  shell. But in the  
m ateria l  w ith  w hich  I am  dea ling  now , I found  up  three  specim ens s im ilar  
to those, found in the  Key-material. T hus  the  species is now  fully k now n . In 
m y report  in  1932 I gave the suggestion  th a t  the  m ic ro spher ic  fo rm  would  be 
identical w ith  M arginu lina  ph il ippens is  C u s h m a n , since in recen t m ateria l  this 
was the  case. I now  found th a t  a n a m e  had already been given to the  fossil 
fo rm  too, viz. M arginu lina  bac il lum  R e u s s .

So M. ph il ippens is  and M. bac il lum  are synonym s w ith  Nodosaria verte ­
bralis. I can give now a detailed descrip tion  of this m ost c o m m o n  species of 
the  Senon ian  of M aastricht.

Fo rm a  B. —  Sm all shells w ith  a len g th  up  to 1 %  m m . Shell com pressed, 
fo rm ed  by a coiled set of very small cham bers ,  followed by 7-8 uncoiled  ones. 
F irst  c h a m b e r  w ith  a d iam e te r  of 19 p.. The shell shows l ine  lo n g itu d in a l  costae 
character is t ic  of Nodosaria.

F o rm a  Aí. —  Shell m ost relatively sm all, f rom  1 %  to 5 m m , som ew hat 
d e n ta l in ifo rm , w ith  long  po in ted  end . The n u m b e r  of the  costae is relatively 
sm all, and  often poorly developed, g iv in g  rise to the  suggestion  of some au tho rs  
( R e u s s  f.i) to establish  a d iffe ren t genus , Dentalina proteus.  The su tu res  of the  
first c ham bers  in  m ost cases very ind is t inc t,  and  th e n  the costae ru n  s tra igh t  
a long  the  shell.

F o rm a  A2. —  Shell large, u p  to 10 m m . The p ro locu lar  end  m ostly 
rou n d ed ,  the first c h a m b e r  often w ith  a short  po in t.  Costae d is t inc t  and 
n u m ero u s ,  su tures very d istinct, c ham bers  in th is  way often infla ted . The 
shells are very variab le  as to the  localities they are found .

In  m y p aper  m en tioned  (1932) I dealt w ith  n o m en c la tu re .  Nodosaria Zippei, 
Dentalina acuta, D. multicostata , D. c o m m u n a ta  are synonym s w ith  Nodosaria  
vertebralis.

In m y  paper  on the F oram in ife ra  of the  A m m o n ta tu ra  (Pubbl. Stat. Zool. 
di Napoli, Vol. XII, 1932) 1 stated, dea ling  w ith  Nodosaria scalaris, th a t  the 
p ro loculi  of m egalospheric  fo rm s of the  A j-generation are form ed by b u i ld in g  
a c h a m b e r  ou t f ro m  the fo ram en  of an  ind iv idual.  T hus  a first c h a m b e r  of 
the  new genera tion  is form ed, w h ich  c h a m b e r  closely resem bles a Lagena costata.

2
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In my m ate ria l  1 fourni m a n y  y o u n g  specim ens of m egalospher ic  Nodosara 
vertebralis,  and  toge the r  w ith  th e m  some shells, w h ich  some au th o rs  have 
m en tioned  f rom  the ch a lk  of M aestricht as Lagena acuticosta  W i l l i a m s o n . Since 
the  costae do not d iffer  f rom  those of the y o u n g  doubtless  Nodosaria vertebralis, 
I a m  convinced  th a t  these shells are  n o th in g  b u t  first c h a m b e rs  of this species 
an d  n o t  Lagena acuticosta.

BA

,\

E

»

F

F ig . 8. — N odosar ia  v e r teb ra l is  (B a tsch ).
A-D : m ic ro sp h e r ic  g e n e ra tio n ;  A : s id e-v iew ;
B : v e n tra l  s id e ; C : a n o th e r  in d iv id u a l;
D ; sec tio n , x 40. — E , F  : f i r s t  c h a m b e rs  of 
m e g a lo sp h e r ic  sh e lls , k n o w n  a s  L a g e n a ;
G, H : y o u n g  m e g a lo sp h e r ic  sp e c im en s . x40.

In  the  sam e way I found  y o u n g  shells of Nodosaria m on ile ,  together  with 
Lagena globosa  (M ontagu); these also are m en tio n ed  by o th e r  au tho rs .  In  the 
sam e way 1 a m  convinced , th a t  these Lag enae are  n o th in g  else th a n  first c h am b ers  
of Nodosaria m onile .

« Species » as Lagena s im p le x  Reuss  always tu rn e d  o u t  to be genera tions  
and  y o u n g  of G lobulina ro tundata  o r  G. gibba. I am  convinced  th a t  real Lagena  
does not occur  in  the  M aestrichtian  layers.

Robulus rotula ( L a m a r c k ) .

This species is fairly co m m o n  in I lie m ateria l.  O ther  species m en tioned  
from  the  cha lk  of M aestricht are L. nuda  R euss and  L. spachholtz i  Reu ss . They 
show  such s ligh t  differences, th a t  I was no t able to separate  th e m  from  the  
com m on  fo rm , w hile  th e i r  em b ry o n ic  appa ra tu s  showed th em  to be n o th in g  else
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Fig. 9. — f ío b u lu s  ro tu la  (Lam arck).
A-F : m ic ro sp h e ric  fo rm , k n o w  a s  C. sp a c h h o l t z i  R e u s s ; A, B : sh e ll; C : sec tio n . x27. —
D, E :  sh e ll; F :  sec tio n . x27. — G-J : f o r m a  A„; G, H :  sh e ll; J :  sec tio n . x27. —
K -P : f o r m a  A,; K, L : sm a ll  in d iv id u a l;  M : sec tio n ’; N, O : la rg e r  sh e ll; F  : sec tio n . x27.

th an  the  three fo rm s of a single  species. The m ateria l  was not large  e n o u g h  to 
m ake  a statistic s tudy  as to th e ir  b e in g  th ree  d iffe ren t species o r  no t,  b u t  the  
fact, th a t  they are found in  the  sam e m ateria l,  th a t  th e ir  d ifferences are only  
very s ligh t and  th a t  th e ir  em b ry o n ic  d ifferences show the  characteris tics ,  due 
to t r im o rp h ism ,  ob liged  m e  to  th row  these th ree  species toge the r  in to  a single  
one, for w h ich  I chose the  m ore  com m on  fo rm , B. rotula  Lamarck.
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Ju s t  as I fou n d  for Cristellaria variabilis  Reuss (Pubb l.  Stat. d i Napoli, 
Vol. XII, 1932, pp . 116-117) an d  for Cristellaria costata  (Fichtel et Moll) 
(Vidensk m edd . fra D ansk . n a tu rh .  Foren , P. 93, 1933, pp. 116-118), forins 
w ith  small p ro toculus  beg in  w ith  a M arg inu line  coil, w hile  those w ith  large 
p ro toculus  show  the  real cristallirian  co il ing  of the  first cham bers .

In R. rotula  it is the  same, if one considers  the  th ree  m en t io n ed  « species » 
as the  th ree  form s of a single  species.

F o rm a  Ai. —  Pro tocu lus  w ith  d iam e te r  of abou t 200 p., followed by a 
s ing le  coil of cham bers ,  m ostly  7-9. F irst  ch a m b e rs  t r ia n g u la r ,  next ones 
b e c o m in g  trapezoid in shape. Sutures  of ch a m b e rs  fo rm in g  an ang le  of abou t 
45° back  w ith  the  wall of the  pro tocu lus. C ham bers  to ta lly  overlapp ing , 
th ickness  of shell %  of d iam ete r .  One specim en  was found w ith  9 ch a m b e rs  
in coil, b u t  h a v in g  totally 11 coiled cham bers .  D iam eter  of shell up to 1,4 m m .

F orm a  A2. —  Pro locu lus  very large, d iam e te r  260 p.. C ham bers  totally 
o v e r lapp ing , n u m b e r  of co il ing  ch a m b e rs  10, visible ch a m b e rs  9. Sutures  
sm oo th , shell w ith  edged m a rg in ,  th ickness  of shell 2 /5  of d iam eter ,  w hich  grow s 
u p  to 2 ,25 m m . Angle of cham berw a lls  w ith  surface of pro locu lus  abou t 60° 
backw ard , last fo rm ed  c h a m b e r  h ig h .  W alls  very th ick .

In bo th  fo rm s the ap e r tu re  shows the  n o rm a l  fo rm  of Robu lus ,  at the
m arg in a l  end  of the  c h a m b e r ;  no  ape r tu ra l  ch am berle t ,  charac te r is t ic  for the 
genus  Lenticularis .

F o rm a  R. —  Pro locu lus  d iam ete r  25 p., followed by th ree  o r  four cham bers  
of the  v ag inu line  type, a fterw ards  the  ch a m b e rs  are cris te lline . C ham berw alls  
transverse , sh o w in g  the  tendency  to g row  backw ard , la te r  c h am b ers  h ig h .  
W alls  th in ,  11 ch a m b e rs  visible, total of c ham bers  19. Shells h ig h e r  th an  
b road , in  this way also show ing  the  v ag in u l in e  type. A perture  n o rm a l ,  shells 
w ith  rounded  m arg in ,  th ickness  2 /5  of leng th ,  w h ich  is u p  to 1,15 m m .

These fo rm s have been described  by o th e r  au th o rs  u n d e r  the  nam es  of :

F o rm a  Ax. —  Cristellaria nuda  Re u s s ;
F orm a A2. —  Cristellaria rotula  Lamarck;

Form a R. —  Cristellaria spachholtz i  Re u s s .

I believe fu r th e rm o re ,  th a t  the  species, described by S c i i i j f s m a  (1946) as 
Lenticularis  o rd ina lis  is n o th in g  else than  a small ind iv idual of R. rotula.
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M arg inu lina  bac il lum  R e u s s .

This typical M arginu lina  a lways appears rare ly  in  the  g a th e r in g s  f rom  
M aestricht and  su rro u n d in g s .  Only m egalospheric  specim ens could be found  
up . These specim ens show  two types. Some of th em  are sm all, a t ta in in g  a 
len g th  up  to 2 m m .,  o thers  are som ew hat m ore  s lender, h a v in g  a len g th  u p  to

H ( r #

FIG. 10. — M a r g in u l in a  b a c i l lu m  R eu ss .
A, B, G, H : f e r in a  A,; C-F, J, K : f o r m a  A2. x40.

6 m m . The sm alle r  fo rm  always h ad  a relatively large  p ro loculus, followed 
by only  a single  cris te lline  ch am b er ,  all fo llow ing  ch a m b e rs  b e in g  den ta line . 
The large  fo rm  shows a m u c h  sm alle r  pro loculus, w ith  a fo llow ing  c h a m b e r  
d irectly  show ing  the  den ta l ine  type.

The su tu res  of m ost shells are som ew hat p ro jec tin g ,  in  th is  way fo rm in g  
transverse  costee, especially in  the  fo rm s w ith  sm all p ro loculus. Especially 
in  the  fo rm  w ith  large  p ro loculus  the  tests are som ew hat com pressed, the  
transverse  section b e in g  oval in  shape.
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D escription of the two megalospheric forms of M arginu lina  bacillum  
(Reuss) :

A2. —  Test e longate, com pressed  at b o th  sides, c h a m b e rs  s ligh t ly  infla ted , 
su tu res  c learly  visible, n o t  o r  s ligh tly  p ro je c t in g  f ro m  the surface, test slightly  
cu rbed  dorsally , u p  to 2 m m . P ro locu lus  w ith  a d iam e te r  of 190 p., followed 
by a set of 6 to 8 den ta l ine  cham bers ,  the  first fo rm ed  one  h a v in g  the tendency  
of co iling . A perture  fo rm ed  by rad ia l  slits at the  dorsal face of each ch a m b e r .  
W all  w ith  fine pores.

A,. —  Test slender, e longa te , m ore  o r  less com pressed , c h a m b e rs  very 
s ligh tly  in fla ted  o r  no t at all, su tu res  h a rd ly  visible o r  b e c o m in g  visible as they 
p ro jec t  from  the  surface of the  shell, fo rm in g  th u s  ob liqua lly  r u n n in g  costae. 
W all m ostly  sm oo th . F irst  c h a m b e r  w ith  d iam e te r  of abou t  65 p., followed by 
16 cham bers ,  in the  adult .

As the  B-form in this very poor  m ate ria l  (only 16 specim ens were found) 
has no t been discovered yet, the  system atic  state of the  species is yet som ew hat 
doub tfu l .  For it m ay  be, th a t  th is  « M arg inu lina  » in reality  is a Nodosaria  
w ith  very s ligh t in fla ted  cham bers ,  o r  som e Dentalina.  But the  com pressed  
shape of the  shell tends to th e  genus  M arginulina.

It is very p robab le , th a t  the  new  species, Sciiijfsma (These, 1946, p. 63, 
pi. 2, fig. 13, 14; pi. 10, fig. 13) is a sy n o n y m  of M arginu lina  bac il lum .  He 
called it Vaginulina  daini,  b u t  1 m u s t  po in t  ou t,  th a t  his d iv ision of the  genera  
M arginulina , Vaginulina , etc. a fte r  Tiialman (1937) c a n n o t  be  of any  real 
system atic  value, as m ic ro spher ic  fo rm s always show  the  types of « M arg inu­
linopsis  » and  « Vagulinopsis  ». In  th is  way one w ould  divide two fo rm s of a 
s ing le  species in to  two d iffe ren t genera  ! His f igures  13 and  14, PI. 2, do no t 
rep re sen t  the  m egalospher ic  an d  m ic ro sphe r ic  fo rm s, as S chijfsma suggests, 
b u t  they are the  A2 and  A ^ fo rm , the  m ic ro sphe r ic  fo rm  b e in g  shaped as a 
« V aginulopsis  », as is stated here.

Turrispirillina cretacea (Reuss).

This species always occurs rare ly  in the  d iffe ren t localities. It fo rm s a s ing le  
spira l, coiled conica lly , b u t  the  top of the  conus always ro u n d ed ,  th u s  fo rm in g  
a hollow  se m ig lobu la r  shell. As the  wall is perforate  w ith  coarse pores, it is 
no t a Cornuspira,  as some au tho rs  have suggested , b u t  a real Turrispiril lina .  
No data  abou t  the  b ionom ics  can  be g iven  yet.

M egalospheric specim ens show the  typical Turrisp iril lina  shape. Micro­
spheric  fo rm s are m u c h  la rge r  (up to 2 %  m m . d iam eter)  and are m u c h  m ore  
flattened.

Some specim ens, described by Schijfsma (1946) m u s t  b e lo n g  to qu ite  
a d iffe ren t genus.
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Cibicides involuta R e u s s  (1850) (*).
R e u s s  in his paper, Foram. d. Kreidetuffs von Maestricht. (Sitz. ber. d. kais. Akad. d. 

W iss., W ien, vol. XLIV, 1862, pp. 313, 414; weiter in Maidinger’s naturwiss. 
Abhandl., IV, 1850, p. 35.)

Reuss  in  his paper described three d ifferent species of Rotalia, w h ich  
in reality show ed to be species o f  Cibicides, h a v in g  all three coarse pores, 
o ver lap p in g  cham bers at the ventral side, an u m b il icu s  fil led  up w ith  secundary  
chalk  and an aperture fo r m in g  a slit at the m argina l end of the last cham ber.

Fig. 11. — T u rr i sp i r i l l in a  cretacea  (H euss).
A : d o rsa l  v iew ; B : v e n tra l  v iew ; C ; s id e  v iew . x40.

D : se c tio n  th ro u g h  w a ll. x l60.

I first separated the th ree  species, the  one  h a v in g  a relatively sm all d ia ­
m ete r  of the  shells, only  the  su tu res  of the  last form ed ch a m b e rs  visible, and 
ven tra lly  sh o w in g  i r r e g u la r  p ro je c t in g  knobs  in the  um bil ica l  reg ion . This 
species was called R. involu ta  by Reu ss .

The second species is som ew hat  la rge r ,  the  ven tra l  side m ore  bu lk y ,  witli 
a la rge  a m o u n t  of secundary  cha lk  at the  um bilicus , th e  dorsal side only  
sh o w in g  the  last fo rm ed  cham bers .  This species was called R. hemisphaerica  
by R eu ss .

( 'j Truncatulina hemisphaerica R e u s s  (1862). 
Truncatulina polyrapha  R e u s s  (1850).
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The th ird  species is sm all in  size, h a v in g  th e  sam e d iam e te r  as R. involata  
h u t  sh o w in g  at the  ven tra l  side the  su tu res  of all c h a m b e rs  of the  last coil, 
w hile  the  um bil ica l  chalk  m ateria l  is very poorly  developed. T hus  the  su tu res  
are clearly visible, and  Reuss called th is  species therefore  R. po lyrhapha .

W hen  m ea su r in g  shells of R. hemisphaerica,  I found  th a t  a cu rve  can be 
form ed, sh o w in g  a top on ly  at one  side, w i th  the  m in o r  size. Thus  I cam e to 
the  conc lusion  th a t  in the  m ateria l,  analysed in  th e  way Reuss did , one  half 
of the  species, th a t  w ith  m in o r  size, was lack ing . These shells, especially the  
y o u n g e r  ones, were to be so u g h t  between th e  o th e r  Cibicides  g a the red . As I 
found  tha t  sections w ith  the pa ra ff ine -m ethod  showed no  differences betw een 
these th ree  species of R eu ss , I am  sure, th a t  those specim ens, called R. invo lu ta  
by h im  at least are n o th in g  else th a n  youngs  of Cibicides hemisphaerica. The 
th i rd  fo rm , C. po lyrhapha ,  is on ly  d iffe r ing  f rom  involu ta  in  lack in g  the  
deve lopm en t of m uch  secundary  chalk . But, as I have show n  in several 
F o ram in ife ra  f rom  the  Zuiderzee in  H olland , specim ens of shallow  w ater  often 
lack secundary  cha lk  while  the  typical fo rm  f rom  the  open  ocean develops it; 
the  lack of secondary chalk  w hen  all the o th e r  charac te r is t ics  of the species are 
visible, is of no  specific value. Thus  I cam e to the conc lus ion , th a t  the th ree  
species of Cibicides, o c c u r in g  in  the  cha lk  of M aestricht in  some abu n d an ce , 
fo rm  in reality  only  a s ing le  species, w h ich  I called Cibicides involu ta  Re u s s .

D e s c r i p t i o n  o f  t h e  o u t e r  f e a t u r e s  :

Shell, w hen  y o u n g ,  at the dorsal side f la ttened , a t  the  ven tra l  side convex, 
w ith  ro u n d ed  m a rg in .  T he  last fo rm ed  c h a m b e r  ro u n d ed ,  w i th  an ape r tu ra l  
slit at the  m arg in a l  base of the  o u te r  wall. The th ree  o r  fou r  last fo rm ed  
c h a m b e rs  are c learly  visible at th e  dorsal side, sh o w in g  a d is t inc t  su tu re  tow ards 
the  cen tre  of the  shell, th is cen tre  b e in g  covered w ith  a layer of secundary  cha lk , 
so th a t  the  earl ie r  coils a re  not visible f rom  w ithou t.  At the  ven tra l  side the  
ch a m b e rs  fo rm  oidv a n a rro w  um b il ic u s  filled u p  w ith  cha lk  m ate ria l.  Poorly  
developed y o u n g  shells show  at the  ven tra l  side the  su tu res  of the  last coil very 
c learly  bu t often  the  secundary  cha lk  m ate ria l  is cove r ing  the  cen tre  of the  
shell, so tha t  the  su tu res  of these c h a m b e rs  are  scarcely visible.

Older shells an d  especially those of th e  m ic ro sphe r ic  g e n e ra t io n  show  
especially at the  ven tra l  side a large  deve lopm en t of secundary  cha lk . This 
secundary  cha lk  how ever is no t fo rm ed  by  any  canalsystem , b u t  on ly  by the 
p ro top lasm  s tre a m in g  dow n a long  th e  o u te r  surface, and  s t r e a m in g  from  the  
pores of the  cham berw alls .  In  th is  way p r o t ru d in g  knobs  of cha lk  are  found 
covering  the cen tre  of the  shell, in  some o lder  shells even the w hole  surface of 
the  ven tra l  side (especially in m ic rospher ic  specim ens).

In transverse  section the c h am b ers  of the  f irst rows fo rm  a nearly  flat 
sp ira l, b u t  soon the  c ham bers  show  the  tendency  to g row  o u t  tow ards the  ven ­
tral side, leav ing  an um b il ica l  reg ion  free w h ic h  is filled w ith  cha lk .  This
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Fig. 12. — Cibicides i n v o lu ta  (H euss).

A, B, C : ty p ic a l in d iv id u a l  o f th e  i n v o lu ta  fo rm ; I), E  : sec tio n s. x l3 ,5 . — F  : sec tio n  
th ro u g h  d o u b le  w a ll b e tw een  tw o  c h am b ers . x27. — G : a p e r tu r a l  v iew  of th e  p o ly r h a p h a  
fo rm . x l3 ,5 . — H, J, K : ty p ic a l in d iv id u a l  o f th e  h e m is p h æ r ic a  fo rm . x l3 ,5 . — M : d e c a l­
c if ied  se c tio n  th ro u g h  f i r s t  co ils  o f m e g a lo sp h e r ic  fo rm . x27. — N, O : la rg e  m eg a lo ­
sp h e ric  in d iv id u a l  o f th e  h e m is p h æ r ic a  ty p e ; P  : se c tio n  th ro u g h  p ro lo c u lu s  o f th e  sam e  
in d iv id u a l.  x27. — H : d o rsa l  s id e  o f m ic ro sp h e r ic  sp ec im en  of h e m is p h æ r ic a  ty p e . x27.
— S : se c tio n  th ro u g h  m ic ro sp h e r ic  p ro lo c u lu s  a n d  fo llo w in g  co ils  o f th e  sa m e  sp ec i­
m en . x l60 . — T :  tra n s v e rs e  sec tio n , d e ca lc if ie d ; U :  ta n g e n tia l  sec tio n , d e ca lc if ied . x27.
— V : m a c ro sp h e r ic  p ro lo c u lu s  sh o w in g  p o re s  b e tw een  a d ja c e n t  co ils; W  : sec tio n , 
d e ca lc if ie d , sh o w in g  p o re s  in  th e  u m b ilic a l re g io n  a n d  b e tw ee n  a d ja c e n t  co ils  of

c h a m b e rs . x l60 .
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um bil ica l  region is very large  in m ic rospher ic  fo rm s, in m ega lospher ic  ones 
the  um bilica l  free po r tion  is sm alle r  in p ropo rt ion  w ith  the  size of the  p ro lo ­
culus. In fo rm s w ith  very large  p ro locu lus  the  u m b il ic u s  is r a th e r  narrow . 
No canals  w ha tever  could be traced. The cham berw a lls  betw een the  cham bers  
are, in case the  p ro locu lus  is sm all, th ick ;  in fo rm s w ith  a large  pro locu lus  
they are  m u ch  th in n e r .

The walls of the  ch a m b e rs  open  tow ard the next c h a m b e r  by m eans of a 
fo ram en  at the  ven tra l  side of the  c h a m b e r .  The o v e r la p p in g  ven tra l  out-

po/yrhapha. 
hemisphaerica  
Involuta. 
to ia / cu rve.

4 5  6 7  ä  9  IO 11
m m  d ia m e te r -x 30.

Fig. 13. — C ib ic ides in v o lu ta  (H euss).

S ta tis t ic a l  d a ta  o f d ia m e te r  o f sh e lls  o f th e  th re e  so -ca lled  sp ec ies, 
in  r e a l i ty  b e lo n g in g  to  th e  sa m e  spec ies.

g ro w th s  of the  c h am b ers  at the  ven tra l  side of the  shell end  in to  po in ted  sacks. 
Pores of the  coarse varie ty  are found betw een the  c h a m b e rs  and  th e  o u te r  world , 
and  betw een the  ch a m b e rs  of two d iffe ren t  rows.

In tbe  m ic ro sphe r ic  form  the first c h a m b e r  shows a d iam e te r  of abou t 
2 0  ¡j . ,  followed by  a sp ira l of ch am b ers ,  the first fo rm ed  ch a m b e rs  sh o w in g  the 
typical a r ra n g e m e n t  in a sp ira l, of w h ich  the first c h a m b e rs  are genera lly  
som ew hat sm alle r  th a n  the p ro loculus. The fu llg ro w n  shell shows, the  p ro ­
loculus inc luded , 35 ch a m b e rs  or even m ore. The wall be tw een the  first coils 
of ch a m b e rs  is r a th e r  th in ,  la ter  on  it becom es th icker .  But even th e  wall of 
the  last fo rm ed  coil is som ew hat  th in n e r  th a n  in the  m ega lospher ic  fo rm . The 
o u te r  walls how ever are th icker ,  and , as the  ch a m b e rs  in the  m ic ro sphe r ic  form  
do no t overlap  in sueli an ex trem e m a n n e r  as is the  case in the  m egalospher ic  
fo rm s, the  um bil ica l  cha lk  is very h ig h ly  developed.
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In  the  m egalospher ic  specim ens s tudied, the pro tocu lus  m easu red  in  6  spe­
c im ens showed the  fo llow ing  d iam eters  in u  :

50, 52, 46, 45, 47, 61, average 52 ¡x.

The next c h a m b e r  is situated closely nea r  the  p ro toculus  and  is flattened 
at the  side, situated  towards the  pro toculus. I therefore  am  convinced , th a t  
th is  second c h a m b e r  form ed w ith  the pro locu lus  the  em bryo , as I have proved 
it also to be in  some ro ta line  fo rm s in  o th e r  papers.

In  fu llg ro w n  specim ens 19-42 ch a m b e rs  fo rm  the  w hole  shell. The n u m b e r  
of ch a m b e rs  th u s  is m u c h  sm alle r  th a n  th a t  in the  m ic rospher ic  fo rm . T h o u g h  
the la t te r  is h a rd ly  d is t ingu ishab le  from the  m ega lospher ic  in  size. Shells 
w hich  begin  w ith  the  largest p ro locu lus  invar iab ly  show  the  sm alle r  n u m b e r  
of cham bers .  So an  ind iv idua l  w ith  a p ro locu lus  of 61 p. d iam ete r  show ed a 
relatively large  shell of the  hemisphaerica-type  w ith  19 cham bers .

In the  n e ig h b o u rh o o d  of the  um bil ica l  secundary  cha lk  mass pores m ay 
find th e i r  way ex te n d in g  f rom  the o v e r lapp ing  ends of the  ch a m b e rs  th ro u g h  
the  lu m e n  of the  um b il ic u s  tow ards  th e  surface of the  shell, th u s  su gges t ing  
som e canal system . But never  real canals  were found , always these  pe rfo ra ­
tions of the  um b il ica l  cha lk  showed lo be real pores f ro m  the  o u te r  surface of 
the c ham bers  r u n n in g  a long  the  u m b il ica l  cha lk  mass.

Statistical m easu rem en ts  of the  le n g th  of the  shells, m easu red  in  the  axis 
of the  last fo rm ed  c h a m b e r ,  showed the fo llow ing  results.

Leng th  in m m . in e n la rg em e n t  of 80 x :

4 5 6 7 8 9 r io 11
Rot. involuta : 1 12 34 18 3
Rot. polyrhapha : 1 21 29 18 1
Rot. hemisphaerica : 1 25 18 11 2 1

In this way it was found , th a t  C. hemisphaerica  could not be a real species, 
as one ha lf  of the  cu rve  is lack ing . The species C. po lyrhapha  and  C. invo lu ta  
on the  o th e r  hand  show curves, w h ic h  are e n d in g  at the  la rge r  side ju s t  w here  
the  cu rve  of hemisphaerica  b eg ins .  T he ir  curves how ever  are qu i te  betw een 
the sam e lim its ,  so they c anno t  be o therw ise  th a n  varieties, as there  are  no 
o th e r  d ifférencies th a n  the  lack of secundary  cha lk  m ateria l  in po lyrhapha .  
W h e n ,  on  the  o th e r  h a n d ,  we p u t  the  th ree  curves together, we ob ta in  a curve , 
w h ich  shows m u c h  be tte r  a typical varia tion -cu rve  :

4 5 6 7 8 9 10 11
2 33 64 61 22 11 2 1
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Nonion tuberculifera (Reuss).

Described by Reuss (Sitz. ber.  Akad. de r  W iss, W ien ,  1861, taf. 2, f i" .  3) 
as liotalia tuberculifera . His f igures  are  inco rrec t ,  as I lie tubercu les  on  the  
surface at the  cen tre  of the  shell are m u c h  la rg e r  th a n  f igu red . But the 
descrip tion  agrees w ith  the shells I studied.

I found  only  m egalospher ic  specim ens.
Shells sm all, d iam e te r  no t m ore  th an  abou t x/ 2 m m . ,  nea r ly  c ircu la r  in 

sideview. M argin  sh o w in g  the  som ew hat  in fla ted  ch am b ers ,  an d  the  o lder  
ones w ith  a sh o r t  p o in t  n ea r  the  m idd le  of the  c h a m b e r .  This  p o in t  consists 
of c lear cha lk , and  shows no canals  w hatever . The cen tre  of the  shell on  both 
sides is covered w ith  i r re g u la r ly  placed cha lk -knobs ,  and  often  these knobs 
o ccu r  n e a r  the  m a rg in  too. In m an y  shells the  su tu res  of the  c h a m b e rs  are 
scarcely visible because of these knobs;  m ost shells show  9 c h a m b e rs  in the  
last fo rm ed  coil.

The ap e r tu re  of the  shell is found  on the  base of the  ap e r tu ra l  face of the  
last c h a m b e r ,  ju s t  above the m a rg in  of the  shell w h ich  is som ew hat  p ro tru d in g .

Transverse  section shows the  c h a m b e rs  a rranged  in a very sligh tly  trochoid  
o r  p lan isp ira l  a r ra n g e m e n t .  The m ega lospher ic  p ro locu lus  m easures  100 p.. 
The pores of the  cham berw alls  are som ew hat  coarse, so th a t  th is  N onion  belongs 
to the  type of Nonion  stelligera  and  asterizans, as I described  th e m  in 1922 in 
m y rep o r t  on  the  F o ra m in ife ra  of the  Zuiderzee. The ch a m b e rs  are  c o m m u n i ­
ca tin g  by a second fo ram en  w ith  the  u m b il ica l  canal system , w h ic h  occurs  on 
bo th  sides of the  shell, th u s  in d ic a t in g  th e  real c h a rac te r  as to the  generic  place 
of the  species : N onion .  Between these conals, o p e n in g  in the  n e ig h b o u rh o o d  of 
the  u m b ilu s ,  the  p ro t ru d in g  knobs are  form ed and  these o p e n in g s  Reuss w ill 
have described  as the  pores betw een these knobs.

Baculogypsina calcitrapoides (Lamarck).

In m y p aper  on  Calcarina calcitrapoides  Lamarck (Die Foram iniferen  aus 
den i S e n o n  L im b u rg e n s ,  N a tuurh is to risch  M aandblad , P a r t  15, Nr 2, 1926) I 
dealt w ith  th is  rem a rk a b le  ob jec t .  I found  th ree  d is t inc t  fo rm s, w ith  relativily  
la rge  pro locu lus, f ree -g row ing  spines o r  spines g row n to g e th e r  in to  a r idge  rou n d  
the  shell; w ith  relatively large  m ega lo spher ic  p ro locu lus , w ith  m ore  spines, 
w h ic h  m ay  also g ro w  to g e th e r  in to  a r idge  a long  the  shell; a th ird  fo rm  posesses 
a m iscrospheric  pro locu lus, the  spines are n u m ero u s ,  oy g ro w n  toge the r ,  fo rm in g  
an i r re g u la r  r idge  a ro u n d  the  shell.

I stated a very well developed canal-system , w h ich  was described as a 
C alcarine one. The c r ib r ifo rm  pores of the  cham berw a lls  arc coarse, as is the  
case in all Calcarinidae.
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Fig. 14. — N o n io n  tu b ercu life ra  (R eu ss).

A-E : se v e ra l sh e lls , x 20. — F , H : tr a n s v e rs e  se c tio n s , x 20. — 
G : h o n z u n ta l  sec tio n . x20. — J : p o res . x240. — K : p o re s  in  
th e  c h a m b e rw a ll .  x240. — M : c h a m b e rs  o f second  co il, sh o w in g  
s e c u n d a ry  fo ra m in a  to w a rd s  c a n a l sy s te m . x240. — N : se c tio n  o f 
d e c a lc if ie d  sh e ll, f i r s t  co ils , w ith  p o re s  o f p ro lo c u lu s . x40. — 
O : tra n s v e rs e  sec tio n , sh o w in g  p a r ts  o f u m b ilic a l c an a l-  

sy s tem . x240.
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I m en tioned  fu r th e r-o n ,  th a t  Reuss stated, w hen dea ling  w ith  the  Maes- 
tric li t ian  species, th a t  there  is no  reason to re ta in  the  genus  Siderolites, 
Calcarina calcitrapoides  b e in g  a real Calcarina.

In  m y first paper  on  the  S iboga-Foram in ife ra  (1929) I once m ore  dealt 
w ith  th is  species, in connection  w ith  Calcarina speng ler i  an d  Baculogypsina  
tetraædra. I m en t io n e d  the fact, th a t  in C. speng leri  the  c h a m b e rs  have the 
tendency  to overg row  the  ventra l side, and  th a t  in C. calcitrapoides  they do 
likewise on the dorsal one  (p. 44). 1 never  said, th a t  I could  no t f ind  any
difference  betw een  C. spengleri  an d  C. calcitrapoides, as Schijfsma suggested  
in his paper  on the F o ram in ife ra  of the  l le rv ian  (1946).

On p. 48 of m y  S iboga-report  I m en t io n ed  : « Calcarina calcitrapoides  
also shows some character is tics  w h ic h  m ay  give rise to the  supposition  tha t  
there  is some close re la tion  w ith  Baculogypsina .  »

I now  have res tud ied  th is  species on a very large m ateria l,  d e r iv in g  from 
nearly  all localities of the  M aestrichtian  senon ian  level.

Schijfsma (1946) discussed m y  figures, g iven  in 1926, say ing  : « The 
pic tu res  of Hofker’s Calcarina calcitrapoides  Lamarck (1926, fig. 10, 12 an 14) 
seem to m e w ith  m ore  p robab il ity  to rep resen t Siderolites den ticu la tus  D ouvillk 
(Bull. Soc. géol. F rance , vol. 6 , 1906, p. 598, pi. XVIII, fig. 6 -8 ) (Rare in  Ihe 
m aestr ich t ian  of sou th  L im b u rg ) .  »

Now, m y f igures  are d raw n  w ith  the  cam era  lucida from  specim ens, w hich  
occur in a b u n d a n cy  in the  m ate ria l  I s tud ied  th en  and  w h ich  o ccu r  in the 
m ateria l  I am  now  descr ib ing , in large  quan ti ties .  So 1 did not deal w ith  a rare  
species o f  the  M aestrich tian , b u t  D ouvillé , w hen  desc r ib in g  his Siderolites  
den ticu la tus ,  was dea ling  w ith  a d iffe ren t species th a n  that, o c c u r r in g  in the  
cha lk  o f  Maestricht.

M any au th o rs  have already m en tioned  the fact, th a t  Calcarina calcitrapoides  
f rom  M aestricht had  to be called Siderolites. I believe in th is  respect, th a t  th is  
m ay  be r ig h t .  But in  one  respect we have to bear  in m in d ,  th a t  the  o lder 
au th o rs  (f.i. Lamarck) did h u t  very little know  abou t the  o rgan isa tion  of the 
Fo ram in ife ra ,  an d  in this way th e ir  n a m e -g iv in g  in m an y  cases is very doub tfu l l ,  
especially, as th e i r  f igures  are m ostly  incorrec t .  In a n o th e r  respect the genus  
Siderolites  has been applied to very d iffe ren t species, som e of w h ich  m ay be long  
to the  C am erin idæ .  In  th is  way m a n y  au th o rs  have placed the species d e r iv in g  
from  M aestricht in the  fam ily  of the  C am erin idæ ,  w h ich  is exceedingly  w rong .

On the o th e r  h a n d ,  m any  charac te r is t ics  of the species here  dealt w ith  are 
also found  in Baculogypsina  (w hich  by som e au th o rs  has also been called 
Siderolites,  as they  b ro u g h t  it in rela tion  w ith  the  M aestrichtian  fo rm ).

In th is  way I am  inclined , to call the  M aestrichtian  species Baculogypsina .  
But Baculogypsina  is a very real Calcarine  g enus ,  as 1 have po in ted  ou t in my 
S iboga-w ork . It has n o th in g  w ha tever  to do w ith  C am erin idæ .  To show this,
I studied the in n e r  s truc tu re  of a large n u m b e r  of shells of the  M aestrichtian
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fo rm . W at are the  d ifferences betw een the  g ro u p  of the  C am erin idæ  and  
th a t  of the  Rotalidæ,  to w h ich  la t te r  g ro u p  the  Calcarinidœ  be long?

The C am erin idæ  show very fine pores in the  cham berw alls ,  the  cham bers  
are m ostly  nauti lo id ica lly  coiled; on  the  m a rg in a l  side of the  c ham bers  invariab ly  
ru n s  the m a rg in a l  chord  systeem  of canals. Septal walls of the  ch a m b e rs  always 
double.

In  the  Rotalidæ  the  pores of the  cham berw alls  are very fine, as is the  case 
in  Rotalia  and  in some o th e r  genera  b u t  o therw ise  they  are coarse. The 
c h am b ers  are b u i l t  up  in a trocho idally  coiled spiral w hich  m ay , however, 
becom e nearly  flat. The c ham bers  ven tr ica lly  are  in  connection  w ith  a m ore  or 
less, developed um b il ica l  canalsystem  w h ich  en ters  also betw een the  c h a m b e r ­
walls, w h en  double. Never there  is a m a rg in a l  c ho rd  system, charac te r is t ic  for 
all C am erin idæ .

Since the  M aestrichtian  fo rm , a l th o u g h  the spira l of c h am b ers  is f lattened 
and  therefore  a C am arine  deve lopm en t of the  c ham bers  m ay  be suggested , lacks 
any  traces of the  m arg in a l  chord , and as the  pores of the  cham berw alls  are 
very coarse, there  can be no question w h e th e r  the  species be longs to the  Came-  
r in idœ  o r  no t : it does not.

As the  genus  Siderolites  by m an y  au tho rs  is believed to be real C am erin ide  
genus , it will be wise no t to use this n am e  for the  M aestrichtian  species.

But w ha t  n a m e  w ould  be the  m ost practical one for th is  fossil species? 
As I m en tioned  a lready, some character is tics  are qu ite  those, g iven  to Baculo­
gypsina;  o th e r  ones are applied  to real Calcarina. The M aestrichtian  genus  
shows peculiarities  betw een those two genera . As I abho r  the  fo rm in g  of new  
generic  nam es  for on ly  a single  species, it is a m a t te r  of feeling, how  to deal 
w ith  th is  question. As some specim ens show the  o u tg ro w th  of w i ldg row ing  
cham bers ,  so character is t ic  of Baculogypsina ,  I am  no w  inclined  to call it 
Baculogypsina  calcitrapoides  (Lamarck).  The canal system  too shows the  same 
s tru c tu re  as th a t  of Baculogypsina  tetraædra.

D escription of tiie outer  form of the species :

This ou te r  fo rm  is very variab le , as is also found  in recen t Baculogypsina  
and  in  recen t Calcarina. This  fact is caused by the  fo rm in g  of spines. These 
spines, as I have already  described in m y  Siboga-Report,  are due  to a pecu liar  
ou tg ro w th  of the  canal-system . This canal system  is a func t ion  of the  o u tg ro w th  
of the  earlie r  cham bers .  The o u tg ro w th  of these c h am b ers  fu r th e rm o re  is a 
func t ion  of the  m easu re  of the  first ch a m b e r ,  as has  been show n by  Rhumbler 
and by Van Iterson .

One of tbe  m ost pecu liar  functions  of the  canal system  is a vegetative one. 
Respira tion  and  feeding  are ru led  by the p ro top lasm , r u n n in g  in  th is  system . 
But in the  first place the cha lk -d is tr ibu ton  is m anu fac tu red  by th is  p ro top lasm . 
In  this way you always f ind  masses of secondary cha lk  in  the  n e ighbou rhood  
of the  open ings  of these canals. As these canals ru n  in  several p r inc ipal
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direc tions  f rom  the  cen tre  of the  p r im o rd ia l  shell, especially in  these d irec tions 
masses of cha lk  are deposited, and th u s  the  spines com e in to  existance. These 
canals develop from  the  first coils of the  um b il ic a l  canalsystem , a n d  th is  system 
is a function  of the  deve lopm en t of the  first coils of cham bers .  One m ay  find

2 3 4 5
Fic. 15. — B a c u lo g y p s in a  c a lc itra p o id es  (Lamarck).

R ow  1 : m ic ro sp h e r ic  sp ec im en , U vviga ta -xa r ie ty .
R ow  2 : 4 m ic ro sp h e r ic  sp e c im en s , lie v ig a ta -v a r ie iy .
R ow  3 : 6 m e g a lo sp h e ric  in d iv id u a ls ,  læ v ig a ta -x a r ie ty .
R ow  4 :  3 m ic ro sp h e r ic  in d iv id u a ls ,  ca lc itra p o id es-  

v a r ie ty .
R ow  5 : m e g a lo sp h e r ic  s p e c i m e n s ,  ca lc itra p o id es-  

v a r ie ty ,  w ith  2-7 sp in es.
All sp e c im en s  fro m  th e  sa m e  lo c a lity  : M a e s tr ic h t. x5.

out, th a t  every two newly form ed c ham bers  fo rm  a canal o r  set of canals, 
ra m ify in g  to the  m a rg in  of the  shell. W h e n  there  are m any  c h a m b e rs  in a 
sing le  coil, as is the  case in  the  m ic ro spher ic  fo rm , the  f o rm in g  of s tr ings  of 
canals  tow ards the  m a rg in  in  a s ing le  coil will be c o m m o n . So m ore  th a n  six 
spines will be found  in  the  m ic ro spher ic  specim ens. In the  ind iv idua ls  w ith  a 
relatively small p ro loculus, the  c h am b ers  of the  first coil will be relatively
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sm all too, and  th e ir  n u m b e r  will be relatively large. In these specim ens the  
n u m b e r  of spines will reach f rom  6  to 8 . In ind iv iduals  w ith  a relatively large 
pro loculus, 8  ch a m b e rs  fo rm  the  first coil, and so only  four  spines will be 
form ed.

So the n u m b e r  of spines in Baculogypsina  calcitrapoides  is a m easure  too 
for the  bu lk  of the  first ch a m b e r ,  and  consequen tly  for the  genera tion  w ith  
w h ich  one  is dealing .

I go t the  fo llow ing  data of the  occurrence  of the  several n u m b e rs  of spines 
in a large  m ate ria l  de riv ing  from  M aestricht, H ou tem , Bem elen, etc.

Number of spines : 2 3 4 5 6 7
Number of indiv. : 16 70 331 205 75 42

A nother  locality, in w h ich  the  ind iv iduals  m ake  a som ew hat poor im p res ­
sion (all o th e r  Foraminifera  in th is  reg ion , the  Jeker-valley , give th is  im pression) 
fo llow ing  data were obtained  :

Number of spines : 3 4 5
Number of indiv. : 32 921 165

So in  both  sets of specim ens the fo rm  w ith  four spines is m ore  co m m o n . 
Specim ens w ith  four  spines, g ro u n d  down and  filled w ith  paraffine , showed 
the  fo llow ing  m easures of the  p ro loculus  in p. :

81. 75, 112, 100, 110, 125,

so th a t  the  average d iam ete r  of the  p ro loculus  of th is  fo rm  is 100 p.. The 
spines are form ed by the  canals. These canals fo rm  a b u n d le  in the  cen tre  of 
the  spine, and furca te  tow ards the pe rypherv  of the  spine. T he ir  open ings  
fo rm  fine groves on the  surface of the  spine, in the  d irec tion  of the  le n g th  of 
it. At the  base of the  sp ine  it m ay  be covered by w ild g ro w in g  cham bers ,  
and  th en  the  coarse c r ib r ifo rm  pores of the  cham berw a lls  m ay  also be seen on 
the spine. Moreover it is covered w ith  pustules, the  en d in g s  of p illars of massive 
cha lk -substance , as is show n benea th .

The cen tre  of the  shell, betw een the  spines, always is m ore  o r  less g lobu la r ,  
or  lens-shaped . Especially in the  centre  of the  dorsal and  the ven tra l  sides one 
finds d ist inc t  pustu les , fo rm ed  by the  ends of solid p illars  g ro w in g  from  the 
first coils of ch a m b e rs  towards the surface.

Between these pustu les  the  coarse perfo ration  of the  cham berw alls  is often 
seen, b u t  in m ore  f requen t  cases th is  perfo ration  ends in to  furrow s, r u n n in g  
at the  surface betw een the  pustules, fo rm in g  later  the  canals betw een the 
c h a m b e rs  w h ich  are now  n ea r  to the  surface, and  those w h ich  will be bu ilt  
later  on , covering  th is  surface m en tioned .

The fo rm  w ith  5 spines, also o c c u rr in g  very a b u n d a n tly  in  the  m ateria l,  
shows to be m egalospheric  too. The th ree  specim ens m easu red , had a d iam ete r  
of the  p ro loculus  in p. of : 5 6  i 0 0  an(j 7 7

3
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so th a t  the  average d iam e te r  is abou t  78 ¡x. This average is som ew hat  sm alle r  
th a n  th a t  of the  ind iv iduals  w i th  fo u r  spines. A s ing le  specim en  of th ree  spines 
show ed to possess an in itia l  c h a m b e r  of 1 1 0  ix d iam eter .

Specim ens w ith  m ore  than  6  sp ines, m ostly  7 o r  8 , show ed to he m ostly  
m egalospheric . P ro locu li  m easu red  had a d iam e te r  of

So we m ay  conclude , th a t  w hen  th e  vo lum e of the  pro locu lus  decreases, the  
n u m b e r  of spines increases. Specim ens of I he m ic ro spher ic  genera tion , as 
m en tioned  above, show n u m e ro u s  spines.

As I pointed  ou t a lready, th e  fo rm in g  of th e  spines is due  to th e  canal 
system , w h ich  g row s m ore  com plex  w hen  the pro locu lus  becomes sm aller .  
This fact is u n d o u b ted ly  the  resu lt  of the  shape of the  f irst coils of cham bers ,  as 
in  m ost cases exam ined  a ra d ia t in g  canal ru n s  f ro m  the  um b il ica l  ones betw een 
each two o r  th ree  successive c h a m b e rs  of the  coils. This  ru le  is also m a in ­
ta ined  in the  o lder  shell, so tha t ,  w hen  in  later  coils m ore  th a n  two o r  th ree  
c h am b ers  are enclosed by two successive spines, a new  sp ine  is in te r c a la te d .  
T hus  ind iv iduals  w ith  o r ig ina lly  fo u r  spines m ay  a tta in  even six spines in  the  
end . In th is  way they suggest  to be ind iv iduals  w ith  a relatively sm all p ro lo ­
cu lus ;  how ever they  always show  a large  one. In  th is  one  n ever  can  tell 
by the  ou te r  aspect of the  shell, if th e  in d iv id u a l  is really an ind iv idua l  w ith  a 
sm all p ro locu lus;  on ly  a section can c lear  the  question . O rd inar i ly  how ever 
the  n u m b e r  of the  spines is an  index  to the  largeness  of the  p ro locu lus , as is 
show n above. Yet the  n u m b e r  of the  spines is a variab le  one, as is show n now ; 
th is  is also show n by the  variab ility  of the  spines in genera l,  as th e  variab ility  
shows always a curve  w ith  a s ing le  top, w hile  the  d iam e te r  of the  pro loculus 
in m egalospher ic  F o ram in ife ra  shows a cu rve  w ith  at least two tops, as is m ade  
c lear by m yself  and by Cosijn (1938).

C o n c lu d in g  we m ay  say, th a t  the  n u m b e r  of spines, dealt w ith  by conside­
r in g  the  ou te r  shape of shells, shows n o rm a l  va riab il i ty ;  w hen  considered  in 
sections, the  n u m b e r  of p r im o rd ia l  sp ines, those w hich  are b u i l t  up  by the first 
coils of cham bers ,  invariab ly  is connected  w ith  the  d iam e te r  of the  p ro locu lus;  
th is  n u m b e r  m u s t  he re igned  by the  sam e rules as th is  d iam ete r ,  sh o w in g  a 
cu rve  w ith  double  top. Rut, as secondary  spines are developed in la ter  coils, 
th is  two-topped curve  is overg row n  by the n o rm a l  variability .

62, 50, 60, 62, 56, 75 and 87 u,

thus  h a v in g  an average d iam e te r  of abou t  65 ¡x.
R ecap itu la ting  th is  facts, we have :

Three spines ............................
Four spines...................................
Five spines ...................................
Seven spines ...........................

110 [X

100 [X
78 [x 
65 ¡x.



FROM TIIE UPPER SENONIAN 33

In th is  way we have to d is t in g u ish  p r im o rd ia l  spines and  secondary ones. 
Only the  p r im o rd ia l  spines show in the ir  n u m b e r  a connection  w ith  the  d iam ete r  
of the  pro loculus.

In respect to this results  35 specim ens of d iffe ren t fo rm s w ere g ro u n d  
dow n, and  the p ro loculus  m easu red  at pa raffine-p repara tions . The fo llow ing  
data  were ob ta ined  :

D iam eter  of pro locu lus  in :
20-30 30-50 50-63 63-75 75-87 87-100 100-111- 112-115

Ind iv idua ls  :
2 1 8 5 4 3  6 8

So we find w hen  we m easure  the  d iam e te r  of the  pro locu lus  a curve  w ith  
two tops, ju s t  as was ob ta ined  by  Cosijn and  m yself. The tops m ay  be consi­
dered as typical Aí and  A2 -genera tions, w hile  the  two ind iv idua ls  w ith  p ro ­
loculus of abou t 25 are typically  m icrospheric .

Most of the  typical ind iv idua ls  of A2-form  are th ree  —  o r  fou r  —  spined . 
Those of the  A i-form  bear  six o r  seven spines. But, as I have  po in ted  out,  
some of these ind iv iduals  w ith  m ore  spines are in reality  specim ens of Au 
h a v in g  on ly  fo u r  spines w ith  the  first coils of cham bers ,  the  o th e r  spines be ing  
add it iona l  ones. This varia tion , due  m ostly  to ou te r  c ircum stances , e .g . the  
a m o u n t  of cha lk  in the  water, is the  cause of a curve  w ith  s ing le  top, w hen  
one considers  the  n u m b e rs  of spines in  shells w h ich  are  no t g ro u n d .

1 have already m en tioned  these facts in m y accoun t on  the  species in 1926; 
I now  have confirm ed  this s ta tem ent.

The m ic rospher ic  specim ens show  the  deve lopm en t of m an y  spines w hich  
m ostly  are  g ro w n  toge the r  to a m ore  o r  less developed fringe  ro u n d  the  shell. 
As in  m ost F o ra m in ife ra  the  m ic rospher ic  fo rm  shows the  m ost p r im itive  
character is t ics ,  one w ould  be inc lined  to consider  these features as the  m ost 
charac te r is t ic  ones of the  species.

Many cases can  be show n , in  w h ich  F oram in ife ra  show  a h ig h  variab ility  
as to the  deve lopm en t of cha lk -m ater ia l ,  especially in the  f o rm in g  of spines o r  
p illars . The ind iv iduals  of a species, fou n d  in b rack ish  w ater  (e.g. the  D u tch  
Zuiderzee) show a very poor skeleton com pared  w ith  those of the  open  ocean. 
Even the  m easures of the  shells are less.

In some of the  excavations in  the  « Jekerda l  » in  South  L im b u rg  all speci­
m ens  found of Orbitoides fau jas i  as well as of B aculogypsina  calcitrapoides  are 
sm all,  and  the  deve lopm en t of secondary cha lk -m ater ia l  is very poor. I m e n ­
tioned  the  fact already, th a t  in this level the  n u m b e r  of spines in the  la tte r  genus  
is f rom  3 to 5 only . In o th e r  localities of South  L im b u rg  how ever the  shells 
of the  F oram in ife ra  are  m u c h  la rge r ,  the  deve lopm en t of cha lk -m ater ia l  is 
a b u n d a n t .  These facts prove, th a t  the  cha lk -m ater ia l  of these fossil species 
too is a function  of the  s u r ro u n d in g s  r a th e r  th an  of the  specific factors of the  
species.
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In all localities in  w h ich  the deve lopm en t of secundary  cha lk  is obvious, 
beside the  n o rm a l  shaped  specim ens fo rm s occur, o f ten  in ab u n d a n cy ,  in w hich  
the  secundary  cha lk -m ater ia l  has caused the  fo rm in g  of a f r in g e  of cha lk  round  
the  shell, such  as to give rise to shells w hich  lack all appearance  of spines 
w hen  s tud ied  f ro m  outside. All tran s it ions  to the  n o rm a l  shells can he found , 
h u t  I did not accoun t  for these a b n o rm a l  shaped  shells  in my varia tion  schem es.

Now, however, I have to deal w ith  th em .
In the m ate ria l  f ro m  M aestricht, H ou tem , Bem elen, e tc ., in w h ic h  739 n o r ­

m al ind iv iduals  were found  up , 167 specim ens were found , in w h ich  th e  spines 
an d  the  ou te r  p e r ip h e ry  of the  shell showed the  tendency  to m elt  toge the r ,  b u t  
often  is was very d iff icu lt  to consider  th e m  as n o rm a l  o r  a b n o rm a l  ind iv iduals .  
Besides these in te rm ed ia te  ind iv iduals  th e re  occurred  in the  sam e m ateria l  also 
8 6  specim ens, in w h ich  the  spines w ith  the  p e r ip h e ry  of th e  shell were melted 
to g e th e r  in a m o re  o r  less regu la rly  shaped  f r inge .  The specim ens are  know n 
in  l i te ra tu re  as Siderolites den ticu la tus  D ouvillé (1906) in respect to the  spinal 
ind iv iduals  (167) and  as Siderolites laevigata Lamarck (86). In m y paper  
(1926) I believed, tha t  Siderolites laevigata be longed  to the  sam e species as 
Calcarina calcitrapoides. I now a m  inclined , to th in k ,  th a t  S. den ticu la tus  
be longs to the  sam e species too. I studied n u m e ro u s  species in sections of 
these a b n o rm a l  fo rm s, b u t  the  in n e r  s tru c tu re  of the  ch a m b e rs  was qu ite  the  
sam e as tha t  in Calcarina calcitrapoides. Only the  deve lopm en t of the secun­
dary  cha lk -m ater ia l  was m ore  a b u n d a n t ,  g iv in g  rise to the  f r inge . The canals  
of the  spines and  those betw een the later  coils of ch a m b e rs  are  m ore  a b u n d a n tly  
developed, and  the canals  spride  m ore  b roadly  than  in the  n o rm a l  fo rm s. But 
these canals give rise to the  deve lopm en t of the  secundary  cha lk , an d  in 'this 
way the  la t te r  g row s up to a s ing le  fr inge .  The only  d ifference  betw een 
Baculogypsina  calcitrapoides  and  S. laevigata an d  S. denticulata  th u s  is found  
in the  deve lopm en t of the  secundary  cha lk -m ater ia l .  N um erous spines are 
added to the  p r im o rd ia l  ones, w h ich , in  the  round  specim ens, a m o u n t  mostly  
too to fou r  o r  five. As the  secundary  cha lk  is subdued  to the  su rro u n d in g s  of 
the shell, as these su rro u n d in g s  show in the m ate ria l  of M aestricht, th a t  
c ircum stances  were favourable  (in the  locality of the  Jekerda l  these ou tg ro w n  
ind iv iduals  were com parative ly  rare) it is obvious, th a t  we are here  dea ling  
w ith  a variety , no t in the  least w ith  a d is t inc t  species. So I have no reason to 
a lter  m y  op in ion , g iven  in 1926, th a t  these ou tg ro w n  specim ens be long  to the  
sam e species as the  n o rm a l ones. In b iology one  never  creates new species 
for varieties of the  n o rm a l  one, as in th is  case one  w ould  raise Jo rd a n o n ts  to 
the  level of species.

The pro locu lus  always is g lobu la r ,  and is followed by a n o th e r  ch a m b e r ,  
m ore  o r  less t r ia n g u la r  in shape, seen f ro m  the um bil ica l  side of the  shell. A 
coil of 1 0  to 1 2  c ham bers  follows these too, regu la rly  placed one  afte r  the  o ther . 
In th is  first coil the  c ham bers  increase h u t  s ligh t ly  in size. This  coil is sepa­
rated  from  the next ch a m b e rs  by one of the  sp inal canal bundles , and  now  the
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Fie. 16. — B a c u lo g y p s in a  ca lc itra p o id es  (Lamarck).

A : w e ll d ev elo p ed  sp e c im en  of ca lc itra p o id es  v a r ie ty , w ith  4 sp in e s ; B : sec tio n , sh o w in g  
m e g a lo sp h e ric  p ro lo cu lu s . x l6 ,5 . — C : p o o rly  d ev e lo p ed  sp ec im en  of laevigata  v a r ie ty , 
f ro m  lo c a lity  B em elen , m e g a lo sp h e re , w h o le  sh e ll; D : sec tio n , sh o w in g  fo u r  fan -lik e  
sp in e s . x l3 ,5 . — E  : m e g a lo sp h e ric  sp e c im en  of laevigata  ty p e , w h o le  sh e ll; F  : sec tio n , 
sh o w in g  4 p r im o rd ia l  sp in e s . x l3 ,5 . — G, H , .1 : m ic ro sp h e r ic  in d iv id u a l;  G : sh e ll; 
H : sec tio n , sh o w in g  p r im o rd ia l  a n d  s e c u n d a ry  sp in e s . x l3 ,5 . — J : d e ca lc if ie d  c en tre  of 
sh e ll, sh o w in g  p ro lo cu lu s , f i r s t  co ils  o f c h a m b e rs  a n d  th e  c a n a ls , w ith  th e  se c u n d a ry  

f o ra m in a  of th e  c h a m b e rs  o p e n in g  in to  th e  u m b ilic a l c a n a l-s p ira l .  x l60.
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ch a m b e rs  becom e m ore  i r reg u la r ly  shaped . They  are h ig h e r ,  seen f rom  the  
um b il ica l  side, they  show  the  tendency  to becom e t r ia n g u la r  o r  even square  in 
section. This fact is due to the  n e ig h b o u rh o o d  of a well-developed spine, at 
the  sides of w h ich  the  c h am b ers  are lean ing .

The first coils m ostly  show  a s l igh t  conical o u tg ro w th  b u t  in m any  cases 
the  spiral is totally  flat. This is due  to the  o u tg ro w th  of o v e r lap p in g  sides of 
the  cham bers ,  b eco m in g  firstly t r ia n g u la r  in shape  w hen  seen in  a transverse  
section. In  la rge r  c h am b ers  of the  later form ed coils the  spines d iv ide the 
c h a m b e r  in two flanges, b u t  it was show n in para ff ine -p repara tions  th a t  often 
the spine ru n s  s tra ig h t  th ro u g h  the ch a m b e r ,  the  c h a m b e r  b e in g  n o rm a lly  b u i l t  
before and b eh in d  the  spine.

As I have already pointed out in m y S iboga-reports , and  once  aga in  in m y 
p aper  « The Foram in ifera  o f  the Malay Archipelago  » (1933), I call large ope­
n in g s  betw een two a d jacen t  cham bers  « fo ram in a  »; the  sm alle r  op en in g s  in 
the  walls of the  ch a m b e rs  I called « pores ». I now  will d is t ingu ish  a th ird  
fo rm  of open ings  in the  cham berw alls ,  e .g . those, w h ic h  c o m m u n ic a te  d irectly  
w ith  the  canal system . In  1932 I described in m y  p ap e r  « Die F o ram in ife ren ­
fa u n a  der A m m o n ta tu r a  » on  page  132 the several ways, in w h ich  th e  c ham bers  
m ay  co m m u n ic a te  w ith  the  um bil ica l  canal system . C ham bers  m ay  n o t  only  
co m m u n ic a te  w ith  the  two a d jacen t  cham bers ,  b u t  also w ith  the  canal system . 
These open ings  in to  the  canal system  are s ing le  in  P u lv inu lina .  I called these 
open ings  « ven tra l  fo ram in a  », and I believe, th a t  I m u s t  insist to th is  n am e ; 
these open ings  are undo u b ted ly  form ed in the  ancestors of the  g roups  in w h ich  
they  are found  by fo rm in g  a slidge-like fo ram en , and a f te rw ards  sp li t t ing  this 
fo ram en  in two parts , the  one  d eb o u c h in g  into the  nex t c h a m b e r ,  th e  o th e r  
p r im it ive ly  in to  th e  um b il ica l  hole o r  at the  ven tra l  side of th e  shell (e.g. in 
C ym balopora  and in  Streblus).  W h e n  a fte rw ards  in  the  descendan ts  of the  
p r im it ive  fo rm s an um b il ica l  canal system  was fo rm ed , they débouché  in th is  
system  too.

P r im itiv e  fo rm s, such  as Rotalia, show  m ostly  a s ing le  ven tra l  fo ram en  in 
each ch a m b e r ,  b u t  in  h ig h e r  developed species m ore  of th em  can he found. 
This is the  case in  Calcarina  and  in  Baculogypsina ,  an d  m ore  than  one  ven tra l  
fo ram en  is also found  in  o u r  species here . They  often  g row  o u t  in to  a shape 
w h ich  could  be called sipho.

The pe r iphe ra l  wall of the  c h a m b e r  is perforated  by very coarse pores; they 
give rise to s tout sho rt  canals  in  th e  walls, o p e n in g  w ith  a som ew hat  b roader  
m o u th  in to  the  ou te r  w orld . Rut w h e n  the  c h a m b e r  is covered by a c h a m b e r  
of a fo llow ing  coil, they  open  in to  the  canal system , r u n n in g  betw een the  two 
walls of these two coils. These canals r u n  betw een the  walls of the  next coil 
in to  the  o u te r  w orld , o r  they  co m m u n ic a te  w ith  the  ven tra l  fo ram in a  of the  
c h a m b e rs  of the  next coil. In  th is  way we m ay  recons truc t  the  g ro w in g  of new 
cham bers .  F irstly  the  p ro top lasm  is s t re a m in g  from  the  c h a m b e r  in to  the  
open  by m eans  of the  coarse pores; w hen  the  wall is th ickened  from  w ithou t,
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canals are saved, in to  w h ich  the  coarse pores are  o p e n ing . A fterwards, w hen  
a new  c h a m b e r  is fo rm ed , th is  c h a m b e r  is fu rn ish ed  w ith  p ro top la sm  by  m eans 
of the  canals, in  w h ich  the  pores were open in g .  These canals fo rm  the  ventral 
fo ra m in a  of the  shell, b ro ad e n in g  tow ards the  new  ch a m b e r .  In  m an y  sections 
I could find the  several stages of the  process ju s t  m en tioned .

Rut, in  the  case th a t  in  reality  the  ch a m b e rs  of la ter  coils a re  fo rm ed  by 
the  canal system , in w h ich  th e  pores of fo rm e r  c ham bers  are o p e n ing , it will 
be very clear, th a t  the  d eb o u c h in g  of b ig  canals at th e  surface of the  shell mav 
also give raise to the  b u i ld in g  of new , i r re g u la r  cham bers ,  no t  b e in g  form ed 
in  the  n o rm a l  spiral. I have already described th is  p h e n o m e n o n  w hen  dea ling  
w ith  Calcarina spengleri  in  m y  first p a r t  of the  S iboga-report. In  qu i te  the  
sam e way in  o u r  fossil species in ou tg ro w n  specim ens these c ham bers  m ay  he 
found , d is tr ibu ted  no t only  on  the  surface of the  shell, b u t  also on  th e  spines. 
These ch a m b e rs  are always com parative ly  sm all, i r reg u la r ly  shaped, n ever  over­
lapp ing , qu i te  as I could describe th em  in B aculogypsina  tetraedra.

The th ird  and  fou rth  c h a m b e r  of the  in itia l  coil fo rm  the  first ventra l 
fo ram in a , th u s  g iv in g  rise to the  f irst um bil ica l  canals. They are  fo rm ed  not 
o n ly  on  the  ven tra l  side of the  shell b u t ,  th o u g h  no t so ab u n d a n tly ,  on  the  
dorsal side too. They  give rise to an  i r re g u la r  spira l canal,  as I described 
it e .g . in Calcarina. F ro m  this first spiral th in  canal-bundles  ru n  betw een each 
set of two o r  th ree  c ham bers  of the  in itia l  coil tow ards the  p e r ip h e ry  of the  
shell, th u s  g iv in g  rise to the  a n as tom is ing  and r ich ly  developed system  of the  
spines. Retween the walls of the  c ham bers  canals are r u n n in g  irregu la rly  
tow ards  the  p e riphe ry  too, often  g iv in g  rise to the  bund les  of canals of secun ­
dary  spines. In the  spines one m ay  d is t ingu ish  a cen tral  anas tom osing  bu n d le  
o f  canals , f rom  w hich  at reg u la r  in tervals  b ro ad e n in g  canals are r u n n in g  side­
ways to the  surface of the  spine. At the  end of a sp ine  the  cen tral  canals open 
in to  th e  o u te r  w orld  too. In  o u tg ro w n  shells the  canals, o p e n in g  at the  sides 
of the  spine, give rise to i r re g u la r  cham bers .  These c ham bers  how ever never 
fo rm  layers of cham bers ,  they  always are  situated  into a single  layer, covering  
the  surface, especially at the  base of the  spine and  on  the  m a rg in  of the  shell 
too.

In  some fo rm s, fo rm erly  described by au tho rs  as Siderolites laevigata, the  
canal system  of the  spines is fla ttened, sp read ing  ou t van-like a long  the  m a rg in  
of the  shell, th u s  fo rm in g  ir re g u la r  spines o r  even a fringe .

No m arg in a l-co rd  system  w hatever  could be traced.
Especially in the  um b il ica l  reg ion  pillars  of m assive cha lk  are developed, 

ru n n in g  betw een the  canals  and betw een the  o v e r lapp ing  ends of the  cham bers ,  
s tra ig h t  to the  surface of the  shell. T he ir  ends p ro jec t  on the  surface, fo rm in g  
little w hite  knobs of cha lk . Between these knobs one m ay  observe the  open ings  
of the  canals  and the  coarse pores of the  cham bers  as well. In the  n e ig h b o u r ­
hood  of the  open ings  of canals often  some coarse cha lk  m ateria l  is b u i l t ,  thus  
m a k in g  the  surface ra th e r  rough .
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F ig. 17. — B a c u lo g y p s in a  c a lc itra p o id es  (Lamarck).
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Systematical analysis :

R ough  coarse pores are  always very charac te r is t ic .  As we have here  to 
deal w ith  a real ro ta lide species, w h ich  fo rm s of the  Rotaliinae show  also coarse 
pores ? Coarse pores are  only  fou n d  in those  Rotaliinae, w h ich  I ga the red  in 
the  sub-fam ily  of the  Orbitorotalininoe  in m y  p ap e r  on  the  Malay F oram in ife ra  
(1933, p . 125). In p r im it ive  fo rm s such  as T runca tu lina ,  th e  shell m ostly  is 
of the  conical shape. But here  too som e species show  the  o u tg ro w th  of over­
lap p in g  cham bers ,  th u s  the  spiral of ch a m b e rs  beco m in g  som ew hat fla ttened , 
e .g . in T runca tu l ina  praecincta (Ka r r e r ) ,  as I described it in the  last m en tioned  
paper.

So the  species from  M aestricht indoub ted lv  is to be g rouped  in to  the Orbitoro-  
taliinince.

In th is  g ro u p  I also placed the  g roups  of the  Tinoporinince  and  of the  
Calcarinince. As the  Tinoporinince  show  m ostly , especially in m egalospher ic  
specim ens, the  raspberry  type of em b ry o n ic  apara tus ,  and  as they  lack any  
canal system , the  species m u s t  be g rouped  w ith in  the  Calcarinince.

The Calcarinince show  a well-developed canal system , an um b il ica l  system , 
w ith  w h ic h  the  ch a m b e rs  are  connected  by ven tra l  fo ram ina . The f irs t  coils 
of ro ta line  ch a m b e rs  fo rm  a flat sp ira l, the  um b il ic u s  on ly  b e in g  fo rm ed  at the  
ven tra l  side of the  shell. Pores of the  c ham bers  often  e n d in g  in  sho rt  canals 
in the  genus  Calcarina. Spines well-developed, h a v in g  also a canal system. 
O u tg row n  shells of Calcarina  often show  w ild -g row ing  cham bers ,  n o t  grea tly  
d iffe r ing  f ro m  th a t  of the  species f rom  M aestricht; only  in  the  la t te r  it is som ew hat 
m ore  developed th an  e .g . in Calcarina m ayori ,  w h ich  species I described in 
m y Siboga-report  (1927). The species Baculogypsina  tetraedra, w h ich  was later  
w rong ly  called (see m y  paper  on the  Malay Archipelago ,  1933, p. 128) by Yabe 
Baculogypsinoides  spinosus, shows a f irst spiral w h ich  is u t te rm o s t  the  sam e as 
in o u r  fossil species, b e in g  fla ttened  like a N u m m u lid e  shell. But la ter  on the

E xplanation of F igure 17.

A : tr a n s v e rs e  se c tio n  th ro u g h  m e g a lo sp h e r ic  in d iv id u a l  o f n o rm a l ty p e  w ith  4 sp in e s , b u t  sec tio n  
b e tw een  th e  sp in es. T h e  p i l la r s  a r e  c le a r ly  sh o w n . x20. — B : sec tio n  th ro u g h  sp in e s  o f n o rm a l 
m e g a lo sp h e ric  sp ec im en  w ith  4 sp in e s . — C : c a n a l sy s te m  in  sp in e , d eca lc ified . — D : t r a n s v e rse  
sec tio n , d e ca lc if ie d , of m e g a lo sp h e ric  sp e c im en  of læ v ig a ta - ty p e .  x20. — E : d e ca lc if ie d  m e g a lo ­
sp h e ric  sp e c im en  w ith  5 sp in e s , sh o w in g  th e  c a n a l  sy s te m . x20. A s p ira lly  a r ra n g e d  u m b ilic a l 
c a n a l  r u n s  a lo n g  th e  c h a m b e r  co ils . F ro m  th is  s p ir a l  c a n a l-b u n d le s  r u n  th ro u g h  th e  sp in e s , b e in g  
o ff-sp r in g s  f ro m  th e  s p ir a l  c a n a ls . T h e  p o re s  o f th e se  c h a m b e rs  o p en  in to  a  n e t  o f c a n a ls  fro m  
w h ic h  c a n a ls  r u n  to w a rd s  th e  u m b ilic a l s id e  o f c h a m b e rs  o f th e  n e x t co ils; b e tw ee n  th e  c h a m b e rs  
in te r s e p ta l  c a n a ls  ru n  to w a rd s  th e  p e r ip h e ry ,  m in g lin g  u p  w ith  th o se  of sp in e s , o r  th o se  in  w h ic h  
p o re s  a re  d e b o u ch in g . — F  : f i r s t  co il o f  c h a m b e rs , sh o w in g  s e c u n d a ry  fo ra m in a  of c h am b ers , 
d e v e lo p in g  th e  f i r s t  c o ils  o f u m b ilic a l c a n a l. x l20 . — G : f i r s t  se ts  o f c h a m b e rs  o f m ic ro sp h e r ic  
in d iv id u a l  w ith  c a n a l  sy s te m . x l20 . — H : u m b ilic a l c a n a l  sy s te m , v e n tr a l  sid e , f ro m  m e g a lo ­
sp h e ric  sp e c im en  w ith  3 sp in e s . — J : id em , fro m  m e g a lo sp h e r ic  sp e c im en  w ith  6 sp in e s . x l20 . — 
K : v iew  in to  th e  w h o r ls  of c h a m b e rs  a t  th e  d o rsa l  sid e , f ro m  w ith in ; e a r ly  c o ils  rem o v ed . T h e  
d o rsa l  u m b ilic a l c a n a l  sy s te m  is  sh o w n . In d iv id u a l  w ith  4 sp in e s , x 20. — M-O : f ig u re s  sh o w in g  
h o w  c h a m b e rs , p o re s  a n d  c a n a ls  a r e  co n n ec te d ; M : p o re s  o p en  in to  se c u n d a ry  fo ra m in a  of c h a m ­
b e rs ;  N : p o re s  o p en  in to  in te r s e p ta l  c a n a ls ;  O : in te r s e p ta l  c a n a ls  r u n n in g  in to  c h a m b e rs ; th ese  
c h a m b e rs  a re  a lw a y s  w ild  g ro w in g  o n es, x 120. — P  : w ild  g ro w in g , ty p ic a l b a c u lo g y p s in e  c h a m ­
b e rs , o n  th e  su rfa c e  of a  sp in e  of la rg e  ty p ic a l  sp e c im en . T h ese  c h a m b e rs  a re  fo rm e d  b y  th e  c a n a l 
sy s te m  of th e  sp in e , a s  th e  f ig u re  c le a r ly  sh o w s. x l20 . — R : w ild  g ro w in g , ty p ic a l  b a c u lo g y p s in e  
c h a m b e rs  on  th e  f r in g e s  o f a  ro u n d  laevigata  sp ec im en . T ra n s v e rse  sec tio n . T h e  b u ild in g  of th ese  

c h a m b e rs  is  q u ite  th e  sam e  a s  th a t  o n  th e  sp in e s  o f th e  sp e c im e n s  o f th e  n o rm a l ty p e . xl20 .
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ch am b ers  g row  w ildly , ju s t  as is the  case in  the  last fo rm ed  c h am b ers  of o u r  
species. The spines are well-developed, the  p illars are never  to he m en tioned  
as a generic  charac te r is t ic ,  b e in g  always very variab ly  placed, on ly  f il l ing  up 
the  spaces betw een the  canal system  and  the  cham bers .

So it will be obvious th a t  the  species, w ith  w h ich  we are now  dea ling , is 
a species w h ich  in  some respects, e .g . the  m an y  reg u la r ly  coiled ch am b ers ,  
the  o v e r lap p in g  of the  ch am b ers ,  cou ld  be placed in  the  gen u s  Calcarina; bu t  
the  largely  developed canal system  on bo th  sides of the  shell, the  flat spiral of 
the  f irs t  coils an d  the  f o rm in g  of w ild -g ro w in g  ch a m b e rs  in  connec t ion  w ith  the 
canal system , po in t  to Baculogypsina .

Since the  genus  Siderolites  m ostly  is connected  w ith  the N um m ulit idae ,  as 1 
have  po in ted  ou t,  and  as a m a rg in a l  cord  system  is lack in g  to ta lly , and  as the  
genus  Siderolites  is no t  defined clearly by the first a u th o r ,  I believe it to he 
efficient to d iscard  th is  generic  n a m e  in  th is  case; it will be a m a t te r  of 
a rb i tra r iness ,  w h e th e r  to call it Calcarina  o r  Baculogypsina .  It is a l ink  betw een 
bo th  genera , as is po in ted  out.

As, how ever, the  cen tra l  coils of ch a m b e rs  in  Baculogypsina  and  in the  
species we are dea ling  w ith ,  show  b o th  the  flat sp ira l type, I am  inclined  to 
call it a real B aculogypsina .  Roth genera  are, it will be c lear now, very m u ch  
allied, so th a t  it would  be possible to call all types of bo th  Calcarina.

The f la ttened  types of the  species, called by au tho rs  Siderolites  denticulata  
and  Siderolites laevigata are, in  the  best case, on ly  variaties of the  species, as 
all in te rm ed ia te  types can be found  in a s ing le  locality and  as the  in n e r  s truc tu re  
is on ly  g radua lly  d if fe r in g  in the  deve lopm en t of secundary  ch a lk  m ateria l.

I m u s t  once m ore  p o in t  o u t  th a t  these conclusions could  only  he d raw n  
w ith  the  aid of a m in u t io u s  study  of the  in n e r  s tru c tu re  by m eans  of the  p a ra f ­
fine m ethod .

I have here  to m en t io n  the  statistical investiga tion  on  B aculogypsina  calci­
trapoides  by  A. J .  Cosijn (On the p h y to g e n y  o f  the e m b ry o n ic  apparatus o f  som e  
Foram inifera ,  Leidsche Geol. Meded., Vol. XIII, 1942, tab . II, p. 63). This 
a u th o r  m easu red  the  pro locu lus  of 46 specim ens f rom  a sam ple , h a v in g  an 
average of rad ius  of 47,51 p., those f ro m  a n o th e r  sam ple  possessing a rad ius  of 
average 39,2 ¡a . He concludes, th a t  in the  cu rrence  of t im e  the  pro locu lus  of 
Baculogypsina  m u s t  have decreased. In  the  l ig h t  of o u r  recen t investiga tions  
we m u st  consider  th is  conc lusion  as p rem a tu re ,  as Cosijn does no t m e n t io n  the 
n u m b e r  of spines of the  specim ens of the  two sam ples. It is possible, tha t  
in  the  first m en tioned  sam ple  accidentally  m ore  specim ens w ith  four  spines have 
been ga the red , in  the  second m en t io n e d  in  the  c o n tra ry  there  m ay  have been 
m ore  ind iv iduals  w ith  m ore  th an  four spines. Moreover the  difference betw een 
the  m easured  rad ii  of the  pro locu lus  is expla inab le  w i thou t  any d ifference  of t im e. 
This  exp lana tion  m ay  be app rop r ia te  too on o th e r  statistic data collected by 
Cosijn in  his paper.
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Allom orphina trigona ( R e u s s ) .

This species is r a th e r  co m m o n  in  the  M aestrich tian  chalk . Tt shows all 
the  character is tics  of the  species. The walls are very sm ooth , an d  com paratively  
th in .  I observed on ly  m egalospheric  specim ens, the  pro locu lus  h a v in g  a 
d iam e te r  of abou t  110 a .  The two last-formed ch a m b e rs  only  are visible from  
the  outside.

à
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://
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Fig. 18. — A llo m o rp h in a  tr ig o n a  (R eu ss).

A : sh e ll, s ide-v iew ; B : a p e r tu ra l  face ; C : tw o  d iffe re n t sec tio n s  
th ro u g h  p ro lo cu lu s ; E-H : fo u r  su ccess iv e  se c tio n s , sh o w in g

a r ra n g e m e n t  o f c h a m b e rs . x40.

T he species has been labelled by several investiga tors  as A. cretacea R e u s s .  

I could not see any difference betw een A. cretacea and A. trigona.

Peneroplis senoniensis nov. spec.

In the second p a r t  of m y  S iboga-report  (1930, pp . 137-143) I gave an 
exhaustive  accoun t on the recen t species, Peneroplis  per tusus  F o r s k a l .  I cam e 
to the conclusion , th a t  the  ap e r tu re  of the  last c h a m b e r  does not form  a generic  
o r  even a specific character is t ic .  In fo rm s w ith  la rge r  pro locu lus  the  ape rtu re  
m ay  be sim ple, and in fo rm s w ith  sm alle r  p ro lo cu lu m  of the  sam e species the  
ap ertu re  m ay  be m ore  o r  less com plex.

The n u m b e r  of c h am b ers  equally  is of no  use, as in fo rm s with  large 
p ro loculus  th is  n u m b e r  is relatively sm all, in form s w ith  sm aller  pro loculus 
the  n u m b e r  of c h am b ers  of the  last fo rm ed  coil is relatively h igh .

Peneroplis  in th is  way becomes a very variable  species, as is show n in the  
papers on  th is  m a t te r  by  D r e y e r ,  W i n t e r  an d  m yself.

To erect a new  genus  on  a poor m ateria l  w ould  seem som ew hat p rem a tu re .  
It will be very possible, th a t  this new species, Peneroplis  senoniensis ,  will be
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n o th in g  else th a n  a Peneroplis  pertusus .  Only 10 ind iv idua ls  were found  in 
the  a b u n d a n t  m ate ria l  1 could study , an d  all showed to he of a s ing le  m ega lo ­
spheric  genera tion , w ith  a p ro locu lus  of abou t  56 p. d iam eter .

In the case, th a t  the  new  species is show n  by la ter  investiga to rs  to be n o th in g  
else th a n  Peneroplis  pertusus ,  th is  d iam e te r  of the  p ro locu lus  be longs  to the  
fo rm  w ith  sm alle r  m egalospher ic  p ro locu lus, w h ic h  is, as I have po in ted  out 
in m y S iboga-papcr, as an exception, the  A2 -form .

Rut th is  A n-form  in Peneroplis  pertusus  a lways shows a com plex  apertu re ,  
w hile  the  Ai-form is th a t  w ith  s im ple  ap e r tu re .  The new  species, w ith  small 
m ega lospher ic  p ro locu lus, how ever, shows invar iab ly  in the  1 0  specim ens

ways au thorised  to create  a new  species, as, in any  case, the  gen u s  Peneroplis  was 
u p  to this day only  very d oub tfu l ly  k now n  fro m  the  Cretaceous.

The largest specim en  of P. senoniensis  m easu red  0,875 nun  in d iam eter ,  
m ost of th em  are sm aller ,  th e  sm alles t d iam e te r  0,5 m m . The n u m b e r  of 
the  c h a m b e rs  of th e  last coil is very large  in com parison  w ith  Peneroplis  
pertusus .  Fo r  the  largest n u m b e r  there  is 18, w hile  th a t  in P. senoniensis  
varies f rom  18 to 24. In m ost specim ens the  c h a m b e rs  of the  last coil overlap  
those of the  fo rm er,  leav ing  free a wide u m b ilu cu s .  The a p e r tu re  of the  last 
c h a m b e r  is an  oval o p e n in g  in  the  ven tra l  p a r t  of the  ch am b erw a ll .  In some 
cases the  ap e r tu re  shows the tendency  to becom e t r ia n g u la r  in shape.

The first c h a m b e r  is th a t  of typical Peneroplis,  a ro u n d  c h a m b e r  provided 
w ith  a th in  neck . The c ham bers  c o m m u n ic a te  w ith  each o th e r  by m eans  of

Fig. 19. — Venero¡>Us se n o n ie n s is  n . sp.

A, B, C : se v e ra l sh e lls ; n ,  F, : a p e r tu r a l  face s; F  : tr a n s v e rs e  
sec tio n ; H : lo n g itu d in a l  sec tio n . x40. — G : lo n g itu d in a l  se c tio n  

of f i r s t  c h a m b e rs . x240.

observed, an ap e r tu re  of the  s im ple  feature . It is therefore , th a t  I was in  some 
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a fo ram en  at th e  um b il ic a l  side of the  ch am b ers .  F o u r  coils of cham bers , are 
fo rm ed , they increase h u t  s ligh tly  in size. The shell is flat w ith  a sunken  
um b il icu s  on both  sides, the  c h am b ers  fo rm  a flat spiral. W alls betw een the 
c h am b ers  are th ick ,  those betw een the  coils too, ju s t  as in the  case of Peneroplis  
pertusus  in the  Aj-form.

No m ic rospher ic  specim en was ob ta ined , so th a t  the  erection of th is  new 
species m u s t  be regarded  w ith  some douht. T ransverse  sections do not show the 
th ick  u m b il ica l  secundary  cha lk  masses, as are found in the \ 2-form  of Peneroplis  
pertusus .  The um b il icu s  shows th in  walls. Here too possibly lies a c h a ra c ­
teristic  of th is  new  species.

S h o r t  c h a r a c t e r i s t i c s  o f  t h e  s p e c i e s  Peneroplis  senoniensis  :

Rare in  the  Senonian  of M aestricht and su rro u n d in g s ;  shells flat and ro u n d ,  
w ith  som ew hat  p ro tru d in g  cham berw alls ,  c ham bers  n u m ero u s ,  closed-eoiled, 
o v e r lap p in g  a p a r t  of the  fo rm er  coils at b o th  sides. Coils p lan isp ira l,  ape rtu re  
an  oval o r  som ew hat  t r ia n g u la r  o p e n in g  at the  um b il ica l  p a r t  of the  f ron t  wall 
on the last ch a m b e r .  M argin rounded . U m bilicus  on both sides. F irst c h a m ­
ber  of m egalospheric  fo rm  about 56 ¡j. d iam eter ,  p rov ided  w ith  neck -cham ber .  
In  fu llg row n  specim ens w ith  a d iam ete r  of abou t 0,975 m m , the  n u m b e r  of 
c h a m b e rs  of the  last coil reaches up  to 24.

This  species was erroneously  m en tioned  by V i s s e r  (N atuurh ist . M aandblad, 
Vol. 26, 1937, p. 8 8 ), as « Operculina  spec, indet. ».

Orbitoides faujasi D e f r a n c e .

In m y pub lica tion  on the F oram in ife ra  of the  Senonian  of L im b u rg  (N atuur­
historisch  M aandblad, 1926, n° 4, pp . 38-42) I dealt w ith  rem arkab le  species. 
In the same periodical (1926, n° 7, pp . 79-80) I gave an add it iona l  note on the 
latter.

In the  m ea n t im e  several au tho rs  have pub lished  on  w hat they  believed 
to be the  sam e species, th o u g h  in m an y  cases f rom  very d iffe ren t localities, 
an d  they do not agree w ith  m y  visions abou t the  species.

As it is always possible th a t  the  view of an a u th o r  is w rong , since he was 
dea ling  w ith  a som ew hat restric ted  m ateria l,  I was obliged to s tudy the  species 
aga in  and  to look over a new  m ateria l  in respect of the  view s of o ther  au thorities  
in the  sub jec t .

S c h i j f s m a ,  w ho studied m ateria l  f rom  the H erv ian  levels of the  same reg ion , 
found  in his m ateria l four  d is t inc t  species [E. S c h i j f s m a ,  F oram in ife ra  from  the 
H erv ian  (C am panian)  of sou the rn  L im b u rg ;  Thesis Leiden, 1946]. In  this thesis 
all the  l i te ra tu re  betw een 1926 and  now  also has been analysed.
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So I s tudied a very large  m ateria l,  b e lo n g in g  to the  « Musée d ’Histoire 
N aturelle  de Belgique ». The total n u m b e r  of ind iv idua ls  s tud ied  a m o u n te d  to 
abou t 1500.

A ccord ing  to S c i i l u m b e r g e r  (Prem ière  note sur les Orbitoides;  Bull, de la 
Soc. de Géol. de F rance, 46 série, I, pp . 459-467, pi. VII-IX, 1901) in M aestricht 
at least two d iffe ren t species occur, Orbitoides apiculata  S c i i l u m b e r g e r  and  
Orbitoides m in o r  S c i i l u m b e r g e r . Later au th o rs  have added som e com plexity  
in n o m en c la tu re  by c rea t in g  a d iffe ren t genus  Lepidorbito ides, w hereas the  
la t te r  species now  is called Lepidorbito ides m in o r  ( S c i i l u m b e r g e r ) .

S c h i j f s m a  d is t ingu ishes  in  h is  H ervian m ate ria l  four  species, viz. Orbitoides  
m edia  ( d ’A r c i i i a c ) ,  Orbitoides apiculata  S c h l u m b e r g e r , Lepidorbito ides  m in o r  
( S c i i l u m b e r g e r ) and Lepidorbito ides socialis ( L e y m e r i e ) .  M ention ing  m y 
figures from  m y pub lica tion  of 1926 he concludes  : « The d raw in g s  H o e k e r  has 
g iven  are no t satisfy ing . So acco rd ing  to p late 1, p. 39, in  m y op in ion  we 
can a t t r ib u te  the  fig. 7, 8 and  10 to the  species Orbitoides media ,  f ig . 1 and 2 
to  Lepidorbito ides m in o r  an d  fig. 3-6 and  9 to Orbitoides apiculata  ». T h o u g h  I 
m en tioned  on p. 42 of that  pub lica tion , fig. 9 is a section f rom  the ind iv idual,  
f igured  on  fig. 7, yet the fig. 7 is con tr ibu ted  by S c h i j f s m a  to 0 .  media, w hile  
he believes fig. 9 to be long  to O. apiculata. Both f igures how ever are d e m o n s ­
t ra t in g  a b e rra n t  specim ens, b e lo n g in g  to the  « D oppe lind iv iduen  », described 
by R h u m b l e r ; in th is  way we never  can  expect th e m  to b ea r  the  typical c h a ra c ­
teristics of the  species! Nevertheless S c h i j f s m a  (and also o th e r  m o d e rn  au thors)  
are  very certa in  in the ir  declara tions  abou t the  typical charac te r is t ics  of the  
fou r  before m en tioned  species!

In m y  add it iona l  note, also m en tioned  by S c h i j f s m a , I po in ted  o u t  already, 
th a t  S c h l u m b e r g e r  m u st  have been e rron ious  in bis d e te rm in a t io n  of L im b u rg ia n  
F oram in ife ra .  I m ay  add now  to this view the  fact, th a t  he  s tudied m ateria l  
no t  on ly  d e riv ing  from  M aestricht, b u t  also f ro m  o ther ,  f rench  and  ita lian , 
localities. So it is very p robab le , tba t  his « species » m ay  be d iffe ren t from 
those, o c c u r in g  in the  S enon ian  cha lk .  S c h i j f s m a  declares, th a t  the  species, 
found  by  h im  in  the  H erv ian  level, are very c o m m o n  in the  Senonian  one. 
especially L. m inor ,  and  O. apiculata. He also notes, th a t  S c h l u m b e r g e r  

described  L. socialis, b u t  th a t  bis pi. VI, fig. 6 is in  fact an  O. apiculata  and 
no t L. socialis !

All these facts lead to the  suggestion , th a t  a very g rea t  confusion  is re ig n in g  
in th is  m a t te r ,  an d  so 1 decided to s tudy  the  O rbito ids, o c c u r in g  in the  Maes­
t r ich tian  Senonian  once aga in .

F irstly  I tried to d is t in g u ish  in m y  m ateria l,  d e r iv in g  from  the  M ount 
St. P ieter , Canne, Sichen, Gronsveld, Bem elen, Keer, G eu lhem  and collected 
by several w e llknow n o lder  au tho rs  as R o s q u e t , N y s t , U b a g h s  and  F. H e r d e r e n , 

the  fou r  m en tio n ed  « species ».
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I based m y  investiga tions  on the new  descrip tions , g iven  by S c h i j f s m a , as 
these are very clear. But I cam e to a very dep ress ing  conclusion  : the  four 
species are hard ly  d is t ingu ishab le  by m eans  of these descrip tions . 1 m ade  the 
fo llow ing  list of the  charac te rs  :

0 . m ed ia . L. m in o r . L. soc ia lis . 0 . a p icu la ta .

E m b ry o n ic  a p p a r a ­
tu s  m eg a lo sp h e ric .

O val, in  fo u r  p a r ts . G lo b u la r p ro lu c u lu s , 
fo llo w ed  by  c irc u la r  
c h a m b e r , bo th  w ith  
th ic k  w a ll a ro u n d .

S m a ll sp h e r ic a l p ro ­
lo cu lu s , h a lf  s u r ­
ro u n d e d  b y  seco n d  
c h am b er , b ig g er, s u r ­
ro u n d e d  bo th  by  th ic k  
p e rfo ra te d  w a ll.

T h ick  w a ll  a ro u n d , 
4 p a r ts .  3 c h a m b e rs  
in  tra n s v e rs e  sec tio n .

E m b ry o n ic  a p p a r a ­
tu s  m ic ro sp h e ric .

S m a ll  c h a m b e r , la te r  
c h a m b e rs  m o re  o r 
less r e g u la r ,  g r a d u a l ­
ly in c re a s in g .

— — A ccord ing  to  S c h l u m - 
berger : f i r s t  c h a m ­
b e r v e ry  sm a ll ,  a n d  
n e a r ly  in v is ib le .

S u rfa ce . S m a ll r ib s  fro m  c en ­
t re  r a m ify in g  to p e r i­
p h e ry . S m a ll knobs.

C overed  w ith  n u m e r ­
o u s  p u s tu le s  w h ich  
a re  re g u la r ly  d isp e r­
sed  o v e r th e  e n tire  
su rfa ce .

B o th  s id e s  covered  
w ith  p u s tu le s , h a rd ly  
d is t in g u ish a b le  fro m  
L. m in o r .

I r r e g u la r ,  f re q u e n tly  
o rn a m e n te d  w ith  e lo n ­
g a te d  a n d  v e rm ifo rm  
g ra n u la t io n s  w ith  i r ­
re g u la r  s ta r  on  th e  
ap ex .

O u tlin e . C ir c u la r ,  d is c ifo rm , 
b ico n v e x , th ic k n e ss  
a b o u t 1/3 of d iam e te r .

C irc u la r ,  d is c o id a l ,  
th ic k e n e d  in  th e  cen ­
tre , a t  b o th  s id es 
(b iconvex).

C irc u la r ,  d is c o id a l , 
s l ig h tly  c o n ic a l in  th e  
c en tre .

C irc u la r ,  d is c o id a l , 
p la n c o n v e x , w ith  p ro ­
je c tin g  k n o b  o n  th e  
co n v ex  side.

E q u a to r ia l  c h a m ­
bers .

i

C rescen t-sh ap ed  c i r ­
c u m fe ren c es . E ach  
n ew  c h a m b e r  o f a  
cycle  is  s i tu a te d  ju s t  
ab o v e  th e  sp ace  be­
tw e e n  tw o  ch am b er-  
le ts  o f th e  fo rm e r  
ro w . T w o  o r  th re e  
la te ra l  p o res. H o ri­
z o n ta lly  su b d iv id e d  ?

M uch s m a lle r  th a n  in  
a p icu la ta ;  th e y  keep 
th e  sam e  h e ig h t.

A rra n g e d  in  m a n y  
cycli.

D iv id ed  to w a rd s  th e  
c irc u m fe re n c e , o u t­
lin e . su ch  a s  in  
m e d ia . S u b d iv id e d  a s  
th e y  re a c h  th e  s u r ­
face , b u t  th is  c a n n o t 
a lw a y s  be o b se rv ed .

L a te ra l  c h am b ers . V ery  f la tte n e d . V ery  n u m e ro u s . F la t ­
ten ed .

V ery  f la tte n e d . R eg u ­
la r ly  s itu a te d  above  
e ach  o th e r  a n d  so m e­
w h a t h ig h e r  th a n  in 
m in o r .

V ery  n u m e ro u s  a n d  
f la tte n e d .

P illa rs . F ro m  p e r ip h e ry  to 
c en tre  c o n d en se  in  
su ch  a  w a y  th a t  th e  
la te ra l  c h a m b e rs  a l ­
m o st d isa p p e a r .

N u m ero u s  in  th e  
w h o le  tra n s v e rs e  sec ­
tio n . T h ey  c au se  th e  
p u s tu le s  on  th e  s u r ­
face.

~~~ N u m ero u s p i l l a r s ,  
w h ic h  m ee t each  
o th e r  in  th e  c en tre , 
fo rm in g  a  co m p ac t 
m ass .

D iam e te r. 10-50 (?) m m . 5-6 m m . 10-16 m m . 10 m m .
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Fig. 20. — O rbito ides fa u ja s i  (D efrance).
A :  sc h e m a tic  sec tio n , len s-sh a p e  w ith  knob . x2,7. — B :  e m b ry o n ic  a p p a r a tu s  d e ca lc if ie d . x27. — 
C : s c h e m a tic  sec tio n , sa d d le -sh ap e . x2,7. — D, E, II : e m b ry o n ic  a p p a r a tu s  fro m  d if fe re n t s id es. x27.
— F : s c h e m a tic  sec tio n , len s-sh ap e . x2,7. — G : e m b ry o n ic  a p p a r a tu s  d e ca lc if ie d . x27. — K : d e c a l­
c ified  sec tio n  th ro u g h  th e  in d iv id u a l  F , G; sh o w in g  v e n tra l  la te ra l  c h a m b e rs  (above) a n d  d o rsa l 
o n e s  (below ). x27. — J : sec tio n  th ro u g h  th e  m a rg in a l  c h a m b e rs  o f m ic ro sp h e ric ' fo rm , ta n g e n tia l ,  
sh o w in g  ab ove  th e  e q u a to r ia l  la y e r , b e low  som e v e n tra l  la te ra l  c h a m b e rle ts . x27. — L-O  : s a d d le ­
sh a p e d  in d iv id u a l;  L  : sec tio n . x2,7; M : m a rg in a l  en d  of sec tio n , sh o w in g  th e  p o o rly  d ev elo p ed  
d o rsa l  c h a m b e rle ts . x l3 ,5 ; N : c e n tra l  p a r t  of sec tio n . x l3 ,5 ; O : e m b ry o n ic  a p p a ra tu s ,  sec tio n . x27.
— P , R : co n ica l in d iv id u a l  w ith o u t  re a l  kn o b ; P  ; sec tio n . x2,7; R : sec tio n , sh o w in g  la rg e ly  d ev e ­
loped  v e n tra l  side . x l3 ,5 . — S :  sec tio n  th ro u g h  m ic ro sp h e ric  fo rm , sh o w in g  d iffe re n c e  be tw een  
d o rsa l  a n d  v e n tra l  c h a m b e r le ts  a n d  th e  i r r e g u la r  a r ra n g e m e n t  o f th e  e q u a to r iu l c h am b ers . x!3,5.
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C onsidering  th is  list of charac te rs  of the  fou r  so called species of Orbitoides  
f rom  M aestricht, one easily finds th a t  the  m egalospheric  appara tu s  in  all species 
is su r ro u n d e d  by a th ick  wall (as is the  case in  m u c h  m ore  species of F o ra m i­
n ifera), h u t  th a t  the  appara tus  of m edia  and  apiculata  consists of four  parts , 
w hile  th a t  of m in o r  and  socialis is div ided in  two parts .

M icrospheric fo rm s have been found  in  apiculata  and m edia  (accord ing  
to S c h l u m b e r g e r  a n d  D o u v i l l é , b u t  f rom  qu ite  d ifferen t localities, an d  in  m edia  
in a size of abou t 50 m m , w h ich  large specim ens have never  been found  in the  
M aestrichtian  cha lk ) .  No m ic rospher ic  specim ens are know n from  the  « species » 
m in o r  an d  socialis. As I have pointed ou t a lready in  m y Siboga reports ,  a 
species should  no t be established only  on  m egalospheric  fo rm s, as these form s 
on ly  shows a p a r t  of the  features, b e lo n g in g  to the  species. B earing  th is  in  
m in d ,  one  has to d iscard  those two species m in o r  and  socialis.

The surface-characters  of m edia  are som ew hat doub tfu l .  The crossing  
« sillons », the i r re g u la r  pores on the surface, e tc ., from  the  type-descrip tion  
(see the  descrip tion  by S c h i j f s m a )  do no t refer to any species of Orbitoides, b u t  
are very rem a rk a b le  features of O m phalocyc lus  m acroporus  ( L a m a r c k ) ,  the  o th e r  
f req u en t  la rge r  F o ra m ife ru m  of M aestricht. The o lder  au th o rs  have th ro w n  
toge the r  these two species, an d  even the  m e n t io n in g  of the  fact, by  d ’O r b i g n y , 

th a t  often  the  specim ens split in to  two halves, is a typ ica l feature  of Sporado­
trem a.  I never  observed any  <( r ibs on  the  surface » in  Orbitoides  f ro m  Maes­
tr ich t .  Only the  apical knob, form ed by a s tar  of p ro tru d in g  pillars  in  apiculata, 
is w o r th  m e n t io n in g  as a character is t ic ,  as in  all fo rm s the  surface is covered 
m ore  or less in  a very v a ry in g  m an n e r ,  by pustu les , also fo rm ed  by  the  ends 
of the  p illars .

The ou tline  is discoidal in  m edia  and  in  m in o r ,  p robab le  also in  socialis. 
Only in apiculata  the  shell is p lan-convex, w ith  p ro je c t in g  knob .

The equatoria l  cham bers  are « subdivisées vers la c irconférence  » in  apicu­
lata, b u t  th is  p h e n o m e n o n  c anno t  always be observed; in  m in o r  they  are m u c h  
sm alle r  th a n  in  apiculata, and  do no t w iden  tow ards the  ou tline , as they  do 
in  apiculata. T ha t  they  are a rran g ed  in  m an y  cycli, as is m en tioned  for socialis, 
m ay  also be reported  for the  o th e r  species. The descrip tion  of the  pores and 
the  shape of these c h am b ers  for the  species m edia  is also applicable  for the  o ther  
species. In  m edia  it was observed, th a t  the  later  equato ria l  c h am b ers  also 
subdiv ide . This m ay  have been the  case in  the  m ic rospher ic  ind iv iduals  in 
the  m ate ria l  of S c h l u m b e r g e r ; b u t  th is  was obviously qu ite  a d ifferen t species.

The lateral c ham bers  canno t  be used as character is tic ,  for they  are very 
superfic ially  described in  the pub lica tions , even in  m y  own one, as I know  
now . They are, in  all four species, m u c h  fla ttened, som ew hat la rge r  in socialis.

The pillars  fo rm  a com pact m ass in the  cen tre  of apiculata  and  are very 
r ich ly  d is tr ibu ted  in media,  in such a way, th a t  the  lateral c ham bers  a lm ost 
d isappear.

4
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The d iam eters  of media, apiculata  and of socialis are  nearly  the  sam e; no 
statistical investiga tions  have stated th e i r  average d iam eter .  Only th a t  of m in o r  
is m u c h  sm aller , as it is said to be 5-6 m m .

W h e n  s tu d y in g  the  m ateria l  at han d  w h ich , as already m en tioned  above, 
was a very large  one, I could w ith  the above-m en tioned  charac te rs  of the  four  
species, a r ra n g e  the  d iffe ren t specim ens in to  those four species w ith  m u ch  
d ifficulty .

F irstly  I tried to separate  th e m  in to  those w ith  a cen tra l  knob , and those 
w ithou t such a knob , as this charac te r is t ic  is a very pecu liar  one. So I selected 
f ro m  the m ate ria l  all typical specim ens w ith  knob  and  w ith  m ore  o r  less conical 
shape, viz. 249 specim ens, and I m esured  the d iam eters .  These w ere a rranged  
in  sets of 1 m m  difference, the  sm alle r  ones b e g in n in g  w ith  3-4 m m , the  la rge r  
ones e n d in g  w ith  15-16 m m . As it will be show n  afte rw ards  th a t  those with 
a d iam e te r  f rom  11-12 up  to 15-16 m m  are invar iab ly  m ic rospher ic ,  only  those 
u p  to 11 m m  w ere taken  in to  considera tion , th u s  avo id ing  a cu rve  w ith  two tops.

The results  w ere as follows :

3-4 4-5 5-6 6-7 7-8 8-9 9-10 10-11 diameter in mm.
4 16 42 62 40 31 19 13 number of individ.

In  quite  the  sam e m a n n e r  1 pi’oceeded w ith  those ind iv iduals ,  w h ich  could
u n d o u b ted ly  be placed in the  ran g e  of ind iv iduals  w i thou t  cen tra l  knob , thus
apparen tly  c o m b in in g  the  species m edia  and  socialis (Schijfsma poin ted  ou t 
a lready, th a t  he could not very well d is t in g u ish  these two species). The results  
were *' 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9 diameter in mm.

8 29 36 44 68 35 9 2 number of individ.

W h e n  cons ide r ing  the  curves m ade  w ith  these results , we m ay  easily find 
o u t  th a t  these two curves, superposed on  each o ther ,  show  the  rem ark ab le  
fact, th a t  the ir  tops d iffer  on ly  one m m , and th a t  the  curve  f rom  the  ind iv iduals  
w ith  knob  shows the  tendency  to fla tten  at the  r ig h t ,  th a t  f rom  the ind iv iduals  
w i thou t  any  knob , to flatten at the  left side. This  p h e n o m e n o n  leads us to 
the  supposition , th a t  those two curves are c o m p le m e n ta ry  to each o ther , th a t  
they  be long  to the  same species in  o th e r  words. The statistical analysis adds 
some poin ts  to th is  supposition .

The avarage  of the  va ria tion  of the  specim ens w ith  a s ing le  knob  is 6,5 + 1,66, 
so r a n g in g  between 4 ,84 and  8,16 m m .

The avarage  of the  varia tion  of the  specim ens w ith o u t  a knob  is 5 ,5 ± 1 ,2 6 ,  so 
r a n g in g  betw een 4,24 and  6,76.

In  th is  way we can  state also, th a t  in reality these two « species » show
a difference  of d iam e te r  of on ly  a s ing le  m m , w hile  th e ir  varia tion  is an
o v e r lapp ing  one. In  th is  way the  d iam e te r  is of no  use to d is t in g u ish  these 
two so-called species.
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In the m ateria l  we also m ay  separate  the  fo llow ing  form s on  ou ter  c h a rac ­
teristics :

1. specimens conical, with a knob on the convex side, the other side flattened 
[apiculata).

2. specimens somewhat conical, w ith a knob on one of the sides, the other side 
convex, but without knob [socialis).

3. specimens lens-shaped. No knobs on either side [media).
4. specimens more or less saddle-shaped, mostly very thin towards the circumfe­

rence (probably minor).

These fou r  g roups  were also m easu red  and g rouped  for statistical purpose . 
T he results  were as follows :

ƒ_ 3-4 4-5 5-6 5-7 7-8 8-9 9-10 diameter in mm.
1 6 15 37 20 13 8 number of specimens.

The average d iam ete r  is 6,1 ± 1 ,35 .

2 . 2-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10 10-11 diameter in mm.
1 5 25 40 56 59 31 7 5 number of specimens.

The average d iam ete r  is 6,22 + 1,14.

2 . 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10 diameter in mm.
12 22 43 57 81 69 36 9 5 number of specimens.

The average d iam e te r  is 5 ,3 ± 1 ,4 .

4 . 3-4 4-5 5-6 6-7 7-8 8-9 9-10 diameter in mm.
1 14 26 36 14 7 1 numbers of specimens.

The average d iam e te r  is 6,1 ±1 ,135 .

The curves of these four  form s are o v e r lapp ing  th ro u g h o u t .  The lens­
shaped  shells shows the  lesser d iam eter ,  r a n g in g  fo rm  3,9  to 6,7, w hile  the  
largest one, the  convex conical one, shows a r a n g in g  f rom  5,06 to 7,46. The 
tops of the  curves of 1 and 4 are the  same, th a t  of 2 lies 1 m m  fu r th e r  on, th a t  
of 3,1 m m  back. So the  d iam ete r  can no t be used in  e i the r  way as a charac te r .

The ind iv iduals ,  e ither  be lo n g in g  to 1 o r  2, w ith  knob  on one  side, an d
w ith  a d iam ete r  la rg e r  th an  11 m m , showed all to be m icrospher ic .  As the  
flat ven tra l  side an d  the  convex one  o ccu r  in  th is  specim ens from  b o th  fo rm s 
w h ich  statistically  are no t d is t ingu ishab le ,  n e i th e r  in  respect of the  d iam eter ,  
n o r  in  respect of the  features of the  surface, it is w i thou t  doubt th a t  1 and  2 form  
a sing le  species, som ew hat v a ry in g  in  respect to the  deve lopm en t of the  ventral 
side. All t rans it iona l  form s betw een these two fo rm s can be found in  the  same 
m ateria l.
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F ro m  the  two o th e r  fo rm s, 3 and 4, no  specim ens la rge r  than  11 m m  could 
be found . It could be suggested , th a t  these fo rm s have type  1 o r  2 as m ic rospher ic  
fo rm s. In the  m ateria l  f rom  the M useum  in Leiden no specim ens have  been 
found  b e lo n g in g  to these form s, b e in g  m ic rospher ic .

conical, with knob. 

without central knob. 
tafai curve

i!;!!!!!!!!

1 2 3  4 .5  6 7  8 9 IO 11 12 13 14 15 /6
diameter in mm.

Fig. 21. — O rb ito id es fa u ja s i  (Deframce).

S ta tis t ic a l  re s u lts  of m e a su r in g  d ia m e te rs  of sh e lls  w ith  c e n tra l  kno b  a n d  c o n ic a l sh ap o  
(a p icu la ta  +  so c ia lis) a n d  th o se  w ith o u t  c e n tra l  k n o b  (m in o r  a n d  m ed ia ).

W e will now  deal w ith  the  in n e r  features of these four  form s. As I 
m en tioned  already in  m y fo rm er  paper  on  the  m a t te r  (1926), in m ate ria l  of 
Orbitoides  f rom  M aestricht one always finds some a b a r ra n t  specim ens, w hich  
are  i r reg u la r ly  g row n  ou t and  show to be po lynuclcar  fo rm s. They  m u s t  no t be 
considered  in  a specific investiga tion .

1. Conical, w ith  flat ven tra l  side.
Some ind iv iduals  are m icrospher ic ,  the  appara tu s  has been fully described 

and f igured in m y previous work.
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Most of th em  are m egalospheric . F irst  c h a m b e r  very large, second c h a m b e r  
in  sections mostly  twice sectioned, as it su rro u n d s  the first c h a m b e r ;  b u t  it does 
no t s u r ro u n d  the  first c h a m b e r  totally, one of the  sides of the  first c h a m b e r  
b e in g  naked. W all  of the  appara tu s  very th ick . The appara tu s  is always found 
in the  dorsal ha lf  of the  shell, very n ea r  to the  dorsal surface, and benea th  the  
knob.

X

80
lena-shaped wdhouf, knobs. 
Saddle - shaped, 
conical, with knob, 
conical with inf la fed  ven Ira Iside.

70

60

50

40

50 m
10

1 a 3 4 5  6  7 a  9  10 11 18 1 3 / M 15 16

Fig. 22. — O rbito ides fa u ja s i  (Defrance).

S ta tis tic  r e s u l ts  of m e a su r in g  d ia m e te rs  o f th e  fo u r  « sp ec ie s  » o f O rb ito id es , n o w  ta k e n  
a s  th o se  in d iv id u a ls  w ith  len s -sh a p e , th o se  w ith  sa d d le -sh ap e , th o se  w ith  f la t  v e n tra l  s id e  
a n d  kn o b , a n d  th o se  w ith  k n o b  a n d  in f la te d  v e n tra l  side . H ere  too  th e  re s u lts  sh o w  no  
d is tin c t d if fe re n c e s  in  d ia m e te r . D ia m e te rs  of 11-16 m m . in v a r ia b ly  a re  m ic ro sp h e ric .

2. Conical specim ens, b u t  w ith  a convex ventral side.
The first c h a m b e r  is very large, the  second c h a m b e r  nearly  totally  s u r ­

ro u n d in g  the  first one, b u t  in a single  p lane , so th a t  th is  second c h a m b e r  is 
sausage-like. All stages betw een these form s 1 and 2 m ay be found up.

3. Lens-shaped specim ens, w i thou t  d is t inc t  knob  on  e ithe r  side.
F irst  c h a m b e r  no t so large  as in the  previous form s, followed by th ree  

elongated cham bers ,  w h ich  cham bers  co m m u n ica te  w ith  the  fo llow ing  equatoria l 
ones, as is the  case w ith  the  sausage-like ch a m b e r  in  the  fo rm er  fo rm . As one
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of these secondary c h am b ers  m ostly  lies in d e rn e a th  the  pro locu lus, transverse  
sections often  show  four separate  ch a m b e rs  in  the  appara tu s .  Sm all specim ens 
of this fo rm  m ay  also b e lo n g  to fo rm  2, b e in g  y o u n g  shells of th is  fo rm .

4. Saddle-shaped form s.
First  c h a m b e r  always relatively sm all,  followed always by th ree  o ther  

c h a m b e rs  in  the  appara tus .  W all  a ro u n d  the  appa ra tu s  s ligh tly  th in n e r  th an  
in the  o th e r  form s.

The equatoria l  c h am b ers  are, especially in  t ransverse  sections, very i r re ­
g u la r ly  bu ilt .  In the  fo rm s w ith  relatively sm all p ro locu lus  they becom e h ig h e r  
tow ards the c ircum ference , in the  fo rm s w ith  large  p ro loculus  they keep the  sam e 
he igh t ,  as is m en tioned  by S c h i j f s m a . This a u th o r  says th a t  they  keep the 
sam e h e ig h t  in m inor ,  w hereas they g row  h ig h e r  up in apiculata  an d  in m e d ia , 
su b d iv id in g  w hen  re a c h in g  the  o u te r  c ircum ference .  I found , th a t  they  keep 
the  sam e h e ig h t  in  1 and  2, an d  they  g row  in 3 and  4, and also in all m ic ro spher ic  
specim ens. Now one m u s t  hear  in m in d  th a t  those w ith  sm all p ro locu lus  
always fo rm , w h e th e r  they are m ic rospher ic  o r  m egalospher ic ,  at the  end of 
the ir  life large  em bryons ,  w h ich  in  some fo rm s of F o ram in ife ra  are fo rm ed  in 
specially fo rm ed  cham bers  (e.g. P o lym orph ina )  o r  in m u d -c h a m b e rs  (as in 
Rotalia  and P u lv in u l in a ) . Rut in  those F o ram in ife ra ,  allied to the  Orbitoids, 
these em bryons  are form ed in  the  last w horls  of cham bers ,  also very widely 
an d  i r regu la rly  shaped , as they  are to con ta in  those em bryons .  In this way it 
is also u n de rs tandab le ,  th a t  the  ou te r  walls of these c h am b ers  often  are m iss ing , 
as one can easily observe in  the  ou tg ro w n  ind iv iduals ,  especially of m ic rospher ic  
fo rm s. The subdiv is ion  of these ou te r  w horls  of c h am b ers  is no t a real one. 
But the  ch a m b e rs  are  very i r re g u la r ly  shaped, and  so in sections they  show 
so m e th in g  like a subdivision.

Since the  fo rm  1 and  2 w ith  large  pro locu lus, and in th is  reg a rd  w ith  
equa toria l  cham bers  w h ich  do no t increase tow ards th e  c ircum fe rence  (as the  
fo rm  w ith  large  pro loculus, F o rm a  A2, fo rm s gam etes , w h ich  are  always very 
sm all, and  do n o t  need m u c h  space) it is an  add it iona l  reason to look at th em  
a? b e lo n g in g  to the  sam e species as the  fo rm s 3 and  4 w ith  sm alle r  p ro loculus  
(form a Aí) w h ich  fo rm  e m b ry o n s  and  need space in th e ir  last w horls  of 
equa to ria l  cham bers .  The fo rm in g  of these em b ry o n s  has been  traced  in  l iv ing  
fo rm s of some equally  bu ilt  species by R iium bler .

Now the  fo rm s 1 and 2 show  some fea tures  of the  « species » of Schijfsma 
and  o thers , socialis and  apiculata, p robab ly  also of media.  This  species how ever 
shows, acco rd ing  to Schijfsma, equatoria l  c ham bers  g ro w in g  b ig g e r  tow ards 
the  c ircum ference!

On the  o th e r  h a n d  I m ea n t  to d e te rm in e  the  fo rm s 3 and  4, those w ith  
sm aller  first c h a m b e r  and adequally  w ith  cham bers ,  g ro w in g  la rge r  towards
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the  p e riphe ry ,  as m edia  and  m in o r .  But they  show  c h am b ers  increas ing  in 
con ten ts  tow ards the  periphery ,  w hereas Schijfsma assures us, th a t  they keep 
the  sam e heigh t!

But there  is a n o th e r  very rem arkab le  character is t ic  in all four form s, w h ich  
has  n o t  yet been m en tioned  by any  au th o r ,  and  w h ich  I on ly  could  f ind  w ith  
th is  new  m ethod  of g r in d in g  and f il l ing  u p .  Th is  feature  is the  shape of the  
lateral cham bers .

In  the  descrip tions, g iven  by  various au tho rs ,  the  lateral c h a m b e rs  are 
described as very fla ttened. W h e n  s tu d y in g  n o rm a l  sections of the  shells, one 
easily finds th a t  these ch a m b e rs  often  give the  im pression  as h a v in g  been 
reduced  by the  a b u n d a n cy  of cha lk -m ater ia l  in terposed  betw een th em . This, 
how ever, c anno t  be the  case, as the  shape of those c ham bers  has been form ed 
at th e ir  b u i ld in g  the surface of the  y o u n g  shell and  the  g rad u a l  increase of 
the  shell is due  to the ir  b u i ld in g .  Between th em  is in te r c a la te d  the  chalk- 
substance  w hich  fo rm s th ickened  layers on the surface, th u s  ad d in g  a layer 
to the  shell a t  each im pu lse  of g row th . But th is  im pu lse  always b eg u n  w ith  
the  g ro w th  of a new  layer of lateral cham bers .  There  are no  ind ica tions  as 
to the  fo rm in g  of cha lk  in  the  lu m en  of the  c ham bers  afterw ards.

Now Schijfsma and  o thers  have m en tioned  the  fact th a t  in the  d ifferen t 
so-called species the  h e ig h t  of the  lateral cham bers  is no t always the  same. 
Especially in  L. socialis the  lateral cham bers  were supposed to be som ew hat 
h e ighe r  th an  in the  o th e r  th ree  species and m ore  regu la rly  s ituated above each 
o ther .

I studied those c ham bers  on  sections w ith  the new  im p re g n a t in g -m e th o d .  
I found , th a t  in  all fo rm s or species they  show  m u c h  the  sam e aspect an d  yet 
I can  u n d e rs tan d ,  th a t  in  one  section an  a u th o r  m ay  have been inclined  to 
consider th e m  as h ig h e r  and  m ore  reg u la r ly  d is tr ibu ted  cham bers  th an  in 
a n o th e r  section. In  all cases the  lateral c ham bers  can be d is t ingu ished  in  two 
d iffe ren t sets, the  dorsal and  the  ven tra l  one. For all ind iv iduals ,  even the  
regu la rly  bu ilt  lens-shaped ones, show in transverse  section a very peculiar  
d ifference betw een the  dorsal and  the ventra l side. In  the  form s w ith  a single  
knob  these sides can be d is t ingu ished  easily. The dorsal one  is th a t  w ith  the 
knob. I called th is  side the  dorsal one; for the fact lies here  th a t  m ost of the 
ind iv iduals ,  found  in  the  th in  layers of bryozoic chalk , are situa ted  there  with 
the ir  knob  above. So I am  inclined  to consider these ind iv iduals  as h a v in g  
expired  on  the sam e place, as they are found  in  the  chalk , so tha t ,  w hen  l iv ing , 
they  obviously  were c reep ing  on the  bo ttom  of the  corral-see, fla ttened side dow n. 
But no t only  the  typical conical specim ens show this d ifference between the  two 
sides, even the  lens-shaped and saddle-shaped fo rm s always show, invar iab ly ,  
the  difference of these two sides, b u t  now  only  w hen sectioned. As no  o ther  
O rbito ids are k now n  w ith  th is  pecu liar  p h e n o m e n o n ,  I believe it  a very good and  
real charac te r is t ic  of the  species. But it is a character is t ic  w h ic h  can be found  
in all the fo rm s o r  so-called species of the  Maestrichtia!! chalk .
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This cha rac te r  m ay  he described as follows.
On the  dorsal side the lateral ch a m b e rs  are s itua ted  in  reg u la r  rows, 

s tre tch ing  f rom  the equatoria l  c h am b ers  tow ards the  surface. The rows are 
som ew hat  rad ia t in g  ju s t  above the em b ry o n ic  appara tu s ,  th u s  g iv in g  space to 
cha lk  p illars  w h ich  fill u p  the  spaces. This  is especially the  case in the 
m ic rospher ic  form s and  in  the  fo rm s w ith  dorsal knob , b e in g  m egalospher ic .

These lateral c ham bers  at the  dorsal side are n a rro w  an d  rela tively  sm all, 
th e i r  p ropo rt ion  between h e ig h t  an d  b rea d th  be ing  as 9 :20  in average. They 
are connected  w ith  those of a fo llow ing  and  a fo rm er  layer by m eans  of ro u g h  
pores w h ic h  in  m ost cases are two o r  th ree  tim es lo n g er  th a n  the  h e ig h t  of 
the  cham bers .  W ith  the  c h am b ers  of the  sam e layer they  are  connected  by 
m eans  of som ew hat th icker  fo ram ina , each c h a m b e r  h a v in g  fou r  o r  five of 
them .

On the ven tra l  side the  lateral ch a m b e rs  are m ucli  la rge r  then  those on the 
dorsal one. In some cases they  can be situated  in  rows rad ia t in g  from  the 
equa toria l  c h am b ers  tow ards the  p e riphe ry ,  b u t  in m ost cases, especially n ea r  
the  c ircum fe rence  of the  shell, they  are  a rra n g e d  m ore  i r reg u la r ly .  In th is  way 
the  fo rm in g  of p illars  be tw een rows of ch a m b e rs  is in  all cases restric ted  to the  
centre , w hereas  nea r  the  c ircum ference  real p illars  were never found. These 
ch a m b e rs  f rom  the  ven tra l  side are m u c h  m ore  f la ttened  th a n  those on  the  
dorsal one, as th e i r  b rea d th  in  m u c h  larger. The p ro p o rt io n  betw een h e ig h t  
an d  b read th  in  the  ven tra l  c h a m b e rs  is abou t as 10 :33  in average.

In  all cases we m u st  consider  the  fact th a t  la rg e r  equa to r ia l  c h am b ers  give 
rise to la rge r  lateral ones.

The ven tra l  cham bers ,  ir reg u la r ly  s ituated , also are  connected w ith  those 
of fo rm er  and  fo llow ing  rows by m eans  of coarse pores, b u t  they  also are  co n ­
nected w ith  th e m  by i r re g u la r  som ew hat la rg e r  fo ram in a , thus  b u i ld in g  an 
i r r e g u la r  ne tw ork  of ch a m b e rs  and  tubes.

I a m  inclined  to believe, th a t  th is  d ifference  betw een dorsal and ven tra l  
lateral c h am b ers  caused the  som ew hat queer  e n ta n g le m e n t  in  w h ich  some 
au th o rs  have  arr ived  w hen  ta k in g  th e m  as a species-characteris tic .

Once aga in  we have show n, th a t  the  so-called d iffe ren t species in  the  cha lk  
of Maestricht show a rem arkab le  resem blance  in respect to the ir  lateral cham bers .

In  m ost cases studied, the  ven tra l  side is th ick e r  th a n  the  dorsal one. This 
charac te r is t ic  is due  to the  th ic k e r  walls of the  v en tra l  ch am b ers ,  an d  to th e  
fact, th a t  the  layers of cha lk  in  the  ven tra l  side are th ic k e r  th a n  on  the dorsal 
one. In  consequence  the  cham bers  in  the  ven tra l  side are  separated  f ro m  those 
of the  fo llow ing  and fo rm er  layers by m ore  cha lk  th an  on  th e  dorsal side, and  
in th is  way the  ven tra l  side in  m an y  ind iv iduals  is m ore  bu lky  th a n  the dorsal 
one. In m any  ind iv iduals  the  em b ry o n ic  appa ra tu s  th u s  is situa ted  nea re r  to the  
dorsal surface, a fact w h ich  w ithou t  d oub t  is due  to the  pecu liar  life of the 
species. For e ither  they lived attached  on the  surface of weeds o r  Bryozoes,
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o r  they  were c reep ing  a long  th em , m ostly  situated ven tra l  side dow n. A d if­
feren t o u tg ro w th ,  w ith  m ore  chance  to g row  bu lk ie r  for the ven tra l  side in  th is  
way was w orked  on  by the  g rav ita t ion .

No canal system  o th e r  th an  tha t ,  form ed by the pores and  the fo ram ina  
between the  cham bers ,  was found .

This  s tudy of Orbitoides  of the  cha lk  of M aestricht leads us to the  conclusion , 
th a t  in the  Senonian  layers of M aestricht and  s u rro u n d in g s  only  a s ing le  species 
occurs w h ich  is, however, som ew hat variably  shaped. This fact is no t very 
as ton ish ing , as m ost species of F o ram in ife ra  show variab le  characteris tics .  This 
variability  is due to several causes. Firstly there  is the  d ifferen t way, in w hich  
the specim ens of a species m ay  bi’eed. Ju s t  as it is the  case in  m a n y  o ther  
un ice l lu la r  species, here  sexual and asexual genera tions  occur. Ju s t  as it is 
the  case in  m an y  o th e r  u n ice l lu la r  o rgan ism s , a c lone of ind iv iduals  r is in g  to 
sexual p ropaga tion  differs  in hab its  and  charac te r is t ics  f rom  those ind iv iduals  
w ho stay at the  b e g in n in g  of th a t  clone. Here the  asexual clones are know n 
as the  B-form  and  the  Ai-form, w hile  the  sexual one is nam ed  by m e the  
A2-form . Even in fo rm s allied w ith  Orbitoides,  Rhumblek and  o thers  have 
found the  p ropaga tion  of m egalospheric  ind iv iduals  by m eans  of m egalospheric  
em bryons .  In  several cases I found  tha t  the  em bryons  form ed by m egalospheric  
fo rm s  give rise to ind iv iduals  w ith  a som ew hat la rge r  p ro loculus  th a n  the  
paren ts  had. So, ind iv iduals  w ith  la rge r  p ro loculus  derive from  m egalospheric  
paren ts ,  w hile  we know  too, tha t  the  m icrospher ic  fo rm  derives from  a 
m egalospheric  p a re n t  w ith  very large pro locu lus. But the  d iffe ren t c i r c u m ­
stances, in w h ich  the th ree  ju s t -m en tio n ed  fo rm s have arisen , m ay  give rise to 
som ew hat d iffe ren t characteris tics .

In  o u r  case the  ind iv iduals  w ith  the  sm alle r  m egalospheric  pro locu lus  show 
the saddle-type o r  the  lens-shape, b ea r in g  no knobs, due to the  w ider  rad ia ­
tion of the  dorsal lateral cham bers .  These ind iv iduals ,  w h ich  are in no o th e r  
respect d iffe ren t f rom  the  o th e r  fo rm s, b u t  for the  a r ra n g e m e n t  of those rad ia t ­
ing  rows of the  dorsal cham bers ,  and  therefore  in the  fo rm in g  of cha lk -substance  
betw een these rad ia tions , and w ho  m ay  also have had sow ew hat d iffe ren t life, 
for instance  in respect to a n o th e r  osm otic  re la tion  w ith  the  o u te r  w orld , c anno t  
be separated  f rom  the  o th e r  form s, as they do no t show characteris tics , d iffe r ing  
en o u g h  from  th em , to base on  th em  specifical difference, as I showed statistically .

The ind iv iduals  w ith  a som ew hat la rger  m egalospheric  p ro loculus  are those 
w ith  a knob  and  a m ore  o r  less conical hab itus .  They can  be separated  into 
two sets of form s, the  one w ith  a flat ven tra l  side, the  o th e r  w ith  a som ew hat 
bu lky  one. But th is  d ifference is no  specific one, as it m ere ly  is due  to the  
som ew hat m ore  b u lky  ou tg ro w th  of the lateral ch a m b e rs  and a som ew hat m ore  
th ic k e n in g  of the  layers of cha lk  betw een. These characteris tics  m ay  be due 
to a som ew hat a ltered osm otic  behav io r  of the  p ro top lasm , due to the  fact, th a t

5
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those fo rm s always genei’ate from  m egalospher ic  paren ts ,  and in  th a t  case m ay 
the d iffe ren t re la tion  betw een the  p ro top lasm s and the  nucleal substance  th row  
some w eigh t  in  the  scales.

To these considerations  we m ay  add the occurrence  of only  one m ic rospher ic  
fo rm . This fo rm  too shows the  character is tics  of the  species.

D escription of the species of Orbitoides  from the chalk of Maestricht :

M icrospheric fo rm  (B-form). Shells are very fla ttened, discoidal, w ith  a 
d is t inc t  cen tra l  knob  on the  dorsal side, w h ich  is m ore  o r  less s tar-shaped . 
F ine  pustu les  of p ro t ru d in g  cha lk  are visible on the dorsal side. The m ostly  
f la ttened  ven tra l  side shows very l ine  g ran u la t io n s  an d  in  m ost  cases shows 
a s ligh t  um b il ic u s  in the  centre . Ind iv idua ls  w ith  a d iam e te r  up  to 15 m m . 
P ro lucu lu s  sm all, followed by a spira l of equa to ria l  ch a m b e rs ;  a fte rw ards  
the  c h am b ers  are g ro w in g  losenge-sbaped . The cen tra l  equato ria l  cham bers  
na rrow , becom ing  g radua lly  h ig h e r  tow ards the  p e riphe ry  and  b eco m in g  very 
i r r e g u la r  tow ards the  c ircum ference ,  l lc re  they  fo rm  m ostly  two layers but 
they are  n o t  subdiv ided  in to  cham berle ts ,  as som e au th o rs  suggest.  Most of 
the  equa toria l  ch a m b e rs  in  the  peripherica l  zone are  connected  w ith  one  a n o th e r  
by m eans  of six and  even m ore  fo ram ina . The c ircum fe ran tia l  c h a m b e rs  often 
lack the  o u te r  wall, due  to spo ru la tion . V entral ch a m b e rs  d if fe r in g  f ro m  the 
dorsal ones in b read th ,  h e ig h t  an d  in s itua tion , the  dorsal c h a m b e rs  always 
ly in g  in rows ra d ia t in g  tot he  dorsal side of the  shell, the  ven tra l  ones s ituated  
m ore  i r regu la rly .

M egalospheric fo rm  w ith  som ew hat sm alle r  p ro loculus. Shells lack ing  
cen tra l  knob , b e in g  lens-shaped  o r  saddle-shaped. The surface is covered w ith  
fine pustu les  of cha lk , the  p ro tru d in g  pillars  w h ich  never  are  so s trong ly  b u il t  
as to fo rm  a cen tra l  knob . P ro locu lus  situated  m ore  nearly  to the  dorsal side 
of the  shell in m ost cases. The layer of equatoria l  c h am b ers  in th is  way is 
m ore  o r  less roof-form ed. The e m b ry o n ic  appa ra tu s  consists of fo u r  cham bers ,  
the  pro loculus, w hich  is relatively sm all, followed by th ree  o th e r  cham bers ,  
su r ro u n d e d  to g e th e r  by a th ick  wall. These fo u r  c h a m b e rs  are  connected  w ith  
the  o u te r  world by m eans  of two k inds  of open in g s  in  the  th ick  walls : the  
f irs t  c h a m b e r  only  by m eans  of pores, the  o th e r  th ree  also by m eans  of n u m e ­
rous fo ram ina , by w h ic h  they  are connected  w ith  th e  equa toria l  cham bers ,  
w h ich  rad ia te  f rom  th em . These first rows of equatoria l  c h am b ers  are  som e­
w h a t  ra is in -shaped , the  fu r th e r  rows show  the  losenge a r ra n g e m e n t .  Tow ards 
the  p e riphe ry  the equa toria l  c h am b ers  increase in  he ig h t ,  b u t  they  never  
becom e i r re g u la r ly  shaped, as in  the  B-form . The h ig h e r  h e ig h t  is due  to 
the  g iv in g  rise to em b ry o n s  of the  fo llow ing  fo rm . All t rans ito ria l  fo rm s 
betw een th is  A j-form  an d  the  A2-form  m ay  be traced in the  m ate ria l.  D iam eter  
of the  shells from  2 to 11 m m .
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M egalospheric fo rm  w ith  som ew hat la rg e r  p ro loculus. Shells m ostly  w ith  
a p ro tru d in g  cen tral  knob  on the  dorsal side w h ich  in  m an y  cases is no t due 
to a very g rea t  deve lopm en t of cha lk-p illa rs ,  b u t  to the  fact, th a t  the  large  
em b ry o n ic  appara tu s  is situated u n d e r  the  dorsal surface. In  som e shells the  
ven tra l  side is flat o r  even um bil ica l,  in  o th e r  cases the  ventral side is som ew hat 
bu lky . Th is  varia tion  shows all t ran s ito r ia l  characteris tics . The large  p ro lo ­
culus , w h ich  in m an y  cases is fla ttened, is su rro u n d e d  by a sausage-shaped 
second c h a m b e r  w h ich  su rro u n d s  the  f irst c h a m b e r  nearly  totally. This  second 
c h a m b e r  shows in  its wall the  m a n y  fo ram ina  g iv in g  rise to the  f irst row  
of equa toria l  cham bers .  These c ham bers  show  the  lozenge a r ra n g e m e n t ,  b u t  
they  do no t very m u ch  increase in h e ig h t  tow ards the  pe riphe ry .  This  fact 
is due  to the  o th e r  k in d  of genera tion  in  th is  fo rm , by m eans  of sm al spores 
w h ich  copula te  afterw ards  and  give rise to the  m icrospher ic  proloculus. In  
b o th  Aj and  A2-form s the lateral cham bers  of the  dorsal side d iffe r  in  size and  
in  a r r a n g e m e n t  f rom  those in  the  ventra l side, as has been described  already in 
the  B-form . D iam eter  of the  shells f rom  3 till 11 n u n . ,  la rge r  ones, h a v in g  the  
sam e ou ter  characteris tics , b e in g  always m icrospheric .

Nomenclature :

In  his d isserta tion  Schijfsma fu lm in a tes  aga ins t  m y views on the  n o m e n ­
c la tu re  of the  M aestrichtian  species in  the  fo llow ing  words :

« In his « Die F o ram in ife ren  aus dem  iSenon L im b u rg e n s  », pa rt  5, a 
descrip tion  of new fo rm s of A m p h is te g in a  f leuriausi,  Hofker (1926, pp. 79, 80) 
gave a r em a rk  by way of an  « e r ra tu m  » w h ich  can be considered  as a su p ­
p lem e n t  of his pa rt  3, in  w h ich  he s tudied  Orbitoides fau jas i  D efrance of the  
Senonian of L im b u rg .  The way in w h ich  he com denn ied  the  s tudy of 
Schlumberger  at least astonished  m e. He tried to apply  his ideas abou t t r i ­
m o rp h is m  of the  F oram in ife ra  also to the  L im b u rg ia n  Orbitoides.  So it could 
happen  th a t  he un i ted  3 d ist inc t  species to Orbitoides fau jas i  D efrance . He 
considered  Lepidorbito ides m in o r  (Schlumberger) as an  Orbitoides fau jas i  
D efrance , fo rm a  B, th a t  is the  « sm alle r  » m egalospher ic  genera tion . Orbi­
toides apiculata  Schlumberger  he subdiv ided  in fo rm a  A (the « la rge r  » m e g a ­
lospheric  form ) and  fo rm a  C (the m ic ro spher ic  genera tion) of Orbitoides  
fau jasi.  In  his sy n onym y  for Orbitoides fau jasi  D efrance , page 30), H ofker 
m entions  Orbitoides m in o r  (D ’Arciiiac).

» A lthough  Schlumberger (1901) described c ircum stan t ia l ly  in pp . 460- 
462, 464 th a t  the  species-nam e « fau jas i  » had  to be abandoned , Hofker h o w ­
ever igno red  th is  conc lusion  for in  his above-m entioned  « e r ra tu m  » he still 
used the  w ro n g  n a m e  of Orbitoides fau jas i  D efrance . Instead of c o n tr ib u t in g  
a study , h a v in g  in view the  e l im ina tion  of the  e n ta n g lem e n t  in  the  extensive 
li te ra tu re  co n c e rn in g  the  Orbitoids, he  ju s t  co n tr ib u ted  to a still g rea te r  c o n fu ­
sion, as is testified recently  by Van Raadshoven (1940). »
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I have stated in th is  paper, th a t  in the  cha lk  of M aestricht on ly  a single  
species can be found , and  th a t  the confusion  lays on the side of Ihose au tho rs ,  
w ho  consider form s w h ic h  canno t,  statistically  n o r  charac te r is t ica lly , be sepa­
rated  from  each oilier as d iffe ren t species.

Schlumberger , D ouvillé and even o th e r  au th o rs  have very accurately  
described  species f ro m  d iffe ren t localities, an d  the on ly  m is take  som e of th em  
have m ade  is, tha t ,  apparen tly  b as ing  th e ir  know ledge  of the  M aestrichtian  
fo rm  on poor m ateria l,  they  conc luded  th a t  th is  M aestrichtian  species was the 
sam e, as th a t  w h ich  they  ju s t  had  described . Rut even the  fact, th a t  D ouvili.é 
described  a species w ith  a d iam e te r  up  to 50 m m . (!) as O. m edia ,  m akes  it 
obvious, th a t  o u r  species f ro m  L im b u rg  is no O. media.

The sam e can be said of the  descrip tions  by Schlum berger . I m en tio n ed  
the fact already, th a t  in his f igures on L. apiculata  he  e n tang led  h im se lf  in the 
n o m en c la tu re  of the  f igu re . T hen , the  type-descrip tion  of O. m edia  does not 
refer to any  Orbitoides, b u t  to Sporadotrem a.

iSo in 1926 I cam e to the  conc lusion , th a t  the  d iffe ren t au tho rs ,  w ho  des­
cribed  the  species of M aestricht, did not describe th is  species at all, b u t  several 
d iffe ren t ones. O nly  one a u th o r ,  » ’Orbigny, m ay have dealt  w ith  the real Orbi­
toides f rom  M aestricht w i thou t  know ledge  of o th e r  species and  e n ta n g l in g  th e m  
w ith  o u r  species. So 1 m en tioned  his O. m edia  in the  sy n o n y m y  of the species 
in 1926.

The species-nam e Lycoplir is  fau jas i  by D e f r a n c e  how ever, a ltered  in 
Orbitoides fau jas i  D e f r a n c e ,  was used by all o lder  au th o rs  w ho  described o r  
labelled  the  m ate ria l  in  o u r  m usea . So I chose th is  n am e , as no certa in ty  
w ha tever  can be ob ta ined , w h e th e r  D ’A r ch ia c  o r  »’O rbigny dealt w ith  the r ig h t  
species f rom  M aestricht. R euss  certa in ly  dealt w ith  it, and  he  too used the 
n a m e  of Orbitoides fau jas i  (D e fr a n c e ) .  A s I did n o t  in tend  to en la rge  the  
n o m en c la tu re  of the  F o ram in ife ra  by a triv ia l nam e, I used the n am e, w h ich  
was m ost used by o th e r  au thors .

So I m ay  conclude  this p a r t  of m y  inves tiga tions  w ith  the wish, th a t  as 
on ly  one  sim ple  species has been traced n o tw ith s tan d in g  the  con trad ic tiona l  
views of o th e r  au tho rs ,  this n am e  Orbitoides fau jas i  (D efrance) m ay be 
used fu r th e r  on in l i te ra tu re ,  as rules of n o m en c la tu re  ca n n o t  be applied in 
th is  case.

Hut is it a real Orbitoides  ? Cushman (F oram in ifera , 1928, p. 337) 
describes the  genus  as follows :

« Test len ticu la r ,  m ore  o r  less com pressed , surface o rn am e n te d  with 
v e rm icu la r  p illars  o r  r a d ia t in g  costae. E m b ry o n ic  c h a m b e r  enveloped  in a 
th ick  shell, at first q uad ri locu la r ,  la te r  b e c o m in g  b ilocu lar ,  by a tro p h y  and 
fusion of th ree  of the  in it ia l  cham bers ,  an d  the p ro d u c tio n  of a sm a lle r  e m b ra ­
ced by a la rg e r  ch a m b e r .  Equatoria l  c h a m b e rs  w ith  a curved  o u te r  wall and
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inw ard ly  co n v e rg in g  lateral walls, rad ia l  d iam ete r  sh o r te r  th a n  the  transverse  
d iam eter .  C o m m u n ica tio n  betw een the  c ham bers  by a few i’o u n d  lateral 
apertu res .  U pper cretaceous. »

The genus  S im p lorb ites  is n o th in g  else as a po lyem bryon ie ,  abno rm a l 
Orbitoides, as a lready is po in ted  ou t by several au thors , and as it occurs also 
in the  m ate ria l  f rom  M aestricht.

The genus  Lepidorbito ides  has been described as follows :

« Test len ticu la r,  surface papilla te . E m b ry o n ic  c h am b ers  b ilocu lar ,  one  
m u c h  la rg e r  th a n  th e  o th e r  and  part ly  e m b ra c in g  it. E quatoria l  c ham bers  
som ew hat  e longate  rad ia lly , o u te r  Avail curved , in the  adu lt  th e ir  sides touch  
and  they  becom e hexagonal in  fo rm . The c o m m u n ic a t io n  betw een the  c h a m ­
bers is by c r ib r ifo rm  perforations , abou t  1,5 p. in d iam eter ,  over the  en tire  
an te r io r  ch am b erw a ll ,  s im ila r  to the  pe rfo ra tions  of the  c h a m b e r  roofs. 
P illars  betw een the  lateral c ham bers  of p y ram ida l  o r  conical fo rm , te rm in a t in g  
on the  surface in g ranu les  o r  rounded  pustules. »

The d ifference  betw een Orbitoides  and  Lepidorbito ides  seems to be the 
co m m u n ic a t io n  of th e  cham bers .  In Orbitoides  it is by m eans  of fo ram ina , in 
Lepidorbito ides  only  by m eans  of c r ib r ifo rm  pores. Now we know  th a t  o u r  
fo rm  shows in  all th e  fo rm s (or in  the  so-called species) cham bers ,  w h ic h  c o m ­
m un ica te  by m eans  of fo ram ina , and th a t  on ly  th e ir  roofs show  the  pores, 
m en tioned  in  Cushman’s descrip tion . N either the  shape of p illars , n o r  th a t  of 
the  em bryon ic  appara tu s  in the  m ega lospher ic  fo rm  can be used as a generic  
character is t ic ,  as these d ifferen t shapes m ay  be found even in  a s ing le  species, 
as is proved th ro u g h o u t  by several au thors .

So it is m ade  c lear at once, th a t  the  fo rm , o c c u rr in g  in  the  ch a lk  of Maes­
t r ich t ,  c anno t  be long  to any  species of the  genus  Lepidorbito ides,  so th a t  the  
species L. m in o r  and  L. socialis c anno t  be applied  to th is  species of Maestricht, 
as has been done  by  several au thors .

Conclusion :

In  the  cha lk  of M aestricht a s ing le  species of Orbitoides  occurs, n am ed  
Orbitoides fau jas i  (D efrance). This species is a real Orbitoides, show ing  the  
charac te r is t ics  of the  genus. It sIioavs th ree  k inds  of em b ry o n ic  appara tus ,  
m ic rospher ic ,  ami tAvo m egalospheric  ones, one  w ith  four  cham bers ,  the  second, 
w ith  la rge r  pro locu lus, w i th  only  tAvo. This  character is tic ,  o therw ise  show n 
to be one  of only  la te r  o c c u rr in g  Orbitoids, here  is show n  to occur  in a s ing le  
species f ro m  the  U pper  Senonian .

The m ost rem a rk a b le  feature  of the  species, o c c u rr in g  in  all th ree  form s, 
is the  d ifference  betw een the  dorsal and  the  ven tra l  lateral cham bers ,  the  dorsal
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ones situa ted  in  rows, te ven tra l  ones situated  m ore  i r reg u la r ly .  The ventral 
ones co m m u n ic a te  not on ly  by m eans  of c r ib r ifo rm  pores w i th  those in  fo rm er  
and  h ig h e r  layers, bu t  also by  m eans  of la rg e r  tubes.

In his statistic s tudy  on  the  e m b ry o n ic  appara tu s  of some F oram in ife ra  
C o s i j n  gives some data  abou t Lepidorbito ides  m in o r  f rom  M aestricht (Leidsche 
geol. Meded., Vol. XII, 1942, p. 162). Ile obviously  dealt  w ith  fo rm a  A2 of 
Orbitoides fau jasi,  as the  pro locu lus  shows a d iam e te r  of abou t 100-113 p.. 
As I show ed in  m y  p aper  on  the  species in 1926 tha t  the  p ro locu lus  varies in 
d iam e te r  as to the  genera tion  to w h ich  it be longs, it is very probab le , tha t  
C o s i j n  m et in the  d iffe ren t sam ples w ith  d iffe ren t genera tions ,  w h ic h  is always 
the  case w hen  one ga the rs  specim ens in  d iffe ren t localities, an d  therefo re  cam e 
to the  conclusion , th a t  the  d iam e te r  in  these sam ples was not, qu ite  the  same. 
T he  conclusion he takes f rom  his data is n o t  absolutely  irre fu tab le .

O m phalocyclus m acroporus ( L a m a r c k ) .

I described th is  rem a rk a b le  species in  th e  year 1926 (N atuurh ist .  M aandblad, 
Jg .  15, n° 6, pp. 62-65). I gave fu r th e r  short  notes on it m y  S iboga-report,  
n r 1, 1927, pages 20-26, in w h ic h  notes I correc ted  the  nam e, I first gave to the  
species, viz. Sporadotrem a erran tium ,  in  Sporado trem a  m a c ro p o ru m  (Lamarck).  
Lamarck described, w hen  he m en tioned  Orbitoides  f ro m  M aestricht, in realli ty  
this species, th u s  g iv in g  rise to som e e n ta n g le m e n t .  Fo r  the  v e rm ifo rm  ridges 
on the  surface be long  to th is  species, n o t  to Orbitoides,  and  it was B ronn, w ho 
discovered th is  erro r ,  g iv in g  a new  n a m e  to th e  species, O m pha locy lu s  m acro­
porus. But, as I shall dem ons tra te  aga in  now , dea ling  w ith  the  la rge  m ateria l  
f ro m  the  « Musée d ’Histoire n a tu re lle  de Belg ique  », the  species be longs  to the  
same g roup , in  w h ich  Sporadotrem a c y l in d r ic u m  and o th e r  species found  a 
place, and  so we m u s t  consider the  species f rom  M aestricht as allied to 
Sporadotrem a.

Firstly  I will give a statistic ou t l ine  of the  n u m ero u s  specim ens, I was able 
to s tudy aga in .

W h e n  cons ide r ing  a la rge  m ateria l  of this species f rom  M aestricht and 
o th e r  localities of the  sam e level (Upper Senonian) , an a u th o r ,  eager  to f ab r i ­
cate « species » would certa in ly  erect th ree  of th em . Most of the  ind iv iduals  
show  a rounded  shell, as is described in  m y fo rm e r  paper ,  covered w ith  lozenge- 
ridges on b o th  sides, th in  in the  centre , b u t  g ro w in g  rap id ly  th ic k e r  u n to  the  
p e riphe ry .  The m a rg in  of the  shell in those specim ens is som ew hat  rounded . 
At this m a rg in  one m ay  f ind  two lines of la rge  open ings  in  the  wall, separated 
by a row  of ro u n d  pustules, w hile  at the  dorsal and  v en tra l  side of those ope­
n in g s  also a row  of pustu les  is found  up . In  th e  ro u n d in g  dorsal a n d  ventra l 
side of the  m a rg in  a row  of sm alle r  pores is found , in te rm i t t in g  w ith  those on 
the  m a rg in  itself.
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A second fo rm  shows m u c h  stou ter  shells, la rge r  and  th icker ,  w ith  a 
m a rg in  ab ru p t ly  en d in g , so th a t  the  total of the  shell m ay  be com pared  w ith  
a d raugh t-s tone . F ou r  rows of la rge  pores are found in th is  m a rg in ,  two of 
th em  on the dorsal side, and  two on  the ven tra l,  and these two rows are a l te r­
n a t in g  w ith  those on the dorsal side. Between the  two sets of rows of open ings  
th ick en in g s  of the  wall are visible, th u s  fo rm in g  a k ind  of w icker-w ork . I 
was inc lined  first, to consider  these fo rm s to be the  m ic rospher ic  genera tion , 
as I m en tio n ed  it in m y p ap e r  in 1927. But in th is  paper  1 m entioned  too, th a t  
the  pro loculus showed a d iam ete r  of abou t 60 pi, w h ich  is too large  for a 
m icrospher ic  pro loculus.

The th i rd  fo rm  shows m u c h  sm alle r  shells th an  those of the  two before­
m entioned  ones. They are th in  discs, n o t  g ro w in g  th ic k e r  tow ards the  pery- 
p hery  and  show ing  on ly  sligh tly  raised ridges on  the  surface of the  shell. At 
the  m arg in  one m ay  f ind  on ly  one  row of la rge  open ings  in the  m ids t  of the  
m a rg in ,  bordered  by two rows of pustules. A lte rna ting  w ith  these la rge  ope­
n ings  two rows of sm alle r  open ings  are found at the  dorsal and ven tra l  side 
of the  m arg in .

A m ong  h u n d red s  of specim ens five o r  six ind iv iduals  w ere found  w ith  
i rregu la rly  b u i l t  shells, f o rm in g  part ia l  discs f ro m  the  centre  of the  shell, and 
p ro je c t in g  from  it w ith  a m ostly  sh a rp  angle . These ind iv iduals  showed to 
he po lyem bryon ie ,  as they are found  too in the  genus  Orbitoides  and in o ther  
d isc -bu ild ing  F oram in ife ra .

In a total n u m b e r  of 652 ind iv iduals  I found :

thin form :
Diameter in mm : 1-2 2-3 3-4 4-5 5-6 6-7
Individuals : 1 16 73 68 35 8 total : 201 ; average diam. : 4,2±0,9 mm.

stout form with rounded margin :
Diameter in mm : 2-3 3-4 4-5 5-6 6-7 7-8
Individuals: 5 36 78 81 37 5 total : 220; average diam. : 5,01 ±1,14 mm.

stout form with abrupt margin :
Diameter in mm : 3-4 4-5 5-6 6-7 7-8
Individuals 3 25 39 31 15 total : 113; average diam. : 5,83±1,95 mm.

In  th is  way one  discovers, th a t  the  th in  fo rm  shows a top  som ew hat  at 4, 
the  tw o stout ones a t abou t 5,5 m m . So the  th in  and  the  stou t fo rm s m ay  be 
d is t inc t  from  each o ther ,  the  two stout fo rm s not.

This fact gives some reason to consider  the  two stout fo rm s as on ly  a single  
fo rm , w h ich  was proved  on sections, m ade  w ith  m y  new  m ethod . They are 
one and  the  sam e in s truc tu re ,  on ly  those w ith  b lu n t  m a rg in  are o u tg ro w n  
specim ens of the  o th e r  fo rm .
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The curve, m ade  of all 652 ind iv idua ls  how ever shows on ly  a s ing le  top : 
Diameter in mm : 1-2 2-3 3-4 4-5 5-6 6-7 7-8
Individuals: 1 21 109 271 155 76 20 total : 652; average diam. : 4,8 ± 1 ,95 mm.

So here  we deal w ith  a species, in  w h ich  the  two fo rm s  of m ega lospher ic  
genera tion  show  a curve  w ith  only  a s ing le  top. In th is  way we are  au thorized  
to call those th ree  g roups ,  sh o w in g  only  s ligh t  differences in o u te r  features, 
only  a s ing le  species. As will he show n afte rw ards , the  in n e r  s tru c tu re  leads 
lo the  sam e conclusion .

1 stud ied  m ore  th an  1.000 ind iv iduals ,  b e a r in g  the  charac te r is t ics  of the  
species called by o lder  au th o rs  Orbitolites m acroporus,  b u t  1 never  m et  w ith  a 
s ing le  m ic ro spher ic  ind iv idua l,  those  m en tioned  in m y paper  f rom  1926 be ing  
n o th in g  else th an  the  m egalospheric  fo rm  w ith  sm all pro loculus.

So 1 cam e to the  conc lusion , th a t  this m ic ro spher ic  fo rm  m u st  he of a 
total d iffe ren t charac te r ,  thus  escap ing  those people, w ho  selected the  species from  
the  ro u g h  m ateria l  o r  w ould  be absent.

This, yet hypo thetica l  m ic ro sphe r ic  fo rm  could  no t he found up  in  the  
m ate ria l  of the  « Musée d ’Histoire na tu re lle  de Belgique ».

Yet it is a rem a rk a b le  fact, th a t  in Orbitolites vertebralis  (Quoy et G a i m a r d )  

the  p ro locu lus  of the  m ic rospher ic  form , w h ich  shows the  genera l  c h a rac te ­
ristics of Orbitolites  and  no t of Sporadotrem a,  possesses a d iam e te r  of only  
15 p.. So it is qu ite  p robab le , th a t  Orbitolites m acroporus  too has a disc-like 
m ic rospher ic  fo rm , w h ich , how ever, m ust  be very rare , if at all existing.

D e s c r i p t i o n  o f  t h e  f o r m  w i t h  s m a l l  m e g a l o s p h e r i c  p r o l o c u l u s  :

As I m en tio n ed  already in m y  paper  d ea lin g  w ith  the  sub jec t  in  1926, the  
shell beg ins  w ith  a relatively sm all p ro loculus, described  th e n  as a m ic ro ­
spheric  one, w h ich , how ever canno t  be the  case. 1 m easu red  the  p ro loculi  of 
9 shells, b e lo n g in g  to the  two types, w ith  rounded  o r  w ith  b lu n t  m a rg in .  They 
show ed the  fo llow ing  m easures  :

the  la rge r  shells sh o w in g  the  sm alle r  pro locu lus, w ith  an  average  of 61 p.. 
This is the sam e d iam eter ,  I quoted in m y  p aper  in 1926 (about 60 ¡a) .

This pro locu lus  is followed by a clew of ch am b ers ,  sh o w in g  no pores 
except tow ards the  sidewalls of the  shell, and  c o m m u n ic a t in g  only  w ith  th e  
fo rm e r  and  w i th  the  fo llow ing  c h a m b e r  by a s ing le  fo ram en . 1 will call these 
ch a m b e rs  « ch a m b e rs  of f irs t  o rder  ». They are followed by ch am b ers ,  
situated in  na rro w  coils, and  in a s ing le  row  in t ransverse  section; they form  
on ly  few rows, and  are connected  each w ith  the  two a d jacen t  ch a m b e rs  of the  
fo rm e r  and  those of the  fo llow ing  coil. They th u s  give rise to a s itua tion , 
w h ich  is found  th ro u g h o u t  the  whole  shell in Planorbu lina  larvata, as I have 
described it in  m y S iboga-report (1927). 1 will call th e m  « p lan o rb u l in e  »
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Fig. 23. — O m p h a lo c yc lu s  m a cro p o ru s  (Lam arck).

A, B : A j-form , w ith  la rg e  p ro lo cu lu s ; A: w h o le  sh e ll. x5 ; B : m a rg in . xl(). — C, I ) : A ,-fo rm , 
y o u n g  sm a ll  p ro lo c u lu s ; C : w h o le  sh e ll. x5; D : m a rg in .  xlO. — E, F  : A ,-form , fu ll- 
g ro w n ; E :  w h o le  sh e ll. x5 ; F :  m a rg in . xlO. — G, H : p o ly n u c le a r  sp ec im en s . x5 . — 
J : A ,-cen tre , d eca lc if ie d , h o r iz o n ta l  sec tio n ; K : A ,-cen tre , d e ca lc if ie d , t ra n s v e rse  sec tio n ; 
M : Aa-cen tre , d eca lc if ie d , h o riz o n ta l  sec tio n ; N : A2-cen tre , d e ca lc if ie d , tr a n s v e rs e  
sec tio n . x40. — O :  se c tio n  th ro u g h  a  fu llg ro w n  A, in d iv id u a l,  sh o w in g  th e  p o re s  of 
su p e rf ic ia l  c h a m b e rs , th e  s to lo n ife ro u s  c h am b ers , a t  th e  m a rg in  w ith  tw o  la y e r s  o f th em , 

fo ra m in a  a n d  o p e n in g s  o f  s to lo n s  a t  th e  m a rg in  o f th e  sh e ll. x40.
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cham bers .  In Planorbu lina ,  especially in the  m ic ro sphe r ic  fo rm , the  cham bers  
of the  first o rder  are also found  in the  f irst coils of the  cham bers .  In la ter  coils 
the  walls betw een the  c h am b ers  of two ad ja c e n t  coils are  th ic k e n in g  som ew hat. 
In  these c ham bers  no t on ly  the  c ham bers  are connected  w ith  each o th e r  by 
m eans  of these fou r  fo ram ina , b u t  also there  is fo rm ed  a double  layer  of c h a m ­
bers in  the  shell, one  situa ted  n ea r  the  dorsal, a second n ear  the  ven tra l  side of 
the  shell. All these cham bers ,  co n c lu d in g  the  p lan o rb u l in e  ones, are c o n ­
nected w ith  the ou te r  w orld  by m eans  of coarse pores. W h e th e r  in these 
Ai-shells pores also occur  betw een the  cham bers ,  could no t he d is t ingu ished  in 
all the  p repara tions ,  I m ade . A brup tly  after  these c h am b ers  in  tw o layers, 
called now  c h am b ers  of the  th i rd  o rder ,  the  c h am b ers  of the  las t-form ed coil 
fo rm  a fo ram en  (beside the m en tioned  fou r  ones betw een the  cham bers)  g ro w in g  
in a rad ia te  d irec tion  f rom  the  cen tre . These fo ram in a  fo rm  sto lon-like c h a m ­
bers in  the  m id s t  of the  shell, in th e  m ed iane  p lane , w h ich  are  fo rm ed  like 
those of the  p lan o rb u l in e  type, w hen  seen f ro m  above; b u t  they  fo rm  fo ram ina  
too tow ards the  ven tra l  an d  the dorsal sides of the  shell. Those fo ram in a  are 
connected  w ith  p lan o rb u l in e  ch a m b e rs  qu ite  u n d e r  the  surface of th e  shell, 
connected w ith  the  o u te r  w orld  by m eans  of coarse pores, Avhich open  into 
su n k e n  parts  of the  shell-wall. Retween these su n k e n  parts  are r idges  lof 
secundary  cha lk ,  thus  g iv in g  rise to the  r idges  on the  surface of the  shell. 
Those r idges  ind ica te  in th is  way the  situa tion  of those superf ic ia l cham bers .  
I will call those c ham bers  « c h am b ers  of fo u r th  o rder  ». Between the  stolo­
n i f e r u s  c ham bers  a th ick  layer of ch a lk -m a te r ia l  is laid dow n, so th a t  the  
spaces betw een the  c ham bers  of fo llow ing  coils are m u c h  m ore  developed th an  
betw een the  c ham bers  of the  p lan o rb u l in e  o r  the  th i rd  o rder . In th is  way a 
horizontal section shows always an  a b ru p t  d ifference  betw een the  c h am b ers  of 
the  p lan o rb u l in e  type and  the  s to lo n i f e r u s  ones, g iv in g  an aspect as is caused 
by the  yea r-r ings  in  trees. In  o u tg ro w n  specim ens th is  area of c h am b ers  of the  
fo u r th  o rder  is followed u p  by one w ith  c ham bers  of the  f if th . In th is  area the  
s to lo n i f e r u s  c h am b ers  at the  m a rg in  of the  fo rm e r  area fo rm  two fo ram ina , 
j u s t  as is the  case in  the  area ju s t  described, b u t  these fo ram in a  do no t open 
in to  superfic ial cham bers ,  b u t  they  open in to  two layers of s to lo n i f e r u s  c h a m ­
bers, w h ich  are m ore  or less i r re g u la r ly  shaped . These s to l o n i f e r u s  cham bers  
are  connected  in th e ir  tu rn  w ith  the  superfic ial ones.

At the  m a rg in  of fu llg row n  specim ens the  ch a m b e rs  of the  f if th  o rd e r  m ay  
give rise to superfic ial c ham bers  w ith  infla ted  su tures . They  fo rm  the  socalled 
b rood -cham bers  w h ic h  have been  found  in  m a n y  o th e r  F oram in ife ra .  Often 
these c h am b ers  are  b roken  open  in  the  fossil shells, an d  1 am  inclined  to 
believe, th a t  those b roken  cham berw alls  ind ica te  the  c reap ing -ou t  of the  y o u n g  
shells.

In  some of the  shells exam ined  very large  and  ir re g u la r ly  shaped  supe r­
ficial c ham bers  were discovered, in  w h ich  invar iab ly  were found  u p  shells of



FROM THE U P PER  SENONIAN 65

o ther  species of small F o ram in ife ra .  This fact of inc losing  foreign shells 
in  the  o u tg ro w in g  ch a m b e rs  (the shells were too large  as to en te r  the  fo ram ina  
of Orbitolites) suggests the  pecu liar i ty , th a t  the  shells of Orbitolites  were a t ta ­
ched to some o th e r  body, on w hich  these F oram in ife ra  were c reep ing , w hen  
they  form ed the ir  new  cham bers .  All F o ram in ife ra  found in this way belonged 
to a ttached , arenaceous species. The walls of the  cham bers  show some o th e r  
part icu la ri t ies  too; firstly they  show g ra n u la r  ou tg ro w th s  in to  the  in n e r  co n ­
tents  of the  shell, b u t  it is very p robab le , th a t  those little o u tg ro w th s  are n o th in g  
th an  fine  cristals of chalk , b e in g  the  first ind ica tions  of fossilisation. A second 
pecu liar i ty  is the  existence of f ine  g ranu les  of yellow  o r  red  m ate ria l  in  the  
ch a lk  in the  in n e r  walls of the  cham bers .  These g ranu les  m ay  be the  rem ains  
of a co lou r ing  of th e  shell, as is always the  case in  recen t Sporadotrem a.  
These g ranu le s  are no t found  u p  in  the  shells of o th e r  species of F o ram in ife ra  
fro m  the  sam e localities.

Recapitulating we find :

A sm all m ega lospher ic  p ro loculus  of abou t 60 p. d iam eter ,  followed by a 
clew of c ham bers  from  the  n o rm a l  ro ta line  type. This c lew is followed by  some 
coils of p lanorbu line  cham bers ,  th en  afterw ards  the  cham bers  fo rm  two layers 
of p lan o rb u l in e  cham bers ,  th e n  these cham ber- layers  are separated  by stoloni- 
ferous cham bers ,  first fo rm in g  a s ing le  layer, a fte rw ards  a double  one. All 
these layers are a rra n g e d  in  lozenge-rows. Pores are on ly  fo rm ed  by those 
c ham bers  w h ich  str ike  the  surface of the  shell. They are coarse. The typical 
charac te r is t ic  of all cham bers ,  except those of the  clew, and  those of the  first 
o rder , is the  possession of four  fo ram ina , th u s  ind ic a t in g  the p lan o rb u l in e  type.

C onsidering  the  m a rg in  of a shell f ro m  w ithou t,  very  y o u n g  shells m ay  open 
w ith  on ly  two rows of fo ram in a  (the sm all open ings  on  the  dorsal and  ven tra l  
sides). But w hen  the  shell has fo rm ed  the  sing le  layer of stoloniferous cham bers ,  
a th i rd  row  of open ings  is in terca lated . This  row  is th a t  w ich  we found  in 
the  stou t shells w ith  rounded  m a rg in .  W h e n  two rows of stoloniferous cham bers  
are fo rm ed , even two rows of la rge  open ings  are show n  at the  m a rg in .  In 
reality  one m ay  easily observe on  a transverse  section w ith  the  pa ra ff ine -m ethod , 
th a t  the  fo ra m in a  betw een the  sto loniferous c ham bers  in  horizon tal  d irec tion  are 
m u c h  la rge r  th an  those betw een the  superfic ial cham bers .  The small open ings  
at the  m a rg in  are the  fo ram ina  of the  superfic ial cham bers ,  the  large  ones 
betw een are those of the  stolons. Pores never  have been observed at the  m arg in a l  
walls of the  cham bers .

The  stout fo r m  w i th  b lun t  m arg in .
This fo rm  is shaped  qu ite  like those described above. But it a lways shows 

the  fou r  layers of cham bers  n ea r  to the  m arg in .  The la rg e r  the  shell is, th e  
sm alle r  is the  pro loculus. But always the  shell beg ins  w ith  the  clew of 
cham bers ,  followed by the  ch a m b e rs  of f irst o rder , etc.
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The  th in  fo rm .
Some of these show ed to be y o u n g  shells of the  fo rm s already  described. 

Rut m ost of th em , especially the  th in  an d  sm all fo rm s (d iam eter  abou t 4 m m ) 
show ed to be of qu ite  a d iffe ren t type in respect to the  first ch am b ers .  They 
are described in m y  paper  (1926) as th e  F orm s A and  R. R, how ever, shows 
to be n o th in g  b u t  a varie ty , w ith  m ore  o r  less la rge  shells (with sm aller  
pro locu lus) .  All t rans ito r ia l  fo rm s  betw een th e m  could  he observed.

The pro locu lus  is very  large , five of th e m  m easured  showed the  d iam eter ,

111 ^ ' 250, 200, 250, 187, 185. Average 219 ¡a .

The pro locu lus  is followed and part ly  su rro u n d e d  ( fo rm in g  th u s  the  
so-called raspberry -shape  of em b ry o n ic  appara tus)  by th ree  or four  cham bers ,  
very large  too, an d  su rrounded  w ith  th is  p ro locu lus  by a th ic k  wall. This 
wall is perfo rated  by coarse pores, w h ich  open  in to  the  s u r ro u n d in g  cham bers .  
The four f irst c ham bers  are  separated  by only  th in  walls, w h ich , so far  as I 
could  see, never  show  perfo ration , except by the  fo ram ina . T he  dorsal and 
ven tra l  pores of the  wall of the  e m b ry o n  reach  the  surface of the  shell, the  
o th e r  ones open  in to  ir reg u la r ly  heaped c h am b ers  ro u n d  the  e m b ry o n .  They 
fo rm  n a rro w  cham bers ,  b u t  show directly  the  p lan o rb u l in e  type in th e  fo llow ing  
coils. In  such  way the  c ham bers  of f irst o rde r  are  n o t  at all developed, and 
the  p lan o rb u l in e  type follows d irectly  on  the  c lew -cham bers. These p la n o r ­
b u l in e  cham bers  are of the  typ ica l type, fo rm in g  only  com parative ly  th in  walls 
be tw een  the  rows. They fo rm  two layers, and s tre tch  ou t tow ards the  m a rg in ,  
th u s  the  an im a l  ob literates the  stoloniferous c h am b ers  th ro u g h o u t .  Here and  
there  o idy a trace of stolons could  be found  up . In  th is  way two rows of 
rela tively  sm all open ings  are found  on  the m a rg in .  T he  ch a m b e rs  of the  f irst 
coils of p lan o rb u l in e  type often  show  no t on ly  th e ir  four  fo ram ina , h u t  form  
pores too in  th e ir  m arg in a l  walls, c o m m u n ic a t in g  w ith  the ch a m b e rs  of the  
nex t coil of cham bers .  Mostly how ever these pores are  ob litera ted . The 
a m o u n t  of secundary  cha lk  m ateria l  is m u c h  sm alle r  th a n  in  the  A ^ fo rm . I 
m u s t  call this fo rm  A2. The c h a m b e rs  of the  two layers  are  also connected  by 
fo ram ina , w h ich  fo rm  in som e cases tubes betw een the two layers, r u n n in g  from  
the  dorsal to the  ven tra l  side, b u t  never  horizon ta lly , as do the  stoloniferous 
ch a m b e rs  of the  A!form.

Systematic considerations :

In  m y first p aper  on  th is  sub jec t  I m en tioned  the  fact, th a t  the  species of 
M aestricht shows s tr ik in g  sim ilarit ies  in  its in n e r  s tru c tu re  w ith  Sporadotrem a  
c y l in d r ic u m ,  an d  so I called th is  species Sporadotrem a e r ra n t iu m  m ih i .  W h e n  
dea ling  w ith  the  genus  Sporado trem a  in  the  first p a r t  of m y  S iboga-report  1 
reestablished the  second n a m e  m acroporum ,  thus  ca ll in g  the  species Sporado­
trem a m acroporum .  In the  second p a r t  of m y  S iboga-report  I cam e to the
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conclusion , th a t  Marginopora vertebralis  Q u o y  et G a i m a r d  shows nearly  identical 
in n e r  and o u te r  s tru c tu re  w ith  the  fossil species O m phalocyc lus  macropora  of 
M aestricht, and  so I was inc lined  to call o u r  species M arginopora macropora. 
But later  investiga tions  at the  fossil species Orbitolites com planata  of L a m a r c k  

f rom  the Paris -bas in  show ed w ithou t  doub t,  th a t  th is  Orbitolites  is nearly  
identical w ith  M arginopora vertebralis, and  shows no  coarse pores.

This  new  research  show ed m e fu r th e r  data abou t the  in n e r  s truc tu re ,  and 
in  m y  report  on the orien tal  expedition of His M a j e s t y  t h e  K i n g  o f  B e l g i u m  

(Résultats sc ien tif iques du  voyage aux Indes Orientales Néerlandaises, vol. II, 
p. I, 1930, pp. 9-12) I gave a m ore  extensive accoun t  u p o n  m y views of the  
re la tionsh ips  between the genera , now  c o m in g  to the  conc lusion , tha t  th ree  
d iffe ren t species of Orbitolites  can be d is t ingu ished , viz.

Orbitolites macropora  L a m a r c k , f r o m  the  chalk  o f  M aestricht;
Orbitolites com planata  L a m a r c k , from  the  Eocene of Paris ;
Orbitolites vertebralis  Q u o y  a n d  G a i m a r d , w h i c h  i s  a  r e c e n t  s p e c i e s .

The fact however, th a t  th is  « Orbitolites  » macropora  L a m a r c k ,  as is show n 
in th is  paper, possesses real coarse pores in the  o u te r  walls (and does no t show 
any  traces of the  l ine  pores found  in the  in itia l  p a r t  of all Peneroplidae) leads 
to the  supposit ion , th a t  we deal here  w ith  a rem ark ab le  instance  of para lle l ism , 
and  th a t  a species, closely allied to Sporadotrem a,  shows an in n e r  s tru c tu re  w h ich  
is nearly  identical w ith  th a t  of Orbitolites vertebralis  Q u o y  et G a i m a r d .

O m phalocyc lus  is closely allied to the  genus  Sporadotrem a,  and  th is  genus  
on  its pa rt  is a real Planorbu line  descendant,  as 1 proved in the  first p a r t  of 
m y  Siboga-investiga tions.

The genus  O m phalocyc lus  has n o th in g  w ha tever  to do w ith  the Peneroplidae, 
and  shows only  ou te r  resem blance  w ith  the  genus  Orbitolites.

The n am e of the  M aestrichtian  species th u s  m ust  be O m phalocyc lus  
macroporus,  as the  generic  n am e  Orbitolites  created by L a m a r c k  in  1801, 
ca n n o t  be applied here . The generic  nam e  of Sporadotrem a  was first m en tioned  
in 1911 by H i c k s o n . All these species m ay  be ga thered  in the  F am ily  of the 
Tinoporidœ ,  th u s  g iv in g  rise to the  fo llow ing  re la tionsh ips  :

Omphalocyclus Lepidocyclina

Sporadotrem a Orbitoides

Tinoporus 

Gyps, globulus

Tinoporus Homotrema

Polytrem a

Gyps, rubrum PIanorbulina (Linderina) Gypsina

Cymbalopora (?)
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