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ABSTRACT 

The new superfamily Bilamellidea is described. It in-
cludes several families of Foraminifera having a test 
built of lamellae of r a dial-hyaline calcite. such as the 
Globorotaliidae. as h e rei n amended. the Anomalinidae. the 
Discorbidae (llRrs), most. if not all. Globigerinidae, et al., 
thus corresponding to pa rt of the superfamily Discorbidea 
Smout, 1954. The remainder of the Discorbidea Smout is re-
named in Monolamellidea, nom . nov. The Globotruncaninae, 
emend. and the Globorotaliinae, nov. subfam" are defined 

• as subfamilies of the Globol'otaliic1ae, em end. The \\'all-
structure. the keel s and the a pertura l cha racters of the 
Globotruncaninae are discussed . The new genera Heh'eto-
globotrullcaua, Gloilotrllllcanelia a nd Glouotrllucanita are 
described. The genus Pillnomalina is regarded to be!ong 
to the Globotruncaninae. The phylog·ene tic r e lationships 
of the genera belongin,; to the Globotl'uncaninae a re briefly 
discussed. 

INTRODUCTION 
During an investigation of various "rotaliform" 

Foraminifera, now in progress ami carried out by th;s 
writer, it has been shown that the Discorbidea Smout, 
1954, include two distinct groups of Foraminifera build-
ing their test of lamellae of raJial calcite: one, com-
prising canaliculate, double-walled forms, described 
herein as the Bilamellidea, nov. superfam., and a sec-
ond group, comprising non-canaEculate, single-walled 
forms, corresponding to the original definition of the 
Discorbidea Smout (1954, 1955), to which - for rea-
sons to be discussed below - the new name Monola-
mellidea is given . . 

To the Bilamellidea, nov. supert'am., belong certain 
important "rotaliform" families, like the Globorotalii-
dae, as herein amended, the Anomalinidae, part of 
the Discorbidae, most, if not all, Globigerinidae, etc. 
An investigation in progress will show how far certain 
families must be redefined and which families must be 
included in the Bilamellidea. 

The family Globorotaliidae, emend., is believed to 
comprise two subfamilies: the Globotruncaninae, 
emend., and the Globorotaliinae, nov. subfam. Certain 
observations on the genera of the Globotruncaninae 
with regard to wall-structure, keels and apertural char-
acters are herein presented and the new genera H elve-
toglobotruncana, Globotruncanella and Globotruncan-
ita are described. ,The genus Planomalina shows char-
acters .of the Globotnincaninae and is placed in this 
subfamily. The phylogenetic relationships of the gen-
era of the Globotruncaninae are briefly discussed. 
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METHODS AND TECHNICS 
Isolated specimens were cleaned with the ' aid of 

brush, needle and cactus-spines and many of them 
calcinated or stained with a solution of methylene-
blue. They were examined under a stereoscopic micro-
scope with a magnification of 80-200 X. Oriented thin-
sections were prepared by the usual Canada-balsam 
method and examined under a high-power binocular 
microscope with a magnification from 200-600 X. It 
is only with high magnification that the wall-structure 
of certain bilamellids can be studied . 

Superfamily BILAMELLIDEA nov . 

(see pI. 18, figs. 1-4; pI. 19, figs. 1-8; pI. 20, figs. 1-9) 

Description.-Pluriloculinid, spirally arranged Fo-
raminifera, the test of . which is built of lamellae of 
radial calcite; chamber-walls double, formed by an 
outer lamella,one per instar and covering the whole 
test, and by an inner one, lining each chamber and 
confined to it, partly coalescing with the outer lamella 
and adhering to a small extent only to the margins of 
the previous septum, which is primarily double; both 
parts of the chamber-wall partly per[ora te and partly 
imperforate; canal-system present; aperture well-de-
fined and primarily formed, single or accompanied by 
accessory apertures. 
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Remarks.-The Bilamellidea, nov. superfam., differ 
from the Lagenidea Glaessner, 1945, emend. Smout, 
195 5, by their double chamber-walls and by the pres-
ence of a canal-system, as well as by the position of 
the aperture which is never t erminal in the Bilamelli-
dea; from the Discorbidea Smout, 1954, 1955 (pars), 
by their double wa lls and septa and by the presence of 
a canal-system ; from th e Rotaliidea Glaessner, 1945, 
emend . Smout 1954 (1 955), by their primarily formed 
double wa lls and septa in all chambers, including the 
last one, by the lack of a septal fl ap and by the pres-
ence of a well-d efin ed and primaril y form ed aperture. 

The Discorbidea Smout, 1954 (1955), must be re-
stricted to non-ca naliculate Foraminifera with single 
walls and septa and ren amed for the following reasons : 
t he central group from which the Discorbidea derive 
their name is th at of Discorbis, s. I., with Discopulvin-
ulina Hofker as central genus ( Hofke r, 195 1). T ypical 
Discopulvinulina have been shown, however, to have 
the structure of the Bil amellidea (see pI. 19, fig. 1). 
T he name Monolamellidea, nom. nov., is herewith pro-
posed for the non-canaliculate, single-walled Discorbi-
dea Smout , 1954, as redefined by Smout, 1955 (see 
pI. 18, figs. 5, 6). 

In section, bilamellid Foraminifera are eas ily dis-
tinguished from other "rotaliform" groups of lamellar 
Foraminifera by the double walls in all chambers, in-
cluding the last one, in both hori zontal and verti cal 
sections (see t ext fi gs. 1 and 2). 

It seems that the outer lamella is deposited by the 
ectoplasma, the inner lining by the endoplasma. By 
maintaining the presence of protoplasmic matter be-
tween them during and after deposition a ca nal-system 
is formed. Perforate and imperfora te parts of the 
inner lining correspond to the perforate and imperfo-
rate parts of the outer lamella . Part of the distal 
chamber-face (and , therefore, part of each septum ) is 

TEXT FIGU RE 1 
Schematic drawing showing a slightly oblique, hori-

zontal sec tion nea r the surface of the evolute (dorsa l) 
side of a flatl y t rochospiral bilamellid . Deta il s omit-
ted. (0.1 . - outer lamella ; i.1. - inner lining; c. - ca nal-
sys tem) . 

TEXT FIGU RE 2 
Schematic drawings showing equatorial sect ions of 

planispiral lamellar Foraminifera. a. Lagenidea . b. 
Monolamellidea. c. Rotaliidea. d. Bilamellid ea. De-
tai ls omitted. (0.1 . - outer lamella ; i.1. - inner lining; 
s.f. - septal fl ap; c. - canal-system) . (Fig. c after 
Smout, 1954). 

imperforate and so a re the apertural face ( the peri s-
tomal area), the apertural lips (if present ) and very 
often the peripheral margin. T he imperforate pa rts of 
the tes t a re the main regions of canal-system develop-
ment. Keels, often canaliculate, a re frequent. Canal-
icul ate keels a re formed by the outward bending of 
the outer lamella. Outer lamella and inner lining coa-
lesce in the apertural region either at the borde r of a 
thickened " rim" (formed by an inflection of the lamel-
lae) or at the border of apertural lips, if such are p res-
ent. Communications of the canal-system with the 
main protopl asmic mass is maintained by "pores," sit-
ua ted in the imperforate parts of the t est and different 
from the normal pores of the perforate parts of the 
chamber-walls as far as size and regularity of arrange-
ment are concerned. 

It is noteworthy ,that this writer observed at least in 
one case (see pI. 18, fig . 3) what seems to be a shriv-
elled and partly des troyed chitinous chamber-lining, 
yellowish-brown in colour, as described by Brotzen 
(1942) in Gavelinella and by Hagn (1955) in Eoru-
pertia. Although further study is needed to ascertain 
the exact systematic position of Eorupertia, it seems 
that the latter genus, as described by Hagn (op. cit .) 
belongs rather to the Bilamellidea, th an to the Rotalii-
dea. The "Zentrallamelle" of Hagn (op. cit,) seems to 
correspond to our "outer lamella," the " Primarlamelle" 
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of Hagn to our "inner lining." The "Sekundarlamelle" 
as described by Hagn seems to be actually the inner 
lining sectioned in the area of its adherence to the 
lTIargin of the previous septum. This "overlap" is vis-
ible in sections passing near to the lateral chamber-
wall (and to the margin of the septum), but is absent 
from sections passing through a plane more removed 
from this margin. Our figured specimen (pI. 18, fig. 1) 
shows "three-layered" septa; the backward bending of 
the inner lining and its overlap on the previous septum 
can, however, be clearly seen in the chambers of the 
last coil. 

Family GLOBOROTALIIDAE Cushman, 
1927, emend. 

Amended description.-Bilamellid Foraminifera, 
mostly trochospirally and rarely planispirally arranged, 
provided with canaliculate keels at least in the earlier 
chambers or with incipient canaliculate keels at least 
in earlier chambers (in the most primitive forms of 
the group); proloculus and the earliest few chambers 
globular; lamellae usually fairly thin; pores medium-
to large-sized; test surface smooth, granular, pustu-
lose, spinose or covered by ridge-shaped protuberances, 
often arranged in a regular pattern; parts of the wall 
forming these ornamentations imperforate; part of the 
distal face of each chamber, hence at least part of each 
septum, apertural face, peristomal thickening ("rim") 
and apertural lips (if present) imperforate; keels im-
perforate; scattered "pores" at the junction between 
apertural face and peristomal "rim" and in the keels; 
aperture-primarily formed, rounded and usually large, 
fringed by a "rim" and provided in many genera with 
an apertural lip; usually single with the exception of 
a few genera having accessory cameral apertures; posi-
tion of main aperture interiomarginal, interiomarginal-
umbilical or umbilical ; accessory cameral apertures in 
sutural position; apertural lips fused in many Creta-
ceous genera, forming "labial apertures" and covering 
partly or entirely the umbilical cavity; canal-system 
carinal and peristomal (septal) . Lower Cretaceous to 
Recent . Largely pelagic. 

R emarks.-The Globorotaliidae, emend., include the 
subfamilies Globotruncaninae, emend., and Globoro-
taliinae, nov. subfam. The connection between these 
two subfamilies poses various problems and they may 
still have to be regarded as independent families. The 
rela tionship the Globorotaliidae and the Glo-
bigerinidae also requires further study. Generally the 
Globorotaliidae differ from the Globigerinidae only by 
the presence of in the form er. The wall-structure 
of all hith erto examined globigerinids (including Cre-
taceous, Tertiary and Recent specimens) is in prin-
ciple the same as that of the Globorotaliidae (see pI. 
20, figs. 1-4, 6-9) (compare, however, Reichel , 1949, 

and Smout, 1954) . Although generally the chamber-
form of globigerinids is spherical or nearly so and that 
of globorotaliids mostly asymmetrically flattened, there 
are globorotaliids with globul ar or nearly spherical 

TEXT FIGURE 3 
Schematic drawing of a globorotaliid I!1 axial section. 

chambers and various genera regarded as belonging to 
the Globigerinidae have asymmetrically flattened cham-
bers. Certain globorotaliids are provided with 
tive, incipient keels only and some forms having the 
general characters of the Globigerinidae and nearly 
spherical chambers are provided with keels. Certain 
globorotaliids doubtless originate from globigerinids; 
certain globigerinids have been regarded lately as hav-
ing originated from globor'otaliids, etc. All these prob-
lems will have to be 'investigated in detail, especially 
in connection with the revision of the Globigerinidae. 
It might still be necessary to revise the validity of the 
Globigerinidae as a family. 

There is little doubt that the earliest globorotaliids 
have evolved from such bilamellids as Pselidovalvu-
lineria lorneiana (Gandolfi) (non d'Orbigny), a con-
clusion arrived at by many authors, but unaccepted 
by others who believe the Cretaceous globorotaliids to 
have evolved from globigerinids. It might be that the 
Cretaceous globorotaliids originate from the same 
stock from which the Cretaceous globigerinids evolved, 
the latter being possibly derived from the same group 
of globular-chambered, early Cretaceou!? Pselidovalvu-
lineria to which P. lorneiana (Gandolfi) and P . lornei-
ana trochrYidea (Gandolfi) belong. At least one Cre-
taceous globorotaliid has doubtless evolved from a 
middle Cretaceous Globigerina (s . I.). Brotzen (1942) 
regards the Globigerinidae as a planktonic specializa-
tion of the Valvulineriidae (Brotzen, op. cit .) and the 
Globotruncaninae (Brotzen, op. cit.): which include 
among others all Globorotaliidae as herein amended, 
as having evolved from the Globigerinidae. The fam-
ily Valvulineriidae Brotzen is, however, heterogeneous 
and includes monolamellids, bilamellids and granular-
calcareous (perforate) forms. Topotypes of Valvulin-
eria californica Cushman show monolamellid struc-
ture, while all hitherto examined globiger :nids show 
bilamellid structure. Hofker (1951) regards the Glo-
bigerinidae as directly derived from th e Valvulinerii-
dae Hofker (non Brotzen) . The latter family is , how-
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ever, heterogeneous, too, and includes monolamellids, 
bilamellids and perforate, granular-calcareous forms. 
Globigerina is believed by Hofker (op. cit.) to be de-
rived from Valvulineria (see, however, above) . The 
family Marginolamellidae Hofker (1951, 1954), which 
includes the Globorotaliidae, as herein redefined, in 
addition to Cancris as central genus, is regarded by 
Hofker to have evolved from the Discopulvinulinidae 
Hofker, independently from the Globigerinidae. The 
genus Cancris, however, has the typical structure of 
the Monolamellidea, while Discopulvinulina has all at-
tributes of the Bilamellidea (see pI. 18, fig . 6). 

All these problems need careful study and other 
points will have to be cleared up (e. g. the possible 
connection between Cretaceous Globigerina (s. I.) and 
certain Trochamminidae on one hand and certain mon-
olamellids (e. g. Valvulineria) on the other, the rela-
tionship between Cretaceous and Tertiary globigerin-
ids, as well as that between Cretaceous and Tertiary 
globorotaliids, the relationship between such forms as 
P seudovalvulineria lorneiana (Gandolfi) (non d'Or-
bigny) and Cretaceous globigerinids, etc.) before it 
will be possible to answer the many questions involved . 

From the Globorotaliidae, emend ., we exclude for 
the time being such genera as Sherbornina, Cyclolocu-
lina, all Cymbaloporidae, as well as the genus Globo-
rotalites Brotzen (having two apertures, see also Gan-
dolfi, 1955b). The position of Globoquadrina Finlay, 
having a toothed aperture, is doubtful. 

Subfamily GLOBOROTALIINAE nov. subfam. 
Description.-Trochospiral, partly or entirely, but 

always single-keeled, globorotaliids; keels peripheral 
("spiral") with septal (sutural) branches present on 
the dorsal (spiral) side only; aperture single in most 
genera, fringed by a thickened "rim", in interiomar-
ginal or interiomarginal-umbilical position; secondary 
apertures in sutural position on the dorsal side of the 
test present in one genus; apertural lips greatly re-
duced, mostly absent, never forming umbilical cover-
plates; canal-system carinal and septal-peristomal. 
Paleocene to R·ecent. Pelagic. 

Remarks.-To the Globorotaliinae, nov. subfam., 
belong the genera Globorotalia Cushman, Truncorotalia 
Cushman and Bermudez, Truncorotaloides Bronni-
mann, Turborotalia Cushman and Bermudez and some 
new genera to be described elsewhere. The origin of 
the Globorotaliinae needs further study. For various 
groupings of the GloborotaIiinae, as well as of the 
Globorotaliidae, emend., the reader is referred to the 
publications by Bermudez., Brotzen, Cushman, Gallo-
way, Glaessner, Sigal (in Piveteau), ete. 

Subfamily GLOBOTRUNCANINAE Brotzen, 
1942, emend. 

A mended description.-Mostly trochospiral, rarely 

planispiral, partly- or entirely-keeled globorotaliids; 
keels undifferentiated (broad) (see below), double, 
single or single and dichotomic; peripheral ("spiral") 
with septal (sutural) branches on both dorsal (spiral) 
and ventral (umbilical) sides, mostly with periumbili-
cal extensions on the ventral side at least on earlier 
chambers; peripheral margin of keeled chambers im-
perforate, provided with an undifferentiated (broad) 
keel or with a single keel, or bordered by the branches 
of a dichotomous keel or by two keels ("carinal band"); 
adult chambers often devoid of kee}s; primary aper-
ture large, rounded, single, in inter;omarginal-umbili-
calor in umbilical position, in one genus accompanied 
by an accessory cameral aperture in sutural position 
on the ventral side of adult chambers; apertural lips 
strongly developed, forming "labial apertures" (see 
below); lips U-shaped in section and arched towards 
the umbilical cavity, slightly to strongly arched 
lengthwise; lips covering . partly or entirely the umbili-
cal cavity (umbilical plates); canal-system carinal and 
septal-peristomal. (Late Aptian?), Albian to Mae-
strichtian. Probably pelagic. 

Remarks.-To the Globotruncaninae, emend., be-
long the genera: Ticinella Reichel, T halmanninella 
Sigal, Rotalipora Brotzen, Planomalina Loeblich and 
Tappan, Praeglobotruncana Bermudez, Globotruncana 
Cushman, as well as the new genera Globotruncanita, 
Globotruncanella and probably H elvetoglobotruncana. 
They form in part the subfamily Globotruncaninae 
Bermudez, 1952. 

The origin of the Globotruncaninae is subject to 
discussion (see also above). Some authors believe 
them to have evolved from Globigerina (s. I.), either 
ortho- or proterogenetically, others believe them to 
have evolved from Pseudovalvulineria. Still others 
believe that the Globotruncaninae have evolved re-
peatedly towards Globigerina (s. I.) and Rugoglobi-
gerina and have produced different species of the lat-

le. 
leo 

•. f. 

d.k. U. e. 

• . k. c 
p .•. b p.k. 

p.k. Y." 
TEXT FIGURE 4 

Explanation of terms used in the present paper III 
the description of Globotruncaninae on a drawing of 
Globotruncana. a. dorsal view. b. profile view. c. ven-
tral view. I.e. - lateral chamber-wall; k. - keel; p.k. 
peripheral keel; s.k. - "spiral" keel; d.s. - dorso-septal 
(-sutural) branch of keel; d.k. - dorsal keel; c.b. -
carinal band; v.k. - ventral keel; s.f. - septal face; a.f. 
- apertural face; a.l. - apertural lip; Lap. - labial aper-
ture; e.ap. - .cameral aperture; I.s. - labial suture; p.e. 
- periumbilical extension of keel; v.s. - ventro-septal 
(-sutural) branch of keel; u .c. - umbilical cavity. 
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ter genera by mutation, conditioned by ecological fac-
tors (adaptation, preadaptation). A polyphyletic ori-
gin of the Globotruncaninae has been advocated by 
some authors (reference is made to the publications 
listed at the end of the present paper, especially to 
those by Bolli, Brotzen, Cita, Gandolfi, Hagn and Zeil, 
Reichel, Sigal, and Thalmann). As pointed out above, 
further study is needed to approach a solution of the 
many problems involved. Little attention has been 
paid up to the present to the concept of "plexus" in 
the sense of Sigal (1952c). The existence of such 
"plexus" -groups, as well as phenomena of convergence 
might greatly hamper the drawing of final conclusions. 

In this writer's opinion the Globotruncaninae have 
evolved from such forms as Pseudovalvulineria lornei-
ana (Gandolfi) (non d'Orbigny) in two main branches: 
one leading by way of Ticinella towards Thalmanni-
nella, Rotalipora and Planomalina; the other evolving, 
either directly or by way of a Globigerina-like form 
(compare Reichel, 1949), towards Praeglobotruncana 
and leading to Globotruncanella on one hand and to 
Globotruncana and on the other. H el-
vetoglobotruncana has evolved from a Globigerina 
(s. 1.), which in turn might have evolved from a 
Pseudovalvulineria (s. I.) -stock. The position and 
origin of certain forms , morphologically intermediate 
between Globotruncana and Globigerina (s. I.) or 
Rugoglobigerina, will be discussed below. 

In the following paragraphs certain structural and 
morphological details of the Globotruncaninae, emend., 
are discussed. 

Wall-structure 

With regard to the wall-structure of the Globotrun-
caninae there is little which may be added to the gen-
eral description of that of the Bilamellidea in general 
and of the Globorotaliidae in particular. The most im-
portant structural features of some genera of the Glo-
botruncaninae have been described already by Reichel 
(1949). He pointed out the presence of two calcareous 
layers in the septa and in the apertural lips, as well as 
in the chamber walls, and stated that earlier cham-
bers show more than two layers in the wall, forming a 
parallelly striated, thickened zone ("zone d'epaississe-
ment"); the perforate and imperforate parts of the 
test; the presence of canals in the keels, in the septa 
and in the peristome. These observations agree fully 
with the bilamellid structure of the Globotruncaninae. 
Published photographs and careful drawings of sec-
tions of certain Globotruncaninae illustrate the struc-
tural features of this subfamily (see publications listed 
at the end of this paper and especially those by Bolli, 
Hagn and Zeil, Ksiazkiewicz,deLapparent, Renz, 
Reichel) . 

Keels and Carina I Band 

(See text figs . 5 a -k). 

The keels of all Globotruncaninae (and of the Glo-
borotaliidae in general) are formed by the outward 
bending of the outer lamella which leaves an enlarged 
space between the latter and the inner lining, forming 
a canal. Very slight bending will result in not more 
than a hardly distinguishable sharpening of the pe-
ripheral chamber-margin. Strong bending will result 
in a hemicylindrically shaped (in section), elongated 
marginal protuberance. The portion of the outer 
lamella forming the keel is imperforate (except for 
scattered canal-communications) and so is the corre-
sponding part of the inner lining. The chamber-wall 
near and the keel is imperforate and so is the 
area comprised between two keels or between the 
branches of a single, but dichotomic keel. This imper-
forate area is the "carinal band." Hofker (1954) calls 
the carinal band the "poreless margin of the test" and 
regards the double keels as being actually a single keel 
with two rims bordering the poreless margin. We be-
lieve, however, that the form and number of keels are 
of taxonomical and systematical importance and that 
the canaliculate keels of the Globotruncaninae (and of 
the Globorotaliidae in general) must be sharply dis-
tinguished from the poreless, thickened margin of vari-
ous bilamellids, in which these thickened "keels" are 
non-canaliculate. Communication between the carinal 
canals and the main protoplasmic mass is maintained 
by the scattered "pores" which open either through 
the outer lamella or through the inner lining or through 
both. The beaded, spinose or fimbriated form of glo-
borotaliid keels might- be connected with these com-
munications. Although keels of Globotruncaninae are 
present mostly in those areas of the chamber-wall 
which bend more or less sharply or show a tendency 
to, they are present on segments of nearly spherical 
parts of the test. In some Tertiary globorotaliids (e. g. 
Globorotalia, Truncorotalia) sharply bending wall-
regions do not form keels at all, those being replaced 
by some kind of pillars. It seems, therefore, that keel-
formation in the Globorotaliidae is connected both 
with strengthening weak (bending) chamber-wall 
regions and with the canal-system. 

Whereas, as pointed out above, the Globorotaliinae 
have only peripheral keels with septal branches on the 
dorsal side, the Globotruncaninae have various kinds 
of keels- and exhibit a variable development of the 
carinal band. 

The only genus of the Globotruncaninae devoid of 
a definite keel or carinal band, Ticinella, shows a weak-
ening of the pores in the peripheral region of the 
chambers and enlarged spaces between outer lamella 
and inner lining in this region. These features repre-
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sent the most primitive type of Globotruncaninae-keel 
and Ticinella is regarded as the most primitive mem-
ber of the Globotruncaninae. The incipient keel of 
Ticinella evolves towards that of Thalmanninella. 

In Thalmanninella the keel is already well-devel-
oped, at least in earlier chambers in geologically older 
forms and in all chambers in geologically younger 
ones. The chamber-wall bends more or less sharply at 
the periphery, recurving slightly and forming a hemi-
cylindrically shaped, single keel. The peripheral keel 
merges into a septal extension (the "sutural" keel in 
earlier chambers) on the dorsal side, On earli(!r cham-
bers in geologically older forms and in all chambers in 
geologically younger ones of T halmanninella, branches 
of the peripheral keel are formed which bend away 
from the latter at its junction with the, dorso-septal 
branch, fringing the septal face of the chambers on 
the ventral side. These form a ventro-septal branch 
and continue backwards above the umbilical part of 
the apertural area, along the bending of the chamber-
wall towards the umbilicus, forming a "periumbilical 
extension." The branching of the peripheral keel -
or dichotomy - takes place always in the region where 
lateral chamber-walls meet the septal face. 

In the genus Rotalipora the keels are like those in 
geologically younger Thalmanninella. In both genera 
the keels and their branches are stronger in earlier 
chambers than in later ones. This is also more ap-
parent because of "secondary thickening," i. e. super-
position and adjustment to form of lamellae in earlier 
chambers. This is true of all other genera of the Glo-

. borotruncaninae as well. 
Thalmanninella and Rotalipora have, therefore, a 

single keel, which splits into branches and is thus "di-
chotomic." The dichotomization takes place at the 
junction of the septal face with the lateral 
walls. 

The genus Planomalina shows the same kind of a 
single, dichotomic keel. For this and other reasons to 
be discussed below, Planomalina is placed in the Glo-
botruncaninae, in the same group as T halmanninella 
and R otalipora. All these genera are distally-dichoto-
mic, single-keeled. 

The genus Praeglobotruncana presents a different 
type of keel, incorrectly called a "single" keel (com-
pare, however, Mornod, 1949, and Reichel, 1949). It 
is formed by a rather broad arching of the outer la-
mella at the periphery of the chamber and has a dis-
tinct tendency to split into two parallel ones, without 
reaching, however, such a definite differentiation. The 
peculiarly broad, apparently "single" keel is covered 
by two rows of beads or spines (see Kiipper, 1955, 
Mornod, 1949, Reichel, 1949). This broad peripheral 
keel splits into septal branches on the dorsal side and 
venqo-septal branches and periumbilical extensions 

are present at least in earlier chambers, especially in 
geologically younger forms, although bad state of pres-
ervation or strang inflation and bulging of the cham-
bers on the ventral side may hamper their being easily 
visible. Adult chambers of Praeglobotruncana-spccies 
are mostly devoid of keels and have a more or less 
rounded periphery. 

The type of keel found in Praeglobotruncana can 
be called "broad" or "undifferentiated." From this 
type of keel evolved apparently the double keel of 
Clobotruncana, as well as that of · Clobotruncanella, 
gen. nov. (compare also Hagn and Zeil, 1954, and 
Reichel, 1949). The keel of Clobotruncanella, gen. 
nov., is not much different from that of Praeglobo-
truncana, being rather broad, but it does not show a 
tendency to form two keels, while no ventra-septal 
branches are formed. The dichotomic keel of Clobo-
truncana (?) imbricata Mornod (dichotomization 
proximal, not distal) originates apparently from a 
Praeglobotruncana-type of keel and represents an at-
tempt to produce two keels by "accelerated," proximal 
dichotomization (see also Mornod, 1949). The ab-
sence of ventro-septal branches, the small umbilicus, 
the type of apertural lips, etc., point also to a deriva-
tion of C. (?) imbricata fram Praeglobotruncana, an 
assumption supported by the latter's stratigraphical 
position (compare also Hagn and Zeil, 1954, Mornod, 
1949, and Reichel, 1949). 

The complete splitting into two parallel keels of an 
undifferentiated Praeglobotruncana-type of keel is 
achieved in Clobotruncana (the imperforate marginal 
area bordered by the two keels is the carinal band or 
"bandeau carenal" of French authors). To distinguish 
between the two keels of Clobotruncana, we shall call 
them "dorsal" and "ventral" in accordance with dorsal 
and ventral sides respectively (to avoid confusion, the 
terms "dorsal" and "ventral" instead of "spiral" and 
"umbilical" are used here). In earlier forms of Clobo-
truncana the ventral keel is usually weaker than the 
dorsal one and might be discernible only in earlier 
chambers, being still united with the dorsal keel in 
adult chambers. Septal (sutural) branches on the 
dorsal side are formed by the dorsal keel, ventro-septal 
(-sutural) ones by the ventral keel. This is also true 
of those chambers in which both keels are still united 
and not differentiated into two (keel differentiation 
seems to start mostly on earlier chambers progressing 
towards later chambers during phylogeny); ventro-
septal branches are always present and the single keel 
oflater chambers of such "partly double-keeled" early 
(Cenomanian-Coniacian (Santonian?» forms of Clo-
botruncana is usually fairly thick and distally dichoto-
mous (e. g. C. renzi Thalmann, C. sigali Reichel, C. 
schneegansi Sigal). 

A second type of Clobotruncana-keel is the fully 
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and equally developed "double" one, found in many 
Turonian-Maestrichtian species of Clobotruncana (e.g. 
C. lapparenti group, etc.). Both dorsal and ventral 
keels are equally strong or nearly so and present on 
all chambers; septal branches are present on both 
sides in all chambers, as well as periumbilical exten-
sions. Ventro-septal and periumbilical extensions might 
be ,difficult to see because of inflation or bulging of 
the chambers ("depressed sutures," but nevertheless 
"raised" because of ventra-septal (-sutural) branches). 

A third type of Clobotruncana-keel apparently must 
be distinguished. It is in principle very similar to that 
mentioned above as the first type: double in earlier 
chambers, single and branching in adult ones. The 
derivation of the third type of keel seems, however, 
not to be from an undifferentiated keel with a ten-
dency to split into two equally strong keels, but from 
a well-differentiated double keel, dorsal and ventral, 
with a tendency to approach and finally to coalesce in 
the late adult chambers into a single keel (e. g. C. 
wiedemnayeri Gandolfi group, C. gagnebini Tilev). 
From this last type of keel the one found in Clobo-
truncanita, gen. nov., is derived. 

The keel of Clobotruncanita is single both in early 
and adult chambers, distally dichotomic and forming 
septal branches on both dorsal and ventral sides, as 
well as periumbilical extensions in all chambers. Its 
derivation is different from that of the keel of Thal-
manninella or Rotalipora, which originates from a 
broadly rounded, incipient one (Ticinella) . 

A different type of single keel is present in H elveto-
globotruncana, gen. nov. It is dorsal, not necessarily 
peripheral, with septal branches on the dorsal side 
only, never dichotomic. Canal weak . 

The last type of keel to be mentioned here is that 
found in certain "globigerinid" species of Clobotrun-
cana (see below). Although double and bordering an 
imperforate carinal band, as in Clobotruncana with 
two keels equally developed, it is often extremely weak 
and hardly distinguishable and moreover formed by 
rows of pustules more or less regularly arranged along 
two parallel lines; forming "interrupted" keels. The 
genesis of this type of keel needs further study. 

Apertural Lips and Labial Apertures 
(See text figs. 6-7) 

The apertural (or "umbilical") lips are strongly 
developed in all members of the Globotruncaninae. 
They may be free on three sides or they may be fused 
partly or entirely, in the latter case forming "umbilical 
cover-plates." This fusion may be such as to leave 
openings between consecutive lips, often referred to as 
"accessory apertures" or "intra umbilical apertures." 
Any opening formed by the free parts of the apertural 
lips will be called herein "labial aperture" and repre-

sents a passage way for the protoplasmic mass to pass 
from the main aperture of the respective chamber to 
the outside. Labial apertures are present in all Globo-
truncaninae and must be distinguished from main or 
accessory apertures formed by the chamber-wall and 
not by the lips. Only one genus of the Globotruncani-
nae has true, cameral, accessory apertures: Rotalipora. 
The so-called accessory apertures of other genera of 
the Globotruncaninae are actually labial apertures. 
The term "cameral aperture" is used herein instead of 
"septal aperture" (Brotzen et al.) for the main cham-
ber-opening; a cameral aperture might be quite re-
moved from the actual septum. Additional openings 
of the chambers not formed by lips will be called 
"accessory camerai apertures." 

The apertural lips are in section, arched 
towards the umbilical cavity to a smaller or greater 
degree. They may be nearly flat or arched lengthwise, 
sometimes strongly so and becoming hemicylindrical 
in form. The forms of lips are manifold and so are the 
forms of the labial apertures; both are important in 
classification. Aperturallips have been described under 
various names (see Reichel, 1949, pp. 598-599); we 
prefer to call them "apertural lips" since they are cov-
ering part of the main cameral aperture and since they 
form, themselves, various kinds of apertures. 

The first type of apertural lips found in the Globo-
truncaninae (and the most primitive one, being found 
also in the ancestors of the Globotruncaninae) is that 
where the lips are not fused one with the other, being, 
therefore, free on three sides. The lips are fairly flat, 
although U-shaped in section, not arched lengthwise 
or only slightly so. Proximal and distal sides (in di-
rection of coiling) are equal in length. They 
leave passage-ways for the protoplasma directed for-
wards, backwards and towards the umbilicus-centre. 
These might be termed "interiomarginaf-umbilical-
sutural" labial apertures. This type is found in the 
earlier chambers of Ticinella, in Planomalina and in 
the early Cretaceous P seudovalvulineria. 

By partly fusing one with the other in "sutural" 
(with regard to two consecutive lips) position, as well 
as by several or all lips fusing together in the central 
area of the umbilical cavity, the lips form a second 
type of labial aperture: "interiomarginal and sutural." 
A "pierced" umbilical cover-plate is thus formed. The 
lips are relatively long, both sides being of nearly 
equal length. Such lips and labial apertures are found 
in Ticinella, Thalmanninella, as well as in primitive 
species of Rotalipora. More evolved Rotalipora have 
only "interiomarginal" labial apertures. 

A further type of labial aperture is found in the 
genera Praeglobot1'uncana and Clobot1'uncanella, gen. 
nov. The lips are relatively longer in the latter, both 
sides being nearly equal in length, the distal side tend-
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mg to be somewhat longer. They are slightly arched 
lengthwise and fused in sutural position. Their um-
bilical tips are broadly rounded or truncated, not 
fused. The labial apertures thus formed may be 
termed "interiomarginal-umbilica1." 

From such lips and labial apertures have apparently 
developed those found in early "partly double-keeled" 
Globotruncana. The lengthwise arching of the lips in-
creases, the distal side is conspicuously longer than the 
proximal one, the lips remaining fairly long. Fused in 
sutural position, the lips form "interiomarginal-umbili-
cal" labial apertures. The interiomarginal part of the 
latter is greatly reduced (main cameral aperture mov-
ing into an almost umbilical position) and the umbili-
cal part points backwards (through differences in 
length between distal and proximal sides of the lip). 
This type of lips and labial aperture has been well-
figured and described by Reichel (1949) in Globo-
truncana sigali. 

The lips of double-keeled (throughout) Globotrunc-
ana are very similar to the last described type, but 
much more arched lengthwise and more enlarged to-
wards the umbilical cavity. The interiomarginal part 
of the labial aperture is almost entirely absent (main 
aperture being in completely umbilical position) and 
there remains only an "umbilical" labial aperture, di-
rected backwards with regard to the direction of 
growth. 

From this latter type apparently evolves one found 
in later "partly double-keeled" Globotruncana and in 
Globotruncanita, gen. nov. The lips are shortened on 
the proximal side and long on the distal one. They are 
extremely highly arched lengthwise, narrow at the 
junction with the chamber-wall and greatly enlarged 
a t their umbilical extremities, forming arches or "ar-
cades" (Reichel, 1949), becoming trumpet-shaped and 
overriding each other ("cornets" of Reichel, 1949). 
The labial apertures are pointing strongly backwards 
and "umbilical" in position. Reichel (op. cit.) has 
pointed out already the resemblance of this type of 
opening formed by lips with that of Thalmanninella , 
the genesis being, however, different in both cases. A 
further development of the trumpet-shaped lips men-
tioned above is that described by Reichel (op. cit.) in 
Globotruncana aff. G. conica (White). Strongly back-
ward and finally recurving and outward bending of 
the lips (towards the periphery) results in labial aper-
tures pointing the peripheral margin and in 
"suprasutural" position. Fusion .of the lips is strongly 
developed, resulting in the formation of an umbilical 
cover-plate, covering the umbilicus entirely. This last 
type is found in certain later species of Globotruncana 

(partly-keeled) and Globotruncanita (e. g. G. conica). 
The type of development of lips and labial apertures 

found in Helvetoglobotruncana, gen. nov., as well as in 
certain Cretaceous species of Globigerina (s.1.) is that 
in which the lips are slightly arched lengthwise, fairly 
large and partly covering each other in consecutive 
chambers, free on three sides. Certain Cretaceous spe-
cies of Globigerina (s. 1.), as well as Rugoglobigerina, 
show a variant of this type of lips, viz. fusion in an 
irregular manner, connected with the formation of 
umbilical cover-plates with irregularly arranged labial 
apertures. The same type is found in certain "globi-
gerinid" species of Globotruncana (see below). 

The Genera of the Globotruncaninae 

There follow brief redefinitions of the already de-
scribed genera of the Globotruncaninae and descrip-
tions of three new genera. The question whether a 
group of species should be regarded as forming a genus 
or a subgenus is difficult to answer, especially when 
fossil forms are involved. In any case it seems inade-
quate to regard all Globotruncaninae (the "Rosalines" 
of French authors) as subgenera of Globotruncana 
(s.1.). On the other hand Ticinella, Thalmanninella, 
Rotalipora and Planomalina might be regarded as sub-
genera of one and the same genus; Globotruncanella, 
gen. nov., and Praeglobotruncana as subgenera of 
Praeglobotruncana (both have ' been included appar-
ently in the invalid genus Rotundina Subbotina, see 
Kupper, 1955, 1956); Globotruncanita, gen. nov., as a 
subgenus of s. s.; or all last mentioned 
four genera might be regarded as subgenera of one 
genus. H elvetoglobotruncana, gen. nov., must be sep-
arated. From a practical point of view this question 
is, however, immaterial and the application of subgen-
eric names for the various forms herein regarded as 
genera will not lessen the number of names on the 
supra specific and infrafamilial level. 

For reasons to be discussed below the genus Rugo-
globigerina Bronnimann and its allies have not been 
included for the time being in the Globotruncaninae, 
as proposed by Gandolfi (1955a), who regards the lat-
ter genus and its allies as a subgenus of Globotruncana. 
The same is true of Trinitella Bronnimann, although 
it is morphologically somewhat similar to Globotrunc-
anita. No specimens of Trinitella have been available 
to this writer and it seems that the latter belongs 
rather to the family (?) Globigerinidae, having flat-
tened chambers (and, therefore, an acute or subacute 
periphery) in the very last ontogenetic stages only and 
not in the earlier stages as in all other genera included 
here in the Globotruncaninae. 
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Superfamily" BILAMELLIDEA, nov. 
Family GLOBOROT ALIIDAE Cushman, 

1927, emend. 
Subfamily GLOBOTRUNCANINAE Brotzen, 

1942, emend. 
Genus Ticinella Reichel, 1949 

Type-species: Anomalina roberti Gandolfi, 1942 

Amended description.-Test trochcspiral; chambers 
globular; keels and carinal band incipient on earlier 
chambers; cameral aperture single, interiomarginal-
umbilical; labial apertures interiomarginal and sutural; 
lips partly fused forming an umbilical cover-plate. 
(Late Aptian?), Albian to lower Cenomanian. 

Genus Thalmanninella Sigal, 1948 

Type-species: Thalmanninella brotzeni Sigal, 1948 

Amended description.-Test flatly trochospiral; cham-
bers flattened to subglobular; partly or entirely keeled; 
keel single, peripheral, with dorso-septal branches and 
distally dichotomic, forming ventro-septal branches 
and periumbilical extensions at least in earlier cham-
bers; cameral aperture single, interiomarginal-umbili-
cal; labial apertures interiomarginal and sutural; lips 
long, slightly arched lengthwise, if at all, fused and 
covering the umbilical cavity with an umbilical cover-
plate. Upper Albian to upper Cenomanian. 

GenuS Planomalina Loeblieh and Tappan, 1946 

Type-species: Planomalina apsidostroba Loeblich 
and Tappan, 1946 

Amended description.-Test flat, planispiral through-
out; biumbilicate; partly or entirely keeled; keel pe-
ripheral, distally dichotomic, forming septal branches 
on both sides of the test at least in earlier chambers; 
cameral aperture symmetrical, interiomarginal-umbili-
cal; labial apertures interiomarginal-umbilical-sutural; 
apertural lips slightly, if at all, arched lengthwise; 
umbilici partly covered by the lips on both sides. 
(Late Aptian?), Albian to lower Cenomanian. 

Remarks.-This genus is usually placed in the 
Anomalinidae together with Planulina. The well-dif-
ferentiated lips, the canaliculate, dichotomic keel and 
the relatively deep umbilici point clearly to its rela-
tionship to the Globotruncaninae, as herein redefined 
(compare also Reichel, 1949, p. 616). It is probably 
related to Thalmanninella , possibly in the same way 
as Globigerinella is related to Globigerina. Its occur-
rence in large numbers with other. genera, usually re-
garded as pelagic, points to a pelagic habitat. Geo-
logically older species of Planomalina have the later 
chambers devoid of keels, geologically younger ones 
are keeled throughout. 

Genus Rotalipora Brotzen, 1942 
Type-species: Rotalipora turonica Brotzen, 1942 
Amended description.-Test flatly to highly trocho-

spiral; chambers flat or inflated; often elongated to-
wards the umbilicus; peripheral marg:n always acute; 
single-keeled throughout; keel peripheral, distally di-
chotomic, form ing dorso-septal and ventro-septal 
branches, as well as periumbilical extensions; cameral 
aperture interiomarginal-umbilical, accompanied by an 
accessory cameral aperture in sutural position at least 
in adult chambers; labial apertures interiomarginal 
and sutural in all chambers or in early chambers only, 
later chambers being provided with an interiomarginal 
labial aperture only, the proximal side of the lip being 
fused with the previous lip entirely; lips slightly, if at 
all, arched lengthwise; fused and forming an umbilical 
cover-plate. Cenomanian to Turonian. 

Remarks.-In well-preserved specimens of Rotali-
pora a ventro-septal keel-branch can always be ob-
served, at least in earlier chambers (compare Reichel, 
1949, p. 604). between Thalmanni-
nella- and R otalipora- types of labial apertures are 
frequent (see text figs. 6 d-e). 

Gen us Praeglobotruncana Bermudez, 1952 
Type-species: Globorotalia delrioensis Plummer, 1931 

Amended description.- Test flatly to highly trocho-
spiral; chambers flat, slightly or strongly inflated to 
subglobular, always more rounded in adult stages; 
broadly, undifferentiatedly keeled; keel showing ten-
dencies to split into a double one, weak or absent in 
adult chambers, pustulose, or spinose, peripheral and 
dorso-septal with ventro-septal and partly periumbili-
cal extensions at least in earlier chambers of geologi-
cally younger forms; cameral aperture single, interio-
marginal-umbilical; labial apertures interiomarginal-
umbilical; lips. relatively short, slightly, if at all, arched 
lengthwise, covering partly the umbilical cavity. Lower 
Cretaceous to Turonian. 

Remarks.-There is general agreement among auth-
ors that the genus Globotruncana s. s. evolved from 
Globotruncana stephani Gandolfi, which is actually a 
Praeglobotruncana (see also Ki.ipper, 1956). The an-" 
cestor of Praeglobotruncana might be a Pseudovalvu-
lineria (s.l.), a Ticinella or - as suggested by Reichel 
(1949) - a Globigerina-like form related to the group 
of Pseudovalvulineria lorneiana. 

Genus Globotruncanella, gen. nov. 
Type-species: Globotruncana citae Bolli, 1951 

D escription.-Test flatly trochospiral; chambers flat, 
slightly inflated; peripheral margin subacute to acute, 
imperforate, provided with an undifferentiated keel; 
keel pustulose to spinose, never showing tendencies to 
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split into two keels, forming dorso-septal branches 
only, which are usually weak; ventro-septal branches 
and periumbilical extensions absent; cameral aperture 
interiomarginal-umbilical; lips fairly long, slightly 
arched lengthwise, covering partly the small umbili-
cus. Ceriomanian to Maestrichtian. 

Remarks.-Clobotruneanella, gen. nov. differs from 
Praeglobotruneana to which it is closely related, 'by its 
less broad, but "undifferentiated" keel, which shows 
no tendencies to split into a double keel, by the ab-
sence of ventro-septal keel-branches and by the 
peripheral margin in adult chambers which is hardly 
more rounded than in earlier chambers (as is typical 
for Praeglobotruneana) as well as by its larger and 
longer lips, which are more arched lengthwise than 
those of the latter genus. Various, hitherto undescribed 
species of Clobotruneanella have been observed by 
this writer in material from Africa and Europe, of 
Cenomanian to Senonian age. Rugoglobigerina petal-
oidea petaloidea and R. petaloidea subpetaloidea as 
described by Gandolfi (1955a) are apparently species 
of the genus Clobotruneanella. This seems to be true 
also of certain species described . as Clobigerina (e. g. 
by Sigal, 1952b, compare Kupper, 1956; Clobigerina 
aumalensis Sigal is, however, rather a Clobotruneanella 
than a Praeglobotruncana). The section of a supposed 
globigerinid published by Renz (1936, pI. 6, fig. 14) 
might be that of either a Praeglobotruneana or a Clo-
botruneauella. The transition from Clobotruneana 
intermedia Bolli to Clobotruneanella eitae, assumed 
by Bolli, needs further study. A possible relationship 
between Clobotruneanella and such Tertiary forms as 
Clobigerina (?) eompressa Plummer needs careful 
study. 

Genus Globotruncana Cushman, 1927 
Type-species: _ Pulvinulina area Cushman, 1927 

Amended deseription.-Test flatly to h;ghly trocho-
spiral; chambers flat to subspherical, elongated, sub-
elliptical to polygonal in outline; partly or entirely 
double-keeled; keels peripheral with dorsal-septal and 
ventro-septal branches from the dorsal and from the 
ventral keels respectively, with periumbilical exten-
sions;dorsal and ventral keels separated and well-dif-
ferentiated at least in earlier' chambers, approaching 
and coalescing in some forms in later chambers, form-
ing one distally dichotomic keel with dorso-septal and 
ventro-septal branches; cameral aperture single, in 
umbilical position; labial apertures umbilical, pointing 
backwards, often strongly so; lips fairly large, distinctly 
to very strongly arched lengthwise, shorter on the prox-
imal side than the distal one, narrower at the junction 
with the chamber-wall of the corresponding chamber, 
irregularly half-cylindrically shaped to trumpet-shaped 
in form; umbilicus large, partly or entirely covered 
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TEXT FIGURE 5 

Schematic drawings of sections through various types 
of peripheral margins and keels. a. Tieinella, Thal-
manninel!a. b. Praeglobotruneana. c. Clobotrunea-
nella. d. Clobotruneana (gr. 1 and 3) . e. Clobotrun-
eana (gr. 1 and 3). f. g. Clobotruneana (gr. 2) (g. 
showing communications of canal-system). h. Thal-
manninella, Rotalipora, Clobotruneana (gr. 1 and 3), 
Clobotruneanita. i. H elvetoglobotruneana. j. "Globi-
gerinid" Clobotruneana. k. CIa big erina, s.1., Tieinel!a, 
"globigerinid" Clobotruneana . Depending upon the 
point of section Planomalina shows keel-sections of 
type e, f, or h. 

by the lips, which form in some species an umbilical 
cover-pIa teo Upper Cenomanian to Maestrichtian. 

Remarks.-Three groups of Clobotruneana could 
be distinguished: 

1. Partly double-keeled forms which evolve from 
undifferentiatedly-keeled ones, with rather long lips, 
which are slightly arched lengthwise (e. g. C. sigali 
Reichel) . 

2. Double-keeled (throughout) forms, which evolved 
from the partly double-keeled ones mentioned above; 
lips more strongly arched, labial apertures pointing 
more strongly backwards (e. g. C. area (Cushman), 
C. lapparenti Brotzen group). 

3. Partly double-keeled forms which evolved from 
entirely double-keeled ones by approach and coales-
cence of the two keels in later chambers. Lips highly 
arched to trumpet-shaped, often very large, labial 
apertures pointing strongly backwards (e. g. C. wied-
enmayeri Gandolfi group, C . ere taeea Cushman). (C . 
eretaeea apparently has been often confused with such 
forms as C. sigali). It is from this third group that 
Clobotruneanita, gen. nov., evolved. 

Genus Globotruncanita, gen. nov. 
Type-species: Rosalina stuarti de Lapparent, 1918 
Deseription.- Test highly trochospiral; chamber 

form variable, mostly polygonal in outline; single-
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TEXT FIGURE 6 
Various types of labial apertures. (Chamber-form 

simplified and not corresponding to the actual one of 
the respective genera). c.a. - cameral aperture. a. 
Pseudovalvulineria, Planomalina. b. Ticinella. c. Thal-
manninella. d. Rotalipora (transition from Thalmanni-
nella- to Rotalipora-type). e. Rotalipora (combined 
T halmanninella-Rotalipo1'a-type). f. R otalipora. g. 
Praeglobotruncana. h. Globotruncanella. i. Globotrun-
cana gr. 1. j. Globotruncana gr. 2. k. Globotruncana 
gr. 3, Globotruncanita. I. Globotruncanita. 

m n 
TEXT FIGURE 7 

Types of labial apertures (continued). m. Globi-
gerjna, s.1. (Cretaceous forms), H elvetoglobotruncana. 
n. Globigerina, s.l. (Cretaceous forms), Rugoglobige-
rina, "globigerinid" Globotruncana. 

keeled throughout; keel present on all chambers (ex-
cept the earliest ones), distally dichotomic with dorso-
septal and ventro-septal as well as periumbilical exten-
sions; spine-shaped extensions of the chambers present 
in some forms; cameral aperture umbilical, single; 
labial aperture pointing strongly backwards, in re-
flexed position opening into the umbilical cavity or 
suprasuturally towards the periphery; lips much longer 
on the distal side than on the proximal one, extremely 

highly arched, much narrower at the junction with the 
corresponding chamber and trumpet-shaped, overrid-
ing each other or fusing the strongly recurving distal 
ends and forming an umbilical cover-plate covering 
entirely the umbilical cavity with labial apertures 
opening towards the periphery; umbilicus large, partly 
or entirely covered by the apertural lips. Late San-
tonian to Maestrichtiari. 

Remarks.-Globotruncanita, gen. nov., resembles 
somewhat Truncorotalia Cushman and Bermudez, but 
differs from latter in many respects. There is ap-
parently no connection between these genera (Trunc-
orotalia appears in the Paleocene) and they have been 
often confused. It has been emphasized by various 
authors that the stuarti- group is very distinct from 
other "Globotruncanas," as far as chamber-form, keels 
and apertural characters are concerned (see among 
others Reichel, 1949, Gandolfi, 1955 a). To Globo-
truncanita belong many species, e. g. G. elevata (Brot-
zen), G. stuartiformis (Dalbiez), G. calcarata (Cush-
man), G. conica (White), etc. The single-keeled Glo-
botruncana helvetica Bolli, which resembles Globo-
truncanita, shows, however, distinctive features and IS 

included in a new genus, H elvetoglobotruncana. 

Genus Helvetoglobotruncana, gen. nov. 

Type-species: Globotruncana helvetica Bolli, 1945 

Description.-Test flatly trochospiral; chambers 
globular, slightly to strongly flattened on the dorsal 
side; keel dorsal, not necessarily peripheral (sub-
peripheral keel) at the margin of the flattened part 
of the chamber-wall with r dorso-septal branches and 
never dichotomic; keels granular to subspinose; cam-
eral aperture umbilical, extending slightly into a partly 
interiomarginal position; labial apertures interiomar-
ginal-umbilical-sutural (latter part often reduced 
through partial fusion cif the lips); lips very slightly, 
if at all arched lengthwise, covering partly the umbil-
ical cavity. Upper Cenomanian to lower Coniacian. 

Remarks.-The systematic position of H elvetoglo-
botruncana helvetica has been regarded by various 
authors as uncertain (see also Bolli, 1945) and it has 
been repeatedly emphasized by many of them (Bolli, 
1945, Schijfsma, 1955, Sigal, 1955b, etc.) that transi-
tions between a Globigerina and this form can be ob-
served. Schijfsma an9 Sigal (op. cit.) stated that 
Globotruncana helvetica is derived from a Globigerina. 
This writer's observations fully support the above-
mentioned authors' conclusions. H elvetoglobotTuncana 
hel,vetica evolves gradually from a certain, apparently 
as yet undescribed Globigerina (s . l.) ("grandes Globi-
gerines" of Sigal, 1955b, figured by Schijfsma, 1955), 
which appears in the Cenomanian and is most abun-
dant in later Cenomanian and Turonian strata (prae-
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cursors already occur in the Vraconian). It exists to-
gether with H. helvetica up to the early Coniacian. 
The presence of a keel in the latter form is the only 
difference between it and the mentioned Globigerina 
(s. 1.). The resemblance of H. helvetica to Globo-
truncana gansseri Bolli (= G. lugeoni Tilev) is only 
slight: the latter has a dichotomic peripheral keel, as 
well as lips and labial apertures characteristic of Glo-
botruncanita. The chamber-form is also quite different. 

As already pointed out above, the relationship be-
tween the Globigerinidae and the Globotruncaninae 
needs further study, the results of which will show 
whether or not H elvetoglobotruncana should be placed 
in the Globotruncaninae. 

The "Globigerinid" Globotruncana 

Under this name is included a group of Cretaceous 
forms which shows the attributes of the Cretaceous 
species of Globigerina (s.1.) and Rugoglobigerina 
(wall-structure, ornamentation, apertures, apertural 
lips, chamber-form, etc.), but differs from the latter 
by the presence of weak, incomplete, often inter-
rupted or discontinuous keels or rows of papillae or 
pustules, arranged in two parallel lines [e. g. Globo-
truncana d. G. globigerinoides Brotzen, as figured by 
Bolli (1951), various keeled forms described as Rugo-
globigerina by Gandolfi (1955a), many of the forms 
recorded as Globotruncana globigerinoides Brotzen (in-
cluding the holotype), etc.]. These Cretaceous forms 
have been treated in detail by Gandolfi (l955a). He 
regards some of these forms as transitions to Rugo-
globigerina and others as belonging actually to the 
latter genus. It seems, however, that various questions 
in connection with this group are not yet satisfactorily 
answered and some of the problems involved will be 
briefly reviewed below. For this reason the genus 
Rugoglobigerina, as amended by Gandolfi (op. cit.) 
has not been included for the time being in the genus 
Globotruncana, as he proposed, or in the Globotrunc-
aninae, as herein amended. 

Gandolfi regards Rugoglobigerina, as amended by 
him, as forms which "are genetically related to Globo-
truncana but morphologically reminiscent of Globi-
gerina" (op. cit. p. 15) or "as forms with a Globiger-
ina-form and a Globotruncana-like umbilicus" (p. 87). 
Rugoglobigerina should be regarded, therefore, as a 
subgenus of Globotruncana (s. I.) , (in the sense of 
Gandolfi, op. cit., as well as in that of Reichel, 1949). 
According to Gandolfi the Globigerina-form is nothing 
but a form of adaptation to pelagic life, which devel-
ops in species and genera of quite different genetical 
relationship (convergence). The process of "globiger-
inization" is regarded by Gandolfi as conditioned by 
ecological factors and as having taken place repeatedly 

during Cretaceous times in Globotruncana, s. s., as 
well as in Rotalipora and possibly also in Ticinella 
and Thalmanninella. According to the results of Gan-
dolfi's study both double- and single-keeled species of 
Globotruncana have produced Rugoglobigerina (in 
the sense of Gandolfi). A derivation of Globotruncana 
from Globigerina (s.I.), assumed by various authors, 
:s, therefore, regarded by him as highly improbable. 

Reichel (1949) pointed out that certain species of 
Globotruncana show a great resemblance to Globiger-
ina, possibly a phenomenon of convergence. The ten-
dency to globular chambers is present in various 
groups of Globotruncana, especially in that of G. mar-
ginata, of which G. globigerinoides Brotzen would be 
the end-form, viz. a "globigerinized" Globotruncana 
with keels which tend to disappear. A Globigerina-
Globotruncana lineage seems doubtful also to Reichel 
(compare also Hagn and Zeil, 1954), since the true 
Globigerina is an evolved form, adapted to full pelagic 
life and tending towards a perfectly spherical form, 
Orbulina. Reichel admits, however, the possibility of 
the stephani-linnei lineage having originated from a 
Globigerina-like form, belonging to the Pseudovalvu-
lineria-group from which Ticinella evolved. 

Due consideration must be paid, however, to sev-
eral points before final conclusions are drawn both 
with regard to the origin of Globigerina (s.1.) and 
Rugoglobigerina on one hand and of Globotruncana 
and its allies on the other. 

In the first place it is highly questionable, as pointed 
out by various authors (see also Reiss, 1955), whether 
the Cretaceous forms traditionally placed in Globiger-
ina actually belong to this latter genus: ornamenta-
tion, apertural lips, pore-size, etc. of Cretaceous forms 
distinguish them clearly from Tertiary species of Glo-
bigerina. The Cretaceous species of "Globigerina" ap-
parently must be separated from the:--Tertiary ones 
and possibly split in several genera. They apparently 
belong to the same group to which Rugoglobigerina 
belongs. It seems, however, difficult to accept fully 
Gandolfi's emendation of this latter genus, for the fol-
lowing reasons: 

In the paper in which Bronnimann described Rugo-
globigerina (Bronnimann, 1952a) the author clearly 
stated that this genus differs from all other Upper 
Cretaceous and Tertiary species of Globigerina by its 
regular pattern of ornamentation - the "meridional 
pattern" of rugosities -, present at least in adult 

Furthermore, Rugoglobigerina has been de-
fined as having rounded to subglobular (although 
truncated towards the umbilicus) chambers, 'without 
hantkeninoid spines (subgen. Rugoglobigerina) or pro-
vided with such spines (subgen. Plummerita). The 
genus Trinitella, showing ornamentational affinities 
with Rugoglobigerina, but flattened adult chambers, 
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has been distinguished by Bronnimann as a separate 
genus. 

By including in Rugoglobigerina forms with or 
without the characteristic meridional ornamental pat-
tern, forms with subglobular or flattened chambers 
with a rounded to acute periphery, forms without 
keels, as well as forms with one or two keels, the 
genus is rendered almost meaningless, its definition 
and separation from other genera, as Globigerina s. I. 
or Globotruncana, being extremely difficult if not im-
possible. Plummerita-forms would have to be rele-
gated to specific level (Rugoglobigerina becoming a 
subgenus) and Trinitella would fall evidently in the 
scope of Rugoglobigerina. It is still not clear what 
actually is meant by a "Globigerina" -form (in the 
sense of Gandolfi). Furthermore the status of the 
subgenus Rugoglobigerina Bronnimann, emend. Gan-
dolfi (non subgen. Rugoglobigerina Bronnimann) is 
not clear. If Rugoglobigerina is actually a phylogenic 
subgenus of a morphogenic genus (in the sense of 
Tintant, 1952) there is no reason why keeled species 
of Rugogl0bigerina (which according to Gandolfi 
evolve from Globotruncana, s. s.) should not be trans-
ferred to Globotruncana, while the unkeeled ones 
should be regarded as belonging to a morphogenic 
genus (which is polyphyletic), like Globigerina, s. I. or 
any other genus which would include, from a morpho-
logical point of view, all Cretaceous species of Globi-
genna, s. I. or Rugoglobigerina. On the other hand 
most of the species of Rugoglobigerina described by 
Gandolfi have a keeled subspecies and an unkeeled 
one, the latter being, according to Gandolfi, only an 
end-member of a certain Globotruncana-group. The 
separation of such a keeled subspecies of Rugoglobi-
gerina from Globotruncana remains almost arbitrary. 

If Rugoglobigerina is only an ecologically conditioned 
form of (various) Globotruncana. its separation as a 
subgenus (even morphogenic) might be questionable. 
Such a form would have at best sub specific value, re-
ceiving the species-name of the Globotruncana which 
produced it. On the other hand such ecologically con-
ditioned forms (if thus conditioned) as species of 
Rugoglobigerina would be quite different from ecologi-
cal "phases" (e. g. as in Tretomphalus) . As pointed 
out by Gandolfi (1955a) the process of "globigerini-
zation" must have taken place repeatedly throughout 
Cretaceous times in various species, species-groups and 
genera. That means that a certain species of Globo-
truncana, for example, has lived for a certain geologi-
cal time-span as a benthonic organism and has devel-
oped afterwards an offshoot adapted to full pelagic 
life. The latter would have lived for a certain time-
span together with the benthonic form, which, how-
ever, ultimately disappeared. This process has been 
repeated time and again, producing stratigraphical se-

quences of benthonic and pelagic forms (compare 
Gandolfi's plate 8) in all groups of Globotruncana. It 
seems, however, that this kind of repeated and phylo-
genetic evolution, explained by Gandolfi by ecological 
adapta tion, needs further study, especially since cer-
tain groups of Globotruncana (e. g. the forms described 
herein as Globotruncanita) do not produce "globigeri-
nids," as shown by Gandolfi himself. 

Furthermore, several forms described by Gandolfi as 
Rugoglobigerina (in his sense) seem to belong actually 
to other genera and are, therefore, no proof for the 
process of "globigerinization" (Rugoglobigerina petal-
oidea Gandolfi, for example, which according to him 
is closely related to Globotruncana citae, which in 
turn, however, is a Globotruncanella). Praeglobotrunc-
ana or Globotruncana are not derived from Thalmann-
inella as stated by Gandolfi (compare also Reichel, 
S'gal, et at.) and the inflated chambers of Praeglobo-
truncana are, therefore, no indication of a "globigerini-
zation." On the contrary, Praeglobotruncana produces 
the flat and strongly keeled Globotruncana s. s. In the 
same way Ticinella produces the flat Thalmanninella. 
H elvetoglobotruncana helvetica is not connected with 
Globotruncana aff. G. renzi, as shown by Gandolfi, but 
has doubtless evolved from a Globigerina s.1. It has 
also not produced any "Globigerina" or Rugoglobi-
gerin4 as assumed by him. H. helvetica is a convinc-
ing example of the existence of a process leading from 
a "Globigerina" - to a "Globotruncana" -form. 

It has been pointed out by Brotzen (1936) that al-
though Globotruncana globigerinoides resembles ex-
tremely globular-chambered forms of G. ventricosa 
(Brotzen, non White), no transition between them 
could be observed. On the other hand, according to 
Brotzen it is difficult to separate G. globigerinoides 
from Globigen na cretacea, as described and figured by 
the latter author. The only difference between them 
is, according to Brotzen, the presence of extremely 
faint keels in G. globigerinoides. Gandolfi, however, 
states that G. globigerinoides produced Rugoglobiger-
ina hexacamerata Bronnimann. The present writer has 
examined various faunules containing "Globigerina" 
cretacea and found associated with it forms which dif-
fered only in the presence of extremely faint keels 
(often visible only after calcination and under high 

. magnification) and which corresponded to Brotzen's 
original description and figures of Globotruncana glo-
bigerinoides. Size, form, wall-structure and ornamen-
tation (irregular pustules or granules) are the same in 
both forms. No specimens which could be identified 
as Rugoglobigerina hexacamerata have been found as-
sociated with them. Both forms have thinner walls 
than the accompanying species of 'frue Globotrul1cana. 
This is true of all Cretaceous keeled "globiger'inids." 

There is apparently no correlation between weak-
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ness of keel and increase of ornamentation (compare 
also Gandolfi). Extremely faintly keeled, "globigerinid" 
species of Globotruncana have been shown to have a 
very strongly developed ornamentation of tubercles or 
pustules, while others, just as faintly keeled, have 
smooth walls. 

There is much less difference between a keeled "G/o-
bigerina" or Rugoglobigerina (i. e. a "globigerinid" 
Globotruncana) and the accompanying species of 
Globigerina s. I. or Rugoglobigerina, than between such 
keeled forms and the accompanying species of Globo-
truncana, no matter how globular the latter's cham-
bers are. It is noteworthy in this connection that Gan-
dolfi sharply separated most keeled species of Rugo-
globigerina from those of Globotruncana from which 
they are supposed to evolve and placed them as sub-
species of Rugoglobigerina species. 

Various Cretaceous Globigerina, s. I., species as well 
as all those of Rugoglobigerina S110W a strong develop-
ment of apertural lips; this is in fact one of the main 
differences between the Cretaceolls and Tertiary globi-
gerinids. On the other hand the lips of Cretaceous 
globigerinids and of the "globigerinid" species of Glo-
botruncana are much less regular in shape than those 
of true Globotruncana, resulting in the formation of 
labial apertures which are irregular in size and position. 

While agreeing with Reichel (1949) that the spheri-
cal form of the proloculus in the Globotruncaninae is 
no indication of their derivation from a globigerinid 
stock (the spherical shape of the proloculus being de-
termined by the laws of liquid drops in suspension) 
and that many Globotruncana species show a tendency 
towards globular chambers and weakening of the keels, 
we can not overlook the fact that apparently all Glo-
botruncaninae, as herein redefined, evolved from an-
cestors with strongly globular chambers and appar-
ently always have the earliest few chambers in glob-
ular form. Reichel himself pointed out that G. steph-
ani (i. e. Praeglobotruncana) might have evolved from 
a Globigerina-like form of the Pseudovalvulineria-
group, from which Ticinella evolved. Pseudovalvulin-
eria lorneiana (Gandolfi, non d'Orbigny) and P. lorne-
iana trochoidea (Gandolfi) have strongly globular 
chambers. Both groups, Ticinella and Praeglobotrunc-
ana, have evolved towards flat forms which are 
strongly keeled and peripherally truncated in many 

species. The case of H elvetoglobotruncana helvetica 
has been mentioned above. Also it must not be over-
looked that e. g. Ticinella-Thalmanninella assemblages 
occur always associated w:th "Globigerina"; usually 
all are numerically abundant and occur in sediments 
deposited apparently under open-sea (not necessarily 
deep-water) conditions. There is nothing in chamber-
form, in numerical association of their members, or in 
type of sediment in which they occur which would 
contradict a pelagic habitat for such Ticinella-Thal-
manninella-"Globigerina" assemblages. They very much 
resemble Recent Globigerinoides-Globorotalia-Globige-
rina assemblages, which are evidently pelagic. Cham-
ber-form in relation to habitat is still a problem of 
foraminiferal research. 

The various points mentioned above still need clari-
fication. A revision of the Globigerinidae as a whole 
will probably be helpful in this respect. 

Until such a revision is carried out it seems adequate 
to separate from Globotruncana all Cretaceous species 
of "Globigerina" and Rugoglobigerina, as well as forms 
which show all attributes of the latter two groups, but 
are provided with carinal bands and with incomplete, 
discontinuous keels. These "globigerinid" species of 
Globotruncana might have originated from Globo-
truncana, as suggested by Gandolfi; or - as believed 
by this writer - they have originated from Cretaceous 
"globigerinids." Evidence at hand is not yet fully 
convmcmg. 

Rugoglobigerina should be separated from other spe-
cies of Cretaceous Globigerina s. I., as originally defined 
by Bronnimann. The Cretaceous "Globigerina" species 
must be separated from the Tertiary ones and de-
scribed as distinct genera and subgenera. The position 
of the "globigerinid" species of Globotruncana seems 
doubtful for the moment. In daily routine-work at 
this writer's laboratory the Cretaceous species of 
Globigerina (s. I.) (except Rugoglobigerina) are re-
ferred to under various provisional genera-names and 
the "globigerinid" species of Globotruncana as "Globi-
globotruncana" and "Rugoglobotruncana" respectively; 
the difference between the latter forms is the same .as 
that between the Cretaceous species of "Globigerina' 
and Rugoglobigerina, viz. the presence or absence of a 
meridional pattern of ornamentation. "Globiglobo-
truncana" is frequent in the early Senonion of Israel; 

EXPLANATION OF PLATE 18 
(BILAMELLIDEA, figs. 1-4 and MONoLAMELLIDEA, figs. 5-6) 

FIGS. 
1-4. 

5. 
6. 

P seudovalvulineria lorneiana (d'Orbigny). Campanian. Paris-basin. .. .. .. ..... . . .... .. .. .. .... .. 
Valvulineria californica Cushman. Miocene. California. _ .... .... .. .. .. _ .. ... .. . _ 
Cancris sp. Miocene. Israel. __ .. ___ .. __ .. _ ______ .. ____ _ .. .. __ 

Figs. 1, 2, 3, 5 and 6, horizontal sections. Fig. 4, vertical section. All figures X 100. 

PAGE 
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128 

128, 130 

Note double septa and walls, as well as relationship between outer lamella and inner lining in figs. 1-4 and the 
simple (single) septa and walls in figs . 5 and 6. 



CONTRIB. CUSHMAN FOUND. FORAM. RESEARCH, VOL. 8 PLATE 18 

1 2 

3 4 

5 6 
Reiss: Bilamellidea nov. superfam.; Cretaceous globorotaliids 
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Reiss: Bilamellidea nov. superfam.; Cretaceous globorotaliids 
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"Rugoglobotruncana" is very frequent in the late 
Campanian and in the early Maestrichtian of that 
country. 

It is possible that the Globigerinidae are more 
closely related to the Globorotaliidae than chamber-
form · and certain morphological details (e. g. keels) 
would suggest and that present concepts of genera and 
higher systematic groups of Foraminifera are inade-
quate. The concept of "plexus" in the sense of Sigal 
might prove a more satisfactory approach to forami-
niferal systematics and would help to curtail the 
at present necessary - proliferation of genera. 

Stratigraphical Distribution of the Globotruncaninae 
The accompanying table shows the stratigraphical 

distribution of the various genera of the Globotruncani-
nae, as well as their assumed phylogenetic relationships. 

The very low stratigraphical occurrence of Plano-
malina is based on the record of a typical species of 
this genus (P. cheniourensis) from the Aptian-Albian 
boundary in Algeria (Sigal, 1952b), that of Ticinella 
at the Aptian-Albian boundary on the record of a new 
Ticinella from North Afr:ca by Sigal (1955a). 

ADDENDUM 
After the completion of the typescript of the present 

paper the publication "Taxonomy of the Globotrun-
canidae" by P. Bronnimann and N. K. Brown, Jr. 
(Ecl. Geol. Helv. vol. 48, No.2, 1955) came to hand. 
The subfamily Globotruncaninae Brotzen, 1942, is 
elevated to the rank of family, It includes 12 genera, 
three of them new, as follows: without "costellae" 
(rugosities arranged in a meridional pattern), with-
out accessory apertures - H edbergina and Praeglobo-
truncana, or with accessory apertures - Ticinella, 
Rotalipora, Thalmanninella and Globotruncana; with 
costellae, without accessory apertures - K uglerina 
aqd Buchuina, with accessory apertures - Rugoglobi-
gerina, Plummerita, Rugotruncana and Trinitella. All 
these genera are regarded as having a granular-calcar-
eous structure (see, however, Reichel, 1955, "Sur une 
Trocholine du Valanginien d'Arzier": Ecl. Geol. Helv. 
vol. 48, No.2). The two layers of the double walls 

are believed to be two parts of a "primary" lamella, 
deposited on both sides of a capsular membrane or 
diaphragm a, which enclosed the protoplasmic mass. 
Later lamellae have been added on the outside only. 
The dark "dots" visible in section at the border of the 
aperture and at the periphery of the test are not re-
garded as canals (in section). The genera of the 
Globotruncanidae are believed to have evolved either 
by proterogenesis or by palingenesis from Cretaceous 
species of "Globigerina" (which are regarded to be 
different generically from the Tertiary ones) in 4 main 
groups, comprising 14 lineages. All genera of the Glo-
botruncanidae have early globular chambers. Pseudo-
valvulineria lorneiana (Gandolfi, non d'Orbigny) and 
P. lorneiana trochoidea (Gandolfi) are placed in the 
new genus H edbergina, which has evolved from "Glo-
bigerina" towards Ticinella and T halmanninella. R 0-
talipora is regarded to be devoid of an umbilical cover-
plate and to have evolved from Praeglobotruneana. 
The latter is regarded to be double-keeled. The double 
keel of the Globotruncanidae is regarded as being ac-
tually one keel with two rims. Rugotruneana com-
prises single- and double-keeled forms,-having costellae 
or traces of them. It includes among others Globo-
truncana citae, G. gansseri, G. calearata, G. mayaro-
ensis, G. intermedia; (our "Rugoglobotruncana" is con-
generic with the type-species of Rugotruneana). Glo-
botruncana fornieata Plummer is believed to be de-
rived from G. imbrieata; G. linneiana to be distinct 
from G. lapparenti and to have evolved from a "Globi-
gerina" -Globotruncana saratogaensis (Applin) (= G. 
globigerinoides Brotzen) -G. marginata lineage; G. area 
to be derived from G. lapparenti tricarinata; G. rosetta 
(Carsey) to be derived from a G. lapparenti-cretacea 
lineage. G. stuarti and G. eoniea are believed to have 
evolved from a G. marginata-renzi-sigali lineage. Ru-
gotruncana calcarata, R. gansseri and the R. havanen-
sis (= Globotruncana eitae) -intermedia-mayaroensis 
lineages are believed to have evolved independently 
from Rugoglobigerina. The main trends ef evolution 
are: increase in size of individuals, intensification of 
ornamentation, progressive modification of shape, in-
crease in size of the umbilicus, increase in size of the 

EXPLANATION OF PLATE 19 
( BILAMELLIDEA) 

FIGS. 

1. 
2,3,5. 

4. 
6,8. 

7. 

Discopulvinulina sp. Recent . Atlantic Ocean. 
Globorotalia menardii (d'Orbigny). Recent. Atlantic Ocean. (Details) . 
Truncolotalia d. aragonensis (Nuttall). Lower Eocene. Israel. 
Globotruneanita stuarti (de Lapparent). Maestrichtian. Aquitaine, France. 
Planomalina buxtorfi (Gandolfi). Vraconian. Ticino . ... . .... 
All figures X 100 and representing vertical sections. 

(Details) . 
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130 
130 
136 
136 

Note double walls ip last chamber, peristomal canals and non-canaliculate keel in fig. 1; the lamellar structure 
and keel-canals in figs. 2. 3 and 5-8; the pillar-like structures in the wall at point of sharp inward-bending of 
chamber-wall in fig. 4; the canaliculate keels in fig. 7 (in lower part of picture section passes through the keel 
far from the point of dichotomization, in upper part of picture near to this point). 
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apertural flaps, increase in height of coiling and pro-
gressive refinement of shell-wall material. 

As can be seen from the present paper, this writer 
does not agree with Bronnimann and Brown (op. cit .) 
with regard· to various points (wall-structure, keels, 
interpretation of various genera, etc.) . The conclu-
sions reached by those authors with regard to the phy-
logeny of the Globotruncanidae are opposed to those 
of other authors, especially Gandolfi, and are nearer 
in certain points to those reached by Sigal, being in 
disagreement in various points with the present writer's 
views. It seems that all conclusions with regard to 
the phylogeny of the "Globotruncanas," reached lately 
by various authors (including the present one) war-
rant further study and discussion. 
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EXPLANATION OF PLATE 20 
( BILAMELLIDEA) 

FIGS. 
1. Globigerina (s.l.) sp. Vraconian. Algeria .. 
2. Globigerina (s.l.) sp. transition to H elvetoglobotruncana helvetica (Bolli). 
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Upper Cenomanian. Israel. .......... .. .. . .. ................. .. .. .. .. .. ... .......... .. .. .. 129, 137 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

Globigerina (s.l.) sp. Upper Cenomanian. Israel. ...... .... ..... .. .. .. . .. .. .. .. .. ... .. . 
Globigerina (s.l.) cretacea d'Orbigny. Campanian. Paris-basin. .. .. ... ... .. .. ... .... ...... ...... .. 
HelvetoglobotTuncana helvetica (Bolli). Lower Turonian. Israel. . . .. .. .... .... .. .. ... .. .... .. .. .. .... ..... .. .. ... .. .. . 
Globigerina sp. Recent. Atlantic Ocean. .. .. ........ ........ ... .. .. .. .. .... .. ... .. .. .. .. ... ... ... ..... .. ... ... .. .. .. .... . 
Globigerina sp. Recent . . Atlantic Ocean. ................. .. .. ... .. ... . .... .. ... .... ...... .. .. .. .. ..... .... ..... .. .. 
Globigerina sp. Recent. Atlantic Ocean. (Detail) . . .... .... .. .. .... ... .. .. .... ... . .. ... .... .. .. . .. . . .. .. .. .... .... .. .. 
Globigerina sp. Pliocene. Israel. ................ .. . ........... ... . 
All figures, except fig. 8, X 100; fig. 8, X 200. Figs. 1 and 4, horizontal sections; figs. 2, 3, 5-9, 
vertical sections. 
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129 
137 
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129 

Note the lamellar structure, the double walls and the peristomal-septal canals in the various figured specimens. 
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Reiss: Bilamellidea nov. superfam.; Cretaceous globorotaliids 
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EXPLANATION OF PLATE 21 
All figures X 42 

FIGS. 
1-4. 

5-7. 

Hyperammina aff. H. elongata Brady var. clavatula Howchin ... .... ..... ....... ..... ... .. . .. ..... .... .. .. ... .... .. ............ . 
la, complete specimen with unequal cementation of sand grains on the tubular chamber; 
1b, apertural view; 2a, specimen with damaged proloculus; 2b, apertural view; 3, fragment 
of another specimen, showing feeble external constrictions; 4, section of a fragment of the 
tubular chamber. . 

H yperammina gracilis Waters .......... ...... .......................... ........ ... .. ... .................................... .... .. ....... . 
5, specimen with damaged proloculus; 6a, attached specimen showing the fusiform proloc-
ulus; 6b, apertural view; 7a, fragment of another specimen; 7b, apertural view of the highly 
compressed tubular chamber. 
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