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The family Globotruncanidae Brotzen, 1942, herein amended and given new-
rank, is a morphologic group of phylogenetically related genera of planktonic
Foraminifera. It includes the genus Globotruncana Cushman and the allied genera
Praeglobolruncana Bermudez; Rotalipora Brotzen; Ticinella Reichel; Thalman¬
ninella Sigal; RugoglobigerinaBnosxiMAXx; Trinitella Brönnimann; Plummerita
Brönnimann; Hedbergina, n. gen.; Riigotruncana, gen.; Kuglerina, n.gen.; and
Bucherina, n. gen. JJicse twelve genera represent the most common and widespread
Cretaceous Foraminifera. Species of the genera serve well in zoning and corre¬
lating marine strata of Albian to Maastrichtian age. Many of them, unlike most
smaller Foraminifera, can be identified in thin sections.

In spite of their usefulness, misidentifications of the species or of the age of
beds containing them or both have tended to reduce their potential value as guide
fossils. Thus a superfluity of undetected synonyms and homonyms is in existence,
and usage differs widely. Usage of several names for the same species in various
regions or by different students, or usage of the same name for other species, has
cluttered the nomenclature and obscured the preciseness of correlations. The
discovery of synonyms not only aids in the application of correct names and the
reduction of unnecessary names, but it also discloses the strength of correlations.

Although rapid advances in the knowledge of these fossils have been made,
many data are unreliable and perplexing. The chief sources of confusion and error
include their large populations, the marked inter- and intraspecific variations,
differences in degree rather than kind, the modest number of known distinguishing
morphologic characters, the recurrence of similar morphologic forms in separate
offshoots, not to mention the crudeness and misrepresentation of some figures.

The usefulness of these fossils has warranted a critical restudy of types in an
attempt to rectify discrepancies and to clarify the identity of some of the species,
especially those originally described from the United States and Cuba. This
analysis has revealed many clues that have enabled us to synthesize a tenable
classification of these genera. The recognition of certain synonyms is pointed out.
To clearly present the nomenclatural history of the species treated in this paper,
fairly complete synonymies have been compiled to the end of August 1955.

The new genus Hedbergina is represented by Globigerina seminolensis Harlton
(genotype). Rugotruncana, n.gen., is represented by the species R.tilevi, n. sp. (ge¬
notype), R. ellisi, n. sp., R. skewesae, n. sp., R. nothi, n. sp., and others. Kuglerina,
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n. gen., is represented by Rugoglobigerina rugosa (Plummer) rotundata Brönnimann
(genotype). Bucherina, n. gen., is represented by sandidgei, sp. (genotype).

We were able to examine many type specimens through the courtesy of A. R.
Loeblich, Jr. and B. Todd, U. S. National Museum, Washington, D. The
examination of some type specimens was facilitated by Kathryn 0. Dickson,
Habana. Thanks are due S. P. Ellison, Jr., who made available for study the
Carsey Collection at The University of Texas, Austin. The writers also thank
G. H. R. von Koenigswald and W. Drooger for permission to examine the
collections at the Mineralogical-Geological Institute, State University, Utrecht.
We conferred on numerous occasions with M. Reichel, Geological-Palaeontologi-
cal Institute, University of Basle, who critically read the entire manuscript, and
who kindly furnished his original illustrations for reproduction; and J. Sigal,
Institut français du Pétrole, Rueil-Malmaison, obligingly discussed some of the
problems involved in this study.

Morphology
Tests of the genus Globotruncana have calcareous hyaline walls. Tilev (1951,

p. 30) reported some tests composed of aragonite. The walls consist of both per¬
forate and imperforate parts. The dorsal and ventral sides of each chamber are
perforated by numerous small pores oriented normal to the surface. "Globigerina
linneana d'Orbigny" and Globotruncana cretacea Cushman were listed by Wood
(1949, p. 250) as exhibiting perforate radial wall-structure in polarized light.
Because that tests of these forms have both perforate and imperforate parts,
he was undoubtedly referring only to the perforate dorsal and ventral sides.
Imperforate parts, composed of dense, clear shell-material, include the peripheral
band, the septal face, the apertural rim, and the apertural flap, several of which
may combine to form a delicate umbilical cover-plate. The ornamentation of
Globotruncana and related genera, in the form of exogenous granules, papillae,
pustules, spines, beads, costellae, and keels, is also imperforate. Wood (1949,
p. 241) has explained that perforate parts are less transluscent than imperforate
parts because light rays are scattered by the many pores in the former.

The most primitive form, Hedbergina, n. gen., lacks both a peripheral band
and an umbilical cover-plate with accessory apertures. Its test is granular per¬
forate. Some workers call this texture microgranular. The wall is composed of
closely packed, relatively coarse granules of unequal size. The slightly more
advanced form, Ticinella Reichel, possesses an umbilical cover-plate with acces¬
sory apertures, but it lacks a peripheral band. Its test, excluding the imperforate,
umbilical cover-plate, is granular perforate (text-fig. 1).

Like Hedbergina, n. gen., its wall is composed of closely packed, relatively coarse
granules, which produce a roughened surface. Thalmanninella Sigal, which is
derived from Ticinella, exhibits both a peripheral band and an umbilical cover-
plate with accessory apertures. Its test is composed of finer granules, the larger
ones of which are concentrated in the peripheral band. The most primitive form
that exhibits a peripheral band is Praeglobotruncana Bermudez; however, it lacks
an umbilical cover-plate and accessory apertures. Its test is also granular. The
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imperforate peripheral band is composed of closely packed, rather large granules,
and the perforate dorsal and ventral sides are composed of more loosely packed,
smaller granules. Like Praeglobotruncana, from which it is derived, Rotalipora
Brotzen exhibits a peripheral band and has no umbilical cover-plate. Rotalipora,
however, has accessory apertures on the ventral side. Its tests are also granular
but more coarsely so in earlier species of the genus than in later ones. The younger,
more advanced genera Globotruncana Cushman: Rugoglobigerina Brönnimann;
Trinitella Brönnimann; Plummerita Brönnimann; Rugotruncana, n. gen.;
Kuglerina, gen.; and Bucherimi, gen., are finely granular. In their tests the

V*AvH
*?<- m

r:
>

T.'xt-fig. 1. Axial (vertical) section of Ticinella roberti (Gandolfi) showing the coarse, granular
texture of the wall. 535 X

largest of the fine granules are concentrated in the ornamentation. Hie granules
in the tests of these genera have become so fine that the granular texture has
disappeared from the perforate parts. These observations demonstrate that during
the phylogeny of this family the gross size of the granules diminishes from relatively
coarse in primitive forms to relatively fine in advanced forms. Furthermore,
in a single specimen the larger granules are concentrated in the ornamentation of
the test. This generalization can be applied to many other monophvletic families
of calcareous perforate Foraminifera.

An accompanying phylogenetic trend is the increase in the size of the pores.
Hofker (1950, p. 16; 1951a, pp. 354-355, 360; 1951b, p. 38) repeatedly noted
this trend in other groups of Foraminifera. In the phylogeny of a group the size
of the granules seems to vary inversely as the size of the pores. However, this is
a very general relationship. The pores also seem to become larger from one chamber
to the next in the course of the ontogeny of an individual.

A thin inner layer and a thicker outer layer may be observed in thin sections
of these forms. The outer layer is divided into fine lamellae. Speculating on the
formation of the chamber-wall, an initial, thin, calcareous lamella appears to be
deposited on the inside and outside of a capsular membrane or diaphragm which
is represented by a fine dark line in thin sections. This primary lamella lines the
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inner surface of the membrane, but at the border of the aperture it folds hack
sharply and passes to the outside where it coats the outer surface of the membrane.
At the border of the aperture the fine dark line ends in a well-marked dot which
appears to be the cut of a periapertural canal, as explained by Reichel (1950,
p. 599) and shown in text-fig. 2. The other lamellae, i. those of the thicker
outer layer, are later added only on the outside.

Some single-keeled forms, such as Rotaliporas and Globotruncana stuarti (de
Lapparent), are strongly compressed dorsally and ventrally. In thin sections of
vertically cut specimens the outer layer appears to be crimped or pinched into a
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Text-fig. 2. Section of a globotruncanid test showing the fine, dark line which ends in a
well-marked dot at the border of the aperture. 140 x

strong nipplelike keel, whereas the thin inner lamella is little, if at all, constricted.
Thus the shape of the chamber-wall suggests that the membrane was puckered
at the periphery. Reichel (1950, p. 599) has described such keels as carinal
thickenings within which are dark dots suggestive of a canal system. These crimped,
strong keels are best developed in Rotaliporas; they may, however, be observed
in some sections of Globotruncana stuarti. In our opinion the dark dots at the
border of the aperture and at the periphery of the test do not represent canals.

Ornamentation is concentrated in thickened keels along the periphery of the
chambers in Prueglobotruncana: Thalmanninella; Rotalipora: Globotruncana; Rugo-
triincana, gen. ; and Bucherina, n. gen. The keels are weakly to strongly developed
ridges. Some resemble a string of beads or the twisted strands of a rope. They are
formed where the chambers are most angular.

In later chambers of Rugoglobigerina, Plummerita, Triniiella, and Kuglerina
n. gen., ornamentation consists of discontinuous costellae covering the surface
ot the chambers. These costellae, which have been called rugosities by Plummer
(1927, p. 38) and by Brönnimann (1952, p. 16), are fine discontinuous ridges
arranged in a meridional or quaquaversal pattern, i. they radiate from a central
point on the periphery of each chamber as shown in text-fig. 3. Rugotruncanu,
n. gen., and Bucherina, n. gen., exhibit costellae or traces of them, but they are not
arranged in a meridional pattern. These two genera combine both types of orna-
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mentation; they exhibit keels and costellae. In this respect they appear to be
intermediate between Globotruncana and Rugoglobigerina.

In general, a relationship exists between the ornamentation and the shape
of chambers. The more pronounced the angularity of chambers, the more strongly
developed are the keels, and the less strongly developed are the costellae. Conver¬
sely, the more pronounced the sphericity of chambers, the more strongly developed
arc the costellae, and the less strongly developed are the keels. However, this
generalization must be coupled with an overshadowing evolutionary trend, viz.
an overall intensification of ornamentation during the phylogeny of the family
Globotruncanidae.
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Text-fig. 3. Shallow cut of a Rugoglobigerina sp. or Kuglerina sp. showing the meridional pattern
of costellae on each chamber. The section passes completely through the walls of the last two

chambers in the lower part of the photograph. 650

In some forms chambers are flattened only on the dorsal side, and an angulation
with a single keel is made at the periphery, whereas on the ventral side the chambers
remain globular. This one-sided flattening makes a somewhat semiorbicular shape
of chamber. Costellae arc then exhibited on the inflated ventral side but not on the
flattened dorsal side. This is clearly seen in Rugotruncana calcitrata (Cushman)
and R. gansseri (Bolli) and in the last few chambers of Trinitella scotti Brönni¬
mann. Most Globotruncanas are flattened both dorsally and ventrally, and they
have well-developed keels but no development of costellae. The chambers of
Rugoglobigerina are globular, and they exhibit costellae but no keels. It seems that
exogenous shell-material forms the ornamentation as costellae on globular chambers,
and keels on compressed chambers. In Rugotruncanas, e. g., R. tilevi, n. sp., the
later chambers are only slightly compressed or flattened, their least diameter being
in an axial direction. Apparently this slight compression was sufficient to make
two faint keels, but it was not sufficient to obliterate the costellae. Rugotruncana
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intermedia (Bolli) is slightly more compressed than R. tilevi, n. sp., and its keels
stronger but its costellae weaker. jR. mayaroensis (Bolli) is more strongly com¬
pressed; its keels are strongly developed, but only traces remain of the costellae.

Globotruncana saratogaensis (Applin) [= G. globigerinoides Brotzen] would
seem to be an exception, for it is only slightly compressed and exhibits weak keels
but no costellae. However, it is an older (Turonian-Campanian) form than those
mentioned above, and it had not yet advanced as far as the younger forms in the
evolutionary trend toward intensification of ornamentation. This factor would pre¬
clude the development of costellae in older forms even if their chambers are globular.
The holotype of "Globigerina"2) cretacea d'Orbigny as originally illustrated by
d'Orbigny (1840, pl. 3, figs. 12 — 14) is somewhat compressed, and it may be a
Globotruncana. Such compression indicates that this specimen may have an
imperforate, peripheral band and faint keels which escaped d'Orbigny's notice.

In order to devise a classification of genera of the Globotruncanidae that will
best express their morphologic and phylogenetic relationships we must first discuss
in some detail the imperforate parts, viz. the umbilical cover-plate and the peri¬
pheral band and septal face. These are the most helpful features in defining and
diagnosing the genera in this family.

Umbilical cover-plate. — Formation of an imperforate, umbilical cover-
plate depends on the geometrical relationships of size, shape, and arrangement of
chambers. The chambers of all globotruncanid genera, except Kuglerina, n. gen.,
and Bucherina, n. gen., are arranged in a rather low trochospiral in which the axis
of coiling remains the same; it is an exponential coil in space. If the axis of coiling
is constant and the shape of chambers remains more or less globular, the only
appreciable change, neglecting ornamentation and addition of accessory apertures,
can be in the size of chambers. When these conditions exist, if the chambers
increase slowly in size during ontogeny the umbilicus will enlarge rapidly, or if
the chambers increase rapidly in size the umbilicus will enlarge slowly. The um¬
bilicus in a globotruncanid test, if small, may be open. However, if the umbilicus
is large, it will not be open. A large umbilicus is closed or covered, either by ex-
tention of the chambers themselves into the umbilicus or by extention of apertural
flaps into the umbilicus.

The most primitive genera, Hedbergina, n. gen., and Praeglobotruncana Ber¬
mudez, have a small umbilicus, and no umbilical cover-plate is developed in any
growth stage. In Hedbergina, n. gen., the size of the umbilicus is kept rather small
by the extension of the last few chambers into it. Rotalipora Brotzen has a rather
large umbilicus, but no imperforate, umbilical cover-plate is formed in this genus.
Instead, tongue-like extensions of the chambers of the last whorl lap well into
the umbilicus. In two advanced genera, Kuglerina, n. gen., and Bucherina, n. gen.,
a relatively small umbilicus is retained by changing the axis of coiling, and no
umbilical cover-plate is developed in them.

In the course oi the ontogeny of an individual belonging to any of the other
genera, an allomorphic relationship (heterauxesis) arises in which the size of the

2) All Cretaceous so-called Globigerinas, with the possible exception of Globigerina waslii-
tensis Carsey-, are generically distinct from the genotype of Globigerina, the Recent G. bulloides
d'Orbigny. We therefore place the Cretaceous forms as a whole in quotation marks.
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umbilicus increases at a greater rate than the size of each successive chamber.
Although the chambers themselves increase in size relatively slowly, the imperforate
apertural flaps of the chambers enlarge markedly to keep pace with the rapidly
widening umbilicus. These enlarged and elongated apertural flaps join to form an
umbilical cover-plate. Not only does this allometry exist in the ontogeny of an
individual, but it is also a lineage allomorphosis in the phylogeny of the family
Globotruncanidae.
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Text-figs. 4-7.
4. Form without an umbilical cover-plate and without accessory apertures, represented by Prae-

globotruncana Bermudez (after Reichel, 1950. pl. 16. fig. 6).
5. Form without an umbilical cover-plate but with accessory apertures, represented by Rotalipora.
Brotzen (after Reichel, 1950, pl. 16, fig. 5).

6. Form with a depressed, umbilical cover-plate and accessory apertures, represented by Ticinella
Reichel (after Reichel, 1950, pl. 16, fig. 1).

7. Form with a protruded, umbilical cover-plate and accessory apertures, represented by Globo¬
truncana Cushman (after Reichel, 1950. text-fig. 76, p. 614).

Ticinella Reichel and Thalmanninella Sigal have a cover-plate which is sunken
in the umbilicus. It is protected in this depression and is usually preserved. Like¬
wise, in Rolalipora Brotzen, which has no cover-plate, the inner portions of later
chambers are similarly sunken into the umbilicus, and usually the accessory
apertures are protected and preserved in the umbilical depression. In the later
genera Globotruncana Cushman, Rugoglobigerina Brönnimann, Trinitella Brönni¬
mann, Rugotruncana, n. gen., and probably also in Plummerita Brönnimann, the
cover-plate is not depressed but is protruded slightly out of the umbilicus. Thus
exposed this fragile structure is rarely preserved (text-figs. 4-7).
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In all genera of the Globotruncanidae each of the early chambers has one
interiomarginal, rounded aperture opening into the umbilicus. The aperture is
bordered by a thin, imperforate flap extending into the umbilicus. In later whorls
of those genera that develop umbilical cover-plates, either depressed or protruded,
this apertural flap extends far enough into the umbilicus to join the flaps of
previous chambers. These converging apertural flaps or spans unite to form an
umbilical cover-plate. The resulting structure is described by Reichel (1950,
p. 598) as a helicoidal diaphragm. The aperture is closed at the point where its
flap meets the flaps of previous chambers, but two openings remain beneath the
span-like flap, one on either side of this point. Beichel (1950, p. 598) termed the

S
<-,

Text-fig. 8. Axial (vertical) section of a Globotruncana cf. Glt. lapparenti Brotzen showing
the perforate walls of the dorsal and ventral sides and the two-keeled, imperforate, peripheral

band. 190X

anterior opening (the one nearest the next younger chamber) the principal aperture,
and the posterior opening (the one nearest the next older chamber) the accessory
aperture. Hofker (1954, p. 50) called these openings the protoforamen and the
deuteroforamen respectively.

As each chamber is added, the anterior opening is concealed by the new chamber,
whereas the posterior opening remains exposed. The final chamber will then
exhibit two openings (the anterior and posterior), and the earlier chambers of the
last whorl will exhibit only one opening (the posterior). The first chamber of the
last whorl may be an exception and show no opening if it is largely in the previous
whorl. In advanced species of Rugoglobigerina and probably of other genera with
a protruded umbilical cover-plate the apertural flap of the last one or two chambers
is very large and irregularly wavy, and it may exhibit additional openings.

Sigal (1948, pp. 97, 102) distinguished two types of openings or accessory
apertures. J'hose which are found within the umbilicus he called intraumbilical
apertures, and those which extend from the umbilicus along the sutures of the
chambers he called sutural apertures. This is not a clear-cut distinction, for in
Rotalipora, which has no umbilical cover-plate, the sutures extend into the um¬
bilicus, and the accessory apertures may open into the umbilicus along the sutures.
Thus in Rotalipora the accessory apertures may be both intraumbilical and sutural.
In this genus the accessory apertures open directly into the perforate part of a
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chamber. In Ticinella and Thalmanninella the accessory apertures open in the
depressed, imperforate, umbilical cover-plate. In Globotruncana, Rugoglobigerina,
Trinilella, Rugotruncana, and probably also in Plummer ita the accessory apertures
open in the protruded, imperforate, umbilical cover-plate.
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Text-figs. 9-12. Drawings of axial (vertical) sections showing details of peripheral parts.
9, 11, Praeglobotruncana delrioensis (Plummer).
10, 12, Rotalipora cf. R. appenninica Renz). Details magnified,

approximately 350 x

Peripheral band. — 4'he imperforate peripheral band and its continuation,
the septal face, are a reflection of the shape of the chambers. The imperforate
peripheral band must be regarded as a morphologic entity. If it is wide it will
have a thickening at its dorsal and ventral extremes. These thickenings are the
two keels. If it is narrow the two keels may still be developed, however close
together, as in Praeglobotruncana delrioensis (Plummer) and Globotruncana rosetta
(Carsey). Hofker (1954, p. 50) has called the imperforate peripheral band the
poreless margin of the test, and he states, "The double keel in reality is a single
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one with two rims bordering the poreless margin" (text-fig. 8). If the peripheral
band is very narrow it may be represented as a single thickening, the keel and
the peripheral band being one and the same. Flattening of both the dorsal and ven¬
tral sides of the chambers may produce a test with either a one- or two-keeled peri¬
pheral band. However, flattening of one side of the chambers will produce a test
with only a single-keeled peripheral band, as in Rugotruncana gansseri (Bolli),
Trinitella scotti Brönnimann, and Bucherina sandidgei, n. sp. (text-figs. 9-12).

A possible explanation of the shape and structure of chambers may be con¬
veniently described in mechanical terms. In the tests of Praeglobotruncana,
Thalmanninella, Rotalipora, Globotruncana, Rugotruncana, Trinitella, and Buche¬
rina there is a greater or lesser axial (vertical) flattening in some growth stage.
We assume that an undeveloped chamber, just prior to the deposition of its
calcareous wall, consists of a plastic mass of protoplasm tending to be spherical
in shape, and that it is enclosed within an extensible capsular membrane. The
flattening exhibited in the chambers may be attributed to compression of the
protoplasmic mass. When the calcareous chamber-wall is deposited, its shape will
conform to that of the protoplasmic mass. Under axial compression the periphery
of the undeveloped chamber will be the weakest part, i. it will exhibit the
greatest strain. In accordance with the principle of Le Chatelier, this weak
peripheral area is strengthened with the concentration of dense shell-material
deposited as the imperforate peripheral band. Thus the fully developed chamber
has perforate dorsal and ventral sides, an imperforate peripheral band and septal
face, umbilical cover-plate, and ornamentation.

Most Globotruncanas exhibit a peripheral band which is bordered by two more
or less parallel keels. An upper keel is formed along the outer edge of the dorsal
side of a chamber, and a subordinate keel, which is U-shaped, is formed along
the outer edge of the ventral side of a chamber. Where the peripheral band extends
into the septal face, the lower keel bends away from the periphery toward the
umbilicus. Near the umbilicus it bends again, completing a "hairpin"-curve,
so that one limb of this U-shaped keel lies along the periphery of the test, and
the other limb forms a rim around the umbilicus. Thus in thin sections, vertical
cuts of some bicarinate Globotruncanas, e.g., Glt. lapparenti tricarinata (Quereau)
or Gtr. concavata (Brotzen) [ Glt. ventricosa carinola Dalbiez], appear to have three
keels, the lower (ventral) two being different limbs of the same U-shaped keel.

In the bicarinate species Globotruncana imbricata Mornod a short axial bar
or ridge near the posterior edge of each chamber of the last whorl connects the
two keels. This connecting bar is slightly developed in some chambers of some
individuals of Glt. fornicata Plummer.

The keel-pattern of Praeglobotruncana and the bicarinate species of Rugo¬
truncana n. gen. is similar to that of the bicarinate Globotruncanas. A few Globo¬
truncanas, such as Glt. stuarti (de Lapparent), exhibit only one keel, at least
in the last whorl. The single keel is formed along the outer edge of the chamber.
Where this keel meets the septal face, it appears to split; the upper limb continues
along the outer edge of the dorsal side of the chamber, and the lower limb makes
a similar recurved bend as described above for the bicarinate forms. In addition
to the dorso-ventral flattening, there would seem to be a lateral component which
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flattens the septal face in Glt. stuarti, and thus gives its chambers a characteristic
trapeziform shape in dorsal view. The lower limb of the keel is only faintly developed,
and the septal face is not sharply distinguished in the one-keeled forms Rugo¬
truncana calcarala (Cushman), R. gansseri (Bolli), and Bucherina sandidgei, n.sp.

Phylogeny
All lineages in the family Globotruncanidae emerged from a common and

persistent, generalized globigerine stock. In any individual belonging to a genus
of this family the earliest chambers are globose and trochospirally coiled, forming
a simple, minute "Globigerina". However, sooner or later in the ontogeny of an
individual, subsequent chambers are modified in some manner. Depending on the
particular genus, these later chambers may be compressed with imperforate peri¬
pheral bands; they may have developed very large apertural flaps which form
an umbilical cover-plate; they may have developed costellae on the chambers;
or they may have simply changed shape. Most of the advanced genera, in fact,
exhibit a combination of these modifications in the chambers following the
unspecialized globigerine stage.

Some Cretaceous planktonic Foraminifera, e. g., Schackoina Thalmann and
Hastigerinella Cushman, also meet these qualifications. They are not included
in the present classification of the family Globotruncanidae because we have not
studied them. Others, such as Globigerinella Cushman, Planomalina Loeblich &
Tappan, Globigerinelloides Cushman & ten Dam, and Biglobigerinella Lalicker,
also exhibit some of the same changes in their later chambers. However, their
earliest (and later) chambers are planispirally coiled, and they are apparently only
remotely related to the trochospiraled forms.

Trends. — Certain evolutionary trends can be demonstrated in one or more
lineages of the family Globotruncanidae. Most of the evolutionary trends noted
here are changes in morphologic characters, but this may be simply because these
are the most readily observed features in fossils. Before discussing any trends
involving particular morphologic characters we will briefly mention some other
trends of a more general nature.

One of the most manifest trends is the increase in population of species in each
of the lineages. In end-forms of a lineage the number of individuals seems to
increase up to the time of its extinction. The lineages in the "Globigerina"-
Hedbergina-Ticinella-Thalmanninella series and in the "Globigerina"-Praeglobo-
truncana-Rotalipora series at their inception in Albian time were represented by
relatively few individuals. The populations of the lineages of both series increased
gradually but markedly during the Cenomanian. The populations of the " Globi¬
gerina"-Hedbergina-Ticinella-Thalmanninella series were largest when the series
became extinct in early Turonian time. The "Globigerina"-Praeglobotruncana-
Rotalipora series continued to increase until it became extinct in early Coniacian
time. During the remainder of Coniacian time and in Santonian time the globo¬
truncanid faunas were relatively meager, for the lineages of the two earlier series
had become extinct, and the lineages of the two later series, i. the " Globigerina"-
Globotruncana and the "Globigerina"-Rugoglobigerina series, were still in an early
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Text-fig. 13. (All specimens from same slide, 70 x Cenomanian
a, b, d. Praeglobotruncana cf. P. delrioensis (Plummer).

e, f. Rotalipora cf. R. appenninica (O. Renz).
Text-fig. 14. (All specimens from same slide, 70 x Cenomanian

a. Ticinella cf. T. roberti (Gandolfi).
b, c, d. Thalmanninella cf. Th. ticinensis (Gandolfi).
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stage of their trend toward increase in populations. Regardless of the length
of duration of the various stages or the rates of sedimentation at any given time
or place, other factors being equal, sample for sample, a Maastrichtian or late
Cenomanian globotruncanid fauna will be richer than (say) a Santonian globo¬
truncanid fauna.

The trend toward increase in populations of species seems to have been accom¬
panied by another trend, the increased diversification of species during the phylo¬
geny of the lineages. Many of the older species continued to survive, rather than
becoming extinct, after giving rise to later species. Thus many of the later species
have the shortest stratigraphie ranges. IJiere seems to have been an accelerated
proliferation of species during Campanian time which lasted throughout Maastrich¬
tian time. The largest number of taxa of the family Globotruncanidae are found
in Maastrichtian strata.

4'here are other trends involving changes in geographic and ecologie distri¬
bution, but more data are needed to make any statements regarding such trends.

The trends exhibiting changes in morphologic characters are expressed by
overlapping sequences of a continuous accentuation of some morphologic character
(or characters) from the generalized, " Globigerina"-\ike form to the specialized, ad¬
vanced form. If a lineage of these fossils is known, the stages in these trends can be
used to indicate the age of the strata containing the fossils. The trends in morpho¬
logic characters of the globotruncanids observed by us are enumerated as follows:

(1) Increase in the size of individuals. — Perhaps the most apparent trend
is an overall, steady increase in the average size of the individual tests in the
species of each of the lineages. The primitive, Lower Cretaceous "Globigerinas"
are small. The Albian and Cenomanian genera Praeglobotruncana and Hedbergina,
n. gen., are slightly larger, and their descendants are still larger. The largest
forms occur in the Maastrichtian; they are represented by such species as Globo¬
truncana area, Glt. stuarti, Glt. conica, Glt. contusa, and Rugotruncana mayaroensis.
This increase in size during phylogeny is merely another example of the pheno¬
menon known as Depéret's law. There is nothing striking about this trend in
itself, for change in size can only increase or decrease. However, it is significant
because other trends, such as (2), (3), (4), and (5), are consequences of it.

(2) Intensification of ornamentation. — This trend and the following one,
(3) progressive modification of shape, can be attributed to a more general

Text-fig. 15. (All specimens from same slide, 70 x Cenomanian
a, b. Incipient Praeglobotruncanas.
c, d, e, f. Praeglobotruncana cf. P. delrioensis (Plummer).
g, h, i, j, 1, m. Rotalipora cf. R. appenninica (O. Renz).
n. Globigerinelloides pustulosa (Umiker).
o. Planomalina buxtorfi (Gandolfi).

Text-fig. 16. (All specimens from same slide, 70 x Cenomanian
a. Incipient Praeglobotruncana sp.
b. Praeglobotruncana cf. P. delrioensis (Plummer).
c. d, e. Praeglobotruncana delrioensis turbinata (Reichel).
f, g, h. Rotalipora cf. R. appenninica (O. Renz).
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Text-fig. 17. (All specimens from same slide. 70 x Lower turonian
a, b, e. Incipient Globotruncana saratogaensis (Applin) or incipient Praeglobotruncana sp.
c, d. Globotruncana saratogaensis (Applin) or incipient Glt. marginata (Reuss).
f, g. Globotruncana cf. Glt. marginata (Reuss).
i, j, h. Praeglobotruncana delrioensis turbinata (Reichel).
k. Rotalipora cf. R. cushmani (Morrow). 1. Rotalipora cf. R. appenninica (0. Renz).
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trend, the increase in surface/volume ratio, which is a reflection of the first trend,
the increase in the size of individuals. Increase in size, without accompanying
change of shape, is attended by an increase in surface-area and a greater increase
in volume. 44ie globular chambers of the small, primitive, Lower Cretaceous
"'Globigerinas" lack any ornamentation. Some of their descendants still have
globular chambers, but the chambers are larger. These later forms belong to
the Campanian-to-Maastrichtian genus Rugoglobigerina, of which each of the later
(and larger) chambers is ornamented with a meridional pattern of costellae. These
costellae radiate from a central point on the periphery of each chamber, and they
markedly increase the surface-area of each chamber. Thus, by addition of the
costellae, and without any change of shape, the surface-area of a chamber is
increased at a rate that matches the rate of increase of the volume of the chamber.

Ornamentation is also intensified during the phylogeny of the forms which
do exhibit a change in the shape of chambers. Keel formation is most pronounced
in forms which exhibit the greatest change in the shape of chambers. The keels
are very strong and heavy in the Maastrichtian species Globolruncana arca, Glt.
Autnti, Rugotruncana mayaroensis, and others.

(.'I) Progressive modification of shape. — This trend, like the last one, is
related to the increase in surface/volume ratio. In a spherical body any change
of shape whatever will increase its surface/volume ratio. The small, primitive
"Globigerinas" have spherical- or globular-shaped chambers. As they evolve
into larger forms, some of them change the shape of their later chambers. This
change of shape of chambers is usually a flattening of the dorsal side or of both
the dorsal and ventral sides. Rugotruncana calcinata (Cushman) is not only flattened
dorsally, but a prominent spine is produced at the posterior edge of each of the
later chambers. Chambers of the genus Plummerita are also drawn into spines.
In Globotruncana fornicata Plummer the chambers are flattened both dorsally
and ventrally, and they are also elongated laterally in the direction of growth.
These elongated chambers embrace rather large arcs of the preceding part of the
test. With continued elongation, the shape would approach that of an annular
chamber, and the surface/volume ratio would be further increased. The surface,
volume ratio is increased, not by more elongation, but by the development of a
broad, gentle fold on the dorsal side of each of the later chambers. Glt. fornicata
Plummer imperceptibly evolved into Glt. contusa (Cushman) as the folds became

Text-fig. 18. (All specimens from same slide. 70 x Cenomanian
a, b. Praeglobotruncana cf. P. delrioensis (Plummer).

e, d, f. Rotalipora cf. R. appenninica (O. Renz).

Text-fig. 19. (All specimens from same slide, 70 x Turonian
a, b. Globotruncana renzi Thalmann.
c. Globotruncana saratogaensis (Applin).
d, e. Globotruncana marginata (Reuss).
f, g. Globotruncana cf. Glt. lapparenti Brotzen.

Text-fig. 20. (All specimens from same slide, 70 x Maastrichtian
a, b, c. Globotruncana stuarti (de Lapparent).

ECLOGAE GEOL. HELV. 48, 2 - 1955
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more and more conspicuous. We have observed specimens of Glt. contusa from
high Maastrichtian strata that have very deep and tight folds in their chambers.

(4) Increase in the size of the umbilicus. — In forms in which the axis
of coiling remains constant, the size of the umbilicus will increase as the size
of the test increases, but with the addition of each whorl the umbilicus increases
at a more rapid rate than the test. The primitive forms, such as the Lower Creta¬
ceous "Globigerinas" and the Albian and Cenomanian genera Ilcdbergina, n. gen.,
and Praeglobotruncana, are small and have very small umbilici. The advanced
Upper Cretaceous genera Globotruncana, Rugoglobigerina, and others are larger
and their umbilici are very large.

In the advanced genera Kuglerina, n. gen., and Bucherina, n. gen., this trend
is not expressed. Their umbilici have remained small, but this is because of a shift
in the axis of coiling.

(5) Increase in the size of the apertural flaps. — The size of the apertural
flaps varies as the size of the umbilicus. The Lower Cretaceous "Globigerinas"
and the genera Hedbergina, n. gen., and Praeglobotruncana have small umbilici
and small apertural flaps. Most later genera have larger umbilici and much larger
apertural flaps which fuse to form an umbilical cover-plate.

(G) Increase in the height of coiling. — A tendency toward increase in the
height of coiling exists in some lineages. This is not a well-defined trend. It may
also be related to the increase in the size of the individuals, but this is not so
clear. The ancestral forms of all lineages exhibit low trochospiral coils. Rotalipora
and Thalmanninella display a slight to moderate increase in the height of coiling.
None of the Rugotruncanas show any appreciable increase in the height of
coiling. Some of the Maastrichtian Globotruncanas exhibit a noticeable increase
in the height of coiling. High-spired species which have no shift in the axis of
coiling are Globotruncana contusa and Gli. conica. The highest-spired forms are the
Maastrichtian genera Kuglerina, n. gen., and Bucherina, n. gen.; they exhibit a
shift in the axis of coiling.

In connection with coiling we should mention that Bolli (1950, pp.86, 87;
1951, p. 142) has attempted to establish a trend in the direction of coiling in
Globotruncanas and related forms. According to him, both dextral and sinistral
coiling are well represented in stratigraphically older forms, but in successively
younger forms dextral coiling gradually becomes predominant and sinistral coiling
becomes rare. Perhaps there are trends in the direction of coiling in the Tertiary
Globigerinas and Globorotalias, but our studies do not reveal such a trend in the
globotruncanids. Bolli's supposed trend is based on a mixture of lineages. We
have observed that in some lineages the coiling of forms remains predominantly
in one direction throughout phylogeny. In other lineages both dextral- and sinistral-
coiled forms are common throughout phylogeny. In one of the early lineages,
which ends with the genus Thalmanninella in the early Turonian, both directions
of coiling are common. In another early lineage, which ends with the genus Rotali¬
pora in the early Coniacian, both directions of coiling are also common. In the
other lineages, which survive to the end of the Maastrichtian, the prevailing
direction of coiling is dextral. Thus the frequency of dextral-coiled forms is in¬
creased, not by a trend toward the stabilization of the direction of coiling during
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phylogeny, but by the earlier extinction of the lineages in which both directions
of coiling are common.

(7) Progressive refinement of shell-wall material. — There is an overall,
steady refinement of shell-wall material in this family. The shell-wall of the
primitive species is composed of relatively coarse granules of unequal size. These
granules become progressively finer in successive species of the family. This is a
general trend that did not operate independently in any one lineage. It is repre¬
sented as the stippled background of the phylogenetic diagram of the familv
(text-fig. 21).

Lineages. — There are four groups or series of lineages in the family Globo¬
truncanidae. One or more lineages, each derived from an ancestral "Globigerina".
compose each series. This ancestral "Globigerina" gives rise to other lineages, such
as the ones which contain the genera Schackoina J'halmann and Ilastigerinella
Cushman, but they are not included here in the family Globotruncanidae.

Both palingenesis and proterogenesis are involved in the phylogeny of the
family Globotruncanidae. The same morphologic characters which evolve by
palingenesis in one lineage may evolve by proterogenesis in another lineage.
Some morphologic characters of a lineage may evolve by palingenesis; some other
morphologic characters of the same lineage may evolve by proterogenesis. How¬
ever, such combinations in one lineage are not usual, and the evolution of most
or all morphologic characters in a lineage is parallel either by palingenesis or
proterogenesis. For the purpose of simplifying the following discussion of palin¬
genesis and proterogenesis in the family Globotruncanidae we deal, chamber by
chamber, only with the evolution of one morphologic character, the shape of the
chambers. This is a broad, general feature but a significant one. It is usually
accompanied by parallel changes, such as the formation of an imperforate peri¬
pheral band with one or two keels or the formation of spines, or both.

In palingenesis the modification of the shape of the simple "Globigerina"-]ike
chambers progresses toward earlier chambers in successive forms during phylogeny.
The first stage in the phylogeny of a lineage involving palingenesis starts with
a "Globigerina". In a descendant of this "Globigerina" the first change is some
modification of the shape of the last (and youngest) chamber. In a later descendant
the shape of the last two chambers is modified. In a still later descendant the
shape of the last three chambers is modified, and so on. Thus the changes develop
inward, contrary to the direction of growth, in later and later forms of a lineage.
In a given lineage of globotruncanids, these changes may continue in this direction
until the initial whorl is reached. In advanced forms at the end of a lineage, the
initial whorl, and usually more, still remains a minute "Globigerina".

On the other hand, proterogenesis operates in the opposite direction. In protero¬
genesis the modification of the shape of the simple "Globigerina"-like chambers
progresses toward later chambers in successive forms during phylogeny. As in
palingenesis, the first stage in the phylogeny involving proterogenesis starts with
a "Globigerina". In a descendant of this "Globigerina" the first change is some
modification of the shape of the first chamber following the "Globigerina"^-begin¬
ning. At the time that this modified chamber is formed it is, of course, the last
chamber of the test. However, the test is not an adult at this time. In a mature
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lest at this stage of phylogeny, in which the lineage evolves by proterogenesis, the
later chambers following the modified chamber are, like the earliest (oldest)
chambers, simple " Globigerina "-like chambers. In a later descendant the first
two chambers following the "Globigerina"-beginning are modified in shape, but
later (younger) chambers are not. In a still later descendant the first three chambers
following the "Globigerina"-beginning are modified in shape, and so on. Thus the
changes develop outward, in the direction of growth, in later and later forms of a
lineage. These changes may continue in this direction until the final (youngest)
chamber is modified in shape.

In general both palingenesis and proterogenesis, although they are developed
in opposite directions, have the same results if the lineages in which the}* operate
survive long enough. All chambers, except those of the "Globigerina"-beginning,
in a mature test at the end of a long-sustained succession in a lineage are modified
in shape. It may have reached this stage of phylogeny either by palingenesis or
proterogenesis. Fxamples of both modes of evolution are common in the family
Globotruncanidae. Specimens in which the modification of the shape of chambers
and ornamentation is stronger in early chambers of the last whorl than in later
chambers of the last whorl represent a stage or stages in the phylogeny of a
lineage which has evolved by proterogenesis. Specimens in which the modification
of the shape of chambers and ornamentation is stronger in later chambers of the
last whorl than in early chambers of the last whorl represent a stage or stages
in the phylogeny of a lineage which has evolved by palingenesis.

The following groups or series of lineages have been recognized in the family
Globotruncanidae :

Outline of the Principal Lineages in the Family Globotruncanidae
I. "Globigerina" -Hedberginti-Ticinella-Thalmaniiinella series.

1. "Globigerina" infracrftacea(?)-Hrdbergiiia trochoidea-Ticinella roberti—Thalmanninella
multiloculata-Th. ticinensis-Th. greenhornensis lineage.

II. "Globigerina '-Praeglobotruncana-Rotaliporn series.
1. "Globigerina" infracretaceaf?)-Praeglobotruncana delrioensis-P. benacensis-Rotalipora

montsalvensis var. minor-R. montsalvensis-R. appenninica-R. cushmani lineage.

III. ''Globigerina"-Globotruncana series.
1. "Globigerina" cf. G. cretacea-Gloliotruiicana saratogaensis-Glt. marginata-Glt. linneiana
lineage.

2. "Globigerina" cf. G. cretacea-Globotruncana saratogaensis-Glt. marginata-Glt. lapparenti-
Glt. lapparenti trirttrinata-Glt. area lineage.

3. "Globigerina" cf. 67. cretacea-Globotruncana saratogaensis-Glt. marginata-Glt. lapparenti-
Glt. cretacea-Glt. rosetta lineage.

4. "Globigerina" cf. 67. cretacea-Globotruncana saratogaensis-Glt. marginata-Glt. imbricata-
Glt. fornicata-Glt. contusa lineage.

5. "Globigerina" cf. 67. cretacea-Globotruncana saratogaensis-Glt. marginata-Glt. renzi-Glt.
sigali-Glt. stuarti-Glt. conica lineage.

Text-fig. 21. Phylogenese tree showing the four main groups of lineages in the family Globo¬
truncanidae. The stippling, from coarse to fine, represents the diminishing size of the granules in

the test-wall during time.
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IV. "Globigerina"-Rugoglobigerina series.
1. "Globigerina" cf. 67. cretacea-Rugoglobigerina rugosa-Kuglerina rotundata - Bucherimi

sandidgei lineage.
2. "Globigerina" cf. 67. cretacea-Rugoglobigerina sp.-Trinitella scotti lineage.
3. "Globigerina" cf. G. cretacea-Rugoglobigerina sp.-Plummerita reieheli hexacamerata-P.

reieheli pustulata-P. reieheli reicheli-P. hantkeninoides inflata-P. hantkeninoides costata-
P. hantkeninoides hantkeninoides lineage.

4. "Globigerina" cf. G. cretacea-Rugoglobigerina sp.-Rugotruncana ellisi-Rugotrunciina tilevi
lineage.

5. "Globigerina" cf. 67. cretacea-Rugoglobigerina sp.-Rugotruncana calcitrata lineage.
6. "Globigerina" cf. 67. cretacea-Rugoglobigerina sp.-Rugotruncana gansseri lineage.
7. "Globigerina" cf. 67. cretacea-Rugoglobigerina sp.-Rugotruncana havanensis-Rugotruncana

intermedia-Rugotruncana mayaroensis lineage.

I. " Globigerina "-Hedbergina—Ticinella-Thalmanninella series. - This series
consists of only one known lineage which evolved mostly by proterogenesis.
It was first noted by Gandolfi (1942, pp. 134—137, pl. 4), but he extended
it to include Rotalipora and the two-keeled Globotruncanas. Reichel (1950,
p. 615) concluded that Rotalipora was derived from Thalmanninella. However,
neither he nor Mornod (1950, p. 582) agreed with Gandolfi that Globotruncana
was derived from Rotalipora. We believe that Thalmanninella is the end-form in
this lineage, and that neither Rotaliporas nor Globotruncanas are derived from it.
In general the forms in this lineage have more chambers than the forms in other
lineages. The later forms in this lineage, viz. Ticinella and Thalmanninella, have
depressed, umbilical cover-plates with accessory apertures.

The oldest form in the lineage is a primitive "Globigerina", possibly "Globi¬
gerina" infracretacea Glaessner or a similar form. By changing the shape of the
last few chambers so that they are elongate and extend into the umbilicus this
form evolved into Hedbergina, n. gen., which includes Globigerina seminolensis
Harlton and Gandolfi's Anomalina lorneiana (d'Orbigny) and A. lorneiana
var. trochoidea. As the umbilicus in Hedbcrgina widened, the apertural flaps of
the last few chambers extended farther into the umbilicus. Eventually the aper¬
tural flaps joined in the umbilicus to form a depressed umbilical cover-plale, and
in doing so, formed Ticinella roberti (Gandolfi). At this stage in the phylogeny of
the lineage no imperforate peripheral band (including a keel) had been developed.
The first indications of an imperforate peripheral band are traces of a keel in a few
chambers following the "Globigerina"-beginning. Such forms are represented by
Thalmanninella multiloculata (Morrow). In Globotruncana ticinensis vai*, a Gan¬
dolfi the keel became stronger and developed outward, in the direction of growth,
in more chambers. Later, all the chambers following the "Globigerina"-beginning
had developed a strong keel in Thalmanninella greenhornensis (Morrow) [? Th.
ticinensis (Gandolfi) and Th. brotzeni Sigal], the end-form of the lineage.

II. " Globigerina"-Praeglobotruneana-Botalipora series. — Only one lineage
is known in this series. It evolved mostly by proterogenesis. It was first noted
by Gandolfi (1942, pp. 137 — 140, pl. 4), who suggested it as an alternate lineage
from which Globolruncana evolved.
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The evolution of this lineage began with a small, simple "Globigerina", not
unlike "Globigerina" infracretacea Glaessner. The first change in this form was
the development of an imperforate peripheral band with keels in the first few
chambers following the "Globigerina"-beginning. Later, an imperforate peripheral
band with keels was developed in all chambers following the "Globigerina"-
beginning. Such forms, e.g., Globorotalia delrioensis Plummer [= Globolruncana
slephani Gandolfi] belong to the genus Praeglobotruncana Bermudez. According
to Bermudez (1952, pp. 12, 53), this genus is an ancestor of Globotruncana. Reichel
(1950, ]>. 615), who used different nomenclature, also thought that Globotruncanas
were derived from Praeglobotruncana delrioensis (Plummer) [= Globotruncana
stephani Gandolfi]. We believe that Praeglobotruncana evolved into Rolalipora
by developing a single-keeled peripheral band and by acquiring accessory apertures
on the ventral side in the umbilicus and along the sutures. The most advanced
stage of Praeglobotruncana is probably represented by P. benaccnsis (Cita).
Rotalipora montsalvensis var. minor Mornod probably represents the most primi¬
tive stage of Rotalipora. R. appenninica3) Renz) is a more advanced form.
Rotalipora cushmani (Morrow), the end-form of this lineage, did not evolve into
Globotruncana.

III. " Globigerina "—Globotruncana series. — Five lineages are recognized
in this series. The first part of each of the five lineages appears to be the same.
This common stem seems to originate with a form similar to "Globigerina" cretacea
d'Orbigny, which is probably an incipient form of Globolruncana saratogaensis
(Applin). We agree with Hagn (1953, p. 94) that Globotruncana marginata (Reuss)
was derived from Globotruncana saratogaensis [= Glt. globigerinoides Brotzen].
It evolved from Glt. saratogaensis by strengthening of the keels. Continued strength¬
ening of the keels, and also dorso-ventral flattening of the later chambers produced
Globotruncana linneiana (d'Orbigny), which became extinct at the end of Cam-
panian time.

Globotruncana lapparenti Brotzen seems to be another descendant of Globo¬
lruncana marginata (Reuss) [= Glt. lapparenti inflata Bolli]. We tentatively
regard Glt. marginala to be that form figured by Cushman (1916, pl. 62, figs, la—c,
2a—c) as Glt. marginata. Like Globotruncana linneiana, Glt. lapparenti was devel¬
oped by strengthening of the keels and flattening of the chambers. However,
in Glt. lapparenti the ventral side of the chambers was not flattened as much as in
Glt. linneiana.

At least two lineages arose from Globotruncana lapparenti Brotzen. In one
of these two lineages the two keels became stronger and the distance between them
remained more or less constant throughout its phylogeny. In this lineage Globo¬
lruncana lapparenti tricarinata (Quereau), which we tentatively assume is re¬
presented by the form figured by Cushman (1916, pl. 61, fig. 18a—c) as Glt.
canalieulata (Reuss), probably can be regarded as an advanced Glt. lapparenli
Brotzen, s. str., or a primitive Gli. area (Cushman). The end-form of this lineage

3) 0. Renz apparently formed this name on the Italian Appennino, not on its Latin source
Apenninus.
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is Glt. area, the keels of which have become very strong and heavy, but are still
about the same distance apart as in its ancestor, Glt. lapparenti.

In the other lineage derived from Globotruncana lapparenti only the upper
(dorsal) keel became stronger, and the distance between the two keels became
less and less during its phylogeny. Globolruncana cretacea Cushman, which is no
more than an incipient form of Glt. rosetta (Carsey), evolved from Glt. lapparenti
by shortening the distance between the two keels. Finally in Glt. rosetta, the end-
form of the lineage, the distance between the two keels is very small and the lower
(ventral) keel is so weak, that this species appears to be a single-keeled form.

Globotruncana marginata also seems to be the ancestor of Glt. imbricata Mornod,
which has a short axial bar or ridge at the posterior edge of each of the later
chambers connecting the two keels as shown by Mornod (1950, text-fig. 5: lib,
IIIb, d). Glt. fornicata Plummer descended from Glt. imbricata by the elongation
of its later chambers in the direction of growth. The form which Carbonnier4)
(1952, p. 117, pl. 7, fig. la—d) figured as Glt. sigali Reichel is intermediate
between Glt. imbricata and Glt. fornicata. Occasional specimens of Glt. fornicata
(pl. XXI, fig. 15) also exhibit the short bar connecting the two keels. The holo¬
type of Glt. fornicata has a gentle fold in each of the later chambers. Gradually,
as the folds deepened and the coiling became higher, Glt. fornicata evolved into
Glt. contusa (Cushman), the end-form of the lineage. The folds are very deep in
some specimens of Glt. contusa from high Maastrichtian strata.

Globotruncana renzi Thalmann5) seems to be another descendant of Glt.
marginata. Like Glt. marginata, the two keels are well developed in the first few
chambers following the "Globigerina"-beginning in Glt. renzi. But unlike Glt.
marginata, only one keel is well developed in its last few chambers. Progressive
palingenetic development of the single keel inward, contrary to the direction of
growth, produced Globotruncana sigali Reichel, which evolved into Glt. stuarti
(de Lapparent) by changing the chambers to a trapeziform shape and widening
the umbilicus. Dalbiez (1955, p. 161) has already suggested that Glt. sigali may
have been the ancestor of Glt. stuarti. Gil. stuarti, in turn, evolved into Globo¬
truncana conica White, the end-form of this lineage, by becoming higher spired
and almost biconvex. This lineage evolved by palingenetic development of a single
keel. The changes it underwent are similar to those that took place in the Glt.
marginata-Glt. lapparenti-Glt. cretacea Glt. rosetta lineage, but they happened sooner
and at a more rapid rate.

IVX "Globigerina"—Bugoglobigerina series. — Seven lineages can be traced in
this series. All have a "Globigerina"-Rugoglobigerina ancestry, which began with
a form similar to "Globigerina" cretacea d'Orbigny. By the addition of costellae
on each of the later chambers this form evolved into a Rugoglobigerina sp.

4) Incidentally, we agree with Sigal (1952a, pp. 309 — 311) that Carbonnier's upper Ceno¬
manian age assignment of the foraminiferal assemblage of Taza (Morocco), is too old.

5) This species is properly called Globotruncana renzi Thalmann. It should not be referred
to as Globotruncana renzi Thalmann efe Gandolfi. Thalmann introduced the name in April
1942, before Gandolfi independently introduced the same name for the same form in August
1942.
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In one lineage Rugoglobigerina rugosa (Plummer) evolved into Kuglerina
rotundata (Brönnimann) by axial (vertical) elongation of the chambers, and
shifting of the axis of coiling. Bucherina sandidgei, n. sp., evolved from Kuglerina
rotundata by dorsal flattening of the later chambers.

In a second lineage Trinitella scolti Brönnimann was derived from a Rugo¬
globigerina sp. by flattening of the dorsal side of the last few chambers.

In a third lineage, starting with a Rugoglobigerina sp. and evolving into Pliim-
merila reieheli hexacamerata (Brönnimann), a blunt incipient spine developed on
the first chamber following the "Globigerina"-beginning. During the phylogeny
of this lineage a spine was developed on more and more chambers in the succession
from P. reieheli hexacamerata to P. hantkeninoides hantkeninoides Brönnimann.
In this lineage, which evolved by proterogenesis, chambers became hantkenine-
like and their spines became sharper, and the number of chambers in the last
whorl slightly decreased.

Although he could offer no stratigraphie proof, Brönnimann (1952, p. 42),
assuming that Plummeritas evolved by palingenesis, slated, "that the hant-
keninoid chambers are a more primitive feature, superseded in the course of
ontogeny by the spineless Globigerina chambers". The stratigraphie evidence does
not support this statement, and to obtain a likely ancestor for Plummerita one
must conclude that it evolved from Rugoglobigerina by proterogenesis.

In a fourth lineage, slight dorso-ventral flattening of the later chambers of a
Rugoglobigerina sp. produced an imperforate peripheral band with two faint keels
to become Rugotruncana cllisi, n. sp. By continued dorso-ventral flattening of the
chambers and strengthening of the keels, Rugotruncana ellisi evolved into Rugo¬
truncana lilevi, n. sp.

In a fifth lineage Rugotruncana calcitrala (Cushman) evolved possibly from a
Rugoglobigerina sp. as a short off-shoot, by strong dorsal flattening and an accom¬
panying production of a spine at the posterior edge of each chamber following
the "Globigerina"-beginning. This modification entailed the loss of costellae on the
flattened dorsal side of the chambers of R. calcitrala, but the}* remained as traces
on the inflated ventral side of the chambers. This short lineage evolved by protero¬
genesis. R. calcarala, the end-form of the lineage, did not evolve further.

In a sixth lineage, Rugoglobigerina sp. evolved first into Rugotruncana sp.
and then into Rugotruncana gansseri (Bolli) [= Glt. lugeoni Tilev] by a strong
dorsal flattening of the chambers following the "Globigerina"-beginning. Its
development was similar to the fifth lineage, but no spines were formed in Rugo¬
truncana gansseri.

In a seventh lineage, Rugoglobigerina sp. evolved into Rugotruncana havanensis
(Voorwijk) [= Glt. citae Bolli] by dorso-ventral flattening of the chambers
following the " Globigerina "-beginning. This flattening was strong enough to
obliterate the costellae on the chambers of most specimens of Rugotruncana
havanensis. However, traces of costellae can be observed on some specimens of this
species. In the trend toward intensification of ornamentation Rugotruncana
havanensis evolved into Rugotruncana intermedia (Bolli) by strengthening the
costellae and keels. As the ornamentation became concentrated in the keels,
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Rugotruncana intermedia evolved into Rugotruncana mayaroensis (Bollì), the
end-form of the lineage.

The species of Rugotruncana, n. gen., derived from Rugoglobigerina spp. in the
fifth, sixth, and seventh lineages are almost homeomorphic forms of Globotruncana
proper, and their evolution was remarkably parallel to that of Globotruncanas.

Classification
Twelve phylogenetically related genera are herein recognized in the family

Globotruncanidae. Their classification is based on combinations of morphologic
characters. No single morphologic character yet known to us is sufficient to separate
all of these twelve genera from some other families of Foraminifera, such as the
Globorotaliidae or the Globigerinidae. Some more or less prominent morphologic
characters are common to all three families. Other morphologic characters are
inconspicuous and seemingly insignificant, but they are very useful for placing
some genera in one family or another. Unless the rather minute and inconspicuous
morphologic characters are used in generic groupings of planktonic Foraminifera,
the families will be heterogeneous, and the finer relationships will be obscured.
Although a single morphologic character alone will not necessarily be indicative
of the group or family to which a genus belongs, a combination of two or more
of the known morphologic characters will provide the distinguishing features for
classifying a particular genus with a particular family.

We have observed that all genera possessing accessory apertures on the ventral
side and which accessory apertures are not restricted to one chamber belong to the
family Globotruncanidae. However, not all genera belonging to the Globotrun¬
canidae have accessory apertures. All genera exhibiting an imperforate, umbilical
cover-plate formed of apertural flaps belong to the Globotruncanidae, but not
all genera belonging to the Globotruncanidae exhibit an imperforate, umbilical
cover-plate. There is, perhaps, some significance in that the genera in the family
Globotruncanidae which do not possess accessory apertures or an imperforate,
umbilical cover-plate represent either early or late phylogenetic stages in their
lineages. If we consider another morphologic character alone, it will be noted that
only genera exhibiting discontinuous costellae or traces of costellae also belong
to the Globotruncanidae. On the other hand, some globotruncanid genera do not
exhibit any costellae or traces of them. All planktonic genera known to have a
two-keeled, imperforate, peripheral band are Globotruncanidae; yet some Globo¬
truncanidae, as well as some Globorotaliidae, have a single-keeled, imperforate,
peripheral band; and some other Globotruncanidae, as well as all Globigerinidae,
lack an imperforate, peripheral band.

Three morphologic characters, viz. accessory apertures not restricted to one
chamber, either in an umbilical cover-plate or along sutures near the umbilicus:
discontinuous costellae or traces of costellae; and a two-keeled, imperforate,
peripheral band, are known to exist only in some Cretaceous planktonic Foramini¬
fera. They are essential in formuiating a definition of the family Globotruncanidae
and in devising a classification of the genera belonging to the family Globo¬
truncanidae. By using only these three definitive morphologic characters in one
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combination or another, eleven of the twelve genera of the Globotruncanidae
can be included in that family and can be excluded from the families Globoro¬
taliidae and Globigerinidae. The exception, Hedbergina, n. gen., is probably the
most primitive globotruncanid. Possibly, it possesses some morphologic character,
as yet undiscovered, that would link it lo the Globotruncanidae and separate it
from the Globigerinidae. Frankly, we have purposefully added an extra statement
in our definition of the family Globotruncanidae to include Hedbergina, n. gen.
The genus could also be placed in the Globigerinidae, and our ad hoc statement
could then be deleted from the definition of the Globotruncanidae.

The family Globotruncanidae could be divided into subfamilies. The four
phylogenetic groups or scries would seem to be the best expressions of subfamilies.
For the purpose of distinguishing genera, and not merely for dividing and sub¬
dividing the family, we have constructed a key to the genera of the Globotrun¬
canidae. In practice this key may not be very useful because identification of some
genera requires exceptionally well-preserved specimens.

Key to the genera of the Globotruncanidae

Costellae absent.
Accessory apertures absent.

Peripheral band absent.
Hedbergina

Peripheral band present.
Praeglobotruncana

Accessory apertures present.
Peripheral band absent.

Ticinella
Peripheral band present.

Umbilical cover-plate absent.
Rotai i¡???
Umbilical cover-plate depressed.
Thalmanninella
Umbilical cover-plate protruded.
Globotruncana

Costellae present.
Accessory apertures absent.

Peripheral band absent.
Kuglerina

Peripheral band present.
Bucherina

Accessory apertures present.
Peripheral band absent.

Chambers inflated.
Rugoglobigerina
Chambers elongated into spines.
Plummerita

Peripheral band present.
Chambers flattened.
Rugotruncana
Chambers dorsally flattened in final stages only.
Trinitella
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Systematic Paleontology and Annotations
Family Globotruncanidae Brotzen, 1ÍH2

Globotruncaninae Brotzen (1942) Sveriges geol. undersökning, Ser. no. 451, p. 28.

Type Genus: Globotruncana Cushman*. 1927

Amended definition. — The family Globotruncanidae consists of all forms
with a calcareous hyaline test, the early chambers of which are relatively small,
inflated, and globigerine-like; and which forms have accessory apertures on the
ventral side that are not restricted to one chamber; and'or exhibit discontinuous
costellae or traces of costellae; and/or exhibit an imperforate, peripheral band
either double or single keeled.

In addition, it also consists of those forms which possess a calcareous hyaline
test and having small, inflated, globigerine-like early chambers, and the last few
chambers of which are elongated toward the umbilicus.

The globotruncanid test is trochospirally coiled, sometimes with a later shift
in the axis of coiling. Its surface may be smooth to rough and covered with granules,
papillae, pustules, spines, beads, costellae, or keels. Its early chambers, and
sometimes later ones too, are inflated and globigerine-like. Later chambers may
be slightly to strongly flattened axially (vertically), elongated axiallv (vertically),
or drawn into spines. The principal aperture is interiomarginal and opens into
a small to large umbilicus. It is bordered by an imperforate apertural flap, several
of which may form an umbilical cover-plate, which may be either depressed or
protruded.

Diagnosis. — The family Globotruncanidae differs from the families Globoro¬
taliidae and Globigerinidae in possessing accessory apertures on the ventral side
that are not restricted to one chamber; or an imperforate, umbilical cover-plate
formed of apertural flaps; or costellae or traces of costellae; or a two-keeled,
imperforate, peripheral band.
It is similar to the Globigerinidae in that all its forms have some or all inflated,

globigerine-like chambers, and that some forms lack an imperforate peripheral
band or an umbilical cover-plate.

It is similar to the Globorotaliidae in that some of its forms have a single-
keeled, imperforate peripheral band, and that some forms lack an imperforate,
umbilical cover-plate.

Remarks. — The subfamily Globotruncaninae of Brotzen (1912, p. 28) is
herein elevated to the rank of family because the globotruncanids are of no less
taxonomie significance than some other planktonic groups such as the globigerinids
and globorotaliids which are usually treated as families. In other words, they
form a morphologic unit and a stratigraphically restricted unit.

Inasmuch as family and subfamily ranks are interchangeable without change
in original author and date, the group of Globotruncana and related genera are
formally referred to as the family Globotruncanidae Brotzen, 1912.

Brotzkn's original definition (1942, p. 28) is amended because it was too vague.
and because it included some remotely related genera and excluded some closely
related genera.

Age. — Cretaceous (Albian to Maastrichtian).
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Genus Hedbergina Brönnimann & Brown, ii. gen.
Genotvpe: Globigerina seminolensis Harlton

Definition. — The smooth- to rough-walled, calcareous hyaline lest is trocho-
spirally coiled. Its small early chambers are globular, inflated, and globigerine-
like. The last few chambers are elongated and extend into a relatively small
umbilicus. The aperture is rounded, interiomarginal, and opens into the umbilicus.
Short apertural flaps extend into the umbilicus but do not form an umbilical
cover-plate.

Remarks. — The most characteristic feature of Hedbergina, n. gen., is the
extension of the last few chambers into the umbilicus. This represents a stage
in the phylogeny from a "Globigerina" with a tight umbilicus to Ticinella Reichel
with a large umbilicus and umbilical cover-plate. In this lineage the enlarging
umbilicus was at first minimized by extension of the last few chambers as a whole
into it as represented by Hedbergina. Later in the lineage the umbilicus became
loo large to be filled in by the chambers as a whole. However, by extending only
the apertural flaps, and not the chambers as a whole, the large umbilicus was
covered by an umbilical cover-plate composed of extended apertural flaps as
represented by Ticinella.

This genus closely resembles Ticinella, but it has no imperforate umbilical
cover-plate, and its last few chambers are elongated and extend into its umbilicus.
The later chambers of Hastigerinella Cushman are elongate, but unlike those of
Hedbergina n. gen., they extend away from the umbilicus. Hedbergina, n. gen.,
differs from Pseudovalvulineria Brotzen (genotype: Rosalina lorneiana d'Orbigny)
in possessing early globigerine-like chambers and a rounded aperture.

This genus is named for Hoi.i.is D. Hedberg.
Age. — Aptian or Albian to Cenomanian.

Hedbergina seminolensis (Harlton)
Plate XX. figures 4-6

1927. Globigerina seminolensis Harlton, Jour. Paleont., vol. 1, p. 24, pi. 5, fig. 7a, b.
1942. Anomalina lorneiana (not d'Orbigny) Gandolfi, Riv. ital. paleont.. Anno 48. Mem. 4,

p. 98, pl. 4, figs. 1. 19; pl. 8, fig. 2; pl. 13. figs, la, b, 4a, b.
1942. .1 nomalina lorneiana var. trocoidea Gandolfi, idem. Anno 48, Mem. 4, p. 99. pl. 2, fig. la-c ;

pl. 4. figs. 2, 3: pl. 13. figs. 2a, b. 5a, b.
1951. Anomalina lorneiana d'Orb. var. trocoidea Gandolfi, Xoth, Geol. Bundesanstalt, Jahrb.,

Sonderbd. 3. p. 80. pl. 4, figs. 27a. b, 28a, b.

Description. — The rather rough-walled, coarsely granular test is low to
relatively high trochospirally coiled. Its early chambers are small and globigerine-
ike. The last whorl is composed of six to eight chambers, the last one or two of
which are markedly elongated and extended into a tight umbilicus. The interio¬
marginal aperture is rounded and opens into the umbilicus. It is bordered by a
short apertural flap.

Remarks. — Hedbergina seminolensis (Harlton) differs from other globo-
truncanids in lacking an imperforate, umbilical cover-plate and an imperforate,
peripheral band. It is distinguished from Lower Cretaceous "Globigerinas" in
possessing elongated late chambers that extend into the umbilicus. H. seminolen-
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sis is probably the same species as .Anomalina lorneiana of Gandolfi, a low-spired
form, and A. lorneiana var. trochoidea Gandolfi, a high-spired form. Such forms
seem to represent extremes in the variability of the species. Neither form represents
A. lorneiana (d'Orbigny).

According to the original description and figures of Globigerina seminolensis, it
is similar, if not identical to Gandolfi's forms and therefore, we treat them as the
same species in this paper. Harlton (1927, p. 25) originally stated that the type
locality of G. seminolensis was the Pennsylvanian Glenn formation, about 4 miles
north of Ardmore, Carter County, Oklahoma. Tomlinson (1929, p. 78) questioned
the correctness of this and other localities supplied by Harlton. Later Harlton
(1929, p. 308) admitted these errors but did not completely correct them. Plummer
(1945, p. 264) states, "The holotype of Globigerina seminolensis Harlton, n. sp.,
has been examined and found to resemble too closely G. cretacea d'Orbigny to be a
convincing Pennsylvanian faunal member." No indigenous occurrence of Globige¬
rinas or related forms in Paleozoic strata has been demonstrated. Furthermore,
that Comanchean (Aptian to Cenomanian) strata crop out in and around the town
of Ardmore strongly suggests lhat IIahlton's species is a Cretaceous form.

The illustrated specimen, pl. 20, figs. 4-6, is from Wassall Sta. 17633, 2.7 km
east of intersection of railroad overpass and carretera central, about 21 km north
west of Cabaiguan; and 600 m north west of the town of Maximo, Las Villas
Province, Cuba.

Range. — Aptian or Albian to Cenomanian.

Genus Praeglobotruncana Bermudez, 1952
Genotype : Globorotalia delrioensis Plummer

Praeglobotruncana Bermudez (1952) Venezuela Minist. Minas e Hidrocarburos. Bol. geol., vol. 2,
no. 4, p. 52.

Amended definition. — The smooth- to rough-walled, calcareous hyaline
test is trochospirally coiled. Its small early chambers are globular, inflated, and
globigerine-like. Some or all later chambers are flattened and exhibit a keeled,
imperforate, peripheral band. The aperture is interiomarginal, rounded in early
chambers and slit-like in later chambers; it opens into a relatively small umbilicus.
Short apertural flaps extend into the umbilicus but do not form an umbilical
cover-plate.

Remarks. — Praeglobotruncana resembles Globotruncana, Thalmanninella,
and Rotalipora but differs from them in having a smaller umbilicus and lacking
accessory apertures. The keels of Praeglobotruncana may not be prominent, but
in thin sections of vertically cut specimens indications of keels may be observed
in the imperforate, peripheral band.

The original description of Praeglobotruncana by Bermudez (1952, p. 52) is so
vague that it may apply to several genera. For this reason we have redefined the
genus. Bermudez (1952, pp. 52, 53, 206, 207) selected Globorotalia delrioensis
Plummer as genotype of Praeglobotruncana, and also placed Globorotalia margina-
culeata Loeblich & Tappan and Globotruncana appenninica Renz in this genus.
However, Globorotalia marginaculeata is conspecific with Globorotalia delrioensis.
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and Reichel (1950, pp. 604—607, text-fig. la, b) has demonstrated that 67//.

appenninica belongs to Rotalipora.
Subbotina (1953, p. 164) established the genus Rotundina, and designated

Globolruncana stephani Gandolfi as its genotype. However, the genotype of
Praeglobotruncana is Globorotalia delrioensis Plummer, which is conspecific with
Glt. slephani Gandolfi. Therefore, Praeglobotruncana and Rotundina are con¬
generic. Praeglobotruncana Bermudez, 1952, antedates the junior synonym,
Rotundina Subbotina, 1953, and it is the valid name.

Age. - Albian to early Turonian.

Praeglobotruncana delrioensis (Plummer)
Plate XXI. figures 8-10; plate XXIV, figures 16, 17; text-figs. 9, 10, 13, 15-18 (part)

1931. Globorotalia delrioensis Plummer, Univ. Texas, Bull. 3101, p. 199, pl. 13, fig. 2a-c.
1936. Globotruncana appenninica (not Renz), O. Renz, Eclogae geol. Helv., vol. 29, p. 14,

pl. 6, figs. 9, 14 (only).
1936. Globigerina sp., O. Renz, idem, vol. 29, p. 502, text-fig. ld.
1936. Globotruncana cf. appenninica, Renz, idem, vol. 29, p. 547. text-fig. 1.
1940. Globorotalia delrioensis Plummer, Tappan. J. Paleont.. vol. 14, p. 123. pl. 19, fig. 14a, b.
1942. Globotruncana stephani Gandolfi, Riv. ital. paleont., Anno 48, Mem. 4, p. 130, pl. 3,

figs. 4, 5; pl. 4, figs. 36, 37, 41-44: pl. 6, fig. 4 (part); pl. 9, figs. 5, 8; pl. 14, fig. 2.
1945. Globotruncana stephani Gandolfi, Bolli, Eclogae geol. Helv., vol. 37, p. 224, pl. 9, fig. 2;

text-fig. 1 (3, 4).
1946. Globorotalia marginaculeata Loeblich & Tappan, J. Paleont., vol. 20, p. 257, pl. 37,

figs. 19-21; text-fig. 4A.
1948. Globotruncana stephani Gandolfi, Cita, Riv. ital. paleont., Anno 54, p. 17, pl. 4, fig. 6.
1950. Globotruncana stephani Gandolfi, Mornod, Eclogae geol. Helv., vol. 42, p. 587, pl. 15,

figs. 9a-r, 10-17; text-fig. 10 (1-3).
1950. Globotruncana (Globotruncana) stephani Gandolfi, Reichel, ibid., vol. 42, p. 608, pl. 16,

fig. 6; pl. 17, fig. 6a, b.
1952. Globotruncana (Globotruncana) stephani Gandolfi, Colom, Inst. geol. min. España, vol. 64,

p. 16. pl. 1, figs. 30-37.
1952. Pseudovalvulineria sp. Carbonnier, Soc. géol. France, Bull., Sér. 6, vol. 2, p. 114, pt. 5,

fig. 7a, b.
1952. Globotruncana Stephani Gandolfi, Carbonnier, Soc. géol. France, Bull., Sér. 6, vol. 2,

p. 116. pl. 6. fig. 2a-c.
1952. Praeglobotruncana delrioensis (Plummer), Bermudez, Minist. Minas e Hidrocarburos,

Venezuela. Bol. geol., vol. 2, no. 4, p. 52 (not pl. 7, fig. la-c).
1953. Rotundina stephani (Gandolfi), Subbotina. Vses. Xeft. X.-I. geol.-rav. Inst., Trudy,

n. ser., fase. 76, p. 165, pl. 2, figs. 5-7; pl. 3, figs. 1. 2.
1954. Globorotalia delrioensis Plummer, Frizzell, Univ. Texas, Bur. Econ. Geol., Rept. Invest. 22,

p. 129, pl. 20, fig. 27a-c.
1954. Globorotalia marginaculeata Loeblich efe Tappan, Frizzell. Univ. Texas, Bur. Econ. Geol..

Rept. Invest. 22, p. 129, pl. 20, fig. 29 a-c.
1954. Globotruncana stephani Gandolfi. Hagn efe Zeil, Eclogae geol. Helv.. vol. 47, p. 33, pl. 2,

fig. 7a-c; pl. 5, figs. 7, 8.
1954. Globotruncana stephani Gandolfi, Ay'ala, Asoc. mcx. geol. petr., Bol., vol. 6, p. 411, pl. 11,

fig. 2 a-c.
1955. Globotruncana (Rotundina) aumalensis (not Sigal), Küpper, Cushman Found. Foram.

Research, Contr., vol. 6. p. 116, pl. 18, fig. 5a-e.
1955. Globotruncana (Rotundina) stephani stephani (CJandolfi), Küpper, Cushman Found. Foram.

Research, Contr., vol. 6, p. 116, pl. 18, fig.
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Description. — The rather rough-walled, coarsely granular test is low to
relatively high trochospirally coiled. Its small early chambers are inflated and
globigerine-like. Later chambers are slightly compressed, but the last few may be
inflated. The last whorl is lobate and composed of five to seven chambers. The
imperforate, peripheral band is roughened and marked by numerous small, blunt
spines closely packed in two rows to form a double keel. The peripheral band is
rather thick in relation to the thickness of the chambers. A faint, irregular line
separates the two rows of spines, which are well developed on later chambers, but
weaker or absent on the last few chambers. The aperture is interiomarginal, rounded
in early chambers, slit-like in later chambers, and opens into a rather small and
shallow umbilicus. Short apertural flaps extend into the umbilicus but do not form
a cover-plate.

Remarks. — In describing the periphery simply as single keeled, one gets the
false impression that an individual row of spines forms the keel. Two rows of
coarse, peripheral spines form the keels, and because they are so closely packed
together they seem to form only one keel.

The great variability of this species has caused much confusion in ils identi¬
fication. The form from the Del Rio shale (lower Cenomanian) óf Texas which
Carsey (1926, p. 45) called Globigerina rosetta Carsey is Praeglobotruncana
delrioensis (Plummer). Most of the forms that have been identified as Globo¬
lruncana stephani Gandolfi, including its holotype, should be allocated to P.
delrioensis.

Praeglobotruncana stephani (Gandolfi) var. turbinata (Reichel) is higher
spired and has more chambers than P. delrioensis (Plummer).

The form which Loeblich & Tappan (1946, p. 257, text-fig. IB) called Globo¬
rotalia delrioensis is a primitive Rotalipora. Globorotalia marginaculeata Loi.blich &
Tappan, which they (1946, p. 257, pl. 37, figs. 19-21; text-fig. 1A) described
as a new species, is P. delrioensis.

Type locality. — The figured specimen (pl. XXI, figs. 8-10) is a topotype
from the Del Rio shale of the Washita group (lower Cenomanian) on the right
(west) bank of Shoal Creek in a steep slope about 900 feet south of the 31 th Street
bridge in Austin, Travis County, Texas (Bur. Econ. Geol. loc. 226—T—10,
same as Plummer Sta. 1058).

Range. — Upper Albian to Cenomanian, possibly lower Turonian.

Genus Ticinella Reichel, 1950
Genotype: Anomalina roberti Gandolfi

Ticinella Reichel (1950) Eclogae geol. Helvetiae, vol. 42, no. 2, p. 6?0.

Amended definition. — The smooth- to rough-walled, calcareous hyaline
test is trochospirally coiled. All chambers are globular, inflated, and globigerine-like.
The principal aperture is rounded, interiomarginal, and opens into a relatively
large umbilicus. Long apertural flaps extend into the umbilicus, and in later
chambers form a depressed, imperforate, umbilical cover-plate with accessory
apertures.
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Remarks. — Reichel (1950, p. 600) originally regarded this form as a sub¬
genus of Globolruncana. We regard it as a distinct genus. It differs from Globo¬
lruncana in lacking keels; an imperforate, peripheral band; and flattened chambers.
Its umbilical cover-plate is depressed, whereas that of Globotruncana is protruded.
Ticinella is intermediate between Hedbergina, n. gen., and Thalmanninella Sigal.
It differs from Hedbergina in possessing an umbilical cover-plate and accessory
apertures, and from Thalmanninella in not exhibiting a keeled, imperforate, peri¬
pheral band on any chamber.

Ticinellas may easily be confused with some primitive Thalmanninellas. We
have arbitrarily separated the two on the basis of a keeled, imperforate peripheral
band, which is absent in Ticinella and present in Thalmanninella. However, this
distinction is not so clear cut, for in some specimens an incipient, keeled, imper¬
forate, peripheral band is difficult to observe, even if it actually exists in the
specimens. The holotype and paratype of Thalmanninella multiloculata (Morrow)
[= Globorotalia? multiloculata Morrow] are such specimens. They appear to be
almost identical to Ticinella roberti (Gandolfi), but they have a faintly developed
keeled, imperforate, peripheral band, and are therefore primitive Thalmanninellas.

Globorotalia'.' youngi Fox is probably a small Ticinella. Glaessner (1919,
p. 1616) noted that Globigerina almadenensis Cushman & 4"odd was probably
conspecific with "Anomalina" roberti Gandolfi. The holotype of G. almadenensis
as figured by Cushman & 4"odd (1948, pl. 16, fig. 18) seems to be a specimen of
Ticinella roberti. However, the paratype as figured by them (1948, pl. 16, fig. 19)
seems to be a more primitive form, possibly a Hedbergina or Praeglobotruncana.
The specimen figured by Küpper (1955, pl. 18, fig. 7a—c) as Globotruncana
(Rotundina) californica (Cushman & 4'odo) has a large umbilicus, which is an
indication that it originally possessed an umbilical cover-plate with accessory
apertures that was not preserved. According to Küpper's figure, there is no
suggestion of a keeled, imperforate, peripheral band. Possibly it is a specimen of
Ticinella.

Age. — Albian to early Turonian.

Genus Thalmanninella Sigal, 1948
Genotype : Thalmanninella brotzeni Sigal

Tltalmanninella Sigal (1948) Rev. Inst, franc. Pétrole et Ann. Combust, liquides, vol. 3. no. 4,
p. 101.

Amended definition. The smooth- to rough-walled, calcareous hyaline
lest is trochospirally coiled. Its small early chambers are globular, inflated, and
globigerine-like. Some or all later chambers are flattened and exhibit a keeled,
imperforate, peripheral band. The principal aperture is rounded, interiomarginal,
and opens into a relatively large umbilicus. Long apertural flaps extend into the
umbilicus, and in later chambers form a depressed, imperforate, umbilical cover-
plate with accessory apertures.

Remarks. — Thalmanninella is similar to Rotalipora Brotzen, but its
accessory apertures are openings in the umbilical cover-plate; the accessory aper¬
tures of Rotalipora are openings in the chambers themselves. Thalmanninella
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possesses an umbilical cover-plate; Rotalipora does not possess an umbilical
cover-plate. In general Thalmanninella has more chambers in the last whorl than
Rotalipora.

The specimens figured as Globotruncana appenninica var. a by Gandolfi
(1942, text-fig. 40? — c) and as Glt. (Rotalipora) appenninica var. alpha Gandolfi
by Reichel (1950, text-fig. —c) should be allocated to Thalmanninella.

Ticinellas, which possess no keeled, imperforate, peripheral band, evolved
imperceptibly into Thalmanninellas, which possess a keeled, imperforate, peri¬
pheral band. This morphologic character evolved in forms of this lineage by
proterogenesis, and therefore the inception of it was in the periphery of the first
few chambers following the "Globigerina"-beginning, and which were concealed by
later chambers that had not yet developed it. In other words, the first forms to
possess an incipient, keeled, imperforate, peripheral band developed it on the
periphery of chambers which was concealed by chambers of a later whorl. This
renders the observation of the first appearance of the keeled, imperforate, peri¬
pheral band difficult, and therefore, the generic assignment of a particular specimen
may be incorrect. The crux lies in the Linnaean system, which cannot be applied
too rigidly to forms whose phylogeny can be traced by a complete series of transi¬
tions. Although an advanced Ticinella or primitive Thalmanninella may not be
identified with certainty, we can, and what is more important, approximately
place its phylogenetic stage in the lineage.

Age. — Cenomanian to early Turonian.

Thalmanninella multiloculata (Morrow)
Plate XX, figures 1-3

1934. Globorotalia? multiloculata Morrow, J. Paleont., vol. 8, p. 200, pl. 31. figs. 3a. b. 5a. b.
1942. Globotruncana ticinensis var. a Gandolfi. Riv. ital. paleont.. Anno 48, Mem. 4. p. 114. pl. 2.

fig. 4a-c; pl. 4, figs. 6-9, 21, 22; pl. 8. fig. 3; pl. 13, figs. 9, 10.
1946. Globorotalia? multiloculata Morrow, Cushman, U. S. Geol. Surv., Prof. Pap. 206. p. 153,

pl. 62, figs. lOa-c, 11 a-c.
1950. Globotruncana (Thalmanninella) ticinensis var. alpha Gandolfi. Reichel. Eclogae geol.

Helv.. vol. 42, p. 603, pl. 16, fig. 2; pi. 17, fig. 2; text-fig. 2d, e.
1951. Globotruncana (Ticinella) roberti (not Gandolfi), Xoth, Geol. Bundesanstalt. Jahrb.,

Sonderbd. 3, p. 75, pl. 4, fig. 29a, b.
1952. Rugoglobigerina multiloculata (Morrow), Bermudez. Minist. Minas e Hidrocarburos.

Venezuela, Bol. geol., vol. 2, no. 4. pl. 22, fig. la-c.
1952. Ticinella roberti (not Gandolfi), Sigal, XIX Congrès géol. internat.. Monograph, régio¬

nales, Sér. 1 : Algérie, no. 26, p. 23, text-fig. 19.
1954. Thalmanninella ticinensis var. a (Gandolfi), Ayala, Asoc. geol. petr.. Bol., vol. 6,

p. 425, pl. 15, fig. 2a-c.

Description. — The rather rough- to smooth-walled, granular test is low
to relatively high trochospirally coiled. Its small early chambers are inflated and
globigerine-like. Some but not all later chambers are slightly to strongly flattened.
The last whorl is scalloped and composed of seven to ten chambers. Some but
not all later chambers exhibit a faint to strong single-keeled, imperforate, peri¬
pheral band. The principle aperture is rounded, interiomarginal, and opens into
a relatively large umbilicus. Long apertural flaps extend into the umbilicus, and
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in later chambers form a depressed, imperforate, umbilical cover-plate with
accessory apertures.

Remarks. — We have made the description of this species rather broad fo
include the Thalmanninellas which have an incipient keeled, imperforate, peri¬
pheral band barely discernable only in the first chamber following the " Globi-
gerina"-beginning to those Thalmanninellas which have a well-marked keeled,
imperforate, peripheral band in all chambers except the final one following the
" G/o/)tg,er!'na"-beginning. Between these two forms all transitions can be found. We
can split degrees, but in this case it seems practical not to establish a taxon for a
Thalmanninella which has all chambers following the "Globigerina"-beginning
keeled except the last two, another laxon for a Thalmanninella which has all
chambers following the "Globigerina"-beginning keeled except the last three,
and so on.

Thalmanninella multiloculata (Morrow) differs from other Thalmanninellas
in not possessing a keeled, imperforate, peripheral band in all chambers following
the " Globigerina "-beginning.

We have refigured the holotype of Thalmanninella multiloculata (Morrow) on
plate XX, figures 1-3. The depressed, umbilical cover-plate of this specimen is da¬
maged, but one accessory aperture, that of the final chamber, was observed in
it. This specimen seems to be almost identical to Ticinella roberti (Gandolfi), but
it possesses a faint keeled, imperforate, peripheral band.

Morrow (1934, p. 200) noted that in this species, "There is a suggestion of the
development of the keeled periphery of Globorotalia in the sharply rounded margin
of the chambers appearing in edge view, about intermediate between Globorotalia
greenhornensis [Th. greenhornensis] and typical Globigerina."

We have placed the form represented by Sigal's figure (1952b, text-fig. 19)
of Ticinella roberti in synonymy with Thalmanninella multiloculata because it
seems to be keeled in a few chambers following the " Globigerina "-beginning.

According to Glaessner (1949, p. 1616), Globorotalia californica Cushman &
Todd is a closely related form. We have not placed it in synonymy with Thalmanni¬
nella multiloculata because Cushman & Todd (1918, p. 96) state that their species
is not keeled. This, however, may be a mailer of opinion.

Type locality. — The refigured holotype (U.S.N.M. No. 75379), plate XX,
figures 1-3, is from the Hartland shale of the Greenhorn formation (upper Ceno¬
manian), sec. 31, T. 21 S., R. 22 W., Hodgeman County, Kansas.

Range. — Cenomanian to lower Turonian.

Thalmanninella greenhornensis (Morrow)
Plate XX, figures 7-9

1934. Globorotalia greenhornensis Morrow, J. Paleont., vol. 8, p. 199, pl. 31, fig. la-c.
1940. Planulina greenhornensis (Morrow), Cushman, Cushman Lab. Foram. Research, Contr.,

vol. 16. p. 37, pl. 7, fig. la-c (Plate 7 itself erroneously reads pl. 5).
1946. Planulina greenhornensis (Morrow), Cushman, U. S. Geol. Surv., Prof. Pap. 206, p. 159.

pl. 65, fig. 3a-c.
Description. — The rather smooth-walled, finely granular test is low trocho¬

spirally coiled. Its small early chambers are inflated and globigerine-like. All later



536 SCHWEIZERISCHE PALAEONTOLOGISCHE GESELLSCHAFT 1955

chambers are strongly flattened. The last whorl is scalloped and composed of
eight to ten chambers. All later chambers exhibit a strong single-keeled, imper¬
forate, peripheral band. The principal aperture is rounded, interiomarginal, and
opens into a relatively large and deep umbilicus. Long apertural flaps extend
into the umbilicus, and in later chambers form a depressed, imperforate, umbilical
cover-plate with accessory apertures.

Remarks. — We have refigured the holotype of Thalmanninella green¬
hornensis (Morrow), plate XX, figures 7-9, to show the accessory apertures in the
damaged umbilical cover-plate. The final chamber of this specimen is broken off.

This species differs from Thalmanninella multiloculata (Morrow) in having
all of its chambers keeled following the "Globigerina"-beginning. We have no
specimens of other Thalmanninellas to compare with the holotype of Thalmanni¬
nella greenhornensis. However, the published figures of Th. ticinensis (Gandolfi)
and Th. brotzeni Sigal show a close similarity to this species, and one or the other
or both may be conspecific with it. The Thalmanninellas which most closely
resemble Th. greenhornensis are the ones figured by Gandolfi (19-12, text-fig. 40a-c)
as Globotruncana appenninica var. a and by Reichel (1950, text-fig. ??—c) as
Glt. (Rolalipora) appenninica var. alpha Gandolfi.
Type locality. — The refigured holotype (U.S.N.M. No. 75378), plateXX,

figures 7-9, is from the Hartland shale of the Greenhorn formation (upper Ceno¬
manian), sec. 31, T. 21 S., R. 22 W., Hodgeman County, Kansas.

Range. — Cenomanian, possibly lower Turonian.

Genus Rotalipora Brotzen, 1942
Genotype: Rotalipora turoniea Brotzen

Rotalipora Brotzen (1942) Sveriges geol. undersökning, Ser. no. 451, p. 32.

Amended definition. — The smooth- to rough-walled, calcareous hyaline
test is trochospirally coiled. Its small early chambers are globular, inflated, and
globigerine-like. Later chambers are flattened and exhibit a keeled, imperforate,
peripheral band; they are elongated and depressed into the umbilicus. The prin¬
cipal aperture, rounded in early chambers and slit-like in later ones, opens into
a small to large umbilicus. Short apertural flaps extend into the umbilicus. No
umbilical cover-plate is formed. Accessory apertures, bordered by small imper¬
forate rims, open directly into the chambers along the sutures, usually near the
umbilicus.

Remarks. — The absence of an umbilical cover-plate in Rotalipora serves to
distinguish it from Thalmanninella and Globotruncana. In general Rolalipora has
fewer chambers in the last whorl than Thalmanninella. However, in thin sections
of vertically cut specimens we know of no sure way to distinguish Rotalipora
from Thalmanninella. Neither Rotalipora nor Praeglobotruncana have umbilical
cover-plates, but Rotalipora has accessory apertures which are lacking in Prae¬
globotruncana.

Brotzen's original definition of Rotalipora (1942, p. 32) is amended here
because no umbilical cover-plate exists in this genus.

In Rotalipora the sutures extend from the periphery into the umbilicus, and
one or more accessory apertures open into the posterior part of the chambers along
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the sutures, usually in or near the umbilicus. However, in some Rotaliporas these
accessory apertures may also exist in the anterior part of the chambers.

In some Rotaliporas, e. g., R. reieheli Mornod, the chambers are sharply
depressed into the umbilicus, and a faint secondary keel may be formed at the
sharp angulation ventrally to the primary keel.

We treat the genotype of Rotalipora, R. turoniea Brotzen, as a junior synonym
of Globorotalia cushmani Morrow, the correct name of which is R. cushmani
(Morrow). Inasmuch as this synonymy is subjective, still refer formally to
the genotype of Rotalipora as R. turoniea Brotzen.

Age. — Cenomanian to early Coniacian.

Rotalipora cushmani (Morrow)
Plate XX, figures 10-12

1934. Globorotalia cushmani Morrow, J. Paleont.. vol. 8, p. 199, pl. 31, figs. 2a, b, 4a, b.
1942. Rotalipora turoniea Brotzen, Sveriges geol. undersökning, Ser. no. 451, p. 32, text-

figs. 10, 11 (4).
1945. Globolruncana alpina Bolli, Eclogae geol. Helv., vol.37, p. 224, pi. 9, figs. 3, 4, text¬

fig. 1 (5-7).
1946. Globorotalia cushmani Morrow, Cushman, U. S. Geol. Surv., Prof. Pap. 206, p. 152. pl. 62,

fig. 9a-c.
1948. Rotalipora turoniea Brotzen, Sigal, Rev. Inst, franc. Pétrole et Ann. Combust, liquides,

vol. 3, no. 4, p. 96, pl. 1, fig. la-c.
1948. Rotalipora cushmani (Morrow), Sigal, Rev. Inst, franc. Pétrole et Ann. Combust, liquides,

vol. 3, no. 4, p. 96, pl. 1, fig. 2a-c; pl. 2, fig. la, b.
1950. Globotruncana (Rotalipora) turoniea (Brotzen), Reichel, Eclogae geol. Helv., vol.42,

p. 607, pl. 16, fig. 5; pl. 17, fig. 5.
1951. Globotruncana (Rotalipora) alpina Bolli. Allemann, Blaser and Xänny*, ibid., vol. 44,

p. 160, text-fig. 2.
1952. Globotruncana (Rotalipora) turoniea Brotzen var. expansa Carbonnier, Soc. géol. France,

Bull., Sér. 6, vol. 2, p. 118, pl. 6, fig. 4a-c.
1952. Globotruncana (Rotalipora) apenninica (Renz) var. typica (not Gandolfi), Carbonnier,

Soc. géol. France, Bull., Sér. 6, vol. 2, p. 119, pl. 7, fig. 3a, b (only).
1952. Rotalipora turoniea Brotzen, Bermudez, Minist. Minas e Hidrocarburos, Venezuela, Bol.

geol., vol. 2, no. 4, p. 100, pl. 18, fig. 6a-c.
1953. Globorotalia cushmani Morrow, Gauger, in Peterson, Gauger & Lankford, Utah Geol.

and Mineralog. Surv., Bull. 47, p. 83, pl. 10, figs. 1-3.
1954. Globorotalia cushmani Morrow, Frizzell, Univ. Texas, Bur. Econ. Geol., Rept. Invest. 22,

p. 129, pl. 20, fig. 28a-c.
1954. Rotalipora turoniea Brotzen. Hagn & Zeil, Eclogae geol. Helv., vol.47, p. 27, pl. 1,

fig. 5a, b; pl. 4, figs. 3, 4.
1954. Rotalipora cushmani (Morrow), Hagn & Zeil, Eclogae geol. Helv., vol.47, p. 29, pl. 1,

fig. 3a-c; pl. 4, figs. 8-10.
1954. Rotalipora cushmani (Morrow), Ayala, Asoc. geol. petr., Bol., vol. 6, p. 418, pl. 16,

fig. 2 a-c.
1954. Rotalipora turoniea Brotzen, Ayala, Asoc. geol. petr., Bol., vol. 6, p. 422, pl. 14,

fig. 2 a-c.
1955. Globorotalia cushmani Morrow, Applin, U. S. Geol. Surv., Prof. Pap. 264-1, p. 196, pl. 48,

figs. 25, 26.

Description. — 44ie rather smooth-walled, finely granular test is low to
relatively high trochospirally coiled. Its small early chambers are inflated and
globigerine-like. All later chambers are strongly flattened, and the periphery
appears to be crimped. The last whorl is scalloped and composed of five to seven
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chambers. All later chambers exhibit a strongly thickened, single-keeled, imper¬
forate, peripheral band. The principal aperture is slit like, interiomarginal, and
opens into a relatively large, but shallow, umbilicus. In the last whorl the sutures
are deeply incised. On the ventral side the sutures extend from the periphery into
the umbilicus, and in each chamber a relatively large accessory aperture, bordered
by a small imperforate, lip-like rim, opens into the posterior part of the chamber
along the suture near the umbilicus. A smaller and less well exposed accessory*
aperture may open into the anterior part of the chamber near the umbilicus.

Remarks. — In thin sections of vertically cut specimens, Rotalipora cushmani
(Morrow) can usually be identified by its crimped periphery which makes a
nipple-like keel. This is also characteristic of R. turoniea Brotzen and Globo¬
truncana alpina Bolli, both of which we regard as conspecific with R. cushmani.
Beichel (1950, p. 608) had already suggested this synonymy. After examing the
holotype of R. cushmani we believe that R. luronica cannot be specifically separated
from it. This specimen appears to be almost identical with Brotzen's type figure
of R. luronica (1912, text-fig. 10). It has, however, additional accessory apertures
in the anterior part of some chambers. The figure of Brotzen's form does not
show these additional accessory apertures. Perhaps they are present in his specimen,
but whether they are or not, Morrow's specimen and Brotzen's specimen appear
to belong to the same species, and their names are treated here as synonyms.

Glt. alpina Bolli is known only from vertical (axial) sections. There seems
to be no reason for retaining this name, for a vertical (axial) section of R. cushmani
has the same appearance, and they both have the same stratigraphie distribution.

Some vertically cut specimens of R. appenninica Renz) also show a nipple¬
like keel. However, in vertically cut specimens of R. cushmani the dorsal wall
slopes irregularly and convexly down from the apex to the periphery, whereas in
R. appenninica the dorsal wall slopes more evenly down from the apex to the
periphery. This will, nevertheless, vary considerably in unoriented thin sections.

Cushman (1946, p. 152) suggested that the form figured as Globotruncana area
(Cushman) by Moreman (1927, p. 100, pl. 16, figs. 16, 17) may represent a spec¬
imen of R. cushmani. Moreman's specimen is from the Turonian part of the Eagle
Ford shale of Texas, and it seems to be very similar to Glt. sehncegansi Sigal from
the Turonian of Algeria.

Type locality. — The refigured holotype (U.S.N.M. No. 75377), plate XX,
figures 10-12, is from the Harlland shale of the Greenhorn formation (upper
Cenomanian), sec. 31, T. 21 S., R. 22 W., Hodgeman County, Kansas.

Range. — Upper Cenomanian to Coniacian.

Genus Globotruncana Cushman, 1927
Genotype: Pulvinulina area Cushman

Globotruncana Cushman (1927) Cushman Lab. Foram. Research, Contr., vol. 3, p. 91.

Amended definition. — The calcareous hyaline test is trochospirally coiled.
The small early chambers are globular, inflated, and globigerine-like. Some or all
later chambers are flattened and exhibit a keeled, imperforate, peripheral band.
The chambers have smooth to finely pustulate walls. The principal aperture is
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rounded, interiomarginal, and opens into a relatively large umbilicus. Long
apertural flaps extend into the umbilicus, and in later chambers form a protruded,
imperforate, umbilical cover-plate with accessory apertures.

Remarks. — Globotruncana is a very distinctive genus, and it is not likely
to be confused with any other form except some species of Rugotruncana, n. gen.
The two genera are structurally homeomorphic, but there are minor differences.
Although costellae may be very faint in some Rugotruncanas, they are completely
lacking in Globotruncanas. The keels of Globotruncanas seem to resemble a string
of beads, whereas those of some Rugotruncanas suggest the twisted strands of a
rope. Furthermore, some species of Globotruncana are low spired, and others ari-
high spired, but none of the Rugotruncanas are high spired.

Globotruncana has been previously described many times as possessing only
one aperture. This is probably because the protruded, umbilical cover-plate, along
which accessory apertures open, is commonly not preserved. In such specimens the
accessory apertures are not revealed. Nevertheless, a protruded, imperforate,
umbilical cover-plate with accessory apertures is apparently a morphologic char¬
acter common to all species of Globotruncana.

Age. — Turonian to Maastrichtian.

Globotruncana area (Cushman)
Plate XXIII, figures 10-12

1926. Pulvinulina area Cushman, Cushman Lab. Foram. Research. Contr., vol. 2, p. 23. pl. 3,
fig. 1 a-c.

1927. Globotruncana area (Cushman), Cushman, Cushman Lab. Foram. Research, Contr.. vol. 3,
p. 91. pl. 19. fig. lla-c.

1927. Globotruncana area (Cushman), Cushman, J. Paleont.. vol. 1, p. 169, pl. 28, fig. 15a-c.
1937. Globotruncana area (Cushman), Glaessner, Moscow Univ., Stud. Micropalcont., vol. 1.

fase. 1. p. 36. pl. 1, fig. lOa-c.
1942. Globotruncana area (Cushman), Brotzen, Sveriges geol. undersökning, »Ser. no. 451,

text-fig. 11 (1).
1946. Globotruncana area (Cushman), Cushman, U. S. Geol. Surv.. Prof. Pap. 206, p. 150, pl. 62,

fig. 4a-c (not fig. 5a-c).
1952. Globotruncana area (Cushman), Bermudez, Minist. Minas e Hidrocarburos. Venezuela,

Bol. geol., vol. 2, no. 4, pl. 7, fig. 3a-c.
1954. Globotruncana arca (Cushman), Ayala, Asoc. geol. petr.. Bol., vol. 6, p. 383, pl. 2.

fig. 1 a-c.
1955. Globotruncana (Globotruncana) arca (Cushman). Dalbiez. Micropaleontology, vol. 1, p. 164.

text-fig. 5a-c.

Description. - - The rather large test is smooth walled and relatively high
trochospirally coiled. It is biconvex, the dorsal side being broadly arched. Its
small early chambers are inflated and globigerine-like. All later chambers are
strongly flattened and the periphery of the last whorl is lobate. The later chambers
exhibit a double-keeled, imperforate, peripheral band. The two strongly thickened
keels are well separated and heavily beaded. The thickened keels give the chambers
a truncate appearance. The last whorl is composed of six or seven chambers.
The principal aperture, is rounded, interiomarginal, and opens into a relatively
large umbilicus. Long apertural flaps extend into the umbilicus, and in later
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chambers form a protruded, imperforate, umbilical cover-plate with accessory
apertures.

Remarks. — The distinctive characters of Globotruncana area (Cushman)
are its large size, broadly arched dorsal side, and two well-separated, heavily
beaded, strong keels.

Glt. area, the genotype of Globotruncana, has been confused with many other
species of the genus. The holotype, in the Cushman Collection, U. S. National
Museum, has been compared by us with many individuals of several species of
Globotruncana. This examination revealed that some of the specimens from the
upper Maastrichtian of Cuba were Glt. arca. A well-preserved specimen, closely re¬
sembling the holotype, has been selected for illustration here (pl. XXIII, figs. 10-12).
This specimen is from light brown silty marl of late Maastrichtian age, collected
from the construction pit of the Gran Templo Nacional Masónico at the northwest
corner of Paseo Carlos III and Calzada de Belascoain (Padre Várela), Habana,
Cuba (Brown Sta. 30011).

The single-keeled forms noted by Cushman (1946, p. 150) do not belong to
this species. Glt. cf. Glt. area of Palmer (1941, p. 290, pl. 29, fig. la-c), redeposited
in the Cojimar formation (Upper Oligocene) of Cuba belongs to the single-keeled
species Glt. stuarti (de Lapparent). Plummer (1931, pp. 195 — 197, pl. 13, figs.
7 — 9, 11) also assigned single-keeled forms to Glt. area. She thought that the two-
keeled forms were young tests, and that the one-keeled forms were mature tests.
Apparently she mistook phylogeny for ontogeny. Her two-keeled forms are
specimens of Glt. cretacea Cushman which is an incipient Glt. rosetta (Carsey).
Her one-keeled forms are actually double-keeled, but the two keels are very close
together; they are well-developed specimens of Glt. rosetta.

Glt. area appears to be restricted to Maastrichtian strata, and all occurrences
reported from pre-Maastrichtian strata are probably erroneous. It is best developed
in upper Maastrichtian strata. A slightly smaller form, which we tentatively
regard as Glt. lapparenti tricarinata (Quereau), is abundant in the Navarro
group (lower Maastrichtian) of Texas. It represents an incipient form of Glt. area.

Range. — Maastrichtian.

Globotruncana linneiana (d'Orbigny)
Plate XX, figures 13-17; plate XXI, figures 16-18

1839. Rosalina Linneiana d'Orbigny, in Ramon de la Sagra, Histoire physique, politique et
naturelle de l'île de Cuba. A. Bertrand, éditeur, Paris, p. 101, vol. 8, pl. 5, figs. 10-12.

Description. — The rather smooth-walled test is low trochospirally coiled.
Its small early chambers are inflated and globigerine-like. All later chambers
are about equally, strongly flattened dorsally and ventrally. The last whorl has
five to seven chambers; the earlier ones slightly overlapping, the later ones less
so or not at all. Its periphery becomes more lobate with the addition of each
chamber. All later chambers exhibit a double-keeled, imperforate, peripheral band,
which is more or less at right angles to the dorsal and ventral sides. The two keels
are finely beaded and well separated. One forms the dorsal margin of the peripheral
band, and the other forms the ventral margin of the peripheral band. The principal
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aperture is rounded, interiomarginal, and opens into a rather wide umbilicus.
Long apertural flaps extend into the umbilicus, and in later chambers form a

protruded, imperforate, umbilical cover-plate with accessory apertures.
Remarks. — Globotruncana linneiana (d'Orbigny) was probably the first

species of Globotruncana to be described. D'Orbigny's figured specimen (1839,
pl. 5, figs. 10— 12) was called "Rosalina Linnei" in the plate explanation, although
in the text it is "Rosalina Linneiana". However, d'Orbigny's usual, and appar-
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Text-fig. 22. Sketch map of Habana Province, Cuba, showing the outcrop distribution of Creta¬
ceous rocks and Brönnimann Station 89, the restricted type locality of Globotruncana linneiana

(d'Orbigny). After Brodermann, 1942.

ently favorite, ending for patronymic names was -iana; and there is no reason
to believe he intended to give the name of this species a different ending. Al¬
though many later workers have called the specific name of this form linnei and
even linnaei, linnaeana, and linneana, the correct name is linneiana.

The type specimen, which is now lost, was collected from Recent beach sand
in Cuba. No exact locality was given. We may assume that at the time the type
sample was collected, when transportation was poor, the port of Habana was the
most accessible point in Cuba, and that the collector did not venture far from
this point to obtain this sample. Inspection of a geologic map of Habana Province,
text-fig. 22, shows that Cretaceous strata crop out at the coast only in Habana
Bay (Bahía de la Habana). At that time a beach resort did exist on Habana Bay.
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We have collected samples of sand on Habana Bay; and they contain Cretaceous
Foraminifera in association with Recent forms. Although it is rare, the most
common Cretaceous form is a Globotruncana which closely corresponds to the form
described and figured by d'Orbigny. We conclude that the type sample of beach
sand was collected on Habana Bay at the point where Cretaceous strata crop out.
4'herefore, we assume that our specimens are topotypes. The specimen which best
fits d'Orbigny's original description and figure is herein designated neotype of
Rosalina linneiana d'Orbigny [= Globolruncana linneiana] in accordance with
the recommendations stated in the Copenhagen Decisions on Zoological Nomen¬
clature (1953, pp. 28-32).

Lvs (1949), in a catalogue, presented, in addition to d'Orbigny's original
figure, a figure of one of d'Orbigny's specimens labeled "Rosalina linneiana
d'Orb. 1839, n° 755". It is a poorly preserved specimen and may not have come
from Cuba.

The types of the forms later described as Globolruncana canalieulata (Reuss)
and Glt. lapparenti Brotzen are no better known. These names are either junior
synonyms of Glt. linneiana or represent different species. Tentatively, we regard
Glt. canalieulata as conspecific with Glt. linneiana, and we treat Glt. lapparenti as a
distinct and valid species. The latter appears to differ from Glt. linneiana in being
less compressed ventrally.

The name, not the specimens, of Globolruncana linnei typica') of Vogler (1911,
286) is an objective synonym of Gil. linneiana.
Type locality. — The restricted locality of the neotype of Globolruncana

linneiana (d'Orbigny) is from Recent beach sand containing redeposited Upper
Cretaceous material, collected from the right (east) bank of Río Martín Pérez
where it empties into Guasabacoa Cove of Habana Bay (Bahía de la Habana),
just south of Abonos Nitrafos factory, Habana, Cuba (Brönnimann Sta. 89).

Range. — Turonian to Campanian.

Globotruncana fornicata Plummer
Plate XXI, figures 7. 14, 15

1931. Globotruncana fornicata Plummer, Univ. Texas, Bull. 3101, p. 198, pl. 13. figs. 4a-c, 5. 6.
1932. Globotruncana fornicata Plummer, Sandidge, J. Paleont., vol. 6. p. 285. pl. 44. figs.

12, 13.
1936. Globotruncana fornicata Plummer, Jennings, Bulls. Amer. Paleont., voj. 23, no. 78, p. 37,

pl. 4, fig. 13.
1941. Globotruncana fornicata Plummer. Cushman and Hedberg, Cushman Lab. Koram.

Research, Contr., vol. 17, p. 99, pl. 23, fig. 18a-c.
1942. Globotruncana canalieulata (not Reuss), Cushman & Deaderick, Cushman Lab. Foram.

Research, Contr., vol. 18, p. 65, pl. 15, figs. 23-27.
1944. Glolxitruncana fornicata Plummer. Cushman efe Deaderick, J. Paleont.. vol. 18. p. 340,

pl. 53. fig. 28a. b.
1946. Globotruncana fornicata Plummer, Cushman, U. S. Geol. Surv., Prof. Pap. 206, p. 149,

pl. 61, fig. 19a-c.

") Incidentally. Vogler was the first to use the name typica in combination with Globo¬
truncana. His usage of the name has priority; and it should not be used in combination with other
(Jlobotruncanas or forms formerlv referred to Globotruncana.



P. BRÖNNIMANN AND N. BROWN, JR.: TAXONOMY- OF THE GLOBOTRUNCANIDAE 543

1948. Globotruncana fornicata Plummer, Cita, Riv. ital. paleont.. Anno 54, no. 4, p. 153, pl. 3,
fig. 8a-c.

1948. Globotruncana fornicata Plummer, Cushman, Maryland Dept. Geol., Mines, Water Res.,
Bull. 2. p. 265. pl. 26. fig. 1 a. 1).

1951. Globotruncana fornicata Plummer, Drooger, Kon. Xederl. Akad. Wetensch., Proc.
ser. H. vol. 54. no. 1. p. 7. pl. I. fig. 9a-c.

1951. Gloltotrlineanti fornicata Plummer, Tilev, Inst, études et rech. min. Turquie. Sér.
no. 16. p. 75. pl. 3. fig. 7a-d; text-fig. 23a-d.

1951. Globotruncana (Globotruncana) fornicata Plummer, Geol. Bundesanstalt, Jahrb.,
Sonderbd. 3. p. 77. pl. 8, 19a, b.

1952. Globotruncana fornicata Plummer, Bermudez, Minist. Minas e Hidrocarburos, Rol. geol..
vol. 2, no. 4. pl. 7, fig. 4a-c.

1952. Globotruncana fornicata Plummer, Sigal, XIX Congrès géol. internat.. Monograph,
régionales. Sér. 1 : Algérie, no. 26, p. 35, text-fig. 39.

1953. Globolruncana fornicata Plummer, Hamilton, J. Paleont., vol. 27. p. 232, pl. 29, fig. 21.
1953. Globotruncana fornicata (not Reuss), de Civrieux, Minist. Minas Hidrocarburos, Vene¬

zuela, Bol. geol., vol. 2, no. 5. p. 281, pi. 9, fig. 4.
1953. Globotruncana fornicata Plummer. Hagn. Palaeontographica. Bd. 104, Abt. A, p. 98, pl. 8,

fig. 8a-c.
1953. Globotruncana (Globotruncana) fornicata Plummer. Papp efe Küpper, Österr. Akad. Wiss.,

Math.-naturw. Kl., Sitzungsber.. Abt. 1, Bd. 162, p. 39, pl. 2, fig. 1 a-c.
1954. Globotruncana fornicata Plummer, Frizzell, Univ. Texas, Bur. Econ. Geol., Rept. Invest.

22, p. 129, pl. 20, fig. 26a-c.
1954. Globotruncana fornicata Plummer, Ayala, Asoc. geol. petr.. Bol., vol. 6, p. 392, pl. 5,

fig. la-c.

Description. -- The rather smooth-walled test is low to relatively high
trochospirally coiled. Its small early chambers are inflated and globigerine-like.
All later chambers are flattened and rather narrow; they are curved and elongated
in the direction of growth. The last whorl is lobate and composed of five to seven
chambers. In some specimens each of the later chambers may* exhibit a gentle
fold on its dorsal side. All later chambers exhibit a double-keeled, imperforate,
peripheral band. The two keels are finely beaded, and in some specimens they may
be fused together or connected in the posterior edge of some chambers by a short
vertical (axial) bar or ridge. The principal aperture is rounded, interiomarginal,
and opens into a rather wide umbilicus. Long apertural flaps extend into the
umbilicus, and in later chambers form a protruded, imperforate, umbilical cover-
plate with accessory apertures.

Remarks. — Globolruncana fornicata Plummer is distinguished from other
congeners by its rather narrow and broadly curved chambers. The long chambers
of the last whorl are strongly overlapping, and each one embraces much of the
preceding chamber. Glt. fornicata evolves imperceptibly into Glt. contusa by
accentuating the fold in each of the later chambers, and by increasing the height
of coiling and the size of the test.

Glt. fornicala evolved from Gli. imbricata Mornod by elongation of the later
chambers in the direction oí growth. A characteristic feature of Glt. imbricata is a
short vertical (axial) bar or ridge connecting the two keels at the extreme posterior
part of a later chamber as shown by Mornod (1950, text-fig. 5: IIb, Illb, d).
This seems to be a vestige which can be observed on some specimens of Gli. forni¬
cata. The specimen which Carbonnier (1952, p. 117, pl. 7, fig. la —d) incorrectly
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called "Globotruncana Sigali Reichel" is intermediate between Glt. imbricata and
Glt. fornicata.

Type locality. — The figured specimens, pl. XXI, figs. 7, 11, 15, are topo¬
types from the upper Taylor marl (Campanian), exposed in the right (south)
bank of Onion Creek just east of Moore and Berry's Crossing at J. E. Smith's
store, 8.5 miles (airline) southeast of the State Capitol building in Austin, Travis
County, Texas (Bur. Econ. Geol. loc. 226-T-8, same as Plummer Sta. 347).

Bange. — Coniacian to Campanian, possibly Maastrichtian.

Globotruncana saratogaensis (Applin)
Plate XXI, figures 1-3

1925. Globigerina cretacea d'Orbigny var. saratogaensis Applin in Applin, Ellisor & Kniker,
Amer. Assoc. Petr. Geol., Bull., vol. 9, p. 98, pl. 3, fig. 8a-c.

1928. Globigerina voluta var. White, J. Paleont., vol. 2, p. 284, pl. 38, fig. 4.
1936. Globotruncana globigerinoides Brotzen, Sveriges geol. undersökning, ser. no. 396, p. 177,

pl. 12, fig. 3a-c;pl. 13, fig. 3.
1945. Globotruncana globigerinoides Brotzen, Bolli, Eclogae geol. Helv., vol. 37, p. 233, pi. 9,

fig. 16; text-fig. 1 (23,24).
1946. Rosalinella globigerinoides (Brotzen), Schijfsma, Mededeel. Geol. Stichting, ser. C-V,

no. 7, p. 96, pl. 7, fig. 9a-c.
1951. Globotruncana globigerinoides Brotzen, Noth, Geol. Bundesanstalt, Jahrb., Sonderbd. 3,

p. 76, pl. 5, fig. 4a, b.
1953. Globotruncana globigerinoides Brotzen, Hagn, Palaeontographica, Bd. 104. Abt. A, p. 94,

pl. 8, fig. 9a-c, text-figs. 12, 13.
1954. Globigerina saratogaensis Applin, Frizzell, Univ. Texas, Bur. Econ. Geol., Rept. Invest. 22,

p. 127, pl. 20, fig. 7a-c.
1954. Globotruncana globigerinoides Brotzen, Ayala, Asoc. mcx. geol. petr., Bol., vol. 6. p. 395.

pl. 6, fig. 1 a-c.

Description. — The rather smooth-walled test is low trochospirally coiled.
Its small early chambers are inflated and globigerine-like. Later chambers are
subglobular and slightly compressed. The last whorl is scalloped and composed
of five or six chambers. Some or all later chambers exhibit a weak double-keeled,
imperforate, peripheral band. The two keels are very faint and may be missing
from a few* of the last chambers. The principal aperture is rounded, interiomarginal,
and opens into a rather large umbilicus. Long apertural flaps extend into the
umbilicus, and in later chambers form a protruded, imperforate, umbilical cover-
plate with accessory apertures.

Remarks. — Globolruncana saratogaensis (Applin) is very much like a
"Globigerina", but possesses two, very faint keels and an umbilical cover-plate.
"Globigerina" cretacea d'Orbigny as originally illustrated by d'Orbigny (1810,
pl. 3, figs. 12— 14) has slightly compressed chambers, and it may be conspecific
with Glt. saratogaensis (Applin). Such compression indicates that d'Orbigny's form
may have an imperforate, peripheral band and faint keels which escaped his
notice.

This species has usually been referred to Glt. globigerinoides Brotzen. However,
this name seems to be a junior synonym of "Globigerina" cretacea d'Orbigny var.
saratogaensis Applin. Applin (in Applin, Ellisor & Kniker, 1925, p. 98) stated
that her form is "sometimes slightly carinated at the periphery". This is good
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indication that it is the same species as Brotzen's form. The slightly compressed
chambers shown in Applin's illustration of the holotype (idem, pl. 3, fig. 8) also
suggest that the chambers possess a keeled, imperforate, peripheral band. Thus,
we regard it as a Globotruncana conspecific with Glt. globigerinoides Brotzen.

Glt. saratogaensis (Applin) was originally described from the subsurface
Miocene Fleming formation in Llardin County, Texas. This part of the Texas
4'ertiary section is well known to contain many redeposited Cretaceous fossils.
At the time Applin described Glt. saratogaensis, Ellisor (in Applin, Ellisor &
Kniker, 1925, p. 87) was of the opinion that these Miocene sediments contained a
redeposited Cretaceous fauna. H. J. Plummer (oral communication), who drew-
the original figures of 67/. saratogaensis (Applin), concurred with this opinion.
Frizzell (1954, p. 127) also interpreted Glt. saratogaensis as a Cretaceous fossil
redeposited in Miocene strata. This interpretation is supported by the association
of such characteristic Upper Cretaceous forms as Globotruncana marginata (Reuss)
Kyphopyxa christneri (Carsey), and .Anomalina durnblei (Applin) [= A. taylorensis
Carsey].

The form Bolli (1951, p. 198, pl. 35, figs. 16 — 18) called Globolruncana cf.
globigerinoides Brotzen is Rugotruncana iilevi, n. sp. It is similar to Glt. sarato¬
gaensis (Applin) in having two weak keels, but it differs in exhibiting faint costellae
on the later chambers.

The figured specimen, pl. XXI, figs. 1-3, is from lower Taylor marl (lower Cam¬
panian), collected from the Ferris clay pit at Ferris, Ellis County, Texas (Bur.
Fcon. Geol. loc. 70-T-l).

Range. — 4'uronian to Campanian.

Globotruncana rosetta (Carsey)
Plate XXI, figures 11-13

1926. Globigerina rosetta Carsey, Univ. Texas, Bull. 2612, p. 44, pl. 5, fig. 3a-c.
1931. Globotruncana area (not Cushman), Plummer, Univ. Texas, Bull. 3101, p. 195, pl. 13,

figs. 9a-c, 11 a-c (not figs. 7a-c, 8a-c).
1941. Globotruncana linnei marginata (not Reuss), Vogler, Palaeontographica, Suppl. Vol. 4,

sect. 4, p. 288, pl. 24, fig. 25 (not figs. 14-22. 24, 26).
1945. Globotruncana leupoldi Bolli, Eclogae geol. Helv., vol. 37, p. 235, pl. 9, fig. 17; text-fig. 25

(not text-fig. 26).
1945. Globotruncana stuarti (not de Lapparent), Bolli, idem, vol. 37, p. 236, text-fig. 27 (only).
1951. Globotruncana rosetta (Carsey), Bandy, J. Paleont., vol.25, p. 509, pl. 75, fig. 4a-c.

Description. — The rather smooth-walled test is low to relatively high
trochospirally coiled. Its small early chambers are inflated and globigerine-like.
All later chambers are strongly flattened dorsally and weakly flattened ventrally.
The last whorl has five to seven slightly overlapping chambers, and its periphery
becomes more lobate with the addition of each chamber. All later chambers
exhibit a keeled, imperforate, peripheral band. The early chambers of the last
whorl have two keels, but the final one or two chambers have only one keel.
4'hese keels are finely beaded and very close together. The ventral (lower) one is
weaker than the dorsal (upper) keel, and it is missing in the final one or two
chambers. The principal aperture is rounded, interiomarginal, and opens into a
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rather large umbilicus. In later chambers a protruded, imperforate, umbilical
cover-plate with accessory apertures is formed.

Remarks. — Examination of the holotype of Globotruncana rosetta (Carsey),
in the Carsey Collection at The University of 4'exas, reveals that it possesses two
keels in the early chambers of the last whorl which are very close together. In the
ante- and penultimate chambers the two keels join. Contrary to Plummer's
illustration (1931, pl. 13, fig. 11a—c) of this specimen, only the final chamber is
single keeled. This illustration, which in other respects is excellent, does not
portray the two keels.

In an examination of the holotype of Gli. cretacea Cushman, two keels, very
close together, were observed in all chambers of the last whorl. It is intermediate
between Glt. lapparenti Brotzen and Glt. rosetta (Carsey). It seems to be an
incipient form of Gli. rosetta, for all transitions exist between forms corresponding
to the holotypes of Glt. rosetta and Glt. cretacea. We suggest that the forms which
exhibit two keels, close together, in all chambers of the last whorl be referred to
Gli. cretacea Cushman, and that the forms which exhibit two keels, close together,
in the early chambers of the last whorl and only one keel in the final one or two
chambers be referred to Glt. rosetta (Carsey).

Plummer (1931, pp. 195 — 197) included forms which represent both d'//.
cretacea (idem, pl. 13, figs. 7a —c, 8a—c) and Glt. rosetta (idem, pl. 13, figs. 9a- c,
11a —c) under the name Globotruncana area (Cushman). However, Glt. area is a

larger species; its ornamentation is more strongly developed; and its two keels
are well separated. Globotruncana leupoldi Bolli is known only from this sections.
Like Glt. rosetta, it has two keels in the early chambers of the last whorl and only
one keel in the later chambers. Undoubtedly it is a junior synonym of Glt. rosetta.

Type locality. — The figured specimen, pl. XXI, figs. 11-13, isa topotype
from the upper Taylor marl (Campanian) exposed in the right (south) bank of
Onion Creek just east of Moore and Berry's Crossing at J. E. Smith's store,
8.5 miles (airline) southeast of the State Capitol building in Austin, Travis County.
Texas (Bur. Econ. Geol. loe. 226-T-8, same as Plummer Sta. 347).

Range. — Campanian to Maastrichtian.

Genus Rugotruncana Brönnimann & Brown, n. gen.
Genotvpe: Rugotruncana tilevi Brönnimann & Brown, n. sp.

Definition. — The calcareous hyaline test is trochospirally coiled. The small
early chambers are globular, inflated, and globigerine-like. Later chambers are
very slightly to strongly flattened and exhibit a keeled, imperiorate, peripheral
band. The early* chambers are smooth walled, but some or all later chambers
exhibit fine discontinuous costellae or traces of costellae. The principal aperture
is rounded, interiomarginal, and opens into a relatively large umbilicus. Lou"
apertural flaps extend into the umbilicus, and in later chambers form a protruded,
imperforate, umbilical cover-plate with accessory apertures.

Remarks. — Rugotruncana, n. gen., is very similar to Globotruncana, but the
latter has no costellae or traces of them. Some workers may regard Rugotruncanas
as homeomorphs of Globotruncanas. Although the morphologic differences
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between the two genera are slight, the}- cannot be regarded as true homeomorphs
because of the existence of the morphologic differences. In practice the differences
are not always apparent, and some workers may prefer to apply the name Globo¬
lruncana to forms of Rugotruncana, n. gen.

Age. - Campanian to Maastrichtian.

Rugotruncana ellisi Brönnimann & Brown, ii. sp.
Plate XXII, figures 7-9

Description. — The low trochospirally coiled test is covered with an incipient
development of costellae. All chambers are inflated and globigerine-like, but laler
ones show a slight degree of compression. The last whorl is scalloped and composed
of five or six chambers. Some or all laler chambers exhibit a very weak double-
keeled, imperforate, peripheral band. The two keels are very faint and may be
missing from a few of the last chambers. The costellae, which are barely discernible,
give the surface a roughened appearence. The principal aperture is rounded,
interiomarginal, and opens into a rather large umbilicus. Long apertural flaps
extend into the umbilicus, and in later chambers form a protruded, imperforate,
umbilical cover-plate with accessory apertures.

Bemarks. Rugotruncana ellisi, n. sp., is the most primitive species of
Rugotruncana. Il resembles the genotype, Rugotruncana lilevi, n. sp., but its
chambers are not as compressed, and it keels and costellae are weaker. It is similar
to Globolruncana saratogaensis (Applin), but the latter has no costellae.

Rugotruncana ellisi, n. sp., has been observed by us in the upper Taylor marl
(Campanian). It is abundant in the Corsicana marl (lower Maastrichtian) and
Kemp clay (middle Maastrichtian) of the Navarro group in Texas, and in the
Arkadelphia formation of the Navarro group in Arkansas.

This species is named for Brooks F. Ellis in recognition of his contributions
to micropaleontology.
Type locality. The holotype of Rugotruncana ellisi, n. sp., is from the

Corsicana marl (lower Maastrichtian) of the Navarro group exposed in a branch
of Mustang Creek, 1.0 mile west-southwest of Noack, 900 feet downstream (south)
from Taylor-Noack road and 0.2 mile southwest of Christ Evangelical Lutheran
Church, Williamson County, Texas (U.S.G.S. loc. 15537 and 17370, same as Bur.
Econ. Geol. loc. 245-T-9, same as Plummer Sta. 1827). The S. Geological
Survey, following Stephenson (1911, pp. 11, 23, text-fig. 8), places the Navarro
strata at this locality in the Kemp clay. However, we regard it as Corsicana marl.

Range. — Campanian to Maastrichtian.

Rugotruncana tilevi Brönnimann & Brown, n. sp.
Plate XXII, figures 1-3

1951. Globotruncana cf. globigerinoides (not Brotzen), Bolli, J. Paleont., vol. 25, p. 198,
pl. 35, figs. 16-18.

De seri j) tion. — The low trochospirally coiled test is covered with fine
discontinuous costellae. Its small early chambers are inflated and globigerine-like.
Later chambers are subglobular and slightly compressed. The last whorl is scalloped
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and composed of five or six chambers. All later chambers exhibit a weak double-
keeled, imperforate, peripheral band. The two keels are faint and present in all
later chambers. The fine discontinuous costellae give the surface a roughened
appearance. The principal aperture is rounded, interiomarginal, and opens into a
rather large umbilicus. Long apertural flaps extend into the umbilicus, and in later
chambers form a protruded, imperforate, umbilical cover-plate with accessory
apertures.

Remarks. — Rugotruncana tilevi, n. sp., most closely resembles R. ellisi, n. sp.,
but its keels and costellae are stronger, and its later chambers are slightly more
compressed. This species is also similar to Globotruncana saratogaensis (Applin),
but the latter has no costellae.
Bolli (1951, pl. 35, fig. 18) has clearly figured the costellae on the ventral

side of the chambers of the last whorl of this species.
This species is named for Nuh Tilev in recognition of his work on Globo¬

truncanas.
Type locality. — The holotype of Rugotruncana tilevi, n. sp., is from light

brown silty marl of late Maastrichtian age, collected from the construction pit
of the Gran Templo Nacional Masónico at the northwest corner of Paseo Carlos
III and Calzada de Belascoain (Padre Várela), Habana, Cuba (Brown* Sta. 30011).

Range. — Upper Maastrichtian.

Rugotruncana calcarata (Cushman)
Plate XXIII, figures 1-3; Plate XXIV, figures 2, 6, 11 (part)

1927. Globotruncana calcarata Cushman, Cushman Lab. Foram. Research, Contr., vol. 3, p. 115,
pl. 23, fig. 10a, b.

1928. Globolruncana calcarata Cushman, White, J. Paleont., vol. 2, p. 285, pl. 38, fig. 6a-c.
1933. Globotruncana calcarata Cushman, Cushman, Cushman Lab. Foram. Research, Spec.

Pub. 5, pl. 35, fig. 14a-c.
1946. Globolruncana calcarata Cushman, Cushman, U. S. Geol. Surv., Prof. Pap. 206, p. 151,

pl. 62, fig. 8a-c.
1948. Globolruncana calcarata Cushman, Bartenstein, Soc. géol. France, Comptes rendus.

no. 12, p. 244, text-fig. 1.
1948. Globotruncana calcarata Cushman, Cushman, Marvland Dept. Geol., Mines, Water Res.,

Bull. 2, p. 266, pl. 26, fig. 3a, b.
1949. Globotruncana calcarata Cushman, Wicher, Mus. Hist. nat. Pays Serbe, Sér. ?-Z, p. 90.

pl. 5, fig. 17.
1951. Globotruncana cf. calcarata Cushman, Bolli, J. Paleont., vol.25, p. 198, pl.35, figs. 13-15.
1951. Globotruncana (Globotruncana) calcarata Cushman, Xoth, Geol. Bundesanstalt, Jahrb.,

Sonderbd. 3, p. 78, pl. 8, fig. 14a-c.
1952. Globotruncana calcarata Cushman, Reiss, Research Council Israel. Bull., vol. 2, no. 3.

p. 270, text-fig. la-c.
1952. Globolruncana calcarata Cushman, Sigal, XIX Congrès géol. internat., Monograph, ré¬

gionales, Sér. 1 : Algérie, no. 26, p. 39, text-fig. 43.
1953. Globotruncana calcarata Cushman, Hamilton, J. Paleont., vol. 27, p. 232, pl. 29, figs. 4, 5.
1953. Globotruncana calcarata Cushman, Schweighauser, Schweizer. Paläont. Abh., vol. 70,

p. 13. pl. 10, fig. 9.
1954. Globotruncana calcarata Cushman, Frizzell, Univ. Texas, Bur. Econ. Geol., Rept. Invest. 22,

p. 128, pl. 20, fig. 23a-c.
1954. Globotruncana calcarata Cushman, Ayala, Asoc. geol. petr., Bol., vol. 6, p. 385,

pl. 2, fig. 3a-c.
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Description. — The low trochospirally coiled test is rather smooth on the
dorsal side, but it exhibits faint, discontinuous costellae on the early chambers
of the last whorl on the ventral side. Its early chambers are inflated and globigerine-
like. Later chambers are strongly flattened dorsally, but are inflated ventrali}*.
On the periphery at the posterior edge of each of the later chambers a conspicuous,
hollow and perforate spine is formed. This spine is proportionately larger on
earlier chambers following the " Globigerina "-beginning than on subsequent
chambers. The last whorl is composed of five or six chambers. All later chambers
exhibit a single-keeled imperforate, peripheral band. Early chambers of the last
whorl are roughened on the ventral side by fine pustules and costellae. The principal
aperture is rounded, interiomarginal, and opens into a rather large umbilicus.
Long apertural flaps extend into the umbilicus, and in later chambers form a
protruded, imperforate, umbilical cover-plate with accessory apertures.

Remarks. — Rugotruncana calcarata (Cushman) is a very distinctive form,
and it is not likely to be confused with another species. It seems to be closest to
R. gansseri (Bolli), but the latter has no peripheral spines.

The shallow horizontal cut of the dorsal side of the form in the thin section
figured by Hagn (1955, pl. 25, fig. 2) as Glt. calcarata is Glt. contusa (Cushman). The
indented periphery of the test suggests that it possesses spines like those of Rgt.
calcarata, but actually the indentations represent the depressions and the spine¬
like extensions represent the elevations in the folded chambers of the high-spired
Glt. contusa.

41ie figured specimen, pl. XXIII, figs. 1-3, is from upper Taylor marl (Cam¬
panian) exposed in the bank of Medina River at its confluence with San Geronimo
Creek, about 5 miles north-northwest of Castroville, Medina County, Texas.

Range. — Upper Campanian.

Rugotruncana gansseri (Bolli)
Plate XXIII, figures 7-9; Text-fig. 23

1950. Globotruncana gansseri Bolli, Cushman Found. Foram. Research, Contr., vol. 1, p. 87
(nomen nudum).

1951. Globotruncana gansseri Bolli, J. Paleont., vol. 25, p. 196, pl. 35, figs. 1-3.
1951. Globotruncana lugeoni Tilev, Inst, études et rech. min. Turquie, Sér. no. 16, p. 41,

pl. 1, figs. 5, 6; text-figs. 10-12.
1952. Globotruncana sp. indet. Favre, Soc. Fribourg. Sci. nat., Bull., vol. 41, p. 95, pl. 1, fig. 9.
1953. Globotruncana gansseri Bolli, Klaus, ibid., Bull., vol. 42, p. 33, n. 2.
1953. Globotruncana sp. 2 de Klasz, Geol. Bavarica, Xo. 17, p. 235, pl. 7, fig. 2a-c.
1954. Globotruncana gansseri Bolli. Xakkady & Osman, XIX Congrès géol. internat., Compte

rendu, sec. 13, pt. 3, fase. 15, p. 80, pl. 20, fig. 24a-c.
1954. Globotruncana lugeoni Tilev, Reichel, The Micropaleontologist, vol. 8, no. 4, p. 13.
1954. Globotruncana gansseri Bolli. Ayala, Asoc. geol. petr., Bol., vol. 6, p. 394, pl. 5,

fig. 3a-c.
1954. Globotruncana lugeoni Tilev, Ayala, Asoc. geol. petr., Bol., vol. 6, p. 406, pl. 9,

fig. 2a-c.

Description. — I"he low trochospirally coiled test is rather smooth on the
dorsal side, but it exhibits faint, discontinuous costellae on the early chambers
of the last whorl on the ventral side. Its early chambers are inflated and globigerine-
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like. Later chambers are strongly flattened dorsally, but are inflated ventrally.
The last whorl is scalloped and composed of five or six slightly overlapping
chambers. All later chambers exhibit a single-keeled imperforate, peripheral band.
The ventral side of the test is roughened by fine pustules and costellae. The prin¬
cipal aperture is rounded, interiomarginal, and opens into a rather large umbilicus.
Long apertural flaps extend into the umbilicus, and in later chambers form a
protruded, imperforate, umbilical cover-plate with accessory apertures.

Remarks. — Rugotruncana gansseri (Bolli) closely resembles Globotruncana
helvetica Bolli, but its chambers are more overlapping and more elongated in the
direction of growth. It is also similar to Rugotruncana skewesae, n. sp., but the
latter possesses two keels and is more compressed ventrally.

Text-fig. 23. Axial section of Rugotruncana gansseri (Bolli) showing two-keeled peripheral
band on chamber of the penultimate whorl. 85 x

We disagree with Bolli that the form figured by de Klasz (1953, p. 235,
pl. 7, fig. 2a —c) cannot be included within the variation of this species.

We have observed R. gansseri from several localities in the Corsicana marl
(lower Maastrichtian) and Kemp clay (middle Maastrichtian) of the Navarro
group in Texas and in the Prairie Bluff chalk in Alabama. The figured specimen,
pl. XXIII, figs. 7-9, is from the Corsicana marl in a steep bank of Hog Creek exposing
the upper Taylor-Corsicana contact, about 600 feet east of the bridge over Hog
Creek on the San Gabriel-Ad Hall road (Farm Road 486), 2.0 miles northeast of
Little River along this road, and 4.0 miles S. 19° E. of the Buckholts post office,
Milam County, Texas.

Bange. — Lower to middle Maastrichtian.

Rugotruncana skewesae Brönnimann & Brown, n. sp.
Plate XXIII, figures 4-6

1927. Globigerina rosetta (not Carsey), Plummer, Univ. Texas, Bull. 2644, p. 36, pl. 2, fig. 9a-c.
1936. Globotruncana area (not Cushman), Jennings, Bulls. Amer. Paleont., vol. 23, no. 78, p. 37,

pl. 4, fig. 14a, b.

Description. — The low trochospirally coiled test is rather smooth on the
dorsal side, but it exhibits faint, discontinuous costellae on the early chambers of
the last whorl on the ventral side. Its early chambers are inflated and globigerine-
like. Later chambers are strongly flattened dorsally, but are somewhat pointed
ventrally, sloping steeply into the umbilicus. The last whorl is scalloped and
composed of five or six chambers. All later chambers exhibit a keeled, imperforate,
peripheral band. The angular periphery has two keels, very close together, in
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early chambers of the last whorl. However, on the final one or two chambers,
only the dorsal (upper) keel can be observed. The keels of the early chambers
of the last whorl show a few rather strong spines. The principal aperture is rounded,
interiomarginal, and opens into a rather large umbilicus. Long apertural flaps
extend into the umbilicus, and in later chambers form a protruded, imperforate,
umbilical cover-plate with accessory apertures.

Bemarks. — The distinctive feature of Rugotruncana skewesae, n. sp., is its
very flat dorsal side. Globotruncana concavata (Brotzen) is the only globotruncanid
known to us to have flatter dorsal side. Plummer (1927, p. 172, pl. 2, fig. 9a — c)
referred R. skewesae, n. sp., to Globigerina rosetta Carsey. It differs from Causey's
species in possessing faint costellae on the ventral side, rather strong spines on
the keels of the early chambers of the last whorl, and a much flatter dorsal side.
The holotype of Rugotruncana skewesae, n. sp., is from the same locality as the
specimen figured by Plummer. It has been observed in the Prairie Bluff chalk
in Alabama.

This species is named for the late Helen Jeanne Plummer, née Skewes.
Type locality. — The holotype of Rugotruncana skewesae, n. sp., is from an

exposure of the uppermost Kemp clay (Siphogenerinoides plummerae zone, middle
Maastrichtian) of the Navarro group in the right (south) bank of Walker Creek,
about 1.0 mile upstream from the intersection of Walker Creek and Camcron-
Clarkson road, and 6.0 miles N. 15° E. of Cameron, Milam County, Texas (Bur.
Econ. Geol. loc. 165-T-4, same as Plummer Sta. 330 and 694).

Range. — Maastrichtian.

Rugotruncana nothi Brönnimann & Brown, n. sp.
Plate XXII, figures 16-18

Description. — The low trochospirally coiled test is covered with fine spines,
pustules, and costellae. Its small early chambers are inflated and globigerine-like.
Its later chambers are moderately flattened both dorsally and ventrally. The last
whorl is deeply notched and composed of six or seven overlapping chambers. All
later chambers exhibit a double-keeled, imperforate, peripheral band. The two
strongly spinose keels are parallel and close together at the posterior part of each
of the later chambers but become sharply divergent toward the anterior part.
The principal aperture is rounded, interiomarginal, and opens into a rather large
umbilicus. Long apertural flaps extend into the umbilicus, and in later chambers
form a protruded, imperforate, umbilical cover-plate with accessory apertures.

Remarks. — Rugotruncana nothi, n. sp., is unlike any other Rugotruncana
or Globotruncana known to us in the marked divergence of the two keels and in
the unusually strong ornamentation of the test.

This species is named for the late Rudolf Noth in recognition of his work on
Cretaceous Foraminifera.
Type locality. — The holotype of Rugotruncana nothi, n. sp., is from light

brown silty marl of late Maastrichtian age, collected from the construction pit
of the Gran Templo Nacional Masónico at the northwest corner of Paseo Carlos III
and Calzada de Belascoain (Padre Várela), Habana, Cuba (Brown Sta. 30011).

Range. — Upper Maastrichtian.
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Rugotruncana havanensis (Voorwijk)
Plate XXII, figures 4-6; Plate XXIV, figures 5 (part), 10

1932. Globigerina cretacea (not d'Orbigny), Sandidge, Amer. Midi. Xat., vol. 13, no. 6, p. 366,
pl. 33, figs. 13-15.

1937. Globotruncana havanensis Voorwijk, Kon. Akad. Wetensch. Amsterdam, Proc, vol. 40,
p. 195, pl. l,figs. 25, 26, 29.

1943. Globorotalia sp. Van Wessem, Rijks-Univ. Utrecht, Geog. geol. Mededeel., Ser. II, no. 5,
p. 48, pl. 2, figs. 3, 4.

1946. Globorotalia pshadae Keller, Soc. nat. Moscou, Bull., n. s., vol. 51, no. 3, pp. 99, 108;
pl. 2, figs. 4-6.

1951. Globotruncana citae Bolli. J. Paleont., vol. 25, p. 197, pl. 35, figs. 4-6.
1953. Globotruncana citae Bolli, Papp & Küpper, österr. Akad. Wiss., Math.-naturw. Kl.,

Sitzungsber., Abt. 1, Bd. 162, p. 38, pl. 1, fig. 4a-c.
1954. Globotruncana citae Bolli, Ayala, Asoc. geol. petr., Bol., vol. 6, p. 387, pl. 3, fig. 2a-c.
1954. Globotruncana havanensis Voorwijk, Ayala, Asoc. geol. petr., Bol., vol. 6, p. 396,

pl. 6, fig. 2a-c.

Description. — The low trochospirally coiled test has a very fine hispid
surface. Its small early chambers are inflated and globigerine-like. Later chambers
are subglobular and compressed. The last whorl is lobate and composed of four
or five chambers. The dorsal side is slightly convex; the ventral side is flat or
slightly concave. All later chambers exhibit a weakly keeled, imperforate, peri¬
pheral band. In most specimens only a fine dorsal keel is developed. However, in
some specimens a faint, incipient, ventral keel may be observed in the final one
or two chambers. Very faint traces of costellae may be seen in some specimens
on the ventral side of some of the later chambers. The principal aperture is rounded,
interiomarginal, and opens into a rather large umbilicus. Long apertural flaps
extend into the umbilicus, and in later chambers form a protruded, imperforate,
umbilical cover-plate with accessory apertures.

Remarks. — We have been unable to locate the type locality of Rugotruncana
havanensis (Voorwijk). However, the holotype of this species, which is in the
collections of the Mineralogical-Geological Institute, State University, Utrecht,
was examined and compared with topotypes of Globotruncana citae Bolli. The
two forms undoubtedly belong to the same species.

Globigerina compressa Plummer from Midway (Paleocene) strata is a similar
species, but it has no umbilical cover-plate and no development of a keel.
Voorwijk (1937, p. 197) noted that according to Thalmann, Sandidge (1932,

pp. 366, 367, pl. 33, figs. 13 — 15) had figured Rugotruncana havanensis under the
name of "Globigerina cretacea d'Orbigny" from the Ripley formation (Maas¬
trichtian) of Alabama. It is known to us from the Corsicana marl (lower Maastrich¬
tian) and Kemp clay (middle Maastrichtian) of the Navarro group in Texas and
from Maastrichtian beds in Cuba.

The figured specimen, pl. XXII, figures 4-6, is from light brown silty marl
of late Maastrichtian age, collected from the construction pit of the Gran Templo
Nacional Masónico at the northwest corner of Paseo Carlos III and Calzada de
Belascoaín (Padre Várela), Habana, Cuba (Brown Sta. 30011).

Range. — Maastrichtian, possibly Campanian.
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Rugotruncana intermedia (Bolli)
Plate XXII, figures 13-15

1951. Globolruncana intermedia Bolli, J. Paleont., vol. 25, p. 197, pl. 35, figs. 7-9.
1954. Globotruncana intermedia Bolli, Ayala, Asoc. geol. petr.. Bol., vol. 6, p. 399, pl. 7,

fig. 2 a-c.

Description. — The low trochospirally coiled test is covered with very fine
discontinuous costellae. Its small early chambers are inflated and globigerine-like.
Later chambers are subglobular and compressed. The last whorl is lobate and
composed of four or five chambers. The dorsal side is slightly convex, the ventral
side less so. All later chambers exhibit a double-keeled, imperforate, peripheral
band. The two keels are usually very close together; however, in the final one or
two chambers the keels may be wider apart. The early chambers exhibit fine
spines and pustules. Very fine, discontinuous costellae are formed on both sides
of the later chambers. The costellae on the ventral side are stronger and normal
to the periphery, whereas those on the dorsal side are weaker and oblique to the
periphery. The principal aperture is rounded, interiomarginal, and opens into a
rather large umbilicus. Long apertural flaps extend into the umbilicus, and in later
chambers form a protruded, imperforate, umbilical cover-plate with accessory
apertures.

Remarks. — Rugotruncana intermedia (Bolli) is intermediate between
R. havanensis (Voorwijk) and R. mayaroensis (Bolli). Its keels and costellae
are stronger than those of R. havanensis. The keels of R. mayaroensis are stronger
and wider apart, but its costellae are weaker than those of R. intermedia.
Bolli (1951, p. 197) has described the costellae in this species as "striations,

which are radial on the ventral side and more tangential dorsally".
The figured specimen, pl. XXII, figures 13-15, is from light brown silty marl

of late Maastrichtian age, collected from the construction pit of the Gran Templo
Nacional Masónico at the northwest corner of Paseo Carlos III and Calzada de
Belascoaín (Padre Várela), Habana, Cuba (Brown Sta. 30011).

Range. — Middle to upper Maastrichtian.

Rugotruncana mayaroensis (Bolli)
Plate XXII, figures 10-12

1951. Globotruncana mayaroensis Bolli, J. Paleont., vol. 25, p. 198, pl. 35, figs. 10-12.
1954. Globotruncana mayaroensis Bolli, Ayala, Asoc. geol. petr.. Bol., vol. 6, p. 407,

pl. 10, fig. 1 a-c.

Description. — The low trochospirally coiled test is rather smooth walled
on the dorsal side, but it exhibits traces of costellae on some chambers of the last
whorl on the ventral side. Its early chambers are inflated and globigerine-like.
Later chambers are flattened both dorsally and ventrally. The last whorl is lobate
and composed of four to six chambers. All later chambers exhibit a double-keeled,
imperforate, peripheral band. The two keels are thickened and well separated.
The dorsal (upper) one is beaded and has the appearence of the twisted strand
of a rope in the last few chambers. In the final one or two chambers the dorsal
keel is broadly bent toward the dorsal side, and the ventral keel is broadly bent
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toward the ventral side. The principal aperture is rounded, interiomarginal, and
opens into a rather large umbilicus. Long apertural flaps extend into the umbilicus,
and in later chambers form a protruded, imperforate, umbilical cover-plate with
accessory apertures.

Remarks. — Rugotruncana mayaroensis (Bolli) is a rather large and distinc¬
tive species. Bolli (1951, pl. 35, fig. 12) has clearly figured the traces of costellae
on the ventral side of the holotype.

The figured specimen, pl. XXII, figures 10-12, is from light brown silty marl
of late Maastrichtian age, collected from the construction pit of the Gran Templo
Nacional Masónico at the northwest corner of Paseo Carlos III and Calzada de
Belascoaín (Padre Várela), Habana, Cuba (Brown Sta. 30011).

Range. — Upper Maastrichtian.

Genus Rugoglobigerina Brönnimann, 1952
Genotype : Globigerina rugosa Plummer

Rugoglobigerina Brönnimann (1952), Bulls. Amer. Paleont., vol. 34, no. 140, p. 16.
Amended definition. — The calcareous hyaline test is trochospirally coiled.

All chambers are globular, inflated, and globigerine-like. The early chambers are
smooth to irregularly hispid, but each of the later chambers exhibit fine discon¬
tinuous costellae arranged in a meridional pattern. The principal aperture is
rounded, interiomarginal, and opens into a relatively large umbilicus. Long aper¬
tural flaps extend into the umbilicus, and in later chambers form a protruded,
imperforate, umbilical cover-plate with accessory apertures.

Remarks. — Rugoglobigerina Brönnimann resembles Globigerina d'Orbigny
but differs from it in possessing an umbilical cover-plate and in exhibiting cos¬
tellae.
It seems to be the ancestor of Rugotruncana, n. gen., Kuglerina, n. gen.,

Bucherino, n. gen., Trinitella and Plummerita.
Age. — Campanian to Maastrichtian.

Genus Trinitella Brönnimann, 1952
Genotype: Trinitella scotti Brönnimann

Trinitella Brönnimann (1952). Bulls. Amer. Paleont., vol. 34, no. 140, p. 56.
Amended definition. — The calcareous hyaline test is trochospirally coiled.

All chambers, except the last few, are globular, inflated, and globigerine-like.
The last few chambers are dorsally flattened and exhibit a keeled, imperforate,
peripheral band. The early chambers are smooth to irregularly hispid. Each of the
later chambers, except the last few, exhibit fine discontinuous costellae arranged
in a meridional pattern. The last few chambers are smooth walled on the dorsal
side and exhibit costellae on the ventral side only. The principal aperture is
rounded, interiomarginal, and opens into a relatively large umbilicus. Long
apertural flaps extend into the umbilicus, and in later chambers form a protruded,
imperforate, umbilical cover-plate with accessory apertures.

Remarks. — Trinitella is similar to Rugoglobigerina but is easily distinguished
from the latter by the dorsal flattening of the last few chambers. It most closely
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resembles Rugotruncana, n. gen., but its costellae are arranged in a meridional
pattern except in the last few chambers.

Brönnimann's original definition of Trinitella (1952, p. 56) is amended here
to include the protruded, umbilical cover-plate as a generic feature.

Age. — Middle to late Maastrichtian.

Trinitella scotti Brönnimann
Plate XXIII, figures 13-13

1952. Trinitella scotti Brönnimann, Bulls. Amer. Paleont., vol. 34, no. 140, p. 57, pl. 4, figs. 4-6;
text-fig. 30a-m.

Description. — The low trochospirally coiled test is covered with fine
discontinuous costellae except on the dorsal side of the final one or two chambers.
All chambers, except the final one or two, are globular, inflated, and globigerine-
like. The final one or two chambers are strongly flattened on the dorsal side. The
final chamber is about twice as large as the penultimate one and slightly elongate
in îadial direction. The last whorl is scalloped and composed of five or six chambers.
The final one or two chambers exhibit a single-keeled, imperforate, peripheral
band. The fine discontinuous costellae give the surface a roughened appearance.
The principal aperture is rounded, interiomarginal, and opens into a rather large
umbilicus. Long apertural flaps extend into the umbilicus, and in later chambers
form a protruded, imperforate, umbilical cover-plate with accessory apertures.

Remarks. — T. scotti most closely resembles Rugotruncana skewesae, n. sp.,
but none of the costellae of the latter are arranged in a meridional pattern, and
only the final one or two chambers of T. scotti are dorsally flattened.

T. scotti is the species Plummer (1927, p. 36) mentions as "a somewhat rare
and slightly hispid form that develops in maturity a smooth and flattened final
chamber."

T. scotti was originally described from the Guayaguayare beds (Maastrichtian)
of Trinidad, B.W.I. It is also known to us from Maastrichtian beds in Cuba and
Puerto Rico. It is abundant in the Siphogenerinoides plummerae zone of the Kemp
clay (middle Maastrichtian) of the Navarro group in Texas, in the Arkadelphia
marl of the Navarro group in Arkansas, and in the Prairie Bluff chalk in Alabama.

The figured specimen, pl. XXIII, figs. 13-15, is from an exposure of the
uppermost Kemp clay (Siphogenerinoides plummerae zone, middle Maastrich¬
tian) of the Navarro group in the right (south) bank of Walker Creek, about
1.0 mile upstream from the intersection of Walker Creek and Cameron-Clarkson
road, and 6.0 miles N. 15° E. of Cameron, Milam County, Texas (Bur. Econ. Geol.
loc. 165-T-4, same as Plummer Sta. 330 and 694).

Range. — Middle to Upper Maastrichtian.

Genus Plummerita Brönnimann, 1952
Genotype: Rugoglobigerina (Plummerella) hantkeninoides hantkeninoides

Brönnimann
Plummerdia (not De Long) Brönnimann (1952), Bulls. Amer. Paleont., vol. 34, no. 140, p. 37

[Homonym of Plummerella De Long, 1942].
Plummerita Brönnimann (1952), Cushman Found. Foram. Research, Contr., vol. 3, p. 146.
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Amended definition. — The calcareous hyaline test is trochospirally coiled.
The small early chambers are globular, inflated, and globigerine-like. Some or all
later chambers are spine shaped or bluntly pointed, and more or less hantkenine-
like. The early chambers are smooth to irregularly hispid, but some or all later
chambers exhibit fine costellae arranged in a meridional pattern. The principal
aperture is presumably rounded, interiomarginal, and opens into a relatively large
umbilicus. Long apertural flaps extend into the umbilicus, and in later chambers
probably form a protruded, imperforate, umbilical cover-plate with accessory
apertures.

Remarks. — An umbilical cover-plate has not been observed in any specimens
of Plummerita. However, its wide umbilicus and the presence of an umbilical
cover-plate in the closely related genera Rugoglobigerina and Trinitella indicates
that one may also exist in Plummerita.

This genus resembles the Eocene genus Hantkenina Cushman, but differs from
it in being trochospirally coiled and in exhibiting a meridional pattern of costellae
on each of the later chambers. The Cretaceous genus Schackoina Thalmann is
also similar, but it is less distinctly trochospiraled and does not exhibit a meridional
pattern of costellae.

Plummerita was originally described as a subgenus of Rugoglobigerina by
Brönnimann (1952, p. 37), but it is treated here as a distinct genus.

Age. — Late Maastrichtian.

Plummerita hantkeninoides inflata (Brönnimann)
Plate XXI, figures 4 -6

1952. Plummerella hantkeninoides inflata Brönnimann, Bulls. Amer. Paleont., vol. 34, no. 140,
p. 40, pl. 3, figs. 7-9, text-fig. 19a-m.

Description. — The low trochospirally coiled test is covered with fine
discontinuous costellae. Its small early chambers are inflated and globigerine-like.
Later chambers, except the final two, are drawn into short spines. The final two
chambers are globular to subglobular. The last whorl is composed of five chambers,
each of which exhibits a meridional pattern of fine discontinuous costellae. The
principal aperture is presumably rounded, interiomarginal, and it opens into an
obscured umbilicus. Possibly long apertural flaps extend into the umbilicus, and in
later chambers form a protruded, imperforate, umbilical cover-plate with accessory
•apertures.

Remarks. — According to Brönnimann (1952, p. 42), "The subspecies inflata
can easily be distinguished by the reduced hantkeninoid portion and by the
2 characteristic subglobular end chambers. In addition, the test is considerably
more trochoidal. It is of interest to note that the angles between the axis of the
hantkeninoides chambers are smaller than in the related forms."

The figured specimen, pl. XXI, figs. 4-6, is from silty marl matrix of a conglo¬
merate collected from a water-well, 8.1 km N. 32° W. of the center of the town
of Santa Clara, Las Villas Province, Cuba (Wassall Sta. 15429).

Range. — Upper Maastrichtian.
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Genus Kuglerina Brönnimann & Brown, n. gen.
Genotype: Rugoglobigerina rugosa rotundata Brönnimann

Definition. — The calcareous hyaline test is initially coiled in a low trocho¬
spiral, later becoming a high trochospiral with an accompanying shift in the axis
of coiling. The early chambers are globular, inflated, and globigerine-like. Later
chambers are axially (vertically) elongated and are broadly rounded. The early
chambers are smooth to irregularly hispid. Later chambers exhibit fine costellae
or traces of costellae arranged in a meridional pattern. The aperture is rounded,
interiomarginal, and opens into a relatively small but deep umbilicus. Short apertural
flaps extend into the umbilicus but do not form a cover-plate.

Remarks. — Kuglerina, n. gen., most closely resembles Rugoglobigerina
Brönnimann, but differs from it in being higher spired, having a smaller and
deeper umbilicus, and lacking an umbilical cover-plate. It is the ancestor of
Bucherina n. gen., but differs from the latter in not possessing an imperforate,
peripheral band.

Kuglerina, n. gen., is monotypic, and its genotype should now be called
K. rotundata (Brönnimann).

This genus is named for H. G. Kugler.
Age. — Maastrichtian.

Genus Bucherina Brönnimann & Brown, n. gen.
Genotype: Bucherina sandidgei Brönnimann & Brown, n. sp.

Definition. — The calcareous hyaline test is initially coiled in a low trocho¬
spiral, later becoming a high trochospiral with an accompanying shift in the axis
of coiling. The early chambers are globular, inflated, and globigerine-like. Later
chambers are axially (vertically) elongated, but they are dorsally flattened and
exhibit a keeled, imperforate, peripheral band. The early chambers are smooth
to irregularly hispid. Later chambers exhibit pustules and traces of costellae. The
aperture is rounded, interiomarginal, and opens into a relatively small but deep
umbilicus. Short apertural flaps extend into the umbilicus but do not form a
cover-plate.

Remarks. — Bucherina, n. gen., resembles Globotruncana and Rugotruncana,
n. gen., but it differs from both in lacking an umbilical cover-plate and in exhib¬
iting a shift in the axis of coiling. It is also similar to its forerunner, Kuglerina,
n. gen., but the latter has no imperforate, peripheral band.

Bucherina, n. gen., is monotypic; however, Globigerina mckannai White from
the Velasco [ Tamesi] shale of México may possibly belong to this genus.

This genus is named for Walter H. Bücher.
Age. — Maastrichtian.

Bucherina sandidgei Brönnimann & Brown, n. sp.
Plate XXI, figure 19; Plate XXII, figures 19-21; Text-fig. 24

Description. — Early chambers of the rough-walled test are coiled in a low
trochospiral. Later chambers are arranged in a rapidly descending coil askew
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to the initial axis of coiling. The small early chambers are inflated and globigerine-
like. All later chambers are elongated axially (vertically) but flattened or truncated
dorsally. The periphery is slightly lobate; the last whorl is composed of five or
six chambers. All later chambers exhibit a single-keeled, imperforate, peripheral
band. The surface of the later chambers is covered with rather coarse pustules,
giving it a granular appearence. Traces of costellae may be observed on the ventral
side of the later chambers near the umbilicus. The dorsal side of the later chambers

*

??&

Text-fig. 24. Axial section of Bucherina sandidgei n. sp. showing a chamber of the descending
final whorl at the right. 90 X

is smooth. The aperture is rounded, interiomarginal, and opens into a relatively
small but deep umbilicus. Apertural flaps extend into the umbilicus but do not
form a cover-plate.

Remarks. — Bucherina sandidgei, n. sp., most closely resembles Globigerina
mckannai White. White's specimens, which were examined at Columbia Uni¬
versity, do not have sharp-shouldered whorls and are not as strongly granulose.
The coiling of Kuglerina rotundata (Brönnimann) is similar to that of B. sandidgei,
n. sp., but the former has no imperforate, peripheral band.

Rather small, poorly developed specimens of B. sandidgei, n. sp., have been
observed in the Corsicana marl (lower Maastrichtian) and Kemp clay (middle
Maastrichtian) of the Navarro group in Texas. It seems to be best developed in
high Maastrichtian beds.

This species is named for J. R. Sandidge for his work on Cretaceous Foraminifera.
Type locality. — The holotype of Bucherina sandidgei, n. sp., is from light

brown silty marl of late Maastrichtian age, collected from the construction pit
of the Gran Templo Nacional Masónico at the northwest corner of Paseo Carlos III
and Calzada de Belascoaín (Padre Várela), Habana, Cuba (Brown Sta. 30011).

Range. — Maastrichtian.
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Zusammenfassung
Die Familie Globotruncanidae Brotzen, 1942, Albien-Maastrichtien, wird de¬

finiert und ihr die folgenden zwölf Genera, darunter vier neue, zugewiesen : Globo¬
truncana Cushman, Praeglobotruncana Bermudez, Rotalipora Brotzen, Ticinella
Reichel, Thalmanninella Sigal, Rugoglobigerina Brönnimann, Trinitella Brönni¬
mann, Plummerita Brönnimann, Hedbergina, n. gen., Rugotruncana, n. gen., Kugle¬
rina, n. gen., und Bucherina, n. gen.

Alle diese Genera leiten sich von ,,G/o/*i<7erma"-artigen Vorläufern ab. Phylo¬
génie, Entwicklungsreihen und allgemeine Änderungsrichtungen von morphologi¬
schen Merkmalen werden diskutiert, und ein Bestimmungsschlüssel zu den Globo-
truncaniden-Genera vorgelegt. Die folgenden neuen Arten werden beschrieben:
Rugotruncana tilevi, n. sp., Genotypus von Rugotruncana, n. gen., R. ellisi, n. sp.,
R. skewesae, n. sp., R. nothi, n. sp., Bucherina sandidgei, n. sp., Genotypus von
Bucherina, n. gen. Des weiteren werden einige wichtige Arten aus den Vereinigten
Staaten und Cuba revidiert, und unter anderem wird der Neotypus von Globotrun¬
cana linneiana (d'Orbigny) aus dem Küstensand der Bahía de Habana abgebildet.
Auf die Abklärung von Synonymien wird besonderes Gewicht gelegt, und die welt¬
weite Verbreitung und damit die regional stratigraphische Bedeutung dieser
planktonischen Formen hervorgehoben.
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Plate XX
Figures
1 — 3 Thalmanninella multiloculata (Morrow).

Holotype of Globorotalia? multiloculata Morrow, U.S.N.M. Xo. 75379. 1, dorsal
view. 2, peripheral view. 3, ventral view showing two accessory apertures and a
small attached Gümbelina sp 534

4— 6 Hedbergina seminolensis (Harlton).
Hypotype of Globigerina seminolensis Harlton. 4, dorsal view. 5, peripheral
view. 6, ventral view 529

7 — 9 Thalmanninella greenhornensis (Morrow).
Holotype of Globorotalia greenhornensis Morrow, U.S.N.M. Xo. 75378. 7, dorsal
view showing final chamber broken off. 8, ventral view- showing accessory aper¬
tures. 9, peripheral view 535

10—12 Rotalipora cushmani (Morrow).
Holotype of Globorotalia cushmani Morrow, U.S.X.M. Xo. 75377.10, dorsal view.
11, peripheral view. 12, ventral view showing accessory apertures 537

13 — 15 Globotruncana linneiana (d'Orbigny).
Neotype of Rosalina linneiana d'Orbigny. 13, dorsal view. 14, peripheral view.
15, ventral view 540

16, 17 Globotruncana linneiana (d'Orbigny).
Topotype of Rosalina linneiana d'Orbigny 16, ventral view. 17, peripheral view 540

All figures 70 7
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Plate XXI
Figures
1—3 Globotruncana saratogaensis (Applin).

Hypotype of Globigerina cretacea saratogaensis Applin. I. dorsal view. 2. peri¬
pheral view. 3, ventral view 544

4 6 Plummerita hantkeninoides inflata (Brönnimann).
Hypotype of Plummerella hantkeninoides inflata Brönnimann. 4. ventral view.
5, dorsal view. 6, peripheral view 556

8 10 Praeglobotruncana delrioensis (Plummer).
Topotype of Globorotalia delrioensis Plummer. 8. dorsal view. 9, peripheral view.
10, ventral view 531

11 -13 Globotruncana rosetta (Carsey).
Topotype of Globigerina rosetta Carsey. 11, dorsal view. 12. peripheral view.
13, ventral view 545

14, 15 Globotruncana fornicata Plummer.
Topotype of Globotruncana fornicata Plummer. 14, outline drawing of dorsal view.
15, peripheral view showing short bar connecting the two keels 545

7 Globotruncana fornicata Plummer.
Topotype of Glt. fornicata. Peripheral view 542

16 — 18 Globotruncana linneiana (d'Orbigny).
Hypotype of Rosalina linneiana d'Orbigny. 16. ventral view. 17, peripheral view.
18, dorsal view 540

19 Bucherina sandidgei, n. sp.
Peripheral view of paratype showing rapidly descending last whorl 557

All figures 70 X
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Plate XXII
Figures
1—3 Rugotruncana tilevi, n. sp.

Holotype. 1, dorsal view. 2. peripheral view. 3, ventral view 547

4—6 Rugotruncana havanensis (Voorwijk).
Homeotype ofGlobotruncana havanensis Voorwijk. 4. dorsal view. 5. ventral view.
6. peripheral view 552

7 — 9 Rugotruncana ellisi. n. sp.
Holotype. 7. dorsal view. 8. peripheral view. 9. ventral view 547

10—12 Rugotruncana mayaroensis (Bollì).
Hypotype of Globotruncana mayaroensis Bolli. 10. dorsal view. 11. ventral view.
12. peripheral view 553

13 — 15 Rugotruncana intermedin (Rolli).
Hypotype oiGlobotruncitnu intermedia Bolli. 13, peripheral view. 14. dorsal view.
15, ventral view 553

16—18 Rugotruncana nothi, n. sp.
Holotype. 16. dorsal view. 17. ventral view. 18. peripheral view 552

19—21 Bucherina sandidgei, n. sp.
Holotype. 19. ventral view. 20. dorsal view. 21. peripheral view 557

All figures 70 X
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Plate XXUI
Figures
1 -3 Rugotruncana calcarata (Cushman).

Hypotype of Globotruncana calcarata Cushman. 1. dorsal view. 2. peripheral view.
3, ventral view 548

4 — 6 Rugotruncana skewesae. n. sp.
Holotype 4, dorsal view. 5, peripheral view. 6. ventral view 550

7 — 9 Rugotruncana gansseri (Bolli).
Hypotype of Globotruncana gansseri Bolli. 7. dorsal view. 8. peripheral view.
9. ventral view 549

10 — 12 Globotruncana area (Cushman).
Homeotypc of Pulvinulina area Cushman. 10. dorsal view. 11. peripheral view.
12, ventral view 539

13 -15 Trinitella scotti Brönnimann.
Hypotype of Trinitella scotti Brönnimann. 13. dorsal view. 14. peripheral view.
15. ventral view 555

All figures 70 X
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Plate XXIV
Figures

1 Rugoglobigerina sp. ; Maastrichtian. 61 X 546

2 Rugotruncana catramiti (Cushman), left, and Globotruncana cf. Glt. rosetta (Carsey),
right; Upper Campanian. 61 X 548

3 Trinitella scotti Brönnimann; Maastrichtian. 65X 555

4 Plummeritasp., left, showinga few rather bluntlypointed chambers, and Gublcrinmxp.,
right; Maastrichtian. 61 X 555

5 Rugotruncana havanensis (Voorwijk), left, and axial and transverse cuts of a striate
Gümbelina and/or Pseudogümbelina, right; Maastrichtian. 61X 552

6 Rugotruncana cf. ligi, calcarata (Cushman). left, and Rugoglobigerina sp.. riglit:
Upper Campanian. 61 X 548

7 Plummerita sp.. left, showing a few rather bluntly pointed chambers, and Rugo¬
globigerina sp., right; Maastrichtian. 61 X 555

8 Plummerita sp., above, and "Globigerina" cf. G. cretacea (d'Orbigny), below;
Maastrichtian. 61X 555

9 Globotruncana stuarti (de Lapparent) showing remnants of the protruded, umbilical
cover-plate; Maastrichtian. 61 X 540

10 Rugotruncana havanensis (Voorwijk); Maastrichtian. 61 x 552

11 Rugotruncana calcarata (Cushman). left, and Pseudorbitoides israelskyi Vaughan &
Cole, right, showing radial plates of the equatorial layer; Upper Campanian. 65 X 548

12 Ticindla roberti (Gandolfi); Lower Cenomanian. 86 X 532

13 Globotruncana cf. Glt. marginata (Reuss); Turonian. 86X 538

14 Ticinella roberti (Gandolfi). axial cut. above, and transverse cut. below; Lower
Cenomanian. 86 X 532

15 "Globigerina" cf. 67. infracretacea Glaessner or Htdbtrgina sp.; Albian. 86X 529

16 Praeglobotruncana delrioensis (Plummer); Cenomanian. Approx. 190X 531

17 Praeglobotruncana delrioensis (Plummer); Cenomanian. Approx. 190X 531
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