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ABSTRACT

Morphological characters, interrelations, evolutionary
trends, synonymies, stratigraphic and paleogeographic
distribution of 15 species here included in Globigerina-
theka are discussed and illustrated by line drawings and
SEM mircographs. In order to stress their interrelations,
all taxa—with the exception of G. semiinvoluta——are
given subspecific rank in a trinomial system. Holotypes
and some additional types of the taxa discussed, which
originally were published at widely varying magnifica-
tions, are reproduced at a uniform scale to facilitate

their comparison. By this procedure alone the four spe-
cies subconglobata, index, mexicana and semiinvoluta
become clearly distinet. The final chamber /bulla prob-
lem, of some importance in the genus, is discussed and
illustrated. Evidence is given that G. semiinvoluta is a
valid species, and not a synonym of G. mexicana mexi-
cang, Its variability is demonstrated by a series of SEM
micrographs. One subspecies, G. subconglobata luter-
hacheri, is described as new.

INTRODUCTION

The strict application to the systematic treatment of
planktonic foraminifera of such morphologic characters
as bullae or peripheral keels often results in artificial
subdivisions, masking true relationships. As a conse-
quence, certain closely related forms belonging to phy-
logenetic lineages became placed not only in different
genera but in some cases even in different subfamilies.
The non-bullate genus Globigerapsis and its bullate form
the genus Globigerinatheka, for example, were originally
included by Bolli, Loeblich and Tappan (1957) on the
bulla criterion in the two subfamilies Orbulininae and
Catapsydracinac respectively. The question now arises
whether in cases of this kind a less rigorous system could
be adopted in which both biologic and stratigraphic
criteria might be combined in a more natural way. Such
a middle-of-the-road approach would cut phylogenetic
lincages less drastically into different higher taxa, while
at the same time characteristic test changes that are also
of stratigraphic significance could be maintained and
be expressed at lower taxonomic levels. Such an ap-
proach would give more justice to the natural biologic

system without sacrificing the essential needs of the
stratigrapher.

The biologist’s view that opposes many of the taxa
erected by micropaleontologists is propagated most
strongly by Hofker. In his papers of 1959, 1962, and
1969, he places a large number of older and more re-
cently erected planktonic foraminiferal genera in syn-
onymy with Globigerina, claiming that they “have no
taxonomic value in a natural system of foraminifera
and thus must be abandoned.” Omne group of taxa that
come under attack not only by Hofker, but also by
others such as Blow and Banner (1962), Cati and
Borsetti {1968), and Quilty { 1969) are those based on
the presence of bullae. Criticism of some of the taxa is
justified and a reduction in genera and species is desir-
able. Blow and Banner, for instance, place Catapsydrax
and Tinophodella in Globigerinita, reasoning that main-
taining these genera is unreal “insofar as distinctions
between them are biologically, stratigraphically and tax-
onomically impractical and/or insignificant.” However,
rather than abolishing in globo all genera and specics
based on bullae, as proposed by some authors, one
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should examine cach taxon independently to determine
whether biologic and stratigraphic criteria justify such
a step.

Hofker (1962), for instance, places Globigerinatheka
mexicana, (. index, G. kugleri, G. barri and Portic-
ulaspheara mexicana (= Orbulinoides beckmanni) in
synonymy with Globigerina turgida. Hofker's species
concept is rejected because morphologically interrelated
forms—particularly if they succeed each other in time—
can represent different species or subspecies, each with
a distinct range. In accepting Hofker’s lumping of taxa
s0 morphologically different as those cited above, one
would no longer be able to make use of their individual
and differing ranges for stratigraphic purposes. Nat-
urally one could distinguish the morphologic differences
of the above forms at the species or even subspecies
level and include all in Globigerina without loss of bio-
stratigraphic resolution. Some of the genera placed by
Hofker in synonymy with Globigerina, such as Globiger-
inoides, Globigerinatella, Globigerinatheka and Poriic-
ulasphaera (= Orbulinoides) are, however, not only
very characteristic morphologically but have also dis-
tinct and restricted stratigraphic ranges. They clearly
represent cases where for both morphologic and bio-
stratigraphic reasons the genera should be maintained.

Two closely related genera to be examined in the
above sense are the Middle to Late Eocene Globige-
rapsis Bolli, Loeblich and Tappan (1957) and its bul-
late form Globigerinatheka Bronnimann (1952). In
1970 Proto Decima and Bolli included Globigerapsis
in Globigerinatheka, whose definition was emended ac-
cordingly. Brounimann, the author of Globigerinatheka,
had in fact, figured a non-bullate paratype. All species
described under these two genera are represented by
non-bullate and bullate forms, with the percentage of
the latter varying from 50% or more in G. barri to less
than 1% in G. semiinvoluta. There remains littie doubt,
therefore, that the non-bullate and bullate forms pre-
viously separated in two genera are a biologic unit. Fur-
ther, the stratigraphic range of the two genera is practi-
cally identical and there is thus no reason from this
point of view to retain them both. On these grounds
the single genus Globigerinatheka is now recognized and
stages in its evolution may be separated at the species
or subspecies level, as deemed appropriate.

The genus Globigerinatheka, ranging from the basal
Middle Eocene into the Late Eocene, is of stratigraphic
importance, some species having been used as zonal
markers. Despite the distinct characters of the genus,
widely differing interpretations of some of its species
have led to confusions which in turn adversely affected
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the true stratigraphic value of certain taxa. Morpholog-
ical characteristics of the Globigerinatheka species and
subspecies, their interrelations and their stratigraphic
significance are discussed here with the help of line
drawings and SEM micrographs. Particular attention is
paid to Globigerinatheka semiinvoluta, a species with
characteristic morphology and an index fossil for the
early Late Eocene. Evidence is given that it is not syn-
onymous with G. mexicana as postulated by some au-
thors. To emphasize relationships and evolutionary
trends between taxa a trinomial nomenclature is pro-
posed for most Globigerinatheka species,
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FINAL GLOBIGERINATHEKA CHAMBER
AND BULLA

Bolli, Loeblich and Tappan (1957, p. 13), intro-
duced the term bulla and defined it as “Accessory struc-
tures which in general are not closely related to the
primary chambers, but are instead related only to the
apertures.” They distinguished four different types of
bullae: umbilical, sutural, umbilical-sutural, and areal.
Banner and Blow (1959, p. 5-6) re-defined a bulla as
“a swollen perforate plate (bulla} or a bulla-like ex-
tension of the last chamber, and which opens to the
exterior by accessory apertures at the margins of, or
within the area of, the bulla.” According to these au-
thors a bulla can be similar in structure to the primary
wall in Catapsydrax or be less coarsely perforated as in
Tinophodella. Later, Blow and Banner (1962) included
these two genera in Globigerinita.

None of these authors included size limits or char-
acteristics of the wall in their definition of a bulla. Con-
sequently, the last formed chamber of Orbulina could
be regarded as an extremely large bulla. With no re-
strictive definition on wall structure and size, one could,
therefore, also regard the final chamber of Globige-
rinatheka, covering the umbilical area of the globigerinid
stage as a large umbilical bulla {e.g. . semiinvoluta)
whose sutural apertures may be covered by secondary
sutural bullae as in the case of G. mexicana barri.

Typical Globigerinita-type umbilical bullae are nor-
mally distinctly smaller in size compared with the prior
last formed chamber and are placed over the umbilicus
with no apparent relation to the coiling mode of the
test (e.g. in G. dissimilis). In Globigerinatheka, on the
other hand, the final chamber covering the umbilical
area is normally larger than the penultimate and may
also remain part of the general spiral arrangement. A
good example for this is G. semiinvoluta (e.g. text figs.
72, 75).

There are other forms assigned to (Flobigerinatheka,
however, particularly those belonging to the species
mexicana and index, where the last chamber covering
the umbilicus may vary considerably in size and shape,
from larger than penultimate (text fig. 4) to smaller and
more irregular shaped (text figs. 8, 10).

Also, the structure of a bulla may vary from thin
walled with fine pores, cleatly contrasting with earlier
chambers, to thick and coarsely pored, like preceding
chambers, the distinction between an umbilical bulla
and a final chamber in the same position clearly rests
on size alone. Normal usage has been to term the addi-
tion a “final chamber™ if it is about the same or is larger

in size than the last previously formed element in the
coil, but to call it an “umbilical bulla” if it is appreciably
smaller. In most species this criterion is easily appli-
cable, as in G. dissimilis with umbilical bulla always
considerably smaller than preceding last chambers in
contrast to (. semiinveluta with its large, hemispherical
final chambers. Nevertheless some difficulties may arise,
as in the species Globigerinita howei Blow and Banner
(1962, pl. 14, figs. Q, R) with its exceptionally large
bulla.

Specimens are encountered among some species and
subspecies assigned to Globigerinatheka which defy
clear-cut assignment of the structure covering the um-
bilical area to either “bulla” or “chamber.” In fact, the
intraspecific variability may include every transition
from small bulla-like addition to one distinctly larger
than the preceding normal chamber, and its wall may
vary from thin and finely perforate to thick with large
pores. From these variabilities in the last-formed ele-
ment stem most of the difficulties in distinguishing
clearly between some of the established taxa. In the fol-
lowing paragraphs this point is discussed further with
the aid of illustrations.

Such variabilities are demonstrated in some detail
for Globigerinatheka index tropicalis on plate 3, and
for G. subconglobata luterbacheri n. subsp. on plate 7.
Plate 3, figs. 1--20 show the variability of the final struc-
ture in &. index tropicalis, from small finely perforated
bullae to large coarsely perforated chambers. All figured
specimens are from the same sample Bo 536, type local-
ity of the Upper Eocene Globigerinatheka semiinvoluta
Zone, Navet Formation, Trinidad, W.I. Specimens on
plate 3, figs. 1-8, plate 4, fig. 7, posses thin-walled,
finely perforated final structures covering the umbilical
area. Those of figs. 1-5 are ¢maller than the last cham-
ber and can be regarded as typical bullae and thus should
be included in Globigerinita. The final structures of
figs. 68 on the other hand are distinctly larger than the
previous chamber, and the specimens therefore should
be placed in Globigerinatheka.

The last formed bullae ‘chambers of the specimens on
plate 3, figs. 9-14, plate 4, figs. 9-11 possess a wall
structure that is intermediate between the thin walled
finely perforated of figs. 1-8 and the thick, coarsely
perforated of figs. 16-20. The size of the final element
of figs, 9 and 10 is small bulla-like, that of figs. 11-14,
large, chamber-sized. Accordingly, figs. 9 and 10
should be included in Globigerinita, figs. 11-14 in
Globigerinatheka.

The final growth of specimens plate 3, figs. 16-20
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is thick walled, coarsely perforate, like the earlier cham-
bers, and in size equal to or larger than those. They are
without hesitation regarded as final chambers and the
specimens included in Globigerinatheka. Plate 3, fig.
15 shows a specimens where the final umbilical chamber
is covered by smail, delicately built bulla. It may be
regarded as a bullate Globigerinatheka index tropicalis,
which occurs rarely in the Globigerinatheka semiivoluta
Zone, but it is difficult to distinguish it from G. mexicana
barri of the Middle Eocene.

Globigerinatheka subconglobara luterbacheri n. subsp.
(plate 7, figs. 1-17) exhibits similar variabilities in the
size of the end chamber. Specimens may possess large
final chambers (figs. 3, 4, 7, 8), the apertures of which
are often covered by bullae (figs. 12—17), whereas other
specimens are characterized by a final chamber dis-
tinctly smaller than the penultimate and, as such, often
difficult to distinguish from an umbilical bulla (figs. 5
6, 9-11).

By adhering strictly to the existing definitions of a
bulla, irrespective of size and wall structure, all species
of Globigerinatheka hitherto included in Globigerapsis
could, without emendation, be accommodated in Glo-
bigerinita. To include in Globigerinita also the Glo-
bigerinatheka forms with secondary sutural bullae (barri
type), one could easily emend the genus accordingly.
However, the size of the final growth in most species,
structurally comparable with and often considerably
larger in size than the previous chamber, as well as the
stratigraphic restriction of such forms to the Middle
Eocene and lower part of the Late Eocene, makes it
preferable to retain such forms in Globigerinatheka,
even though specimens with small end structures cover-
ing the umbilical area would fall in Globigerinita.

bl

THE SPECIES INCLUDED IN
GLOBIGERINATHEKA

The following species, listed in order of publication
and with genus name given by the original author, are
included here in Globigerinatheka.

Globigerina mexicana Cushman 1925
Globigerinoides index Finlay 1939
Globigerinoides semiinvolutus Keijzer 1945
Globigerinoides korotkovi Keller 1946
Globigerinatheka barri Bronnimann 1952
Globigerinoides rubriformis Subbotina 1953
Globigerinoides macrostoma Hagn 1956

Globigerapsis kugleri Bolli, Loeblich and Tappan
1957

Globigerinoides subconglabatus var. subconglobata
Shutskaya 1958

Globigerinoides subconglobatus var, micra
Shutskaya 1958

Globigerapsis tropicalis Blow and Banner 1962

Globigerinatheka lindiensis Blow and Banner 1962

Globigerinatheka curryi Proto Decima and Bolli
1970

Globigerinatheka euganea Proto Decima and Bolli
1970

Globigerinatheka subconglobata luterbacheri n.
subsp.

These published taxa are here retained with the fol-
lowing exceptions: G. macrostoma is placed in synon-
ymy with G. index index and G. lindiensis is regarded
as a bullate G. index tropicalis. The Eocene forms pub-
lished by Glaessner (1937), Subbotina (1953, see also
text figs. 6568 in this paper), and Shutskaya (1958)
as Globigerinoides conglobarus (Brady) are here in-
cluded in Globigerinatheka index s.l.

COMPARISON OF MORPHOLOGY AND TEST
SIZE OF GLOBIGERINATHEKA SPECIES

Magnifications of originally published figures of the
species discussed here vary between x25 and x174.
Such size difference can be misleading not only in the
interpretation of a given species but particularly in in-
terspecific comparison. To facilitate such comparisons,
by showing size and morphology at the same magnifi-
cation, all holotype and some paratype and hypotype
figures of the species discussed here are reproduced as
line drawings at approximately x75 on text figures
1-81.

This adjustment of magnification leads to the fol-
lowing conclusions where interrelations between species
are concerned:

L. The uniformly small size of the &. mexicana mexi-
cana/kugleri/barri group (text figs. 1-23) contrasts
with the much larger G. subconglobata curryi/
euganea {text figs. 27—42), representatives of which
were published on several occasions as G. mexicana
(text figs. 35-42).

2. G. subconglobata micra (text figs. 24-26) appears
stratigraphically prior to G. subconglobata sub-
conglobata (text figs. 43—-46). It is similar to it in
test shape, but distinctly smaller, measuring only
about .35 mm. Following Shutskaya (1958) G.
subconglobata micra is here regarded as the ances-
tral form of G. subconglobata subconglobata.
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3. G. subconglobata subconglobata measuring between
.5 mm and .6 mm (text figs. 43-46) fits, where test
sizc and general shape are concerned, into the
curryi/euganea lineage (text figs, 27-42) and is
here regarded as its ancestral form.

4. The contrast in size and morphological characters
such as shape of last chamber and apertures between
the holotypes of G. mexicana mexicana (text figs.
1-6) and &. semiinvoluta (text figs. 72—76) shows
that the two species arc not synonymous,

5. Textfigs. 51-71 show that G. index index /tropicalis;
korotkovi/macrostoma/rubriformis arc closely re-
lated. Test shape, general arrangement of chambers
and their growth patterns, including size of the end
chamber in comparison with early part of the test,
are about the same in all. Only G. index rubriformis
(text figs. 69-71) has an initial spire that is con-
siderably higher compared with other subspecies.
High arched apertures mostly surrounded by a dis-
unct rim are typical for all subspecies of G. index.
There is, however, a distinct variation in owverall
test size in the figured specimens varying from .35
mm in text fig. 60 to .59 mm in text fig. 65. Similar
variations were observed in our material, for in-
stance in (. index tropicalis from both Trinidad
(plate 3, figs. 1-20) and Possagno (plate 3, figs.
21-24). The subspecies differences lie in wall thick-
ness and sutures (G. index index/tropicalis) or in
higher spire (G. index rubriformis).

While adjusting published figures to a uniform magni-
fication it was found that in two instances the stated
magnification of the original figures was incorrect. Text
figures 18-20 represent the original holotype figures of
G. mexicana barri which, according to Bronnimann,
were reproduced at %75, giving the speciman a size of
.65 mm. Re-measurement of the holotype by Dr. J. P.
Beckmann gave a value of .39 mm which agrees better
with the dimensions given by Bronnimann. Text figure
35 represents a specimen of G. subconglobata euganea
of which Cushman’s figure, published as Globigering
mexicana, measures 4 cm at a given magnification of
%30. This would imply the unlikely size of 1.33 mm
for the specimen, but from illustrations of other species
on the same plate it appears that the magnification
should correctly read x60.

SPECIES INTERRELATIONS, PROPOSED TAXONOMY

The published record shows that different approaches
exist in the identification of Globigerinatheka species,
resulting in erroneous stratigraphic interpretations.

Species often overlap in their characters, making it
difficult to assign morphologically intermediate speci-
mens. Reason for this are intergrading characters such
as growth rhythm of early spire (G. mexicana mexicana/
kugleriy, wall thickness and sutural intersections (G.
index index/tropicalis), test size (G. mexicana kugleri/
G. subconglobata curryi), varying size, shape and wall
thickness of the final structure covering the umbilical
area of the globigerinid stage (. index index/G. index
tropicalis/G. subconglobata subconglobata), often mak-
ing it difficult to decide whether one is dealing with a
chamber or a bulla, Even though central forms of indi-
vidual subspecies are distinct, one may, based on inter-
grading specimens, question the justification for main-
taining all as separate taxa. This is particularly true
where no significant difference exists in stratigraphic
ranges.

For a better indication of morphologically interrelated
groups of taxa, the following trinomial system—except
for G. semiinvoluta-—is here proposed:

Globigerinatheka index index
tropicalis
korotkovi
rubriformis

mexicana mexicana
kugleri
barri

subconglobata subconglobata
micra
curryi
euganeyg
futerbacheri n, subsp.
semiinvoluta

The four species are morphologically distinet, index
by its elongate test shape and apertures usually not
covered by bullae, mexicana by its small size, more or
less globular test and frequent presence of bullae,
subconglobata by its large (except the ancestral sub-
conglobata micra) globular test size, robust walls and
occasional presence of bullae, and semiinvoluta by its
large, regularly dome shaped final chamber, making
up half or more of the test volume, and high, arched
to circular apertures.

The subconglobata lineage led to more eclaborate
forms with a more embracive final chamber, more com-
plex system of multiple sutural apertures, and secondary
thickening of the wall. These are assigned to the mono-
specific genus Orbulincides Cordey (1968} whose rela-
tionships with Globigerinatheka are discussed and illus-
trated in detail by Proto Decima and Bolli {1970},
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Globigerinatheka subconglobata subconglobata is re-
garded as the central form, developing according to
Shutskaya (1958) in the uppermost part of the Tcher-
kess Horizon (Hantkening aragonensis Zone) from
the ancestral small sized G. subconglobata micra. From
observations in the Possagno section, the G. mexicana
group of subspecies, mexicana, barri and kugleri in that

order, branched off from G. subconglobata micra near
the base of the Globigerinatheka subconglobara sub-
conglobata Zone. In the lower part of the same zone
also sets in the evolution from G. subconglobata of the
G. index subspecies with rubriformis, followed by index
in the upper part of the Globigerinatheka subconglobara
subconglobata Zone which in turn gave rise to tropicalis
close to the top of the Truncorotaloides rohri Zone.

TEXT FIGURES 1-51

Test size and morphology of Globigerinatheka species and sub-
species. Holo-, para-, and hypotype line drawings of original
figures are all at the magnification of approximately »75.
Terminology of original authors and references in brackets.

1-11 &, mexicana mexicane {Cushman)

1-2 [Globigerina mexicana Cushman, 1925, ph. 1,
fig. 8a, b] Holotvpe.

3-6 [Globigerapsis mexicana,—Blow and Saito,
1968, Text fig. 1-4] Holotype redrawn.

7-9  [Globigerinatheka barri Bronnimann,—-Bronni-
mann, 1952, Text fig. 3d—f, Paratype of
Brénniman’s . harri] Hypotype.

10-11 [Glebigerapsis mexicana (Cushman),—Saito,
1962, pl. 34, fig. 6a, b] Hypotype.

12-17 G. mexicana kugleri (Bolli, Loeblich and Tappan)

12-14 [Glohigerapsis kugleri Bolli, Loeblich and Tap-
pan, 1957, pl. 6, fig. 6a—<c] Holotype.

15-17 |Globigerina mexicana Cushman,—Mallory,
1959, pl. 22, fig. 9a—<] Hypotype.

18-23 G. mexicana bharri (Bronnimann)

18-20 [Globigerinatheka barri Bronnimann, 1952,
Text fig. 3a—c] Holotype.

21-23 [Globigerinatheka barrvi Bréonnimann, Bolli,
Loeblich and Tappan, 1957, pl. 7, fig. [2a—
¢] Hypotype.

24-26 G. subconglabata micra (Shutskaya)

24 [Globigerinvides subconglobatus Chalilov var.
micre Shutskaya, 1958, pl. 1, fig. 1] Holo-
type.

25-26 [do., pl- 1, fig. 2, 3] Paratypes.

27-30 G. subconglobata curryi Proto Decima and Bolli

27-28 [Globigerinatheka curryi Proto Decima and
Bolli, 1970] Holotype.

2930 [Globigerapsis kugleri Bolli, Loeblich and Tap-
pan, Postuma, 1971, p. 139] Hypotype.

31-42 . subconglobata euganea Proto Decima and Bolli

31 [Globigerinatheka euganea Proto Decima and
Bolli, 1970, pl. 1, fig. 7] Holotype.

32-34 [do., Text fig. 45a, b] Hypotype.

35 [Globigering mexicang Cushman,—Cushman,
1927, pl. 26, fig. 16] Hypotype.

36-38 [Globigerinoides mexicana (Cushman),—Beck-
mann, 1953, pl. 25, fig. 13, 16] Hypotype.

39 [Globigerapsis  mexicana (Cushman),—Todd
and Low, 1960, pl. 239, fig. 7] Hypotype.
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4042 [Globigerapsis mexicana {Cushman },—Saito,
1962, pl. 34, fig. 7a—c] Hypotype.

4346 . subconglobata subconglobata (Shutskaya), [Globig-
erinoides subconglobatus Chalilov, var. subconglobata
Chalilov (msc), in Shutskaya, 1958, pl. 87, fig. 4, §,
5, 7. no holotype designated]. Fig. 44 (fig. 8§ of
Shutskaya) is here designated as lectotype.

47-80 G. subconglobata luterbacheri n, subsp.,

47 Holotype (see also this paper pl. 7. fig. 13).
4850 [Globigerinatheka barri Bronnimann,—Eckert,
1963, pl. 7, fig. 4a—c] Paratype.

51-57 &, index index (Finlay)

31 [Globigerinoides index Finlay, 1939, pl. 14, fig.
#5] Holotype.

52-53 [do., pl. 14, fig. 87, 88] Paratypes.

54-56 [Globigerinoides index Finlay,—Hornibrook,
1958, pl. 1, fig. 11-13] Holotype redrawn.

57 [do., pl. 1, fig. 14] Paratype redrawn.

5860 G. index wropicalis (Blow and Banner)

58-59 [Globigerapsis tropicalis Blow and Banner,
1962, pl. 13, fig. D, E] Holotype.
60 [do., pl. 15, fig. F] Paratype.

61-62 G. index korothovi {Keller)., [Globigerinoides koratkovi
Keller, 1946,—S8ubbotina, 1953, pl. 14, fig. 1a, b] re-
figured Holotype.

63-64 G index index (Finlay). [Globigerinoides macrostoma
Hagn, 1956, pl. 16, fig. 11a, b] Hypotype.

65-68 G. index sd. (Pinlay). [Globiverinoides conglobatus
{ Brady),—Subbotina, 1953, pl. 14, fig. 2b, a; 3b, a]
Hypotype.

69-71 G. index rubriformis (Subbotina). [Globigerinaides
rubriformis Subbotina, 1953, pl. 14, fig. 6A—C] Holo-
type.

72-79 . semiinvoluta (Keijzer)

72-76 [Globigerinoides semiinvolutus Keijzer, 1945,
pl. 4, fig. 58a—+¢] Holotype.

7778 [Globigerapsis semiinvoluta {Keijzer),—Bolli,
Loeblich and Tappan, 1957, pl. 6, fig. 7a, c]

Hypotype.

79 |Globigerapsis semiinvoluta (Keijzer},—Blow
and Banmner, 1962, pl. 15, fig. J, K] Hypo-
type.

80-81 G. index #ropicalis {Blow and Banner). |[Globigerina-
theka lindiensis Blow and Banner, 1962, pl, 15, fig. O,
P] Hypotype.
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Tentative evolution of Globigerinatheka and Orbulinoides.
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Distribution of Globigerinatheka species and subspecies, and
Orbulincides beckmanni.

The latter subspecies ranges into the lower part of the
Globorotalia cerroazulensis 5.1, Zone. The G. subcon-
globata currvi/euganea/ Orbulinoides beckmanni lineage
is assumed to have branched off G. subcornglobata sub-
conglobata near the top of the Globigerinatheka sub-
conglobata subconglobata Zone to become extinct at
the top of the Orbulinoides beckmanni Zone. The sub-
species luterbacheri appears to have originated in the
Orbulinoides beckmanni Zone, and continues well into
the Globigerinatheka semiinvoluta Zone. Tt is here
shown to have branched off from G. subconglobata
subconglobata but its origin from G. index index is also
regarded as possible. Blow and Banner (1962, p. 125)
state that “it is highly likely that G. fropicalis is ances-
tral to G. semiinvoluta.” Though a relation to the G.
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index index/tropicalis complex is possible, it seems just
as likely that G. semiinvoluta could have descended
from the mexicana group. Such an assumption would
be more in agreement with Blow and Banner (1968) and
fit the evolutionary picture in that the early Late Eocene
G. semiinvoluta would then represent the continuation
of the mexicana group which has its main development
in the higher Middle Eocene. G. index iropicalis on
the other hand ranges from the late Middle Eocene to
at least the top of the early Late Eocene Globigerinatheka
semiinvoluta Zone with its maximum development in
that zone, i.e. at the same time as G. semiinvoluta, the
form which, according to Blow and Banner, should have
developed from it. The evolutionary trends discussed
are shown on text fig. 82,
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REMARKS ON A PROPOSED SYNONYMY OF
GLOBIGERINATHEKA SEMINVOLUTA WITH
GLOBIGERINATHEKA MEXICANA MEXICANA

In their paper “The morphology and taxonomy of
Globigerina mexicana Cushman 19257 Blow and Saito
(1968) place G. semiinvoluta in synonymy with G,
mexicana and regard both as restricted to the Late
Eocene. In the present author’s opinion the two species
are morphologically distinct and have also different
stratigraphic ranges. Further, G. semiinvoluta is an ex-
cellent short-lived index fossil well established in the
literature as a zonal marker., The following critical re-
view of Blow and Saito’s proposed synonymy should
serve, therefore, to show that G. semiinvoluta is a valid
species.

Blow and Saito base their conclusion on the following
statements:

1. “We have found that G. mexicana Cushman 1925,
is a prior synonym of Globigerinoides semiinvolutus
Keijzer, 1945, which both Bolli (1957, p. 165) and
Bolli, Loeblich and Tappan (1957, p. 34) ascribed to
their new genus Globigerapsis.”

2. “As stated above, our re-cxamination of the holo-
type of Globigerina mexicana Cushman shows that it
possesses the samc essential morphology as that pre-
viously recognized for Globigerinoides semiinvolutus
Keijzer, 1945, later known as Globigerapsis semiinvoluta
(Keijzer),” and “we are firmly of the opinion that Glo-
bigerina mexicana Cushman, 1925, and Globigerinoides
semiinvolutus Keijzer, 1945, are fully conspecific and
that the latter taxon must be regarded as a junior syn-
onym of the former taxon. In consequence of the syn-
onymy, Globigerapsis mexicana (Cushman) must now
be considered as an index fossil for part of the Late
Eocene and not, as given under the invalid combina-
tion Porticulusphaera mexicana (Cushman) of Bolli,
Loeblich and Tappan (not Globigerina mexicana Cush-
man), an index fossil for part of the Middle Eocene.”

The above statements were based on a re-examina-
tion of the G. mexicana holotype which resulted in an
emended species description and re-drawing of the holo-
type. Not available however to Blow and Saito was
Keijzer’s original Globigerinoides semiinvolutus mate-
rial. Their claim for synonymy of the two species is
based therefore, not on a direct examination and com-
parison of both holotypes, but rather on an identifica-
tion of G. semiinvolutus with G. mexicana by means of
description and holotype figures of the former.

While the holotype of G. mexicana is deposited in
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the Cushman Collection as No. 4334 at the U.S. Na-
tional Museum, the depository of Keijzer's original
Globigerinoides semiinvolutus material could only be
re-established in early 1970, i.e. some time after publi-
cation of Blow and Saito’s 1968 paper claiming synon-
ymy of the two taxa. For the record, the following can
be said on the depository of the G. semiinoviutus holo-
type: Keijzer (1945) does not state where his col-
lection and specimens described in his University of
Utrecht doctoral thesis are deposited. The Catalogue
of Foraminifera mentions under “type specimens” of
Globigerinoides semiinvolutus; “Depository not given
(Holotype probably deposited in the collection of
the Geological Institute, University of Utrecht, Nether-
lands}.” Through the courtesy of Drs. C. W. Drooger,
and P. Marks of the Geological Institute of the Univer-
sity of Utrecht, and lsabella Premoli-Silva while on a
temporary assignment there, the Keijzer collection was
located in Utrecht. In a search for the holotype of Glo-
bigerinoides semiinvolutus, a single slide containing 23
loose specimens was found and kindly made available to
the author for examination. The reason Keijzer placed
all his G. semiinvolutus specimens, including the holo-
type, in a single slide was blamed in a private communi-
cation by Dr. Drooger on the difficult working condi-
tions and shortage of slides in Utrecht during and shortly
after the second world war, when Keijzer worked on
his thesis. The slide has the following labelling: Glo-
bigerinoides semiinvolutus Keijzer; Cuba D 26798;
F286, V339, V400. The 23 specimens come from four
different Upper Eocene localities, including the type
locality F286.

Of the 23 specimens, 13 arc of a whitish color, 9 are
yellowish-brown and onc is pink. The marls from the
Eocene in the northern region (Middle-Upper Eocene)
and the type sample F286, particularly, are described as
white. The three other samples mentioned on the slide
are all from the synclinal area of the Eocene San Luis
Formation which lies further to the south (see geograph-
ical map in Keijzer, 1945). Of this formation Keijzer
says: “In the centre of the synclinorium the white
marls and limestones of the basal parts of the San Luis
Formation grade upwards into a series of grey and
brown shales and sandstones. . . .” If the holotype is
included in the slide, which can reasonably be assumed
inasmuch as there are no other separated G. semiinvoluta
specimens in the collection, it should be one of the
whitish specimens from the northern Eocene, the colored
ones probably having been obtained from the southern
San Luis Formation.

An examination of these 23 specimens and a com-
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parison with Keijzer's holotype figure and description
reveals that none of the colored specimens and only one
of the white ones can be identified with the holotype.
The others differ in the number of apertures {1, 2, 4,
instead of 3 in the holotype), preservation (some are
broken, deformed or partially covered by matrix), size,
or overall test shape. This single specimen, regarded
with the highest probability as the holotype selected by
Keijzer, fits his description and figures well.

It is from locality F286 in the northern Eocene sec-
tion E. of Mayari, which is shown on the small sketch
map of figure 7, p. 60 in Keijzer (1945). On his geo-
logical map (in back pocket), Keijzer does not actually
show locality F286, which lies between the indicated
F285 and F288. Keijzer correctly figured and described
the holotype, including locality, collector’s number,
stratigraphic position and age, but has not separated
and labelled the specimen as such and also has not given
a depository. Consequently, he did not conform in this
respect with Recommendations 72B-C and 73C(7) of
the IRZN.

The specimen is now kept in a separate slide labelled
Globigerinoides semiinvolutus Keijzer, 1945, Lectotype,
(probably Keijzer’s holotype specimen from locality
F286, N-Eocene section E. of Mayari, Cuba) and is
deposited in the collections of the Geological Institute,
Utrecht, Holland. Its essential features are those de-
scribed and figured by Keijzer (1945) as holotype of
Globigerinoides semiinvolutus.

THE MORPHOLOGICAL DIFFERENCES BE-
TWEEN GLOBIGERINATHEKA SEMIINVOLUTA
AND GLOBIGERINATHEKA MEXICANA
MEXICANA

In addition to a different stratigraphic distribution,
(see following discussion) distinct morphological dif-
ferences exist between (. semitnvoluta and G. mexicana
mexicana in average test size, shape and perforation of
the last chamber, degree of depression of sutures, and
shape of apertures in the last chamber.

The largest diameter of the holotype of mexicana is
.35 mm against .5 mm in semiinvoluta. Observations
on the size variability of mexicana specimens show a
range between .3 mm and .4 mim. The holotype of G.
barri, 4 form closely related to mexicana, measures .39
mm, paratypes .35 mm-.36 mm. Keijzer mentions a
variability of semiinvoluta from .37 mm to .55 mm, the
specimens figured here on plate 5 and 6 vary from .17
mm to .54 mm. From these figures it can be deduced
that, where size is concerned, tests of mexicana as a

rule do not exceed .4 mm, whercas semiinvoluta fre-
quently grows larger with many specimens reaching
more than .52 mm,

The last chamber of the re-drawn holotype of niexi-
cana is irregularly shaped and the specimen figured as
mexicana by Saito (1962, plate 34, fig. 6) possesses a
fairly small end chamber, which, seen from the top, is
triangularly shaped. In contrast, the last chamber of
semiinveluta is, as shown in Keijzer's holotype drawings
and on the numerous specimens figured here on plate
3 and 6, very regularly dome-shaped and, in the average
specimen, more or less hemispherical. With few excep-
tions the sutures of semifnvoluta specimens, including
the holotype according to Keijzer’s drawings, are very
faintly depressed and hardly visible, in particular be-
tween early chambers (plate 5, figs. 13, 18, 24}. Ouly
occasionally are they well developed (plate 5, figs. 14,
21). According to Blow and Saito the intercameral
sutures of the mexicana holotype are “shallowly but
distinctly depressed.” This 1s also clearly shown on their
re-drawn holotype figures. Because of its more regularly
dome-shaped final chamber and less incised suturcs be-
tween early chambers, the average test of semiinvoluta
is thus more smoothly spherical than mexicana.

Though not apparent from their re-drawn holotype
figures of mexicana, its last chamber, according to Blow
and Saito, is “smoother and less coarsely perforate than
the surface of the earlier chambers.” With the excep-
tion of one specimen (plate 5, figs. 16, 17) none of the
semiinvaluta figured on plates 5 and 6 shows such dif-
ferences between early and last chambers.

Dr. I. P. Beckmann has had the opportunity to
examine both the holotype of mexicana (at the U.S.
National Museum) and Keijzer’s original semifinvoluta
material while on loan at the Geological Institute, ETH,
Ziirich. He has recognized the same morphological dif-
ferences between the two species as those expressed
above, and he has strongly supported the findings cx-
pressed in this paper that semiinvoluta is a form clearly
distinct from mexicana in its morphology and thus must
be retained as a valid species and index fossil. The
opinion that semiinvoluta is a valid species and not a
synonym of mexicana was already expressed by Tou-
markine and Bolli (1970), and Baumann (1970, foot-
note, p. 1175},

AGE OF GLOBIGERINATHEKA
MEXICANA MEXICANA

In addition to the forms published as semiinvoluia
by Keijzer (1945), Bolli, Loeblich and Tappan (1957},
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and Blow and Banner (1962), Blow and Saito (1968)
also placed the two secimens figured by Saito (1962)
as Globigerapsis mexicana from the Middle Eocene of
Japan in synonymy with Globigerina mexicana Cushman
(see under G. mexicana mexicana of this paper). This
is in contradiction with their claim that (G. mexicana is
a Late Eocene index fossil.

In this context the question of a Middle or Late
Eocene age of the type locality of G. mexicana must be
raised again. To Blow and Saito’s remarks on this, from
which they conclude a Late Eocene age, the following
observations supporting Middle Eocene are added: Of
the species described in Cushman’s (1925} paper “New
Foraminifera from the Upper Eocene of Mexico™ only
two of them are planktonic, Globigering mexicana and
Globigerina topilensis. The latter is a characteristic spi-
nose form now assigned to the genus Truncorotaloides,
not known in strata younger than Middle Eocene. From
this alone it may be deduced that the holotype of G.
mexicana is also Middle Eocene in age and not Late
Eocene as Cushman originally stated.

Blow and Saito were aware of the concurrence of the
Middle Eocene T. topilensis in the type sample of G.
mexicana. They reasoned, however, that G. mexicana
is Late Eocene in age based on the following informa-
tion by Dr. R. W. Barker: “It would appear that the
Tantoyuca Formation does not occur in the area of the
Palacho Hacienda” (from where Cushman described the
fauna) but that “derived blocks of Eocene are present
in these post-Focene beds and that it is very probable
that Cushman obtained his sample from such a block,
or from a heterogeneous sample.” From this they con-
clude that the associated fauna from Cushman’s Palacho
Hacienda cannot be used to date the occurrence of G,
mexicana, and continue “As yet ‘Globigerina mexicana’
has not been observed in the in sifu Tantoyuca Forma-
tion, although it occurs commonly in the light colored
marls of the Chapapote Formation. It may well be that
Cushman’s sample included derived material from the
Chapapote Formation.”

On this the following is said:

1. Even if Cushman’s Palacho Hacienda sample
comes from a derived block, its fauna can still be homo-
geneous.

2. Tantoyuca and Chapapote are said to represent
two different facies of the same Late Eocene age (Congr.
Geol. Int., Excursion C-16, p. 47-53, Mexico, 1956;
Muir, 1936). A comparison of the evolutionary stages
of Globorotulia cerroazulensis subspecies in type locality
samples from the Tantoyuca and Chapapote formations

indicates, however, that the Tantoyuca can be slightly
older than the Chapapote—though still Late Eocene.
The shallow water, nearshore facies of the Tantoyuca
Formation contains a predominantly benthonic forami-
niferal fauna with larger foraminifera and only few
planktonic specimens. Globotruncanas and a Middle
Focene Globigerinatheka subconglobata curryi specimen
in a sample from the type locality of the Tantoyuca
Formation indicate reworking, possibly also of the
youngest faunal components Globorotalia cerroazulensis
cerroazulensis and G. cerroazulensis cocoaensis. Pres-
ence in the Tantoyuca of other reworked Middle Eocene
faunas, including . mexicana, is thus entirely possible.

The open sea marls of the Chapapote Formation
show a strong predominance of planktonic foraminifera.
Samples collected by the writer (Bo 67/17-20) at its
type locality on the Rio Tuxpan (an outcrop about 80
m long on the river bank with a dip of approx. 30° E,
see fig. 7 of above-mentioned Congress Guide) contain
Cribrohantkenina inflata and Globorotalia cerroazulensis
cocoaensis, and G. cerroazulensis cunialensis particularly
in the highest part of the section. This indicates a strati-
graphic extension of the type locality from the upper
part of the Globorotalia cerroazulensis cocoaensis Zone
into the Globorotalia cerroazulensis curnialensis Zone,
upper part of the Late Eocene (Toumarkine and Boili,
1970). This position of the Chapapote type locality
explains the absence there not only of the Middle Eocene
G. mexicana but also of G. semiinvoluta, which is re-
stricted to the lower part of the Late Eocene.

3. Unless the lower parts of the Tantoyuca and/or
Chapapote Formations reach into the Middle Eocene,
it must be assumed that Cushman’s Palacho Hacienda
sample is not from in situ Tantoyuca, as was also sug-
gested by Barker (quoted above}. The type locality
of Globigerina mexicana mexicana and Truncorotaloides
topilensis rather belongs to the Middle Eocene Guayabal
Formation (in situ or in block form) or contains mate-
rial dertved from it.

Until more convincing evidence to the contrary can
be offered than that given by Blow and Saito (1968),
G. mexicana mexicana is to be regarded as of Middle
Focene age, which is also in agreement with the opinion
expressed by Saito (1962), and it is therefore strati-
graphically older than . semiinvoluta.

PALEOGEOGRAPHIC DISTRIBUTION
OF GLOBIGERINATHEKA

Based on published records from tropical regions
(Caribbean and East Africa) and temperate regions
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( Alpine-Mediterranean, Caucasus and New Zealand/
Australia ), and from my own, unpublished observations
in the Caribbean and Alpine-Mediterrancan regions, the
paleogeographic distribution pattern of the taxa listed
here is as follows:

1. Tropical and temperate regions:
G. mexicana mexicana/barri/, G. index tropicalis

2. Tropical, grading into progressively less distinct and
smaller forms towards temperate regions:
G. mexicana kugleri, G. subconglobata curryi/
euganea (leading to O. beckmanni), G. semi-
involuia

3. Temperate, grading into progressively less distinct
forms towards tropical regions:
G. subconglobata micra/subconglobata

4. Temperate:
G. index index/rubriformis, G.
luterbacheri

subconglobata

It appears that certain subspecies may replace each
other in different latitudes by changing morphological
characters. This was already suggested by Jenkins
(1971), who belicves that G. index tropicalis is the
tropical equivalent of G. index index. While all taxa
known from tropical areas have been recorded also in
at least the more southern temperate areas (e.g. G.
semiinvoluta in the Southern Alps, but not yet north of
the Alps or in the Caucasus), the temperate G. index
index, G. index rubriformis, and G. subconglobtata
luterbacheri are unknown so far from the tropical belt.

FAUNAS STUDIED

Material from the following areas was used for this
study:

Italy: Possagno section (Cita et al, 1968, Toumarkine
and Bolli, 1970), Hantkenina aragonensis Zone to Glo-
borotalia cerroazilensis Zone, Various species and sub-
species from this interval are figured on plates 1 and 3.

Switzerland: Looegg section, W. of Pilatus (Eckert,
1963). Variability of G. subconglobara luterbacheri n.
subsp. (plate 7).

Trinidad, W.I.. Type locality and additional samples
from the Globigerinatheka subconglobata subconglobata
Zone to the Globigerinatheka semiinvoluta Zone (Bolli,
1957). The well preserved specimens of Globigerina-
theka mexicana mexicana, G. mexicana kugleri and G.
mexicana barri (plates 2, 4) used for variability studies

come from the Orbulinoides beckmanni Zone, those of
G. index tropicalis and G. semiinvoluta (plates 3-6)
from the Globigerinatheka semitnvolita Zone.

Available for direct comparison were specimens of G.
index index from New Zealand, the holotype and para-
types of . macrostoma from Northern ltaly, Keijzer’s
original G. semiinvoluta material from Cuba, G. index
rubriformis, G. subconglobata micra, and G. subcon-
globata subconglobata specimens from the Caucasus,
USSR. Faunas for comparison were available from sec-
tions collected along the Kheu and Kuban River of the
Caucasus; further from Barbados, W.1.,, and the Cava
Zillo section, Northern Ttaly. Checked and compared at
the U.S. National Museum in Washington, D.C. were
holo-, para- and hypotypes of G. mexicana, G. kugleri,
. barri and G. currvi. Holo- and paratypes of (. tropi-
calis and G. lindiensis were seen at the British Museum,
London, and those of G. eugarnea at the Natural History
Museum, Basel.

The specimens figured on plates 1-7 are deposited
in the Museum of Natural History, Basel (C26655-
26770).

Genus Globigerinatheka Bronnimann 1952, emended
Proto Decima and Bolli, 1970

Genotype:  Globigerinatheka barri Bronsimann,
1952, p. 27, text figs. 3a—c

Reference is made for the genus description to Bron-
nimann (1952) and to Proto Decima and Bolli (1970)
who included Globigerapsis in Globigerinatheka as its
non-bullate stage. In Globigerinatheka thus are in-
cluded all Middle to Late Eocene planktonic foraminif-
era that possess a trochospiral globigerinid stage whose
umbilical area is covered by a final chamber with two
or more sutural apertures which may or may not be
covered by bullae. Typical for the genus is the position
of the apertures of the last chamber which are as a rule
placed symmetrically above the sutures between eatlier
chambers. In this respect the G. index subspecies (plate
3, text figs. 51-71) compares with Globigerinoides
ruber (Bolli, 19574, text fig. 21, p. 113) which displays
a similar arrangement and growth rate of chambers,
but differs in having a less umbilical position of the final
chamber in relation to the early whorl, and in possessing
sutural apertures also in earlier chambers. As can be
seen from the illustrations in this paper, the same aper-
tural positions symmetrically above sutures between
earlier chambers, are also apparent in the other Glo-
bigerinatheka species. Where bullae are present, the
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same applies to the position of their apertures in relation
to sutures between underlying chambers (e.g. text figs.
19-21, 37, 48, 50).

Orbulincides Cordey, 1968, evolved from Globig-
erinatheka (G. subconglobata euganea) in acquiring
spiral sutural apertures in the early chambers which con-
nect via vestibules with apertures of the covering thick
wall. Orbulinoides also possesses a greater number of
sutural apertures in the last three chambers and may
have areal apertures in the last chamber, which are not
known in Globigerinatheka (Proto Decima and Bolli,
1970).

Reference is made to the original species and sub-
species descriptions. Translations in French and some
in English are available for the taxa originally published
in Russian (see references Subbotina, Shutskaya). Re-
marks on the species and subspecies comprise particular
morphological characteristics, variability, differential
analysis, interrelations between taxa, synonymies, and
stratigraphic ranges.

Globigerinatheka index index (Finlay)
Plate 1, figures 1-4, 6, 7; Text figures 51-57, 63, 64

Globigerinoides Index FINLay, 1939, p. 125, pl. 14, fig. 85,
(holotype}, fig. 86—88 (paratypes). HorNIBROOK, 1958, pl.
1, figs., 1113 (redrawn holotype), fig. 14 (paratype).

Globigerapsis index (Finlay). QuiLty, 1969, text fig. 7, no.
42.48. Baumannw, 1970, pl. 1, figs. 12a-c.

Glabigerinatheka (Globigerapsis) index index (Finlay). JEN-
KINS, 1971, pl. 22, figs. 641-645.

Globigerinoides macrostoma HAGN, 1956, p. 173-174, pl. 16,
figs. 11a, b (holotype).

Globigerinaita index (Finlay), MyaTLYUk, 1970, pl. 53, figs.
ia-c.

For additional synonymies see Quilty (1969), and
Jenkins (1971).

The holotype contains only one aperture in the final
chamber and is therefore atypical of the genus Globig-
erinatheka, and also of Globigerinoides in which the
species was originally placed. The figured paratypes
(text figs. 52, 53, 57), however, possess two apertures
in the last chamber. The essential differences between

PLATE 1

All figures x 80

Globigerinatheka index index, G. index rubriformis, G. sub-
conglobata subconglobatu, G. subconglobata currvi, G. mexi-
cana barri, G. subconglobata luterbacheri n. subsp. from Pos-
sagno section, Northern Iialy

For localities of sample numbers see Cita, 1968, figs. 25, 27,
and Toumarkine and Bolli, 1970, figs. 1, 3.

Samples 632-635, 638: Globigerinatheka subconglobata sub-
conglobata Zone; 641-642: Globorotaliv lehneri Zone; 643
Ovrbulinoides beckmanni or Truncorotaloides rohri Zone; 68/
68: Globigerinatheka semiinveluta Zone.

i-4,6,7, Globigerinatheka index indey
1 Small specimen with two apertures in last chamber.
634, (26655
2 Medium sized specimen with two apertures. 638,
C26656
3.4 Large specimens with two apertures (only one visi-
ble in 3) 634. C26657, C26658
6,7 Specimens with ultimate chamber smaller than
penultimate, both with two apertures. 633, 632.
C26659, C26660
5, 11-13 Globigerinatheka index rubriformis
5 Side view, last chamber with two large apertures,
633, C26661
3 Oblique spiral view, last chamber with three aper-
tures, two visible on figure. 633. C26662
12 Spiral view, last chamber with two apertures, not

visible on figure. 633. C26663
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13 Oblique spiral view. Last chamber smaller, with
two apertures. 633. C26664

8-10, 15, 16 Globigerinathka subconglobaia subconglobala

8,9 Small specimens with ultimate chamber smaller
than penultimate, both with two apertures with
thick rims. 633, 632. C26665, C26666

10 Specimen with flat last chamber, possessing three
apertures, two of which are visible. 634, C26667

15,16  Specimens with two apertures in last chamber, in
16 one covered by bulla. 633. C26668, C26669

14 Globigerinatheka subconglobata curryi
14 Large specimen with two bullae. 635. C26670
18-21 Globigerinatheka mexicana barri
18 Last chamber with two apertures, the one visible
on figure with bulla like extension of last chamber.
638. C26671
19 Two bullae, small one on center left, large one at

right. 638. C26672
20, 21 Specimens with two bullae, 641, C26673, C26674

17, 22-25  Globigerinatheka subconglobata luterbacheri, n.

subsp., all from 68/68

17 Juvenile, specimen with two apertures in last cham-
ber. C26675
22 Medium sjzed specimen, two apertures in last

chamber, C26676
23,24  Large specimens with two apertures in last cham-
ber, in 24 both covered by bullae. C26677, C26678
25 Specimen with three apertures in last chamber, all
covered by bullae. C26679
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the subspecies index and tropicalis lie in the thicker walls,
more deeply incised crevice-like sutures, and granular
surface of the former. It is often difficult, however, to
assign specimens of intermediate character to one of
the two species. Specimens also exist that appear inter-
mediate between G. index index, G. index rubriformis
(high initial spire) and G. subconglobata subconglobata
(small end chamber), Such variabilitics are shown on
plate 1, figs. 1-13, 15-16.

Since the original description by Finlay, the species
has been dealt with by several authors, of whom Horni-
brook (1958) offers more accurate re-drawings of holo-
type and paratype, and Quilty (196%9) an up-to-date
description.

Globigerinoides macrostoma described by Hagn
(1956), i1s here placed in synonymy with G. index
index. A comparison of the holotype of G. macrosioma
kindly made available by its author, with types of G.
index index from New Zealand received from Drs. Jen-
kins and Hornibrook, shows that macrostoma has simi-
larly thick chambers with partially deep cut sutures,
surrounded by granular surface as is typical for index
index. Hagn, himself, describes the sutures on the ven-
tral side as “stirker eingesenkt,” “zuweilen zerschlitzt

wie bei Sphaeroidinella,” and “die Obertfiche ist ziemlich
rauh und weist grubige Vertiefungen auf.” These are
just the characters typical for G. index index.

G. index index is regarded by Blow (1969} as a form
that was largely restricted to cooler water habitat with
ouly comparatively rare and sporadic invasions into
tropical regions. Jenkins (1971) is of the opinion that
G. index tropicalis is the tropical equivalent of the cooler
water (. index index. Blow and Banner (1962) note
that G. index index occurs abundantly in the Middle
Eocene of Tanganyika but appears to be absent in the
Late Eocene of Bast Africa and Trinidad, and they add
that other records of G. index index from the Late
Eocene (Cuba, Syria, Israel, SE Australia) should refer
to G. index tropicalis. Observations in the Possagno
section (Cita, 1968; Toumarkine and Beolli, 1970) indi-
cate that typical G. index index range well into the
Globigerinatheka semiinvoluta Zone together with G.
subconglobata luterbacheri. Both disappear simultane-
ously within the higher part of that zone, while G. index
tropicalis continues into the basalmost part of the Glo-
borotalia cerroazulensis s.1. Zone to become extinct there
as the last representative of the genus Globigerinatheka.

PLATE 2

All figures %100

Globigerinatheka mexicana mexicana, . mexicana kugleri,
G. mexicana barri

All specimens from sample HK 408, Orbulinoides beckmanni
Zone, Navet Formation, Middle Eocene, Pointe-a-Pierre, Trini-
dad, W.I. (Same locality as Hg. 8581 mn Bolli, 1957, p. 159).

1-5 Globigerinatheke mexicana mexicana
1,5 Specimen with three apertures in last chamber of
which two are visible on figures. C26680, C26634
2,3 Specimens with two apertures, both visible on
figure. C26681, C26682
4 Specimen with three apertures, all visibie. C26683
6-7 Globigerinatheka mexivana kugleri
) Specimen with two apertures in last chamber, both
visible. C26685
7 Specimen with fairly small end chamber of which

two apertures are visible on figure, Penultimate,
larger chamber with two apertures, one visible on
figure, the other covered by ultimate chamber.

26686
8-20 Globigerinatheka mexicana barri
8 Specimen with two apertures, one partially covered

by small bulla. C26687
9, 10, 11 Specimens with two bullae, which have thick aper-

tural rims and coarsely perforated wall. Enlarge-
ment of 10, pl. 4, fig. 4. C26688, C2668%, C26690

12 Specimen with two apertures, covered by minute,
delicate bullae. C26691

13,14  Specimens with one large (top) and one small
{lower left and lower center) bulla, both with
strong apertural rims, Large chamber-like bulla
of 13 with fine pores (Enlargement pl. 4, fig. 2),
of 14 with larger pores, 26692, C26693

15 Specimen with small, delicate bulla covering one
aperture (bullate kugleri). Enlargement pl. 4, fig.
1. C26694

16 Specimen with two apertures covered by small,
delicate bullag (bullate kugieri). C26695

17 Specimen with two thick walled, coarsely per-
forfated bullae, both with thick apertural rims.
C26696

18 Specimen with three bullag as in 17. Enlarge-
ment pl. 4, fig. 3. C26697

19 Specimen with one large and one small bulla.

Large bulla with small secondary, finer perforated
thick rimmed bulla. Enlargement pl. 4, fig. 6.
C26698

20 Specimen with two thick walled, coarsely perfo-
rated bullae, their apertures covered by finer per-
forated secondary bullae, Enlargement pl. 4, fig, 5.
C26699
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This top compares closely with that found in Trinidad
by Bolli (1957). . index tropicalis ranges to the top of
the Globigerinatheka semiinvoluta Zone, also according
to Blow and Banner (1962), whereas G. index index
does not occur above the Middle Eocene.

Subbotina’s (1953) Globigerinoides conglobatus Zone
and therefore the range of the zonal marker (= G.
index 5.1.) has a similar stratigraphic position approxi-
mating that of the Globigerinatheka semiinvoluta Zone,

This evidence indicates that G. index 5.l. became ex-
tinct at approximately the top of the Globigerinatheka
semiinvoluta Zoue. Following others, however, the spe-
cies and in particular G. index index continues to the
top of the FEocene or even into the basal Oligocene:

Blow (1969) mentions under (. index: “Recently,
the writer has been shown samples by Dr. Berggren which
contain typically developed specimens of this form which
occur in the Late Eocene and/or earliest Oligocene of
Denmark.” On table 3 of Berggren (1971), G. index
ranges to the top of the Globigering gortanii/Globorolalia
centralis Zone, Late Eocene, in the North Sea Basin.
According to Jenkins (1971), G. index extends in New
Zealand to the lower part of the Globigerina brevis Zone,
which approximately corresponds with his Eocene/
Oligocene boundary.

It would appear from this, assuming the stratigraphic

correlations are correct, that in tropical regions G. index
index does not extend beyond the Middle Eocene ( Tan-
ganyika, Trinidad), that it ranges into the lower part of
the Late Eocene in more temperate regions (Possagno),
and that it continues to the top of the Eocene in still
higher Tatitudes (North Sea Basin, New Zealand).

Globigerinatheka index korotkovi {Keller)
Text figures 61-62
Globiverinovides korothovi KELLER, 1946, p. 98, pl. 2, figs. 14—
16 (holotype).

Globigerinaides korotkovi Keller, SuspoTINA, 1953, pl. 14, figs
1a, b.

Tudging from the species description and the holotype
figure reproduced by Subbotina (1953) (text figs. 61,
62 in this paper), it is assumed that korotkovi is very
close to or identical with index or tropicalis. Should the
latter become verified by a comparison of the original
types, fropicalis would then become a junior synoaym
of korotkovi. The species has originally been reported
to occur in the early Senonian of the southwest slope of
the Caucasus. Such an age assignment is apparently not
correct and requires revision. Based on the description
and figures, korotkovi is here regarded as a subspecies
of G. index.

PLATE 3

All figures x 100
Globigerinatheka index (ropicalis

1-20 Specimens showing variability of shape, size, wall thick-
ness and pore size of last chamber.

All from sample Bo 536, type locality of Globigerina-
theka semiinvoluta Zone, Hospital Hill Marl, Navet For-
mation, Late Eocene, Trinidad, W.I. (Bolli, 1957, p, 159-
160).

21-23 Sample 68/65, Globorotalia cerroazulensis cocouensis
Zone, Possagno Marl, Late Eocene, Possagno, Northern
Italy. ( Toumarkine and Bolli, 1970, figs. 1, 3).

24 Sample 650, Globigerinatheka semiinvoluta Zone, Pos-
sagno Marl, Late Eocene, Possagno, Northern Italy.
(Cita et al., figs. 24, 27).

1-5 Specimens with thin walled, finely perforated, somewhat
irregular shaped bulla like end chambers smaller than
penultimate. Last chambers with 2-3 high arched, dis-
tinctly rimmed apertures. 3 and 4 are different views of
same specimen. C26700, C26701, C26702, C26703

6-8 Same as 1-3 but final chamber larger than penultimate
and more regufar dome shaped. Apertural rims finer.
C26704, C26705, C26706
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9-10 Specimens with end chamber bulla like, smaller than
penultimate, and with its wall slightly thicker and pores
slightly coarser than in 1-8. Distinct apertural rims.
C26707, C26708

11-14 As 9-10 but last chamber larger than pemultimate. 11
and 12 are different views of the same specimen.
C26709, C26710, C26711

15 Specimen with two delicate, finely pored bullae covering
apertures of final chamber (bullate tropicafis). C26712

16-20 Specimens with last chamber equal or larger than penul-
timate, wall thickness and pore size comparable with that
of earlier chambers. 17 and 18 are different views of
same specimen., 16-18: last chamber with two aper-
tures, 19, 20 are large specimens with three apertures,
of which two are visible on figure. Apertural rims poorly
developed or non-existant. C26713, C26714, C26715,
C26716

21-22 Small specimens with two rimmed apertures in last cham-
ber. C26717, C26718

23-24 Large, clongate specimens with three apertures of which
two without rims are visible on figures. C26719, C26720



HANS M. BOLLI PLATE 3

Jonirnal of Foraminiferal Research, Volume 2, Number 3



HANS M. BOLLI PLATE 4

Journal of Foraminiferal Research, Volume 2, Number 3



GLOBIGERINATHER A BRONNIMANN

Globigerinatheka index rubriformis (Subbotina)
Plate 1, figures 5, 11-13; Text figures 69-71

Globigerinoides rubriformis SUBBOTINA, 1953, p. 92, 93, plL. 13,
fig. 19; pl. 14, figs. 6-9, (holotype, pl. 14, fig. 6).

Globigerinoita index (Finlay). MyaTLYUK, 1970, pl. 53, figs.
Sa-c.

Of the large variability given for this spccies by
Subbotina, Berggren (1960) includes those with a
low trochospire in . index. However, in comparing
rubriformis specimens kindly made available by Dr,
Subbotina with index from the New Zealand collections
of Drs, Jenkins and Hornibrook, it becomes apparent
that rubriformis lacks the characters of index, i.e. the
very thick wall with granular surface and the deeply
incised sutures but possesses rather those of fropicalis
which would then be the low spired equivalent of rubri-
formis. 'This also fits the age assignment for rubriformis
given by Subbotina as occurring on the limit between the
Late Bocene “Zone with Globigerinoides conglobatus
and large Globigering” and the “Bolivina” Zone.

High spired specimens of the rubriformis type (plate
1, figs. 11--13), some with the characters of index (plate
1, fig. 5), also occur in the Globigerinatheka subcon-
globata subconglobate Zone of the Possagno seciion,
concurring there with index. Accordingly, the rubri-
formis type thus occurs in the Middle and Late Eocene
and may be regarded as a high spired variant of index
and fropicalis. Therefore, it is treated here as a sub-
species of G. index.

Globigerinatheka index tropicalis {Blow and Banner)
Plate 3, figures 1-24; Plate 4, figures 7-12;
Text figures 5860

Globigerapsis tropicalis BLow and BANNER, 1962, p. 124-123,
pl. 15, D, E (holotype), F (paratype). Baumann, 1970,
pl. 3, figs. 6a—<.

Globigerapsis of tropicalis Blow and Banner. Raju, 1971, pl.
11, figs. 7a, b.

Globigerapsis index (Finlay). Bovui, 1957, pl. 36, figs. 14a-16.

Globigerinoides index Finlay. Hacow, 1956, pl. 16, figs. 6-8.

Globigerinoides conglobatus (Brady), GLAESSNER, 1937, pl. 1,
fig. 3. SuspoTINA, 1953, pl. 14, figs, 2-5. SHUTSKAYA,
1958, pl. 2, figs. 1-3,

Globigerinatheka lindiensis BLow and BANNER, 1962, pl. 153,
figs. O, P (holotype}, text figs, 11 (6-8).

The general test shape and arrangement of chambers
is about the same as in the other subspecies of G. index.
It differs from G, index index in having a more delicate
wall and an absence of the deeply incised angular su-
tures, but specimens intermediate in character exist and
it is likely that fropicalis has evolved from index index.
It is for this reason that it is treated here as a subspecies
of index.

The size of the holotype is given as 0.37 mm, but
specimens of up 10 0.5 mm maximum diameter are
found, e.g. at Possagno and at the type locality of the
Globigerinatheka semiinvoluta Zone of Trinidad, from
which Blow and Banner (1962) also reported the sub-
species. Size variations from these two localities are
shown on plate 3.

PLATE 4

All figures x200

1-6 Details of bullae of Globigerinathela mexicana barri
specimens figured on Plate 2

1 Pl 2, fig. 15. Very small, thin walled, finely pored
bulla, aperture on right with delicate rim.

2 Pl. 2, fig. 13, Bulla with fine pores and thick apertural
rim,

3 Pl. 2, fig. 18, Thick walled bulla with pore size about
equal to that of earlier chambers and apertural rims.

4 Pl 2, fig. 10. Partial view of the two thick walled,
coarsely pored bullae with distinct apertural rims.

5 PL 2, fig. 20. Specimen with two regutar sized thick

walled, coarsely pored bullae. The apertures of these
bullae are covered by small secondary bullae of
thinner walls and finer perforation and with high
arched, rimmed aperiures. One of the three secondary
bullac visible in the figure, bridges the two bullae,
apparently covering apertures of these bullae facing
each other.

6 Pl 2, fig. 19. Partial view of large, thick walled,
coarsely perforated bulla with small, secondary bulla,
also fairly thick walled, coarsely perforated and with
high arched, rimmed aperture.

All figures 200

7-12 Details of final chambers of Glebigerinatheka index
tropicalis specimens figures on Plate 3

7 Pl 3, fig. 6. Thin walled, fincly perforated bulla like
ultimate chamber with distinct apertural rim, in con-
trast to thick, coarsely perforated early chambers,

8 Pl. 3, fig. 15. One of the two delicate, finely pored
bullae.

9 Pl 3, fig. 10. Small, irregular shaped, bulla like end
chamber, Wall thickness and pore size intermediate
between those of Fig. 7 and 12 of this plate.

10, 11 PL 3, fig. 14, 12. Large end chambers with wall thick-
ness and pore size intermediate as in Fig. 9.

12 Pl. 3, fig. 19. Large end chamber with wall thickness
and pore size equal to that of earlier chambers.
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Blow and Banner {1962, p. 125-126, plate 15, Q, P,
text figs. 11, 6-8), describe Globigerinatheka lindiensis,
a bullate form, as “closely related to, and very probably
directly descended from, Globigerapsis semiinvoluta
{Keijzer); the structure, form and disposition of the pri-
mary chambers is closely similar in the two species . . .
They also point out that “throughout later ontogeny,
the chambers of G. lindiensis are more depressed, em-
bracing, and more tightly coiled than in Globigerapsis
semiinvoluta.” The range is given as limited to the Glo-
bigerapsis semiinvoluta Zone, Late BEocene. The bullae
covering the multiple apertures of the last chamber are
described as strongly inflated, subglobular, their walls
being similar to those of the primary chambers but dis-
tinctly thinner. The holotype is from the Globigerina-
theka semiinvoluta Zone, Late Eocene, Lindi area, but
the species is also mentioned as apparently limited to
this zone in southern Trinidad. Blow and Banner also
point out the characters that distinguish G. lindiensis
from G. barvi.

From a comparison of the original description and
figures of G. lindiensis with bullate G. semiivoluta speci-
mens investigated from the Globigerinatheka semiivoluta
Zone of Trindad (plate 6, figs. 4-12) it would appear
that most of the bullate specimens of this species are
not strongly inflated (4, 12), and their wall thickness
is close or equal to that of earlier chambers (5, 9),
though specimens with more inflated bullae also exist
{7, 10).

In comparing the holotype figure of Blow and Banner’s
{1962, plate 15, fig. O) G. lindiensis (see text fig. 80)
with that of the holotype of G. tropicalis Blow and
Banner (1962, plate 15, fig. D) (sece text fig. 59}, a
close resemblance of the test size and shape, growth
rate and arrangement of chambers, and kind of sutures
can not be denied. Further, the shape and size of the
final chamber and the surface texture of the test appear
about the same from the figures, the only difference
being the bullae in G. lindiensis which covers the aper-
tures of the last chamber.

On the other hand, when the holotype figure of G.
findiensis is compared with that of a Globigerinatheka
semiinvoluta as shown by Blow and Banner on plate 15,
fig. J (see text fig. 79), it is apparent that the final
chamber of the latter is considerably larger, more regu-
larly circular in outline and with much larger, almost
circular apertures than can possibly be present in the
holotype of G. lindiensis.

A closer relationship of G. lindiensis to G. index
tropicalis also seems apparent from the specimen shown
on plate 3, fig. 15 of this paper, which is regarded as
one of the rare bullate . index tropicalis, possessing
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strongly inflated, thin walled bullae, also typical for
G. lindiensis. It is from these considerations that G.
lindiensis is here not maintained as a separate taxon,
descended from G. semiinvoluta, but rather treated as
a bullate G. index tropicalis. Bullate forms of G. semii-
involuta and G. index tropicalis are apparently scarce
and their range is not known to be different from that
of the non-bullate forms.

The forms published by Glaessner {1937), Subbotina
(1953), and Shutskaya (1958) as Globigerinoides
conglobatus from the Late Eocene of the Caucasus are
here included in Globigerinatheka index s.l. There is
certainly no relation of these forms to Glebigerinoides
conglobatus Brady originally described from the Recent.

With the exception of Shutskaya (1958), who reports
conglobatus from the Early Oligocene, the other authors
give a Late Eocene age for their specimens. According
to the USSR Stratigraphic Commission {1963) conglo-
hata is typical of the “Late Eocene Zone of large Glo-
bigerina and Globigerinoides conglobatus.”

Globigerinatheka mexicana barri Brénnimann, 1952
Plate 1, figures 18-21; Plate 2, figures 8-20; Plate 4,
tigures 1-6; Text figures 21-26

Globigerinatheka barri BRONNIMANN, 1952, p. 27-28, text figs.
3a—c (holotype) 3g, h (paratypes) (not 3d-f). BoLLj,
LoesLicH and Tapean, 1957, pl. 7, figs. 12a-c.
Boirr, 1957, pl. 37, figs. 8, 9. MoHanN and Sooban, 1970,
pl. 1, fig. 6. PosTUMA, 1971, p. 165,

Globigerinatheka (Globigerinatheka) index barri Brinnimann.
JENKINS, 1971, pl. 21, fig. 632.

Globigerinoita index (Finlay), MvyatLyuk, 1970, pl, 53, figs.
2a—c.

Reference is made to Proto Decima and Bolli’s (1970)
comments on the relation of barri with kugleri, and
on the age assignments of the holotype and paratypes
(Middle Eocene instead of the originally proposed Late
Eocene). Reference is also made to the subspecies
mexicana and kugleri in this paper under which headings
interrelations with G. mexicana barri are discussed.

Globigerinatheka mexicana kugleri
(Bolli, Loeblich and Tappan)
Plate 2, figures 6--7; Text figures 12-17

Globigerapsis kugleri BoLLI, LoEBLICH and Tappan, 1957, p.
34, pl. 6, figs. 6a-c, (holotype).

Globigerina mexicanae Cushman. MaiLrory, 1959, pl. 22, figs.
Ja—c.

The placing by Saito (1962) of G. kugleri in syn-
onymy with G. mexicana is not followed here but it is

agreed that the two species are closely related. Refer-
ence is made to the discussion of G. mexicana mexicana
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in this paper where the relationships of kugleri with the
mexicana and barri subspecies are discussed. In com-
parison with these taxa, kugleri is characterized by the
larger and looser coiled initial spire more globular cham-
bers, and resulting less compact test shape {plate 2,
figs. 6, 7). Specimens with this typical kugleri morphol-
ogy often also possess bullag (plate 2, figs. 15, 16).
They are here included in G. mexicana barri. The strati-
graphic distribution of the bullate and non-bullate forms
is about the same: questionably present in the Globig-
erinatheka subconglobata subconglobata Zone, scarce in
the Gleborotalia lehneri Zone (where mexicana mexicana
predominates), and frequent in the Orbulinoides beck-
manni Zone, from which the holotype is described. The
kugleri specimen figured by Bolli (1957, pl. 36, figs.
21a, b} from the Globorotalia lehneri Zone of Trinidad
is considerably larger and more robust than the younger
holotype. It is now the holotype of G. subconglobata
curryi Proto Decima and Bolli (text figs. 27, 28).

Globigerinatheka mexicana mexicana (Cushiman)
Plate 2, figures 1-5; Plate 4, figures 1-6;
Text figures 1-11

Globigerina mexicana CUsHMAN, 19235, p. 61, pl. 1, figs. 8a—b,
(holotype).

Globigerinatheka barri BRONNIMANN, 1952, text figs. 3d-f (not
3a-c, g h).

Globigerapsis mexicana {Cushman). Saito, 1962, p. 219, pl,
34, figs. 6a-b (not 7a—<¢). BLow and Sarro, 1968, text
figs. 1-4 (refigured holotype).

Globigerinoides kugleri (Bolli, Loeblich and Tappan). MoHAN
and Soopan, 1970, pl. 1, figs. 10a—b.

Globigerinoides mexicang Cushman (1925) has been
misinterpreted more than any other of the Globigerina-
theka species discussed here. This has stemmed from
the original description and figures of this small species
being inadequate by today’s standards, and from the
fact that Cushman himself (1927) and other authors
have subsequently figured under this name specimens
which are much larger and have partly different features,
and which therefore do not belong to G. mexicana s.s.
but rather to the . subconglobata currvi/euganea line-
age. To demonstrate these differences, the original holo-
type figures of Cushman (1925}, and those re-drawn
by Blow and Saito (1968) are here shown on text figs.
1-6 along with specimens figured later as G. mexicana by
Cushman (1927, same locality as holotype), Beckmann
(1953), Saito (1962), and Todd and Low (1960), on
text figs. 35-42. All line drawings have been made from
the published figures and they are presented here to
facilitate comparison at a uniform magnification of ap-
proximately x73,

Bolli, Loeblich and Tappan (1957) were misled by
some of these later published figures of “large” mexicana
in that they based their genotype of Porticulasphaera
(now Orbulincides) on this species; see Saito (1962),
Loeblich and Tappar (1964}, Blow and Saito {1968),
and Proto Decima and Bolli (1970).

Saito (1962), in reviewing and emending the genera
Globigerapsis and Globigerinatheka, also emended G.
mexicana. He included in this species not only the above
quoted “large mexicanas” by Cushman, Beckmann, and
Todd and Low but also of Hamilton {1953) and Weiss
(1955), further the non-bullate paratype of G. barri
Bronnimann, 1952, text figs. 3d, f), the holotypes of
. kugleri and the hypotype of this species tigured by
Bolli (1957, plate 36 figs. 21a, b) which has since
become the holotype of G. subconglobata curryi, the G.
mexicang of Stainforth (1953), and of Mallory (1959,
plate 22, figs. 9a—c) here regarded as . mexicana
kugleri. Saito figures on his plate 34 two specimens.
That of his text figs. 6a, b {text figs. 10, 11 of this paper)
measure .34 mm, its chambers are arranged in a com-
pact way, the surface is finely perforate and the last
chamber covering the umbilical area is somewhat irregu-
larly shaped and comparable with Cushman’s original
G. mexicana, The specimen of his text figs. Ta—c (text
figs. 40-42 of this paper), on the other hand, measures
.53 mm and is thus much larger and more robust, with
more coarsely perforated walls. It is here placed in
Globigerinatheka subconglobata euganea. Though Saito
was first to realize that the large forms described by
Bolli, Loeblich and Tappan as Porticulasphera (now
Orbulinoides) are not comparable with the small G.
mexicana holotype, he continued to include in mexicana
many large forms now assigned to the G. subconglobata
curryi/euganea/0. beckmanni lineage.

Saito set a precedent for regarding G. mexicana and
G. barri as very closely related, mexicana being the non-
bullate form. This concept found support in compari-
sons by Dr. J. P. Beckmann of the original types at the
U.S. National Museum. He notes that, compared with
mexicana, barri has slightly more inflated chambers, a
smaller final chamber, and a more delicate aspect. He
concluded, however, that it would be difficult to distin-
guish between these forms in practice, hence it only ap-
pears justified to separate them—-if at all—at the sub-
species level.

On the other hand, according to Dr. Beckmann G.
kugleri can be distinguished more readily from G. barri
by its much larger initial spire. In his opinion it may
belong to an altogether different group and thus should
not be placed in synonymy with G. mexicana. Never-
theless the present author’s investigations of may suites
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of specimens indicate that intermediate forms also exist
between kugleri and mexicana and make a strict distinc-
tion between these forms difficult. Bullate specimens
encountered in the wider-spired range are here included
in barri (see plate 2, figs. 15, 16).

In their paper “The morphology and taxonomy of
Globigerina mexicana Cushman, 1925,” Blow and Saito
(1968) list a synonymy quite different from that of
Saito (1962). Of the mexicana listed by Saito, only
Cushman’s holotype and the two specimens figured by
Saito (1962) remain. Among the omissions are the
non-bullate (. barri paratype and the holotype of G.
kugleri. On the other hand, the holotype of G. semi-
involuta and numerous specimens correctly figured
under this name are included by Blow and Saito in the
synonymy of (. mexicana. Such a proposed synonymy
of G. semiinvoluta with G. mexicana is critically dis-
cussed on p. 120-122 of this paper.

Blow and Saito (1968) gave a much needed re-
description and re-illustration of the holotype of G.
mexicang. From a comparison of their illustrations with

the original type, the apertural lips, according to
Dr. J. P. Beckmann, may not protrude as far as is shown
on the figures. Further, a less coarse perforation of
the last chamber compared with the earlier ones, as
described by Blow and Saito, does not show on the
drawings.

Based on original types, ;. mexicana is here regarded
as almost identical with barri except for the bullae of
the latter. G. kugleri differs from G. mexicana in its
larger initial spire and its more globular chambers with
deeper sutures, resulting in a less compact test. Inter-
mediate forms exist between all three extremes and a
subspecific scheme of nomenclature is therefore con-
sidered appropriate. G. mexicana is taken as the central
species in which mexicana, barri, and kugleri are in-
cluded as intergrading subspecies.

G. mexicana mexicana is frequent in the Globorotalia
lehneri Zone (type locality of that zone in Trinidad,
W.I., Bolli, 1957; Cava Zillo, Italy, Proto Decima and
Bolli, 1970; Possagno, Italy, Toumarkine and Bolli,
1970) and continues into the Orbulinoides beckmanni

9
PLATE 3
All figures X80 12 Spherical specimen with small, rimmed apertures.
erinathoha semii C26732
Globiyerinatheka semiinvoluta 13 Specimen with extremely large apertures with no
1-27 Variability in test size and shape, number and size rims. C26733 ) .
of apertures. All specimens from sample Bo 536, 14 Large, elongate specimen with large apertures and

type locality of Globigerinatheka semiinvoluta Zone,
Hospital Hill Marl, Navet Formation, Late Eocene
Trinidad, W.I. (Bolli, 1957, p. 159, 160).

1-6 Specimens with one aperture in last chamber.

1,2 Juvenile stages of medium to large size end-forms.
1, spiral view, 2, umbilical view with large, low
arched single aperture. C26721, C26722

3 Minute spherical specimen with one distinct, rimmed
aperture. Aperture detail Pl 6/13. C26723

4,5  Spherical specimens, each with one very small aper-
ture. Aperture detailof 4: PL 6714, C26724, C26725

6 Large specimen with extremely wide aperture, cen-
tral portion of which is less high, giving the impres-
sion that originafly there may have been two aper-
tures, with the dividing wall part possibly dissolved.
Several such specimens were observed. C26726

7-14 Specimens with two apertures in last chamber.
7 Very small specimen with average sized aperture.
C26727
8 Small specimen with large apertures. C26728
9 Smalt specimen with one very small and one average

aperture. C26729

10 Specimen with large apertures. C26730

11 Spherical specimen with minute apertures, one with
distinct rim. C26731
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early chambers clearly separated by fairly deep
sutures. C26734

15-27 Specimens with three apertures in last chamber.

15 Small specimen with distinct apertural rims. C26735

16,17 Two views of same small specimen with almost circu-
lar, distinctly rimmed apertures. Last chamber with
thinner wall and finer pores than earlier ones. Detail
of aperture on right of 16: Pl 6/16. C26736

18-20 Specimens with average sized apertures, some with
rims. 20: Early whorl in lower center, hardly dis-
cernable because of weakly developed sutures. De-
tait of central aperture of 19: Pl 6/15. C26737,
26738, C26739

21 Medium sized specimen with end chamber larger
than early portion whose chambers are clearly sepa-
rated by fairly deep sutures. C26740

22 Specimens with one large and two average size aper-
tures. Early whorl visible in center of figure. C26741
23 Specimen with last chamber larger and partially in-

volving early portion. C26742

24 Spherical specimen with very high arched, almost
circular apertures. 26743

25,26 Large, slightly elongate specimens. C26744, C26745

27 Very large specimen with high, almost circular aper-
tures. Detail of middle aperture: Pl, 6/17. C26746
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Zone (Trinidad, Cava Zillo) but becomes very scarce
to absent in the Truncorotaloides rohri Zone and the Glo-
bigerinatheka semiinvoluta Zone (Trinidad, Possagno),
By comparison, G. mexicana kugleri is more poorly
represented in the Globorotalia lehneri Zone in Trinidad
but frequent in the Orbulinoides beckmanni Zone, above
which it is apparently not recorded.

Globigerinatheka semiinvoluta (Keijzer)
Plate 5, figures 1-27; Plate 6, figures 1-17;
Text figures 72-79

Globigerinoides semiinvolutus KELTZER, 1945, p. 206, pl. 4,
figs. 58a-e, (holotype}.

Globigerinoides index Finlay. BECkMann, 1954, pl. 25, fig. 14.

Globigerapsis semiinvoluta (Keijzer), BoLLi, LoeBLICH and
TapraN, 1957, p. 34, pl. 6, figs. 7a—c. BoLui, 1957, pl
36, figs. 19-20. BLow and BaANNER, 1962, p. 125, pl. 15,
figs. J-L.

Globigerapsis mexicana (Cushman)}. PostUMa, 1971, p. 141.
Raju, 1971, pl. 11, figs. 1-6,

The original species definition of Gilobigerinoides
semiinvolutus by Keijzer {1945) was later slightly
emended by Bolli (1957}, and Blow and Banner (1962),
Despite the characteristic test shape, high arched sub-
circular apertures of the final regular-shaped hemispher-
ical chamber, fairly large average size, and stratigraphic
restriction to the lower part of the Late Eocene, the spe-
cies has on occasions been misidentified, e.¢. by Eckert
(1963, see comments in this paper under G. subcon-
globata luterbacheri n. subsp. ), or erroncously placed in
synonymy with G. mexicana by Blow and Saito (1968).
The specimens here figured on plates 5 and 6 show the
variability of the species in size, shape of test, number
and form of apertures in final chamber, and occasional

presence of small bullae. The test size varies in the
specimens figured here from 0.17 mm (plate 1, fig. 3)
to 0.54 mm (plate 2, fig. 2), and the number of aper-
tures in the final chamber from one to four. This vari-
ability is demonstrated by specimens coming from a
single level, sample Bo 536, the type locality of the Late
Eocene Globigerinatheka semiinvoluta Zone, Navet For-
mation, Trinidad, W.I, (Bolli, 1957}, where the species
is abundant. In the section of Possagno, Northern Italy,
the Late Eocene Globigerinatheka semiinvoluta Zone
measures about 100 meters (Toumarkine and Bolli,
1970). Here G. semiinvoluta is much less common and
also of an inferior preservation compared with Trinidad.
General test size and aperture variation are about the
same as observed in Trinidad, though no specimens with
four apertures or with bullaec were seen. Further, no
evidence could be found that any of the morphologic
features such as test size or number of apertures are
stratigraphically restricted to parts of the thick Globig-
erinatheka semiinvoluta Zone of Possagno. Unless it
can be shown from other sections that some of the vari-
able characters are related to stratigraphic levels, no rea-
son is seen to split the species into more taxa.

The test shape of G. semiinvoluta is close to spherical,
often also somewhat elongate up to a length/width ratio
of 5:4. The last chamber is regularly rounded and in
most specimens close to hemispherical, making up about
half of the test volume, as can be seen from most speci-
mens figured on plate 5. Occasionally the final chamber
may be smaller (fig. 9) or larger (fig. 27) than half the
test volume and rarely of only rudimentary size (plate
6, fig. 3). As a rule, the wall of the ultimate chamber

PLATE 6

Figures 1-8 %80
9-12 %200
13-16 x400
Globigerinatheka semiinvoliuta
1-17 Continued from Plate 5 (all specimens from locality
Bo 336)
1-3 Specimens with four apertures in last chamber,
1 Large specimen with almost circular apertures,
C26747
2 Very large, elongate specimen with almost circular
apertures. 26748
3 Specimen with small bulla like end chamber. Fourth

aperture on left of small chamber, not visible in
figure. C26749

4,12 Spherical specimen with one small aperture covered
by thin walled finely pored, not inflated bulla with
three rimmed apertures. Detail: Fig. 12. C26750

5,6,9 Specimen with two bullac protecting apertures of last
chamber, They are thick walled, coarsely pored like
the chambers of the specimen, each possessing one
wide aperture. 9: Detail of right bullaon 5. C26751

7,10, 11 Specimen with two inflated bullae covering aper-
tures of final chamber. Wall thickness and pore size
of bullae only very slightly finer than in earlter
chambers, each with two rimmed apertures. 10, 11;
Detail views of bulla on upper left of 7. C26752

8 Large specimen with two bullae similar to those of
7. C26753

13 Aperture detail of pl. 5, fig. 3.

14 Aperture detail of pl. 5, fig. 4.

15 Aperture detail of pl. 5, fig. 19.

16 Aperture detail of pl. 5, fig. 16.

17 Aperture detail of pl. 5, fig. 27,
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compares in thickness and pore size with that of early
chambers. Only very exceptionally are the pores of the
last chamber finer (plate 35, figs. 16, 17). The sutures
are normally quite weakly incised between early cham-
bers, but better visible between the last and earlier
chambers. Only where early chambers are more globu-
lar than usual are the sutures clearly discernible between
them.,

Figs. 1 and 2 of plate 5 are spiral and umbilical views
of specimens which lack the final chamber covering the
umbilical area. The number of apertures is not directly
related to the size of the spectmen. Those with two
(plate 5, figs. 7-14) or three (figs. 15-27) are much
more common than those with only one (figs. 1-6) or
tour (plate 6, figs. 1-2). Small specimens may have
two (plate 5, figs. 7-9) or three (figs. 15-18) aper-
tures, large oncs only one (figs. 4-6) or two (figs. 12—
14). Considerable variation also exists in size and shape
of apertures. Except for some of the very small aper-
tures (plate 5, fig. 5) they are distinctly high-arched
{figs. 25, 26) to circular {f{igs. 17, 27). Apertures may
be framed by distinct rims (plate 5, figs. 16, 17; plate
6, fig. 16), or be without (plate 5, figs. 22, 27, plate 6,
fig. 17). They may be so minute that they are difficult
to discern {plate 5, figs. 4, 5, 11; plate 6, tigs. 13, 14)
or become very large (plate 5, figs. 6, 13, 22). The size
of the apertures may be fairly constant in a given speci-
men (plate 5, figs. 16, 24) or differ considerably (figs.
10, 22). Specimens with normal size or larger than
average apertures are much more common than those
with extremely small ones.

Specimens otherwise indistinguishable from G. semi-
involuta occasionally possess bullag covering the aper-
tures of the final chamber (plate 6, figs. 4-12). They
may be very small and not inflated, with one or more
openings and with a pore size finer than in previous
chambers (figs. 4, 12), or be somewhat larger and in-
flated with nearly equal pore size (figs. 7, 8, 10, 11),
or become fairly large and with a wall thickness and
pore size indistinguishable from earlier chambers (figs.
5,6,9).

Globigerinatheka subconglobata curryi
Proto Decima and Bolli
Plate 1, figure 14; Text figures 27-30

Globigerapsis kugleri Bolli, Loeblich and Tappan. BoLLi, 1957,
pl. 36, Tigs. 21a, b, hypotype (later designated as holotype
of Globigerinatheka curryi by Proto Decima and Bolli,
1970, p. 889, 891, 893-894), PosTUMA, 1971, p. 139,

Globigerapsiy index (Finlay). Tobp, 1966, pl. 2, figs. la-c,

Globigerinatheka curryi PRoTO DECiMA and Bolrri, 1970, pl
1, figs. 1-4, pl. 3, figs, 1-2, text figs. 1-3a, 38-39b.

Proto Decima and Bolli (1970) described and
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illustrated the evolutionary lineage Globigerinatheka
curryi—G. euganea—Orbulinoides beckmanni, observed
in the Middle Eocene of Barbados, Trinidad, and North-
ern Ttaly. This lineage is here regarded as having its
origin in Globigerinatheka subconglobata;, consequently
G. curryi and G. euganea are treated as subspecies of
subconglobaia. G. subconglobata curryi, assumed to
have branched off from G. subconglobata subconglobata
late in the Globigerinatheka subconglobata subconglo-
bata Zone differs from it in a wider initial spire, that is
in a more rapid increase in size of succeeding chambers,
and in the final chamber, umbilical in position, usually
being larger and more inflated. Further, curryi speci-
mens may posses bullae (plate 1, fig. 14) a feature not
reported from G. subconglobata subconglobata.

Globigerinatheka subconglobata euganea
Proto Decima and Bolli
Text figures 3142

Globigerinatheka euganea PrROTO DECIMA and BoLul, 1970, p.
894-8%5, pl. 1, figs. 6-11, (fig. 7: holotype), pl. 3, figs.
3-5, text figs. 8-15, 31-31a, 43-45b.

Globigerina mexicana Cushman, CUSHMAN, 1927, pl. 26, figs.
16, 17.

Globigerinoides mexicana (Cushman). BECKMANN, 1953, pl.
25, figs. 15, 16.

Globigerapsis mexicang (Cushman). Topp and Low, 1960, pl.
259, fig. 7. Sairo, 1962, pl. 34, figs. 7a—c (not 6a-b).

Globigerapsis cf kugleri Bolli, Loeblich and Tappan. BAUMANN,
1970, pl. 1, figs, 13a, b.

Globigerinatheka barri Bronnimann. Baumann, 1970, pl. 3,
fig. 1.

G. subconglobata euganea is considered to have
evolved from G. subconglobata curryi (see above) and
to be the ancestral form of Orbulinoides beckmanni. In
comparison with currvi, euganea possesses sutures that
are less incised and consequently & more spherical test,
usually more numerous but smaller sutural apertures in
the final chamber and occasional spiral sutural apertures
in the preceding one to three large chambers. G. sub-
conglobata euganea is similar to Orbulinovides beck-
manni in overall test shape, but it differs in the lack of
areal apertures and spiral sutural apertures between the
early chambers. It ranges from within the Globorotalia
lehneri Zone to within the Orbulinvides beckmanni
Zone and overlaps both, &. subconglobata curryi and
0. beckmanni.

Globigerinatheka subconglobata luterbacheri
n. subsp.
Plate 1, figures 17, 22-25; Plate 7, figures 1-17,
{(figure 13: holotype), Text figures 47-50

Globigerapsis semiinvoluta (Keijzer). ECKERT, 1963, pl. 7,
figs. la-3c.



Globigerinatheka barri Bromnimann. ECKERT, 1963, pl. 7, figs.
da-d.

Globigerinoita index (Finlay)., MyaTLYug, 1970, pl. 53, figs.
3a, b, 4a, b.

Test free, compact, subglobular to almost globular
to slightly elongate. Early coil low trochospiral, single
chambers poorly visible because of strong thickening
of wall. Two or three chambers prior to ultimate one
are distinctly larger, three forming a whorl. Final cham-
ber may be up to half the size of the test volume, cover-
ing the umbilical region of the early coil, but may also
be only slightly larger or smatler than penultimate cham-
ber in which case it may become difficult to distin-
buish it from a bulla. Wall calcareous, thick, coarsely
perforate, Aperture in small early stage single, inter-
iomarginal-umbilical, low-arched, slitlike, fairly wide.
In medium sized and larger specimens last chamber with
2-3, seldom 4, sutural apertures, which are low-arched
in specimens with small ultimate chamber, medium to
fairly high-arched and wide in specimens with larger
sized end chambers. Apertures may be bordered by a
distinct rim. Apertures in particular of larger specimens
may be covered by bullae, each again with 2-3 sub-
sidiary apertures. The size of the bullac may vary con-
siderably, from very small, often covering only part of
a large aperture, to a size so large that it may become
difficult to decide whether it is a large bulla or a rudi-
mentary sized end chamber.

Coiling: Predominantly dextral.

Greatest diameter: Holotype (pl. 7, fig. 13), 0.55
mm; figured paratypes, 0.4 to 0.6 mm.

Remarks: With both subspecies having a maximum
test size of about .6 mm, [uterbacheri resembles at first
sight G. subconglobata euganea; but differs from it in
often having a more elongate test (plate 7, figs. 3, 4, 7,
8, 13). The sutures between the last chambers are often
fairly deeply cut and somewhat angular (fig. 9) in con-
trast to the much less pronounced ones in euganea,
giving the whole test surface a more rugged appearance
compared to the smoother, more rounded aspect of
euganeq. In particular the surface of the coil appears
coarser in luterbacheri and the bullae vary more in size,
Bullag covering only part of an aperture, as is not un-
common in luterbacheri, were so far not seen in euganea.
Stratigraphically, euganea occurs from the upper part of
the Globorotalia lehneri Zone to the lower part of the
Orbulinoides beckmanni Zoue, luterbacheri ranges from
probably within the Orbulinoides beckmanni Zone into
the Globigerinatheka semiinvoluta Zone,

G. subconglobata luterbacheri differs from . mex-
icana kugleri in its more robustly built wall, more globu-

lar and compact test shape and larger size, from G.
mexicana mexicana/barri in the more robust wall and
distinctly larger test size, and from G. semiinvoluta in
its coarser surface, generally larger size, and less highly
arched apertures on the last chamber, which are often
almost circular in semiinvoluta. Bullate forms are fre-
quent in luterbacheri, very scarce in semiinvoluta.

It appears that luterbacheri branched off from the
subconglobata stock within Orbulincides beckmanni
time, but may possibly also have originated from .
index index, Eckert (1963) regards the specimens
figured on his plate 7, figs. 1-4, as an evolutionary se-
quence (Entwicklungsreihe) from G. semiinvoluta to G.
barri. He assigns the forms without bulla (figs. la—c),
and those with one and two bullae (figs. 2a—3c), or with
not all apertures of the last chamber covered by bullae,
to semiinvoluia, and those with three bullae, covering
all apertures of the last chamber, to barri. The speci-
mens of Eckert compare well in morphology and large
size with those illustrated here as G. subconglobata
{uterbacheri, which were selected from his own original
sample AA3858. Further cxamination of this sample
did not reveal any G. semiinvoluta. Ecker’s concept of
an evolution from semiinvoluta to barri can also not be
accepted for barri occurs earlier and has its peak devel-
opment in the Middle Eocene Globorotalia lehneri and
Orbulinoides beckmanni zones, while G. semiinvoluta
is restricted to the lower part of the Late Eocene.

Stratigraphic range: ? Orbulinoides beckmanni Zone,
Truncorotaloides rohri Zone to within Globigerinatheka
semiinvoluta Zone.

Holotype: Plate 7, fig. 13; paratypes: plate 7, figs.
1-12, 14-17, from sample AA3858, Globorotalia cer-
roazulensis cocoaensis/Globigerinatheka semiinvoluta
Zone, Globigerina-marls of the Niederhorn-Pilatus
nappe, Switzerland. Locality: Outcrop No. 2 of Eckert
(1963, figs. 6 and 7, p. 1016; Level 32, p. 1019}, in
a small gully approximately 200 m. NNE of the barns
of Alp Unter-Looegg (1373 m), on the south slope of
the Schimbrig, valley of the Grosse Entlen, Central
Switzerland (Map: Landeskarte der Schweiz, 1:25000,
Schiiptheim, Blatt 1169).

Globigerinatheka subconglobata micra {Shutskaya)
Text figures 18-20

Globigerinoides subconglobatus Chalilov var, micra SHUTSKAYA,
1958, p. 87, 88, pl. 1, figs. 1-3, (holotype, fig. 1).

Distribution according to Shutskaya (1958): “Incon-
trast to other representatives of fossil plankton, this is
a relatively rare form. It was only found in the Nagutskii
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standard well of the Mineralvodskii region in the beds
with Globorotalia aragonensis of the Tcherkessk Hori-
zont (Middle Eocene), in the age-equivalent beds of the
Sunski river section of the Groznensk region and in the
Nagypskii section of the Feodosia region in the eastern
Crimea.”

The Tcherkessk Horizon contains in Soviet terms the
Globorotalin aragonensis and the Acarinina crassaformis
zones. The former correlates with the Globorotalia
aragonensis Zone of Bolli (1957, 1966) and possibly
with part of the Gleborotalia palmerae Zone (Acarining
pentacamerata Zone of Krasheninnikov, 1965). The
Acarining crassaformis Zone equals the Hantkenina
aragonensis Zone of Bolli, possibly reaching in its lower
part into the Globorotalia palmerae Zone. On her range
chart Shutskaya (1958, fig. 1) lets the subspecies begin
in the upper part of the Tcherkessk Horizon. It is thus
possible that it already appears in beds that correspond
with the Early Eocene Globorotalia palmerae Zone. Up-
wards, Shutskaya extends the likely range into the lower
part of the Kerestinsk Horizon. Following Shutskaya,
G. subconglobata micra is the small (0.3-0.4 mm)
ancestral form of G. subconglobata subconglobaia (0.5—
0.65 mm}.

Dr. J. P. Beckmann has compared G. subconglobata
micra specimens from the Caucasus with similar forms
from the Early Middle Eocene of Egypt, and also with
the holotype of Globigerina orbiformis Cole from the
Middle Eocene Guayabal Formation of Mexico. They
both show, according to him, some affinities to the Glo-
bigerina senni group where wall structure is concerned
{comparatively thick, with fine spinose projections in
the umbilical area).

G. subconglobata micra has so far not been recorded
from the late Early Focene and Middle Eocene of the
Possagno section, [taly, and therefore a descendance of
G. subconglobata subconglobata from G. subconglobata
micra could not be confirmed there.

Globigerinatheka subconglobata subconglobata
(Shutskaya)
Plate 1, figures 8—10, 15, 16; Text figures 43-46

Globigerinoides subconglobarus Chalilov var. subconglobata
Chalilov (ms.). SautTskaya, 1958, p. 86, 87, pl. 1. figs.
4-11 (no holotype designated).

Though the taxon was first published by Shutskaya
she gives Chalilov {ms.) as author of the species and
subspecies. However, according to Article 50 of the In-
ternational Code of Zoological Nomenclature, Shutskaya
the person who first published the name, is to be re-
garded as its author,
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She correctly described (p. 86, 87) and figured (plate
1, figs. 4-11) the subspecies but failed to designate a
holotype from the 8 illustrated specimens. Following
Article 74 of the ICZN the specimen of Shutskaya’s fig.
8 is here designated as lectotype of G. subconglobata
subconglobata.

Distribution according to Shutskaya (1958): Widely
oecurting in the Kerestinsk Horizon, the lower Horizon
of the Late Eocene (Middle Eocene for most workers
outside the Soviet Union) immediately below the Kumsk
Horizon (Beds with Lyrolepis caucasica Roman), north-
ern Caucasus, Crimea, southern Yergenei and northwest
Prekaspian regions. This variety occurs consistently in
the Kerestinsk Horizon of these regions, but in the sec-
tions it is unevenly distributed. In some beds it is found
in massive numbers, in others it is found only scattered,
whereas it may be completely absent in still others.

In Soviet terms the Kerestinsk Horizon includes the
Hantkenina alabamensis/Globigerinoides subconglobata
Zone which correlates with the Globorotalia lekneri and
Orbulinoides beckmanni zones, and possibly also with
part of the Globigerinatheka subconglobata subconglo-
bata Zone of this paper. Shutskaya (1958, text fig. 1)
extends the likely range of G. subconglobata subcon-
globata to the top of the Kumsk Horizon which in our
terms reaches to the top of the Truncorotaloides rohri
Zone. The subspecies develops according to Shutskaya
from G. subconglobata micra near the top of the
Tcherkessk Horizon.

Specimens seen from the Kuban River section (Cau-
casus), occurring with “Globigerinoides” higginsi and
Globorotalia cerroazulensis frontosa are closely compar-
able with the published figures of G. subconglobata
subconglobata.

However, some, with larger, higher domed shaped
end chambers and higher arched apertures would instead
need to be regarded as G. index index. Based on pub-
lished figares and the specimens seen from the Caucasus,
the subspecies also occurs in the Middle Eocene of the
Possagno section, Italy (plate 1, figs. 8-10, 15, 16).
There it occurs in the upper part of the Hantkenina
aragonensis Zone, to continue at least to the top of the
Globorotalia lehneri 7ong.
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PLATE 7

All figures =80
Gloebigerinatheka subconglobata luterbacheri n. subsp.
All specimens from sample AA 3858 of Eckert (1963), Glo-

bigerina marls of Globorotalia cerroazulensis cocoaensis Zone,
Late Eocene, Looegg, Central Switzerland.

1 Juvenile specimens with one aperture in Jast chamber.
C26754

2 Small specimen with two apertures in last chamber.
C26735

3,4,7, 8 Medium to large specimens with two apertures in last
chamber. In 8 lower cenfer early spire visible. C26756,
C26757, C26760, C26761

5,6 Small, almost spherical specimens with small last
chamber which possesses in both specimens three aper-
tures of which two are visible in the figures, C26758,
C26759

9,11 Medium to large spherical specimens with small, bulla
like end chambers, each with three apertures of which
one is visible in 9 and alt three in 11 (one each on left
and right end of elongate bulla, one on upper right).
C26762, C26764

10 Spiral view of large, spherical specimen. Early spire
in center and lower part of figure, dextrally coiling.
Poorly visible sutures between early chambers. Deep
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open crevace like sutures between early stage and last
two chambers (upper left and top to right side of
figure). Last chamber with three apertures. C26763

12 Large specimen with three apertures in last chamber
of which two are covered by bullae (a smaller one
on left periphery, a larger one with three apertores
bordered by thick rims in the center). C26765

13 Holotype. Slightly elongate with three apertures in
last chamber, two of them covered by bullae of which
a very small one only partially covers the larger aper-
ture on the left. The other visible aperture on the
right is covered by a larger bulla which has three
apertures of which two are visible on the figure. Early
chambers in lower half of figure. C26766

14 Similar to 13 but with aperture on right covered by
large, inflated chamber like bulla. C26767
15 Large specimen with three apertures in last chamber,

two of them covered by regular sized bullae, both
visible in figure. C26769

16 Similar to 15, but aperture on right covered by large
bulla. C26769
17 Specimen with four apertures in last chamber, three

of them covered by distinctly inflated bullae, all visi-
ble on figure. Fourth uncovered aperture not visible
on figure. C26770
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