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bination of the types (b) and (c) (pI. 14, figs. 4, 13). 
(e) a single irregularly shaped supplementary cham-

ber, covering the umbilical portion of the test and 
branching out into the sutural grooves (pI. 14, fig. 11). 
The adult test is distinctly trochoidal, three chambered 
and considerably smaller than that of the typical G. 
insueta. The ontogeny of this form could not be studied 
in detail and it is possible that the stratigraphic range 
of this aberrant type and that of G. insueta differ. At 
present it has been included in the genus Globigerina-
tella as G. aff. insueta. Future work will decide whether 
it is a true Globigerinatella. 

In the Globigerinatella-stage the apertures are num-
erous, rather small and semicircular, with lips. They 
are situated along the margins of the supplementary 
chambers and often at the end of short lateral processes 
(pI. 14, fig. 9) .. Supplementary chambers of type (c) 
usually have a single fairly large semicircular aperture. 

The relative stratigraphic position · of the scattered 
localities from which the present specimens were ob-
tained is not sufficiently well known to permit a study 
of the phylogenetic development of Globigerinatella 
insueta. This species seems to have appeared suddenly 
and no source is known at present from which this 
monotypic genus might have originated, although Cushc 
man and Stainforth (1945, p. 69) make reference to 
the genera Candorbulina and Globigerinoidesc Candor-
bulina can be excluded as a possible ancestor, for this 
highly developed genus first appeared in Trinidad at 
approximately the time C. insueta became extinct. 
Furthermore, the ontogenetic stages of Candorbulina 
universa J edlitschka differ from those of C. insueta. 
The genus Clobigerinoides likewise includes highly spe-
cialized Globigerinae and thus can not be regarded as 
the potential ancestor of Clobigerinatella. Based on 
the ontogeny, it can be assumed that the ancestor of 
G. insueta resembles a small trochoidal Clobigerina, 
with a large single semicircular aperture, as represented 

by the first ontogenetic stage. Typical and well devel-
oped representatives of C. insueta existed at the time 
Clobigerina dissimilis became extinct and no distinct 
morphologic differences have been observed between 
the geologically oldest and youngest specimens. But it 
is to be expected that a detailed investigation of the 
ontogeny of specimens from localities of known strati-
graphic position will reveal phylogenetic ally significant 
changes in morphologic features such as (a) reduction 
of the number of chambers with primitive Globigerina 
features, (b) changes in the arrangement and distribu-
tion of the apertures and supplementary chambers, (c) 
differences in the development of the pores, etc. 
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GLOBOROTALIIDAE 
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Pointe-a-Pierre, Trinidad, B. W. 1. 

ABSTRACT-The direction of coiling of various species of 
Globorotalia and Globotruncana throughout their vertical 
range is discussed. It is found that random coiling is 
ljsually restricted to the early representatives of a species 
or group of rela ted species, wherea s the stratigraphically 
younger ones prefer a single direction, almost to the exclu-
sion of tbe other. which may be either sinistral (left) or 
dextral (right). a ccording to the species concerned. 

INTRODUCTION 
Most gastropods, some cephalopods and many fami-

lies of the Foraminifera possess tests which show tro-

choidal coiling with well recognizable dorsal and umbil-
ical sides, thus a direction of coiling is defined. With 
the exception of a few genera most of the gastropods 
coil dextrally, i. e. clockwise, when viewed from the 
dorsal side. Only very rarely does an individual coil 
in a direction opposite to that which is characteristic 
for the species. 

Little attention has been paid thus far to the direc-
tion of coiling in Foraminifera, even when it can be 
easily recognized under normal magnification, e. g. in 
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the Globorotaliidae, Anomalinidae, Rotaliidae, Globi-
gerinidae etc. The probable reason for this is the fact 
that many species of these families seem to have no ap-
parent preference for either direction of coiling. 

A few workers however, dealing in particular with 
Globotruncana and Globorotalia, have made observa-
tions which show that the direction of coiling in at 
least some foraminiferal genera appears to follow cer-
tain rules. 

Tschachtli (1941) suggests that apart from the mor-
phological features one can distinguish Globotruncana 
from Globorotalia by the fact that the former always 
coils dextrally whereas coiling in both directions can 
be found in the latter. This might prove to be correct 
when only a portion of the vertical range of the respec-
tive forms is considered. So simple a solution to' dis-
tinguish these two genera cannot be maintained, how-
ever, when the complete vertical range of a certain 
species is known. Gandolfi (1942) made some valuable 
observations on the coiling of Globotruncanas of Ceno-
manian and Turonian age (see below) . To the writer's 
knowledge he is also the first author to mention the 
direction of coiling in the species he described. Cita 
(1948) also refers to the direction of coiling for a 
number of species of Globotruncana. Her results, as 
well as those of Gandolfi will be discussed in a subse-
quent portion of this paper. 

The interest of the writer was attracted to the prob-
lem of coiling of the Foraminifera while studying the 
evolution of some species of Globorotalia from Trini-
dad, B. W. I. It was found that in one rock sample 
a certain form might provide specimens in which both 
directions of coiling were more or less equally common, 
while in other samples one direction was predominant 
or even exclusive. An investigation of the relationship 
of this phenomenon with the stratigraphic position of 
a selected species resulted in the observation that the 
occurrence of an approximately equal number of right 
coiled or dextral and left coiled or sinistral tests ap-
pears to be restricted to the stratigraphically older, 
i. e. ea rlier types of a species or grou p of rei a ted spe-
cies, whereas the stratigraphically younger ones ap-
parently prefer one direction almost to the exclusion 
of the other. 

A similar observation has been made by Gandolfi 
(1942) on Globotruncanas from a Cenomanian-Turo-
nian section in the southern part of Switzerland. With-
out drawing any conclusions therefrom, he states under 
the description of Globotruncana apenninica O. Renz 
(free translation from the Italian): "It is a remark-
able fact, that in the older beds the sinistral specimens 
are very frequent, nearly as numerous as the dextral 
ones, but in ascending stratigraphically, they gradually 
diminish in number until they represent only sporadic 
exceptions, so that it seems that coiling specializes in 
favour of dextral coiling." Figure 1 attempts to show 

the frequency of occurrence of the preferred 
of coiling in a species of Globorotalia or Globotruncana 
throughout its stratigraphic range. 

TOP 
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BOTTOM L-_....I-_--'-__ -'--_--'--_---J ro 00 00 100% 
FIGURE 1: Percentage of specimens coiling in one direc· 
tion throug hou t the stratigraphic range (sinistral or dextra l 
according to the species) . 

From Gandolfi's and the writer's observations it ap-
pears probable that the evolution of the trend of coil-
ing as shown in this figure is typical for at least a num-
ber of species of Globorotalia and Globotruncana, but 
there are indications that the curves for some Globoro-
talias are of a more complex nature than the one given 
in Figure 1. This applies to Globorotalia praemenardii 
Cushman and Stainforth, Globorotalia menardii (d'Or-
bigny) and to Globorotalia aragonensis Nuttall, which 
will be considered later. 

For studies on the evolution of the direction of coil-
ing during the range of a certain species complete and 
undisturbed stratigraphic sections are desirable. Trin-
idad, to which the present observations had to be re-
stricted, is not very favourable from this point of view. 
Well exposed and tectonically undisturbed sections are 
practically non-existent. However a number of subsur-
face sections cored at close intervals have given some 
satisfactory and seemingly reliable results. Whether the 
trend of the direction of coiling, as shown in Figure 1 
is of world-wide persistence needs further investigation. 

Genus Globorotalia Cushman, 1927 

Oligocene-Miocene Globorotalias 
A number of subsurface sections of the Oligocene 

Cipero formation of Trinidad are apparently complete 
and without major unconformities or tectonic disturb-
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ance. The foraminiferal fauna of this formation and its 
subdivision into biostratigraphic zones, based on micro-
paleontological evidence has previously been published 
by Cushman and Stainforth (1945) . They distinguished 
3 zones: Zone I (Globigerina concinna), Zone II (Globi-
gerinatella insueta), Zone III (Globorotalia fohsi). An 
additional zone (Globigerina dissimilis) has-since been 
added to this subdivision (Cushman and Renz, 1947) 
and its position is between Zones I and II of Cushman 
and Stainforth. 

Fortunately a number of species of Globorotalia are 
restricted to this comparatively uniform Cipero forma-
tion. In the writer's opinion some of these species are 
closely related. Among this group are the species 
Globorotalia fohsi Cushman and Ellisor, Globorotalia 
barisanensis LeRoy, Globorotalia lobata Bermudez and 
a previously undescribed species. Before discussing the 
behaviour of the direction of coiling in these species it 
is necessary to define them more exactly inasmuch as 
the published descriptioRs are not always in complete 
agreement. 

For the sake of simplification of nomenclature al)d 
for the purpose of grouping phylogenetically related 
species a trinominal nomenclature such as has been 
successfully applied to various Globotruncana and other 
species, is here proposed. 

Globorotalia fohsi Cushman and Ellisor, which is 
diagnostic for the Trinidad Upper Oligocene, was the 
first described species of this group and is therefore 
selected as the central type of the superspecies with 
the name Globorotalia fohsi fohsi Cushman and Ellisor. 
The whole group of the fohsi subspecies will then read 
On, descending stratigraphic order) : 

Globorotalia fohsi robusta Bolli, n. subsp. 
Globorotalia fohsi lobata Bermudez 
Globorotalia fohsi fohsi Cushman and Ellisor 
Globorotalia fohsi barisanensis LeRoy 

F or description of these species see appendix. 
Observations on a number of subsurface sections 

showed that the early Globorotalia fohsi barisanensis 
LeRoy coils in both directions with approximately 
equal frequency. A sharp change takes place, however, 
with the incoming of Globorotalia fohsi fohsi Cushman 
and Ellisor, rising quickly to over 90% in favor of 
sinistral coiling. This persists throughout the range of 
the younger Globorotalia fohsi lobata Bermudez and 
robusta Bolli n. subsp. until the extinction of the latter. 

Globorotalia mayeri Cushman and Ellisor, which has 
a stratigraphic range comparable to that of the Globo-
rotalia fohsi group, appears to have a similar curve. 
Early specimens of Globorotalia mayeri in the Globi-
gerina dissimilis and Globigerinatella insueta zones 
show sinistral and dextral coiling in about equal pro-
portion whereas a rapid change towards 95% or more 
of sinistral coiling has been observed in the higher sub-
zones of the Globorotalia fohsi group. 

Globorotalia praemenardii is another species occur-
ring in the Oligocene at approximately the same time 
as Globorotalia fohsi barisanensis LeRoy. It was first 
described by Cushman and Stainforth (1945) and sub-
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FIGURE 2: Percentage of sinistral specimens of' the Globo-
rotalia fohsi group in the Oligocene Cipero formation of 
Trinida d. 

sequently mentioned and figured in various papers 
(Cushman and Bermudez, 1949; Bermudez, 1949). It 
is believed that Globorotalia praemenardii is an early 
form of Globorotalia menardii (d'Orbigny) which ranges 
up to Recent. Globorotalia menardii shows very much 
the same morphology as its ancestor, but is usually 
more massive and larger, has a more accentuated pe-
ripheral keel, with sutures somewhat less lobate and 
the dorsal side is less cqnvex. 

The first part of the frequency curve of the direction 
of coiling of Globorotalia praemenardii Cushman and 
Stainforth and Globorotalia menardii (d'Orbigny) is 
very much the same as the one obtained for the Globo-
rotalia fohsi group. The Globorotalia praemenardii 
forms at first show no preference for any direction but 
higher in the section sinistral coiling becomes dominant. 
This trend' continues and is even more pronounced in 
the Miocene Lengua beds of Trinidad. It has been ob-
served in several subsurface sections, that a sharp and 
unexpected change takes place in the transitional beds 
between the Lengua (open sea, clear water, caicareoqs 
fauna) and the next younger Cruse beds (shallow 
water, muddy and sandy, mainly arenaceous fauna). 
The sinistral coiling changes suddenly and with hardly 
any transition to a practically entirely dextral one. 
However these conditions do not last long. After a 
certain interval and in most cases before reaching the 
Cruse beds proper, the coiling again becomes sinistral 
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and continues so, as far as can be .observed in Trinidad, 
up to the present time. The percentage curve of Figure 
3 illustrates the trend of coiling in the Globorotalia 
praemenardii - Globorotalia menardii group. 
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FIGURE 3: Percentage of sinistral specimens of the Globo-
rotalia praemenardii - _mellardii group from the Oligocene 
to Recent in Trinidad. 

Paleocene-Eocene Globorotalias 
Globorotalia aragonensis Nuttall seems to show a 

frequency curve similar ·to that of Globorotalia prae-
menardii Cushman and Stainforth - Globorotalia men-
ardii (d'Orbigny) . This species occurs in the Paleocene 
Lizard Springs and Middle to Lower Eocene Navet for-
mations in Trinidad. The foraminiferal faunas described 
from these two formations by Cushman and Jarvis 
(1932) and Cushman and Renz (1946, 1948) came 
from various isolated outcrops of Central and South 
Trinidad. Due to tectonic complications and perhaps 
due to contemporaneous erosion or non-deposition no 
continuous sections of these formations are known. 

The faunas have been placed by Cushman 
and Renz (1948) into the following stratigraphic se-
quence (from top to bottom): 

Penitence Hill Marl 
Fitt Trace - Navet River - Nariva River Marls 
Friendship Quarry - Dunmore Hill Marls 
Ramdat Marl 

Globorotalia aragonensis Nuttall is recorded from the 
i-hriva River, Friendship Quarry - Dunmore Hill, and 
Ramdat Marls. Its first occurrence is in the Lizard 
Springs formation which was originally described by 
Cushman and Jarvis (1932) and placed in the Upper 
Cretaceous. Globorotalia arago'(Lensis Nuttall is de-
scribed by Cushman and Jarvis under the name of 
Globotruncana area (Cushman). Cushman and Renz 

(1948) divided the formation into an Upper and Lower 
Lizard Springs formation and considered the age of the 
fauna as transitional between the Upper Cretaceous 
and Paleocene. Globorotalia aragonensis Nuttall is not 
mentioned but it is possibly included under Globoro-
talia la"eerti Cushman and Renz. A Paleocene age for 
the Lizard Springs, as suggested by Grimsdale (1947), 
is favoured today by Trinidad paleontologists. 

Examination of a number of type locality samples 
showed that Globorotalia aragonensis Nuttall appears 
in general to be restricted to the Upper Zone. Globo-
rotalia wilcoxensis Cushman and Ponton var. acuta 
Toulmin and Globorotalia crassata (Cushman) var. 
aequa Cushman and Renz, two other Globorotalias 
from the Lizard Springs formation, appear on the other 
hand to be mainly confined to the Lower Zone. A few 
of the samples, which probably represent transitional 
beds, contained all three species in association. 

Counts made of Globorotalia aragonensis Nuttall, 
over its range from the Lizard Springs formation to the 
Nariva River beds and Globorotalia wilcoxensis Cush-
man and Ponton var. acuta Toulmin and Globorotalia 
crassata (Cushman) var. aequa Cushman and Renz in 
the Lizard Springs format ion, yielded the results given 
in Table 1 (from top to bottom) : 

Nariva Rive r Marl 
Dunmore Hill Afar! 
Friendship Quarry 

j\1a rl 
Ramdat Ma rl 

Upper Liza rd 
Springs 

Probable 

T A BLE 1 

N umber of Specimens 
Glohurotalia Globorotalia Globorotalia 
aragonensis crassata var. wilcoxensis 

aequa var. acuta 
dex- s in is- dex- sinis- dex - SInIS-
tral tral tral tra! tra l tral 

40 
12 88 
90 10 
86 14 
84 16 
40 40 13 

Trans i tiona} beds be-
tween U pper and 
Lower Lizard 
Springs 21 11 

Lower Liza rd 50 96 
Springs 42 20 

The figures of Table 1 and the curves of Figure 4 
indicate a similar trend in the direction of coiling 
throughout the range of Globorotalia aragonensis Nut-
tall as was found for Globo-rotalia praemenardii Cush-
man and Stainforth - menardii (d'Orbigny). These 
results are based, however, on a stratigraphic sequence 
which is not yet fully established due to the above 
mentioned structural complications. 

If the rules of coiling in the various species of Globo-
rotalia should prove valid from evidence elsewhere, 
they may serve to assist in recognizing the correct 
stratigraphic position of isolated outcrops. - Provided 
the early stages of a species or its ancestral form do 
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FIGURE 4: Percentage of sinistral specimens of Globoro-
talia aragonensis in the Lizard Springs and Navet forma-
tions and of Globorotalia wilcoxellsis var. acuta and Globo-
rotalia crassata var. BeQua in the Lizard Springs forma-
tion of Trinidad. The Lowermost Lizard Springs and the 
dotted curves are h ypothetical. 

have a disposition to coil to the same degree in both 
directions, one may then assume that Globorotalia 
wilcoxensis vaL acuta and Globorotalia crassata vaL 
aequa of the Lizard Springs formation, with their very 
distinct sinistral and dextral coiling respectively are 
advanced representatives of the two species. As no 
early forms of the species coiling both ways are known 
thus far from Trinidad, one could then go a step fur-
ther and assume that part of a Lowermost Paleocene 
Lizard Springs formation is missing between the Lower 
Lizard Springs and Upper Cretaceous s. s. 

Two recent species from Barbados, B. W. t, were 
examined in addition to the fossil Globorotalias. Globo-
rotalia tumida (H. B. Brady) which is closely related 
to Globorotalia menardii (d'Orbigny) favors sinistral 
coiling in the ratio of 35: 1 of the counted specimens. 
This would fit in the evolution curve given for Globo-
rotalia menardii (d'Orbigny) (Figure 3). The other 
species, Globorotalia truncatulinoides (d'Orbigny) is 
dextral in the ratio of 26:4. 

Genus Globotruncana Cushman, 1927 

Tschachtli's statement (1941) that Globotruncanas 
always coil dextrally is understandable insofar as it 
applies to the majority of the species encountered. But 
that a number of species coil both dextrally and sinis-
trally in their earliest occurrences was shown by Gan-
dolfi (1942). It can therefore be assumed that the 
trend of the direction of coiling of these forms is sim-

or identical to that of a number of Globorotalia 
(e. g. Globorotalia fohsi group, Figure 2). 

Observations made by Gandolfi (1942) and Cita 
(1948) on the coiling of a number of species of Globo-

Iruncana are of interest. Concerning Globotruncana 
ticinensis Gandolfi (? Albian-Cenomanian) Gandolfi 
states: "The coiling is indiscriminately sinistral and 
dextral" and Cita mentions for the same species: "Coil-
ing is in general dextral, sinistral specimens are fre-
quent however." Gandolfi's notes on Globotruncana 
apenninica O. Renz (Cenomanian - Lower Turonian) 
have been mentioned previously. Cita states in her 
description of Globotruncana apenninica O. Renz: 
"One notes sinistral specimens" and for Globotruncana 
stephani Gandolfi of similar range she states: "Dextral 
coiling; in the lower beds Irequent sinistral specimens." 
Dextral coiling was observed by Cita in Globotruncana 
stuarti (de Lapparent) (Campanian - Maestrichtian), 
the double keeled Globotruncana lapparenti lapparenti 
Bolli (Turonian - Maestrichtian) and Globotruncana 
lapparenti coronata Bolli (Turonian - Santonian). 

Random coiling appears to be restricted mainly to 
some early Cenomanian species such as Globotruncana 
ticinensis Gandolfi, the Globotruncana apenninica group 
with its subspecies, and some others. It is believed 
by some workers (Gandolfi 1942, Bolli, 1944) that 
the double keeled Globotruncana lapparenti Brotzen 
group (Globotruncana linnei (d'Orbigny), canaliculata 
(Reuss), marginata (Reuss) etc.) evolves via the 
transitional form, Globotruncana renzi Thalmann and 
Gandolfi, from single keeled Cenomanian forms. As-

MAESTRICHTIAN 
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FIGURE 5: Perc:entage of dextral specimens of some speCies 
Globotruncana from the Cenomanian to the Maestric htian. 
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suming a similar trend of evolution as was observed in 
the Globorotalia fohsi group, these species would then 
be expected to be dextral from their first appea rance 
or from the ancestral forms. Such an evolu-
tion is shown in Figure 5. 

This would also explain why so many species of 
Globotruncana appear to have no evolutionary st age 
showing coiling in both directions. This feature applies 
to all the species of the Globotruncana lapparenti 
group, probably to Globotruncana renzi Thalmann and 
Gandolfi and in addition to all those Campanian-Mae-
strichtian forms, which seem to be related to Globo-
truncana !apparenti Brotzen, such as Globotruncana 
fornicata Plummer, Globotruncana contusa White, 
Globotruncana caliciformis (de Lapparent), Globotrun-
cana cretacea Cushman, etc. In consequence of the 
above, one would expect them to be predominantly 
dextral throughout their range. 

Counts of some of these species from incomplete sec-
tions in Trinidad and some figured Cenomanian species 
(Gandolfi, 1942) give the following results which seem 
to confirm this : 

TABLE 2 

Number of specimens 

dextral sinistral 
1) Cenomanian 

G. ticinensis Gandolfi 
G. stephani Gandolfi 
G. apenninica group. 

·0. R enz 
G. 3penninica O. Renz 

2) Turonian-Maestrichtian 
G. lapparenti } lapparent! Bolli 
G. lapparenti 

bulloides Bolli 
G. lapparenti 

tricarina.ta (Quereau) 
G. fornicata P lummer 
G. caliciformis 

(de Lapparent) 

3) Some Campanian-Mae-
strichtian species ap-
parently not related 
to species of 1) and 2) 

15 
2 

147 

152 
10 3 

303 

G. stuarti (de Lapparent) 100 
G. gansseri Bo iii 344 

3 (from Gandol fi 1942) 
5 (from Gandolfi 1942) 

5 (from Gandol fi 1942) 
1 (Trinidad) 

7 (Trinidad) 

2 (Trinidad) 
2 (Trinidad) 

11 (Trinidad) 

- (Trinida d) 
8 (Trinidad) 

One ·group of apparently related species occurring in 
the Campanian-Maestrichtian of Trinidad may be cited 
as a final example of the change of direction of coiling 
during evolution. They are three new species of Globo-
truncana, described by the writer (The genus Globo-
truncana in Trinidad, B. W. I., in press, Jour. Paleon.) . 
Sinistral coiling is not uncommon in the phylogenetic-
ally oldest form of this group; of 48 specimens, 13 are 
sinistral. The intermediate form already shows a pro-
nounced dextral coiling (41: 1) and the species con-
sidered to be phylogenetic ally the youngest of the 
group, favors dextral coiling in the ratio of 78 : 1. 

CONCLUSIONS 

The examples given showing changes in coiling in a 
number of species of Globorotalia and Globotruncana 
during their vertical range are sufficient evidence to 
show that certain rules may govern the evolution of 
these species insofar as the nature of coiling is con-
cerned. Those specimens which coil in either direction 
in approximately equal numbers are usually the earlier 
representatives of a species or of a group of related 
species. The stratigraphically younger representatives 
of a species appear to change abruptly to almost en-
tirely a sinistral or dextral coiling, which · is then usu-
ally reta ined until their extinction (Figures 1, 3, 5). 
More complex conditions of coiling are found in some 
species of Globorotalia (Figu res 2,4). Once a preferred 
direction of coiling has been selected, this direction 
usually persists to a very marked degree (90-100% of 
the specimens) . 

After the early stage, in which some species coil 
about equally in either direction, practically all of the 
species of Globotruncana examined become dextral and 
remain so until their extinction. On the other hand 
many of the Globorotalia species seem to prefer sinis-
tral coiling in their later stage (e. g. group of Globoro-
talia fohsi Cushman and Ellisor, Globorotalia wilcox-
ensis Cushman and Ponton var. acuta Toulmin, Globo-
rotalia tumida (H. B. Brady) etc. ) . The coiling of 
Globorotalia menardii (d'Orbigny) and Globorotalia 
aragonensis Nuttall also follows this pattern, inter-
rupted by only a short but decided swing to dextral 
coiling. Globorotalia crassata (Cushman) var. aequa 
Cushman and Renz and Globorotalia truncatulinoides 
(d'Orbigny) and probably others apparently favor 
dextral coiling. 

It is hoped that the present note throws some light 
on a feature which has been thus far neglected, but 
which may be of importance not only for evplutionary 
and phylogenetic studies, but also in its application to 
stratigraphy. Observations have been restricted to 
species of Globorotalia and Globotruncana. There are 
indications that other Globorotaliidae and at least 
some species of Globigerina also follow certain rules in 
the direction of coiling. 

It would also be of interest to know whether or not 
other rotaliid Foraminifera follow a pa ttern in their 
trend of coiling during the geologic range of a species. 

Further investigations should be undertaken if pos-
sible in areas of undisturbed stratigraphic sequence, 
and of homeotypic sediments, where the evolution of 
the species can be reliably followed. 
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APPENDIX 

The subspecies of Globorotalia fohsi Cushman 
and Ellisor 

Genus Globorotalia Cushman, 1927 

Globorotalia fohsi barisanensis LeRoy 

Plate 15, figures 5-6c. 

Globorotalia barisanensis LERoy, 1939, Natuurk. Tijd-
schr. Nederl.-Ind:e, vol. 99, p. 265 , pI. 1, figs. 8-10; 
STAINFORTH, 1948, Jour. Paleon., vol. 22, p. 120, pI. 
26, figs . 24-26. 
The test is usually longer than broad, the dorsal 

side slightly convex to nearly flat, the ventral one con-
vex. About two whorls are visible from the dorsal side, 
the last with five or six rather inflated chambers, in-
creasing moderately in size as added and slightly lo-
bate. The peripheral margin is rounded, sometimes 
subacute in the adult chambers. Random coiling is 
observed in the early forms; later, sinistral tests be-
come more frequent . The sutures on the ventral side 
are radial to slightly curved and depressed in the later 
chambers, dorsally they are depressed and distinctly 
curved. The umbilicus is sman; the wall perforate. 
The elongate aperture on the ventral side of the mar-
gin of the last chamber (interiomarginaJ) extends from 
the umbilicus nearly to the periphery and has a lip. 

Average dimensions.-Length : 0.2 to 0.4 mm; 
breadth: 0.15 to OJ mm; thickness: 0.13 to 0.2 mm. 

R emarks.-Specimens transitional to Globorotalia 
fohsi fohsi Cushman and Ellisor are frequently 
encountered. 

Occurrence.-This subspecies occurs in the middle 
and lower portion of the upper Cipero formation (Oli-
gocene) of Trinidad. 

Globorotalia fohsi fohsi Cushman and Ellisor 

Plate IS, figures 4a-c. 

Globorotalia fohsi CUSHMAN and ELLISOR, 1939, Contr. 
Cushman Lab. Foram. Research, vol. 15, p. 12, pI. 2, 
figs . 6a-c; CUSHMAN and BERMUDEZ, 1949, Contr. 
Cushman Lab. Foram. Research, vol. 25, p. 30, pI. 5, 
figs. 14-16; BERMUDEZ, 1949, Special Pub. 25, Cush-
man Lab. Foram. Research, p. 285, pI. 22, figs . 18-20. 

Globorotalia barisanensis LeRoy, CUSHMAN and STAIN-
FORTH, 1945, Special Pub. 14, Cushman Lab. Foram. 
Resea rch, p. 70, pI. 13, figs . 15a-c. 
The test is usually longer than broad, the dorsal side 

slightly convex to nearly flat, the ventral one dis-
tinctly convex. About two whorls are visible from the 
dorsal side, the early one closely coiled; the latter has 
six to seven chambers which increase rapidly in size. 
The later chambers of adult specimens are occasionally 
slightly lobate. The periphery is slightly rounded to 
subacute in the ea rly chambers and becomes acute but 
usually not keeled in the mature specimen. Sinistral 
tests are l:sually strongly dominant (over 90% of the 
specimens encountered). The sutures are radial or 
slightly curved ventrally, depressed il! the latter por-
tion. Dorsally they are curved and slightly depressed. 
The umbilicus is small; the wall finely perforate. The 
aperture, an elongate opening on the ventral side of 
the margin of the last chamber (interiomarginaJ), ex-
tends from the umbilicus nearly to the periphery and 
has a distinct lip. 

Average dimensions.- Length: 0.25 to 0.5 mm; 
breadth : 0.2 to 0,4 mm; thickness: O.lS to 0.2S mm. 

Remarks.-Specimens transitional to G[oborota[i.:! 
fohsi lobata Bermudez are frequently encountered. 

Occurrence.-This subspecies occurs the upper 
part of the Oligocene Cipero formation of Trinidad. 

Globorotalia fohsi lobata Bermudez 

Plate 15, Figures 7-8c. 

Globorotalia lobata BERMUDEZ, 1949, Special Pub. 25, 
Cushman Lab. Foram. Research, p. 286, pI. 22, 
9-11. 

Globorotalia fohsi Cushman and Ellisor, CUSHMAN and 

EXPLANATION OF PLATE 15 
FIGS. PAGE 
1-2. Triloculinella obliquinodus Riccio, n. sp. la, S:de view of holotype; 1b, apertural view, showing 

oblique aperture mostly covered by semi-circular flap; Ie, side view, X 94. 2a, Side view of para-
type; 2b, front view, showing broken-out semi-circular 2c, side view, X . .... ,'........................... 90 

3a-c. Globorotalia fohsi robusta Bolli, n. subsp. 3a, Dorsal view of holotype; 3b, Side view; 3c, ventral 
view, X 63. . .. ...................... .. .. ............................ .... 89 

4a-c. Globorotalia fohsi fohsi Cushman and Ellisor. 4a, Dorsal view; 4b, side view; 4c, ventral view, X 63 88 
5-6c. Globorotalia fohsi barisanensis LeRoy. 5, Dorsal view of dextral specimen. 6a, Dorsal view of an-

other specimen; 6b, side view; 6c, ventral view. X 63 ........... .. ............................. ".................... 88 
7-8c. Globorotalia fohsi lobata Bermudez. 7; Dorsal v:ew. 8a, Dorsal view of another specimen; 8b, side 

view; 8c, ventral view, X 63 ..... ' .. .. ...... ".......... ............... .... ".... 88 
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2b 
Riccio, Triloculinella) n. gen. 

6b 

Bolli, Subspecies of Globorotalia fohsi 
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STAINFORTH, 1945, Special Pub. 14, Cushman Lab. 
Foram. Research, p. 70, pI. 13, figs. 13 a-c. 
The test is much compressed, longer than broad, 

often distinctly biconvex, although specimens with 
rather a flat dorsal side are not uncommon. Two 
whorls are usually visible from the dorsal side, the 
early one is closely coiled, the latter shows six to eight 
chambers increasing rapidly in .size. Characteristic of 
the species are the strongly lobate "cockscomb" -like 
adult chambers. The peripheral margin is acute, the 
last chambers often with a faint keel. Sinistral tests 
are strongly dominant (over 90% of the specimens en-
countered. The ventral sutures are more or less radial, 
slightly depressed, especially those of the later cham-
bers. On the dorsal side the sutures are curved, in the 
early part often faintly depressed, later somewhat lim-
bate. The umbilicus is small; the wall finely perforate 
and in the early chambers often of a granular aspect 
ventrally. The aperture is elongate, on the ventral side 
of the margin of the last formed chamber (interiomar-
gina!), extending from the umbilicus nearly to the 
periphery and with a distinct protecting lip. 

Average dimensions.-Length : 0.4 to 0.7 mm; 
breadth: OJ to 0.5 mm; thickness 0.15 to 0.25 mm. 

Remarks.-Specimens transitional to Globorotalia 
fohsi robusta Bolli, n. subsp. are frequently encountered. 

Occurrence.-This subspecies occurs in the upper 
part of the Oligocene Cipero formation of Trinidad . 

Globorotalia fohsi robusta Bolli, n. subsp. 

PIa te 15, figures 3a-c. 

The test is often longer than broad, the dorsal side 
nearly flat to slightly convex, the ventral side strongly 
convex. About two whorls are visible from the dorsal 
side, the last with seven or eight gradually enlarging 
chambers. The adult chambers often have a slight lo-
bation. The peripheral margin shows a distinct keel 
throughout. Sinistral tests dominate the species (over 
90% of the specimens encountered). The ventral su-
tures are radial and slightly depressed, the dorsal ones 
oblique or slightly curved and often limb ate. The um-
bilicus is small; the wall finely perforate, the ventral 
side of the early chambers often of a granular aspect. 
The aperture, an elongate slit on the ventral side of the 
margin of the last chamber (interiomargina!) extends 
from the umbilicus nearly to the periphery and has a 
small lip. 

Average dimensions.-Length: 0.45 to 0.7 mm; 
breadth : OJ to 0.6 mm; thickness: 0.25 to OJ mm. 

Occurrence.-This subspecies occurs in the upper 
part of the Gltg6cetre Cipero formation of Trinidad. 

The holotype is deposited in the Cushman Collection 
(No. 64136), United States National Museum, Wash-
ington, D. C. 
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