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38. THE GENUS ORBULINA D'ORBIGNY IN THE OLIGO-MIOCENE 
OF TRINIDAD, B. W. 1. 

P. BRONNIMANN 

Pointe-a-Pierre, Trinidad, B. W. 1. 

INTRODUCTION 
The originally monotypic foraminiferal genus Orbu-

lina (Oligocene-Recent) was described by d'Orbigny 
(1839, p. 34) from recent sands of Cuba (genotype: 

thick shelled individuals become benthonic during late 
ontogenetic stages. Rhumbler's (1911, p. 218) O. im-
perfecta, found only in bottom samples, has a wall 
ranging in thickness from 24-34!-t. Brady (1884, pp. 
609-610) recorded small bottom living specimens of O. 
universa with walls from 28-63 !-t in thickness. The 
walls of thick shelled specimens appear to be composed 
of two or more thin layers. "Bottom specimens differ," 
according to Brady (1884, p. 609), "from those taken 
at the surface much more in the thickness of the walls 
than in the external dimensions of the test." 

O. universa d'Orbigny 1839, p. 2, pI. 1, fig. 1). He also 
recorded it from Jamaica, St. Thomas, Guadeloupe, 
Martinique, the Mediterranean region, and the East 
Indies. Brady (1884, pp. 608-611) discussed in great 
detail the morphologic features of recent specimens of 
O. universa but failed to recognize in the adult a defi-
nite aperture in the sense of d'Orbigny (Cushman 
1948, p. 326). His investigation on the other hand cor-
roborated the phylogenetically important observation 
of Pourtales, Owen and others regarding the occurrence 
of small delicate shells of Globigerina in the interior of 
Orbulina. The more or less spherical test with its nu-
merous perforations of various size and fine elongate 
spines, which are not preserved in the fossil state, 
makes O. universa remarkably well adapted to plank-
tonic life (Kemna 1903), although it is possible that 

Numerous globular forms have been incorrectly as-
signed to Orbulina as representing new species and va-
rieties. From the descriptions and figures in the "Cata-
logue of Foraminifera" (1940 and supplements up to 
1950) it becomes evident that the species introduced 
by Zalessky, Terquem, Matthew, Hausler, Kubler and 
Zwingli, and others, do not belong to Orbulina d'Orbigny. 

In addition to adult specimens with a single more or 
less globular end chamber, individuals with two or 

EXPUNA nON OF TEXT FIGURE II 
(All figures approximately X 80) 

FIGS. 

1-6. Orbulina suturalis Bronnimann, n. sp. 
Orbulina aswciation occurring with Globorotalia fohsi barisanensis, Upper Oligocene, Naparima area, 
Trinidad, B. W. I. 
1, K. R. 18055, T. L. L. Cat. No. 61366. 
2, K. R. 18060, T. L. L. Cat. No. 61372. 
3, 4. Kern Oil Company, auger sample 284. 
5,6. K. R. 18057, T. L. L. Cat. No. 61368. 

7 -15. Orbulina suturalis Bronnimann, n. sp. 

FIGS. 

Orbulina association occurring with Globorotalia fohsi fohsi, Upper Oligocene, Naparima area, Trinidad, 
B.W. I. 
7-9, K. R. 19518, T. L. L. Cat. No. 94112. 
10-15, K. R. 18056, T. L. L. Cat. No. 61367. 

(Figures 10,12-13, 15 are all of the same specimen) 

EXPLANATION OF TEXT FIGURE III 
(All figures approximately X 80) 

1-10. Orbulina association occurring with Globorotalia fohsi lobata, Upper Oligocene, Naparima area, Trini-
dad, B. W. I. K. R. 19056. 
1, 2, 9, 10, Orbulina bilobata (d'Orbigny), specimen of fig. 10 shows an additional dorsal (?) aperture 
of Globigerinoides type. 
3-8, Orbulina suturalis Bronnimann, n. sp. 
3, 4, opposite views of same specimen; 5, 6, opposite views of same specimen. 

11-22. Orbulina association occurring with Globorotalia fohsi robusta, Upper Oligocene, Naparima area, Trini-
dad, B. W. I. 
11, 13-16, 18,20-22, Orbulina suturalis Bronnimann, n. sp. 
11, K. R. 18793, T. L. L. Cat. No. 88935; 13,22, same specimen, Hg. 4472b, T. L. L. Cat. No. 108011; 
14. 15, same specimen, Hg. 4472b, T. L. L. Cat. No. 108960; 16,20, same specimen, and 18,21, all Hg. 
4551c, T. L. L. Cat. No. 108177. 
12, Orbulina universa d'Orbigny. K. R. 18793. T. L. L. Cat. No. 88936. 
17, 19, Orbulina bilobata (d'Orbigny). 17, &11. 4551b, T. L. L. Cat. No. 108176; 19, K. R. 18793, 
T. L. L. Cat. No. 88937. . 
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TEXT FIGURE II. Orbulina association occurring with Globorotalia fohsi 
barisanensis (figs. 1-6) and Globorotalia fohsi fohsi (figs. 7-15), upper Oligocene, 
Trinidad, B. W. I. 



TEXT FIGURE III. Orbulina association occurring with Globorotalia fohsi 
lobata (figs. 1-10) and Globorotalia fohsi robusta (figs. 11-22), upper Oligocene, 
Trinidad, B. W. I. 
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TEXT FIGURE IV. Orbulina aSSoCIatIOn of the Globorotalia mayeri zone 
(figs. 1-12) and the Globorotalia menardii zone (figs. 13-22), lower Miocene, 
Trinidad, B. W. I. 
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TEXT FIGURE V. Bioseries of Orbulina d'Orbigny. 
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three (?) such chambers are also known and have been 
described under various generic names [see synonomy 
under O. bilobata (d'Orbigny) 1. Brady (1884)' ob-
served that these multichambered adults preserve all 
the true Orbulina characters and therefore considered 
them to be abnormal forms of the typical Orbulina 
with a single globular end chamber. Jedlitschka (1934) 
allocated the multichambered specimens from the Mio-
cene of Ostrau, Olmutzer, Bucht and Brunn, Czecho-
slovakia, to the genus Candeina d'Orbigny, 1839, be-
cause of the circular pores along the sutures between 
the last two or three chambers. He restricted the spe-
cies C. bilobata to two-chambered, and C. trilobata for 
three-chambered adults. The multichambered individ-
uals, however, differ completely in the structure of the 
test and the texture of the walls from the typical rep-
resentatives of C andeina. As Brady suggested', there is 
no doubt that these specimens of possibly aberrant 
character belong to Orbulina. Cushman and Dorsey 
(1940, p. 42, pI. 8, figs. 8, 9) regarded the two-and 
three-chambered adults as variations of Candorbulina 
universa. Le Roy (1941) described that bilobed form 
as a new subspecies of O. universa, but later (1948, 
p. 501, fig. 1) included it in Candorbulina universa as 'a 
bilobed variety. Palmer (1941, p. 286) and Bermudez 
(1949, p. 282; 1950, p. 351) correctly assigned it to 
Orbulina as a separate species. 

Jedlitschka (1934, vol. 65, p. 20) introduced the 
monotypic genus Candorbtdina for globular adult tests, 
structurally and texturally very similar to Orbulina, 
but differing in the presence of small circular ' openings 
along the sutures between the earlier Globigerina cham-
bers and the globular end chamber. He proposed as 
genotype C. universa (1934, p. 21, p. 24, textfigs. 1-7, 
19,21-23) from the Miocene of Czechoslovakia. 

Brady (1884, pI. 81, figs. 15, 16) obviously assigned 
forms of the Candorbulina type to Orbulina, and Jed-
litschka linked the typical Candorbulines and the typi-
cal Orbulines by transitional series, as shown in his 

textfigures 21-23 (1934, p. 24). The globular Calldor-
bulina form with circular pores along the surures sepa-
rating the early Globigerina portion from the almost 
spherical end chamber (Cushman and Dorsey, 1940, 
p. 41), grades into .the distinctly spherical t est with-
out the projecting GLobigerina chambers of the true 
Orbulina. 

Candorbulina, however, was not generally accepted 
(Cushman and Dorsey, 1940; Glaessner, 1945). Based 
on Jedlitschka's and Cushman and Dorsey's descrip-
tions and supplemented by a detailed study of the 
upper Oligocene - lower Miocene Orbulinas from T rin-
idad, we arrive at the conclusion that Candorbulilla 
Jedlitschka is very closely related to Orbulina d 'Or-
bigny. By a slight amplification of the generic defini-
tion the genus Candorbulina can be included in Orb u-
lina, thus avoiding the splitting into two genera of a 
natural group of forms. This seems to be preferable 
also from the biostratigraphic point of view since the 
two genera can only be clearly distinguished if the 
fossil material is well preserved. 

Orbulinas are among the commonest of the plank-
tonic Foraminifera throughout tropic and sub tropic 
regions. Easily recognizable, they are found in sedi-
ments of various facies, being transported by currents 
into the different marine environments. All these qual-
ities make Orbulina an excellent guide fossil for re-
gional and even world wide correlation. Tromp (1941 , 
1949) and Le Roy (1948) proposed to use the first 
occurrence, or the acme of Orbulina, as a world wide 
middle Tertiary time datum (Orbulina surface). 

O. universa ranges from the middle Tertiary to Re-
cent (Tromp, 1941, 1949; Le Roy, 1948, p. 501). 
Glaessner (1945, p. 14) states that most pre-Miocene 
records of Orbulina d'Orbigny are erroneous. Tromp 
(1949, p. 14) indicated in 1941 on Chart No.2 (Micro-
fauna of the Mesozoic and Tertiary sections of South-
ern Turkey, Anatolian facies) the appearance of O. 
universa in marl sections below the basal Miocene. 

EXPLANA nON OF TEXT FIGURE IV 
(All figures approximately X 80) 

FIGS. 

1-12. Orbulina association of the Globorotalia mayeri zone, Lower Miocene, Naparima area, Trinidad, B. W. I. 
1, Orbulina universa d'Orbigny K. R. 23422, T. L. L. Cat. No. 160021. 
2-4, 7-12, Orbulina suturalis Bronnimann, n. sp 
2-4, K. R. 23422, T. L. L. Cat. No. 160021 (3 , 4 are the same specimen); 7, 8, K. R. 18198, T. L. L. 
Cat. No. 62413; 9, K. R. 18192, T. L. L. Cat. Nc>. 62407; 10,11, K. R. 23422, T. L. L. Cat. No. 160021; 
12, Br. 33, T. L. L. Cat. No. 119287. 
5-6, Orbulina bilobata (d 'Orbigny) K. R. 23422, T. L. L. Cat. No. 160021. 

13-22. Orbulina association of the Globorotalia menardii zone, Lower Miocene, Naparima area, Trinidad, 
B. W. I. All K. R. 23425, T. L. L. Cat. No. 160637. 
13, 14, Orbulina universa d'Orbigny. 
15-16, 19-22, Orbulina suturalis Bronnimann, n. sp. 15-16, 20, same specimen, 21, 22, same specimen. 
17-18, Orbulina bilobata (d'Orbigny), same specimen. 

EXPLANATION OF TEXT FIGURE V 
Bioseries of Orbulina d'Orbigny, from Upper Oligocene to Lower Miocene, all figures approximately X 

90. See text p. 16. 
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As far as the Caribbean region is concerned, the strat-
igraphic conclusions of Cushman and Stainforth (1945, 
p. 69, pI. 13, fig. 10) are of special interest. They re-
corded the first appearance of Candorbulina universa 
in the Globorotalia fohsi Zone of .the upper Oligocene 
Cipero marl formation of Trinidad. Bermudez (1949, 
p. 282) pI. 22, figs. 3, 4; 1950, stratigraphical chart, p. 
35 1-52) observed O. universa and O. bilobata in the 
middle Oligocene deep wa ter deposits of the Trinchera 
and Sombrerito formations of Santo Domingo, and O. 
universa in the middle Oligocene marls of the J aruco 
formation of Cuba, in association with Globigerina dis-
similis Cushman and Bermudez. In Cuba, O. bilobata 
is known from the upper Oligocene Cojimar formation 
upwards. According to Bermudez, O. universa and O. 
bilobata usually occur together and the spherical forms 
are more abundant than the bilobed ones. Both species 
are known in the Recent of Cuba and Santo Domingo. 
Palmer (1941, p. 286-287, pI. 28, fig. 3) reported O. 
bilobata and O. universa from the upper Oligocene Co-
jimar formation of Cuba and O. universa from the lower 
Miocene Bowden formation of Jamaica (1945, p. 69) . 

The records of the first appearance of Orbulina in 
Cuba -Santo Domingo differ considerably from those 
in Trinidad, where this genus is never found associated 
either with G. dissimilis or the stratigraphically younger 
Globigerinatella inS1teta Cushman and Stainforth (see 
Textfigure I ). In Trinidad the arrival of Orbulina ap-
parently occurred some time after Globigerinatella in-
sueta became extinct. It would however not be suit-
able to use Orbulina for a middle Tertiary world wide 
datum line as proposed by Tromp and Le Roy, if it 
should be established that the first appeara nce of Orbu-
lina occurred at different times in different localities 
within the same region. 

SYSTEMATIC DESCRIPTIONS 

As already pointed out, transitional series link those 
Orbulinas without a completely enveloping end cham-
ber with the truly spherical ones described by d'Or-
bigny. Stratigraphically arranged material from Trin-
idad (Textfigure I) furth er indicates that the older, 
morphologically primitive, non-enveloping forms and 
the . younger more progressive, completely spherical 
forms represent a bioseries. This bioseries is character-
ized by the tendency of the end chamber to become 
completely enveloping in the course of time. It has been 
observed that the primitive types appear prior to the 
progressive Ones and tha t both co-exist in the upper-
most Oligocene and basal Miocene of Trinidad. 

Diagnosis of Orbulina d'Orbigny 1839.-In order to 
include in the genus Orbulina the forms described by 
Jedlitschka under Candorbulina and Candeina it is 
proposed to emend d'Orbigny's original diagnosis as 
follows : -

Family GLOBIGERINIDAE 

Subfamily ORBULININAE 

Genus Orbulina d'Orbigny, 1839 

Candorbulina JEDLITSCHKA, 1934 
Candeina JEDLITSCHKA (not d'Orbigny), 1934. 

Emended Diagnosis.-Test in early stages like Globt-
gerina, later with a globular end chamber partially or 
completely enveloping the earlier ones. No definite 
aperture present, but subci rcular to irregularly shaped 
openings of various sizes occur along the su tures sep-
arating the Globigerina chambers from the globular 
end chamber, with occasional irregularly distributed 
subcircular openings in the wall of the end chamber. 
Spherical tests with only the irregularly distributed 
subcircular openings. Wall calcareous, usually very 
thin , sometimes composed of two or more layers, with 
numerous regularly arranged minute perforations. Ex-
terior with fine elongate spines (not preserved in fossil 
specimens), surface cancellate, rather rough in thick 
shelled individuals. 

Geno type.-O. universa d'Orbigny 1839, Foramini-
feres . In Ramon de la Sagra: Histoire physique et 
natur.elle de I'lle de Cuba. Paris, p. 2, pI. 1, fig. 1 -
Recent, Cuba. 

Diagnosis of species.-Three closely related species 
are distinguished. 

Orbulina universa d'Orbigny, 1839 
Text figure III, figurc 12; 

Text figure IV, figures I, 13-14 

Orbulina universa D'ORBlGNY, 1839 and of various 
authors. 

End chamber spherical; early Globigerina chambers 
not projecting above general surface of test. No defi-
nite aperture developed, but subcircular, sometimes ir-
regularly shaped and scattered openings of various sizes 
present. Wall cancellate, with regularly arranged mi-
nute perforations, thin or fairly thick, composed of 
one or more thin layers. 

Holoty pe.-O. universa d'Orbigny 1839, p. 2, pI. 1, 
fig. 1. Recent, Cuba. 

R emarks.-As a rule, large specimens are thin walled 
and small specimens are thick walled. The latter pos-
sess a rough cancellate surface due to the secondary 
growth of the wall. The scattered larger openings are 
frequently filled and masked by matrix and although 
the openings are not always clearly discernible they 
often appea r to be concentra ted on one side of the 
sphere. Occasionally, a large irregularly shaped open-
ing occurs, possibly of accidental origin (Brady 1884, 
Cushman 1948). 
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Orbulina suturalis Bronnimann, n. sp. 

Text figure II, figures 1-5; 
Text figure III, figures 3-8, 11 , 13-16, 18, 20-22; 

Text figure IV, figures 2-4, 7-12,15-16,19-22 

Orbulina universa D'ORBIGNY of various authors (not 
d'Orbigny, 1939). 

Candorbulina universa JEDLITSeHKA 1934, Naturforsch. 
Vereinigung Briinn, Verh., Vol. 65, p. 21. 

Candeina trilobata JEDLITseHKA 1934, ibid., p. 24, text-
fig. 13. 
Diagnosis.-End chamber globular, not entirely en-

veloping the preceding Globigerina chambers. Tests 
showing all transitional stages from a partly enveloped 
Globigerina to an almost completely enveloped one. 
In the final stage, the Globigerina-chambers visible 
only as a small rounded area, projecting slightly above 
the general surface. Tests small. No definite aperture 
present, but subcircular to irregularly shaped openings 
occur along sutures, separating the Globigerina cham-
bers from the globular end chamber and occasionally 
outside the sutural grooves as well. Wall cancellate, 
with regularly arranged minute perforations, thin or 
fairly thick, composed of one or more layers. 

Diameter of holotype 0.312 mm. 
Holotype.-O. suturalis Bronnimann, Text figure IV, 

figs . 15, 16, 20, Trinidad, B. W. I., Miocene, Globoro-
talia menardii Zone. Deposited in U. S. National Mu-
seum (Cushman Coli. No. 64181), Washington, D. c., 
U. S. A. 

R emarks.-The openings along the sutures are not 
always discernible due to the masking effect of adher-
ing matrix. Additional larger openings pierce the wall 
of the globular chamber, and although scattered they 
appear to be limited within a certain area. The dimen-
sions of the tests and the sizes -of the openings vary 
considerably and it may be possible that the perfora-
tions in general can be used as a morphologic criterion 
(Hofker, 1950, pp. 16-17) . 

The Globigerina stage is somewhat concealed in thick 
shelled individuals because the additional thin layers 
also cover the initial portion of the test. The initial 
chamber is very rarely visible, and the number of 
Globigerina chambers cannot be exactly established. 

Orbulina bilobata (d'Orbigny) 1846 
Text figure III, figures 1-2, 9-10, 17, 19; 

Text figure IV, figures 5-6, 17-18 

Globigerina bilobata D'ORBIGNY, 1846, Foraminiferes 
fossiles du bassin tertiaire de Vienne, p. 164, pI. 9, 
figs. 11-14. 

Globigerina bipartita REUSS, 1863, Acad. R. Sci., Bull. 
Bruxelles, Ser. 2, Vol. 15, p. 156, pI. 3, fig. 46. 

Globigerina ovoidea SEGUENZA, 1880, R. Accad. Lincei, 
Roma, Mem., Vol. 6, p. 334, pI. 17, fig. 39. 

Orbulina universa (d'Orbigny), H. B. BRADY, 1884, 

Report Voyage Challenger, Vol. 9, p. 608, pI. 1, fig. 
2 (double specimen). 

Orbulina gemina TERRIGI, 1891, Mem. Descr. Carta 
Geol. Ital., Vol. 4, pt. 1, p. 103. 

Orbulina universa vaT. bisphaerica LE Roy, 1941, Col-
orado School of Mines, Quart., Vol. 36, no. 1, p. 44, 
pI. 1, fig. 3. 

Candeina bilobata JEDLITSCHKA, 1934, Naturforsch. 
Vereinigung Briinn, Verh., Vol. 65, p. 22, p. 24, text-
figs. 8-12. 

Candeina trilobata J EDLITSCHKA, 1934, ibid. , pp. 22, 24, 
textfigs. 14-18, 20. 

Orbulina bilobata (d'Orbigny), PALM ER, 1941, Mem. 
Soc. Cubana Hist. Nat., Vol. 15, p. 286, pI. 28, fig. 3. 

Orbulina bilobata (d'Orbigny), BERMUDEZ, 1949, Cush-
man Lab. Foram. Research, Special Publ. No. 25, 
p. 282, pI. 22, fig. 4. 
Diagnosis.-Test bilobate, composed of an O. sutu-

ralis stage with an additional globular chamber of var-
iable size, not enveloping the suturalis portion. No def-
inite aperture, but subcircular to irregularly shaped 
openings occur as in O. suturalis, along the suture be-
tween the first and the second globular chambers. Ad-
ditional larger openings sometimes present on the sec-
ond globular chamber, irregularly distributed as in O. 
universa. The second chamber is attached in such a 
way that the Globigerina chambers of the suturalis 
portion are visible or only partially hidden. Features 
otherwise identical with those described in O. universa 
and O. suturalis. 

H olotype.-Globigerina bilobata d'Orbigny 1846, For-
aminiferes fossiles du Bassin tertiaire de Vienne (Au-
triche), Paris, pI. 9, figs. 11-14. Tertiary, near Nuss-
dorf, north of Vienna, Austria. 

Remarks.-The bilobate and ? trilobate Orbulina 
tests considered by Brady (1884), Cushman and Dor-
sey (1940), and Le Roy (1948) to represent abnormal 
variants of the typical Orbulina or Candorbulina are 
here given specific rank (Palmer, 1941, Bermudez, 
1949). They appear stratigraphically above O. sutu-
ralis and below O. universa. The trilobate individuals 
figured by Jedlitschka (1934, p. 24, textfigs. 14-20) are 
distinct bilobate forms showing the Globigerina stage 
of O. suturalis. The other specimen he figured (1934, 
p. 24, textfig. 13) is apparently a slightly enveloped 
O. suturalis, with the last two subglobular chambers of 
the Globigerina spiral clea riy visible. Cushman and 
Dorsey's "trilobate adult" (1940, pI. 8, fig. 9) could 
be a true tripartite individual, but from the rather in-
distinct photograph it could be taken as a bilobate 
form with a fairly large Globigerina stage protruding 
on the right hand side. This should be checked in the 
original material. No true trilobate individuals have 
been encountered in the Trinidad material although a 
great many samples were investigated. The bilobate 
forms are associated at first with O. sut,.ralis and later 
with O. suturalis and O. universa. 



136 CONTRIBUTIONS FROM THE CUSHMAN FOUNDATION 

It has been noted that the suturalis portion invari-
ably develops a much thicker wall than the adjoining 
subglobular end chamber. The surface of the early 
portion is also much rougher and the perf ora tions more 
widely spaced than in the relatively thin-walled final 
chamber. The latter, as a rule, is formed over a con-
centration of larger openings of the suturalis portion 
near the projecting Globigerina stage. 

The dimensions of the bilobate specimens Ghow con-
siderable variation as compared to the dimensions of 
O. mturalis. The end chamber can be smaller or larger 
than the mturalis test. Deformations are fairly frequent. 

FACIES DISTRIBUTION 
AND BIOSTRATIGRAPHIC SIGNIFICANCE 

OF ORBULINA IN TRINIDAD 

In Trinidad, Orbulinas are found abundantly in the 
upper Oligocene marl facies (Cipero marl formation), 
and commonly in shallow, clear-water, near-shore and 
reef environments. However, the genus is virtually 
absent from the non-calcareous, muddy water clays of 
the upper Oligocene--Iower Miocene Karamat forma-
tion and in the sandy-silty, turpid water, deltaic de-
posits of the Miocene Moruga group. In contrast Glo-
bigerinas, Globorotalias and Orbulinas are common in 
the interbedded calcareous clays, thus permitting the 
zonal age correlation of the deposits which are virtually 
barren of planktonic foraminifera. Orbulinas are very 
scarce in the upper Miocene - Subrecent neritic clear 
wa ter deposits of the Northern Depression, although 
va rious species of Globigerina and related genera are 
recorded. The genus is also known from recent beach 
sa nds of the Atlantic Coast and even occasionally en-
countered in the recent mud of the landlocked, brack-
ish water, Gulf of Paria (Bronnimann, 1949). 

The subdivision of the Trinidad upper Oligocene into 
zones and subzones based on Globigerina and Globoro-
talia (Cushman and Stainforth, 1945 and Bolli, 1950) 
made possible the zonal age determination of 65 closely 
analyzed Orbulina assemblages from surface marl sam-
ples of the Naparima area of South Trinidad. The bio-
stratigraphic results obtained in this . way were checked 
by age determinations of a great many Orbulina bear-
ing samples from the surface and subsurface in the 
course of routine work. The results are tabulated in 
t extfigure 1 which shows that the genus is not known 
in the lower zone of the upper Oligocene characterized 
by the life range of Globigerinatella insueta C ushman 
and Stainforth (Cushman and Stainforth, 1945, p. 12; 
Stainforth, 1948, Bronnimann, 1950). The first repre-
sentatives of O. suturalis appear abruptly in the lower 
part of the Globorotalia loksi Zone. This latter zone of 
our present terminology is equivalent to Zone III of 
Cushman and Stainforth of the Trinidad upper Oligo-
cene. There is no indication tha to. suturalis evolved 
gradually from a morphologically primitive type of 

Globigerina occurring in the Globigerinatella insueta 
Zone, or from Globigerinoides conglobata (H. B. Brady) 
as suggested by Cushman and Stainforth (1945, p. 69). 
It was noted that even in the earliest assemblages the 
species suturalis is represented by a series of specimens 
exhibiting various degrees of envelopment, the most 
progressive type being an almost spherical Orbulina with 
the Globigerina stage projecting slightly above the gen-
eral surface as a small subcircular area (Textfigure II, 
figs. 1-6). The first specimens of O. bilobata (T ext-
figure III, figs. 1-2,9-10) are at present recorded in the 
Globorotalia foksi Zone, associated with Globorotalia 
loksi lobata and the first o. universa (Textfigure III , 
fig . 12 ) appears near the top of this zone with Globoro-
talia loksi robusta. The lower Miocene Globorotalia 
mayeri and Globorotalia menardii Zones in their typi-
cal development are characterized by extremely rich 
pelagic faun as with O. suturalis, O. bilobata and O. 
unwersa. 

In Trinidad, the genus Orbulina reaches a maximum 
development in the topmost Oligocene - basal Miocene. 

It appears that assemblages of the younger Miocene 
(calcareous clays of the Forest formation) do not yield 
any autochitinous specimens of o. s1.turalis. 

REMARKS ON ONTOGENY 
AND PHYLOGENY OF ORBULINA 

Ontogeny.-The globular end chamber of typical 
Orbulina or the two globular chambers of the Gpecies 
bilobata represent the final ontogenetic stages in a de-
velopment beginning with a small trochoidal Globi-
gerina, showing four thin-walled subglobular chambers 
with large apertures, in the last whorl prior to the 
Orbulina stage. The ontogeny of Orbulina therefore 
can be divided into two main stages: a) Globigerina 
stage and b) Orbulina stage. 

Globigerina stage.-In fossil material the Globigerina 
stage can only be studied by breaking, or by destroy-
ing with acid, the adult globular chamber and without 
exception the Globigerina stage was encountered in the 

of well preserved specimens (Textfigure II, 
fig. 12; Textfigure III, figs. 10, 16, 21; Textfigure IV, 
figs. 10-11,22) . It was not possible, however to estab-
lish the exact number of chambers of the Globigerina 
stage. In some individuals approximately 10 Globi-
gerina chambers were counted, which increased in size 
as added, and formed a rather loosely coiled, open um-
bilical , trochoidal spiral of about two whorls. As a rule 
the subglobular Globigerina chambers are very thin-
walled in comparison to the wall of the adult chamber, 
and often are even transparent, and the relatively large 
arched apertures are surrounded by minute lip-like 
projections. The walls are penetrated by very fine and 
not too closely spaced perforations, which can only be 
seen under suitable illumination. Each chamber pos-
sesses a single, large aperture, and the only Gpecimen of 
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the Trinidad collection with an apparently accessory 
aperture in the last chamber of the Globigerina stage 
(Textfigure III, fig. 10) was probably damaged in the 
course of preparation. In any case, no additional aper-
tures were observed in the early chambers of the Glpbi-
gerina stage. Cushman and Dorsey (1940, p. 41) 
stated that the early Globigerina stage the 
presence of dorsal secondary apertures which would 
indicate that Orbulina sprang from Globigerinoides in-
stead of from Globigerina. These authors refer in par-
ticular to the drawing of a young specimen published 
by}edlitschka. The figures of broken specimens (1934, 
p. 24, figs. lc, 21a, 22a, 23a) show however only the 
loosely coiled four end chambers of the Globigerina 
spiral with no indication of additional Globigerinoides-
like apertures. Cushman (1948, pI. 34, fig. 18) repro-
duced after Rhumbler the figure of a specimen of O. 
universa with distinct openings of the GlobigerinoideJ 
type. The nature of these apertures should be checked 
on the original material as it is possible that in reality 
they coincide with the normal apertures of the primi-
tive Globigerina. Brady (1884) and later Rhumbler 
(1901, 1911) do not mention additional openings of 
the Globigerinoides type. 

The writer cannot at present definitely settle the 
generic allocation of the Globigerina-stage, but from 
the observations made on the Trinidad material, it ap-
pears improbable that such a specialized type as Globi-
gerinoides represents the initial stage of Orbulina. 

Based on the available information and on general 
considerations, it is believed that the ancestor of Orbu-
lina is a small loosely coiled trochoidal Globigerina 
with large apertures opening into a wide umbilicus. 
This ancestral form morphologically approaches very 
closely Globigerina bulloides d'Orbigny (Brady, 1884, 
pI. 79, figs. 6, 7) which is four-chambered in the adult, 
although the apertures are much smaller and the coil-
ing of the spiral is more compact. 

Orbulina stage.- The Orbulina stage has been dis-
cussed in some detail in the description of O. universa. 
No additional remarks are necessary. 

Phylogeny.-In the time interval from upper Oligo-
cene to lower Miocene, Orbulina (Textfigure V) de-
veloped three bioseries, originating from O. suturalis, 
the morphologically most primitive ana stratigraphi-
cally oldest species. 

a) Bioseries O. suturalis - O. universa, characterized 
by the tendency of the globular chamber to be-
come enveloping in the course of time. 

b) Bioseries O. suturalis - O. bilobata, characterized 
by the adding of a second subglobular chamber 
on the suturalis portion. 

c) Bioseries O. suturalis - O. suturalis. No evolu-
tionary trends recognizable. 

The stratigraphical occurrence of the species bilobata 
and universa support the derivation of the bioseries, 
which was based on morphological features alone. It 

is striking that the bilobate form did not evolve into a 
completely spherical one by enveloping the suturalis 
test. 

The dimensions of the tests of the three species are 
widely variable and no appreciable difference is evident 
in comparing the dimensions of the Orbulina species of 
the Globorotalia folLsi and the Globorotalia menardii 
Zones. In order to establish the possible existence of 
an evolutionary trend, a statistical analysis of this fea-
ture was made. This is true also of the investigation of 
other measurable features of potential phylogenetic sig-
nificance, such as the variation in the number of mi-
nute perforations per surface unit (Hofker, 1950, p. 16-
17), and the relation between the sizes of the Globi-
gerina stage and the adult test, a feature used by 
Rhumbler (1901) for the definition of varieties of 
Orbulina. 
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39. A METHOD FOR STORING LARGER FORAMINIFERA 
FOR VARIATION STUDY 

RUSHDI SAID 

Mount Holyoke College, South Hadley, Massachusetts 
ABSTRACT-A .simple method for storing great numbers 
of larger Foraminifera is described. 

During the course of a variation study of the Nurn-
rn1tiites of Egypt based on statistical methods, the 
author worked with large numbers of individuals of the 
same species and from the same stratigraphic horizon. 
As these methods involved the study of each fossil as 

a separate distinct individual in a community of others, 
it was important to store the thousands of fossils 
studied in a manner in which the individuality of each 
is kept and in which the selection of any particular in-
dividual is always possible whenever reference to it is 
needed. The following simple method was found con-
venient in this respect. Square wooden plates of 28 
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