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ABSTRACT

Chapter 12

TAXONOMY, BIOSTRATIGRAPHY, AND PHYLOGENY OF OLIGOCENE 
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The taxonomy, phylogeny, and biostratigraphy of 
Oligocene Turborotalita is reviewed. We recognize 
two species in the Oligocene, Turborotalita prae-
quinqueloba Hemleben and Olsson and Turborotal-
ita quinqueloba (Natland). The two species are dis-
tinguished primarily by the number of chambers 
in the final whorl (typically 4-4½ versus 4½-5½ re-
spectively). We extend the stratigraphic range of T. 

quinqueloba down through the Oligocene and into 
the upper Eocene, making it the longest-lived of all 
the extant morphospecies. Combined with recently 
published research on the earliest Paleocene, it ap-
pears likely that Turborotalita represents a distinct 
clade that persisted for the entire Cenozoic, having 
first appeared in the immediate aftermath of the 
Cretaceous / Paleogene mass extinction.

INTRODUCTION

 The genus Turborotalita with its most promi-
nent extant representative, T. quinqueloba (Natland), is 
abundant in subtropical to subpolar assemblages in the 
modern ocean. It is clearly spinose, but its small size 
and peculiar apertural modifications associated with a 
distinctive terminal chamber morphology distinguish it 
from the rest of the extant Globigerinidae. Small spe-
cies of planktonic foraminifera are easily overlooked 
or degraded by diagenetic processes hence their tax-
onomy and evolutionary histories in the fossil record 
often remain poorly constrained. Although Blow and 
Banner (1962) considered their new genus Turborotal-
ita to be restricted to upper Miocene to Recent sedi-
ments, the predominantly five-chambered (in the final 
whorl) Turborotalita quinqueloba was subsequently 
traced throughout much of the Miocene (e.g., Asano 
and others, 1968; Jenkins, 1971, 1975). Asano and oth-
ers (1968), Fleisher (1974) and Kennett and Srinivasan 
(1983) derived Turborotalita from species that were 
later shown to belong to the microperforate Tenuitella 

group. These species share a similar gross morpholo-
gy with Turborotalita, but the spinose normal perfo-
rate wall of Turborotalita speaks against their phylo-
genetic relatedness. 
 Olsson and others (2006) proposed that Tur-
borotalita extends back to the middle Eocene, with 
Globorotaloides carcoselleensis Toumarkine and Bol-
li being assigned to the genus and, in their scheme, the 
earliest representative of it. They suggested that T. car-
coselleensis may have evolved from Globoturborotal-
ita around the base of Zone E9 in the middle Eocene 
although transitional forms were not reported. They 
also proposed a potential ancestor for T. quinqueloba 
in the predominantly four-chambered Turborotalita 
praequinqueloba, which they described from Zones 
E15 and E16 of the upper Eocene. They suggested 
that T. praequinqueloba was likely descended from 
T. carcoselleensis. However they did not set out clear 
guidelines on the means by which carcoselleensis, 
praequinqueloba and quinqueloba are formally dis-
tinguished.
 Pearson and Wade (2009) described T. quin-
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queloba from the upper Oligocene of Trinidad, there-
by extending its range down into the Paleogene for the 
first time. Székely and Filipescu (2016) recorded it 
from lower Oligocene Zone O4 as T. cf. quinqueloba. 
Here we document further Oligocene occurrences and 
also record its presence in upper Eocene Zone E14 of 
Armenia. These records suggest that T. quinqueloba is 
the longest lived of the extant planktonic foraminifera, 
and the only form surviving from the Eocene. This may 
be because the small generalized morphology makes 
distinguishing biospecies difficult.

 The occurrences reported here help fill the 
stratigraphic gap between middle Eocene T. carcosel-
leensis and Neogene T. quinqueloba. Examination of 
populations of T. carcoselleensis and T. quinqueloba 
reveals that they are in fact quite similar, although 
the former tends to be more robust and less petaloid 
in outline. However these differences are not well re-
flected in the respective holotypes. The problem of 
distinguishing the species is made more difficult by 
the fact that the type specimen of T. carcoselleensis 
(Olsson and others, 2006, pl. 6.19, figs. 1-3) is poorly 
preserved. A variety of middle Eocene occurrences of 
T. carcoselleensis have been reported (see synonymy 
list in Olsson and others, 2006). Taking these into ac-
count, we suggest that T. quinqueloba likely evolved 
from T. carcoselleensis around the base of Zone E14 
in the upper Eocene by developing a more petaloid 
outline, although there is also a case for lumping the 
two species and making T. carcoselleensis the junior 
synonym (which would, of course, further extend the 
range of T. quinqueloba downward). Resolving this 
question would require morphometric study of Eocene 
populations which is beyond the scope of this study. 
The new stratigraphic occurrences also suggest that T. 
quinqueloba is unlikely to have been descended from 
T. praequinqueloba and the reverse is the more likely 
relationship.
 Based on a re-evaluation of Paleocene forms 
presented in the work of Koutsoukos (2014), and con-
trary to the suggestion of Olsson and others (2006) that 
the genus developed from Globoturborotalita, we pro-
pose that Turborotalita first evolved in the immediate 
aftermath of the Cretaceous/Paleogene mass extinction 
(see discussion under the genus below). This would 
make it the earliest branching extant lineage within the 
spinose Globigerinidae, a position that is consistent 
with genetic evidence (Aurahs and others, 2009). We 
also amend the generic diagnosis of Blow and Banner 
(1962), which distinguishes the genus by the presence 
of a bulla. This feature is not present in the genus and 
we amend the diagnosis to emphasize the distinct shape 
and position of the terminal chamber.

SYSTEMATIC TAXONOMY

Order FORAMINIFERIDA d’Orbigny, 1826
Superfamily GLOBIGERINOIDEA 
Carpenter, Parker, and Jones, 1862

FIGURE 12.1 Stratigraphic ranges of Oligocene to early Miocene 
species of Turborotalita. BKSA, 1995 = Berggren and others, 
1995; K&S, 1983 = Kennett and Srinivasan, 1983; WPBP, 2011 = 
Wade and others, 2011.

qu
in

qu
el

ob
a

pr
ae

qu
in

qu
el

ob
a

AO
1

AO
2

AO
4

AO
3

G
PT

S 
Ag

e 
(M

a)
C

an
de

 &
 K

en
t (

19
95

)
 

24

25

26

27

28

29

30

31

32

33

34

35 P16

P17

P18

P19

P20

12P

b

a

P22

N
4

EO
C

EN
E

O
LI

G
O

C
EN

E
EA

R
LY

LA
TE

Fo
rm

er
 P

 Z
on

es
(B

KS
A,

 1
99

5)
 &

 N
 Z

on
es

 (K
&S

, 1
98

3)
 

H
ub

er
 &

  Q
ui

llé
vé

ré
 (2

00
5)

 

(S
ub

)
 tr

op
ic

al

An
ta

rc
tic

Ep
oc

h

22

23

M
IO

C
EN

E
EA

R
LY

Turborotalita

(S
ub

)
 tr

op
ic

al
E,

 O
 a

nd
 M

 Z
on

es
(W

PB
P,

 2
01

1)
 

E16

E15

O1

O2

O3

O4

O5

O6

O7

b
a

b
a

M
1

A
E9

AE10

LA
TE



387

Chapter 12 - Turborotalita

Family GLOBIGERINIDAE Carpenter, 
Parker, and Jones, 1862

Genus Turborotalita Blow and Banner, 1962

TYPE SPECIES.— Truncatulina humilis Brady, 1884.

DESCRIPTION.
 Type of wall: Normal perforate, spinose in life, 
may or may not be covered with a thick calcite crust, 
which, when present, can greatly modify the test out-
line.
 Test morphology: Generally small (<300 µm), 
low trochospiral, relatively flattened, lobate or petaloid 
in outline (when not encrusted), 4-6 chambers in final 
whorl, final chamber frequently kummerform, typical-
ly displaced towards the umbilicus, often ampullate in 
shape with a distinct lip, sometimes extending into a 
flap that may cover the entire umbilicus and end with 
tunnel-like extensions with one or more openings. Pri-
mary aperture umbilical to extraumbilical, narrow to 
wide, commonly hidden in umbilical view beneath the 
extended apertural flap of the final chamber.

DISTINGUISHING FEATURES.— Turborotalita is 
distinguished from most other spinose planktonic for-
aminifera by its small size and flattened test. It is dis-
tinguished from Globoturborotalita by the presence of 
an encroaching or ampullate final chamber that extends 
into the umbilicus. 

DISCUSSION.— Blow and Banner (1962) drew a firm 
distinction between what they called a reduced final 
chamber and a true bulla, insisting that their new genus 
was characterized by the presence of a true bulla. How-
ever, this definition is not consistent with the current 
understanding of the term “bulla” (Hottinger, 2006). In 
Turborotalita, the “bulla” is essentially a final chamber 
that is reduced in size and displaced over the umbilicus 
more than would be expected from the general cham-
ber sequence and sometimes possessing morphological 
features not seen on earlier chambers. The reduced fi-
nal chamber often does not possess the characteristic 
shape of a “bulla”, especially among the early Neogene 
and Paleogene representatives of the genus. Hence, we 
emend the generic diagnosis to more specifically refer 
to the shape and position of the final chamber, which is 
applicable to all species in the genus. Fleisher (1974) 

and Kennett and Srinivasan (1983) suggested that the 
wall is microperforate, but the pore size is macroperfo-
rate (typically >2 µm in diameter) and the presence of 
true spines confirms the relationship of Turborotalita 
with other spinose macroperforate species.

PHYLOGENETIC RELATIONSHIPS.— Olsson and 
others (2006) traced Turborotalita to the middle Eo-
cene Zone E9 (=P11) by assigning Globorotaloides 
carcoselleensis Toumarkine and Bolli to the genus. 
They suggested it may have evolved from Globotur-
borotalita, which itself appeared at the Paleocene / 
Eocene boundary. However, Koutsoukos (2014) de-
scribed some exceptionally well-preserved assemblag-
es from the Cretaceous/Paleogene transition off Rio 
de Janeiro, Brazil, including a new species which he 
called Praemurica nikolasi. We propose that this spe-
cies is better assigned to Turborotalita on account of 
the possibly spinose wall (small holes described as 
minute pores may be spine holes) and general mor-
phology, including particularly the ampullate final 
chamber. This species tends to have four and a half to 
five chambers in the final whorl. The highest occur-
rence of nikolasi was not determined by Koutsoukos 
(2014) because it extends to the top of that study sec-
tion (Zone P1c). Other possible Paleocene occurrences 
include a specimen attributed by Blow (1979, pl. 83, 
fig. 1) to Globorotalia (Turborotalia) imitata Subboti-
na from Zone P2 and a specimen attributed by Olsson 
and others (1999, pl. 12, figs. 10-12) to Globanoma-
lina imitata (Subbotina) from Zone P1b/c. Hence we 
hypothesize that Turborotalita is a distinct lineage that 
extends throughout the entire Cenozoic but has rarely 
been described from Paleogene sediments because of 
its small size, susceptibility to diagenetic alteration, 
and perhaps because workers had not expected to find 
it: resemblance to modern forms has been assumed to 
be evolutionary convergence rather than phylogenetic 
continuity. Future studies will hopefully determine the 
upward range of Turborotalita nikolasi and its relation-
ship to other Turborotalita including T. carcoselleensis 
and T. quinqueloba. Genetically, modern T. quinquelo-
ba groups with other spinose planktonic foraminifera 
but its 18S rDNA sequence is the most derived among 
the spinose species, and the phylogenetic position of 
the resulting extremely long branch is difficult to con-
strain (e.g., Aurahs and others, 2009:169; see also Dar-
ling and others, 2000, 2003), which is consistent with a 
deep phylogenetic divergence.
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STRATIGRAPHIC RANGE.— Lowermost Paleocene 
(Zone P0; Koutsoukos, 2014, as Praemurica nikolasi) 
to Recent.

GEOGRAPHIC DISTRIBUTION.— Modern Tur-
borotalita is distributed globally but is most abundant 
in temperate latitudes. The few known Oligocene oc-
currences are widespread, suggesting a global distri-
bution.

Turborotalita praequinqueloba Hemleben and 
Olsson, 2006

Plate 12.1, Figures 1-16

Turborotalita praequinqueloba Hemleben and Olsson in 
Olsson and others, 2006:165, pl. 6.20, figs. 1-21 [upper 
Eocene Zone E15/16, Shubuta Clay, Mississippi].

DESCRIPTION.
 Type of wall: Normal perforate, spinose, may 
be covered by a crust in adult stage.
 Test morphology: “Test very low trochospiral, 
lobulate in outline, chambers globular; in spiral view 
4-4½ globular, slightly embracing chambers in ulti-
mate whorl, increasing moderately in size, ultimate 
chamber sometimes reduced in size, sutures moderate-
ly depressed, straight; in umbilical view 4-4½ globular, 
slightly embracing chambers, increasing moderately in 
size, ampullate ultimate chamber often reduced and 
directed towards and over the umbilicus, sutures mod-
erately depressed, straight, umbilicus small and often 
covered by ultimate chamber, aperture umbilical, a 
wide arch bordered by an imperforate rim or narrow 
thickened lip; in edge view chambers globular in shape, 
slightly embracing” (Olsson and others, 2006:165).
 Size: Maximum diameter of holotype: approx-
imately 0.27 mm, thickness 0.13 mm (Olsson and oth-
ers, 2006:165; note original scale bars are wrongly giv-
en as 100 µm instead of 40 µm on Olsson and others, 
2006, pl. 6.20).

DISTINGUISHING FEATURES.— Turborotalita 
praequinqueloba is distinguished from T. quinqueloba 
by possessing 4-4½ chambers in the final whorl. It is 
more gracile than T. carcoselleensis, which has more 
inflated chambers and a thicker test.

DISCUSSION.— This species has previously been 
identified only by Olsson and others (2006) from a sin-
gle sample from Mississippi. Here we add occurrenc-
es from the Adriatic and Labrador Sea and extend the 
stratigraphic range into the Oligocene.

PHYLOGENETIC RELATIONSHIPS.— Probably 
evolved from T. quinqueloba by developing fewer 
chambers in the final whorl.

TYPE LEVEL.— Upper Eocene Zone E15/16 of the 
Shubuta Clay from Wayne County, Mississippi (Ols-
son and others, 2006).

STRATIGRAPHIC RANGE.— Upper Eocene Zone 
E15/16 (Olsson and others, 2006) to upper Oligocene 
Zone O5 (this study).

GEOGRAPHIC DISTRIBUTION.— Probably global 
although so far only a few occurrences have been de-
scribed.

STABLE ISOTOPE PALEOBIOLOGY.— No data 
available.

REPOSITORY.— Holotype (USNM 521873) and 
paratype (USNM 521874) deposited at the Smithso-
nian Museum of Natural History, Washington, D.C. 

Turborotalita quinqueloba (Natland, 1938)

Plate 12.2, Figures 1-17
(Pl. 12.2: Figs. 1-3: new SEMs of holotype of 

Globigerina quinqueloba Natland, 1938)

Plate 12.1 Turborotalita praequinqueloba Hemleben and Olsson, 2006

1-7 (1-3, holotype, USNM 521873, Hemleben and Olsson in Olsson and others, 2006, pl. 6.20, figs. 1-3, 4-5, from Olsson and others, 2006, 
pl. 6.20, figs. 18-19, 6-7, from Olsson and others, 2006, pl. 6.20, figs. 11-12), Zone E15/16, Shubuta Clay, Wayne County, Mississippi; 8-12, 
Zone O1, Estis Mill section, Shubuta Clay, Mississippi; 13-15, Zone O5, Adriatic Sea, sample IM-3/IV 1189.5 -1195.5 m; 16, Zone O1, 
Labrador Sea, ODP Hole 647A/30R/3, 67-69 cm. Scale bar: 1-6, 8-16 = 100 µm; 7 = 10 µm. 
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Plate 12.1 Turborotalita praequinqueloba Hemleben and Olsson, 2006
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(Note: this species is very common in Pleistocene and 
Recent sediments. We present an abbreviated synon-
ymy focusing on stratigraphically older occurrences).

Globigerina quinqueloba Natland, 1938:149, pl. 6, figs. 7a-c 
[Recent, 152 meters depth off Long Beach, California].

“Globigerina” aff. “G.” quinqueloba Natland.—Spezzafer-
ri, 1994, pl. 9, figs. 1a-c [lower Miocene Subzone N4a, 
DSDP Site 593, Challenger Plateau, Southwest Pacific 
Ocean].

Turborotalita quinqueloba (Natland).—Pearson and Wade, 
2009:209, pl. 7, figs. 1-6 [Zone O6 (=O7 of this work), 
Cipero Fm., Trinidad].

Turborotalita cf. quinqueloba (Natland).—Székely and Fili-
pescu, 2016, pl. 2, fig. 14 [lower Oligocene Zone O4, 
Vima Fm., Transylvanian Basin, Romania].

?Globanomalina laccadivensis Fleisher, 1974:1017, pl. 5, 
figs. 7-12 [upper middle to upper Eocene, Zone P14 to 
P17 (=E13-E16), DSDP Site 219, Arabian Sea].

DESCRIPTION.
 Type of wall: Normal perforate, spinose, with 
a tendency for heavy late-stage gametogenic calcifica-
tion.
 Test morphology: Low, flat trochospiral coil-
ing, peripheral margin petaloid; in spiral view 4½-5½ 
moderately rounded chambers in the final whorl, in-
creasing gradually in size, sutures radial or slightly 
curved, depressed; in edge view biconvex, lenticular; 
in umbilical view 4½-5½ chambers, final chamber 
commonly reduced in size, ampullate, with a flap de-
veloping into a broad extension towards the umbilicus, 
usually with a prominent lip, sutures radial, depressed; 
umbilicus narrow, commonly obscured by encroaching 
final chamber; aperture umbilical, a low arch, usually 
obscured. When heavily calcified the outline is com-
pact and the sutures may be largely obscured.
 Size: Diameter of holotype: approximately 
0.24 mm (Natland, 1938).

DISTINGUISHING FEATURES.— Turborotalita 
quinqueloba is distinguished from T. praequinqueloba 
by possessing 4½-5½ chambers in the final whorl. It 
is distinguished from T. carcoselleensis by the more 
petaloid periphery, slightly less inflated chambers and 

less robust test. It is similar to T. nikolasi (Koutsoukos) 
but generally larger in size and more heavily calcified.

DISCUSSION.— The holotype is illustrated here for 
the first time by SEM. It is not as petaloid as many 
specimens but has 4½ chambers in the final whorl and a 
distinct chamber extension with lip encroaching on the 
umbilicus. Natland (1938) described this as an “over-
hanging lip almost covering the umbilicus”. Upper-
most Oligocene specimens similar to the modern spe-
cies were illustrated by Pearson and Wade (2009) and 
a lower Oligocene specimen was illustrated by Székely 
and Filipescu (2016). Pearson and Wade (2009) spec-
ulated that Globanomalina laccadivensis Fleisher may 
be a heavily calcified and dissolution-resistant form of 
this species, in which case its range may extend back 
to the upper part of the middle Eocene, but this has yet 
to be determined in well-preserved material. The oldest 
confirmed occurrences we have made are in Zone E14 
in Armenia (Plate 12.2, Figs. 14-16). From the limit-
ed number of SEMs available it seems that Paleogene 
Turborotalita quinqueloba may have had larger and 
lower density pores than is typical of modern forms.

PHYLOGENETIC RELATIONSHIPS.— Probably 
evolved from T. carcoselleensis, possibly part of a sin-
gle evolving lineage.

TYPE LEVEL.— From a Recent sediment sam-
ple at 152 meters depth off Long Beach, California 
(33o22’20’’ N, 118o18’31” W) (Natland, 1938).

STRATIGRAPHIC RANGE.— Zone E14 (this study) 
to Recent.

GEOGRAPHIC DISTRIBUTION.— Global in mod-
ern, peaking at cool temperate latitudes but also oc-
curring in the tropics (Bé, 1977). Too few Oligocene 
occurrences are known to establish the distribution.

STABLE ISOTOPE PALEOBIOLOGY.— Pearson 
and Wade (2009:209) record “an upper-thermocline or 
mixed-layer habitat with a calcite crust added in the 
thermocline”.

Plate 12.2 Turborotalita quinqueloba (Natland, 1938)

1-3 (holotype, USNM 22559), Recent, 152 meters depth off Long Beach, California; 4-8, Recent, surface sediment, North Atlantic Ocean, 
Meteor 10/3 Station 637; 9-13, Zone O5, Adriatic Sea, sample IM-3/IV 1189.5 -1195.5 m; 14-16, Zone E14, Sample V1.19, Urtsadzor 
section, Armenia; 17, Zone O7, Cipero Fm., Trinidad (Pearson and Wade, 2009, pl. 7, fig. 2). Scale bar: 1-7, 9-11, 14-17 = 100 µm; 8, 12, 
13 = 10 µm. 
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Plate 12.2 Turborotalita quinqueloba (Natland, 1938)
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REPOSITORY.— Holotype (USNM 22559) deposited 
at the Smithsonian Museum of Natural History, Wash-
ington, D.C. 
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