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ABSTRACT

Detailed systematic work on the genus Tenuitella
Fleisher, 1974, and related taxa reveals that this group
contains species with a small maximum test size, a
microperforate (perforation diameter <1 um) wall and
pustular wall surface. The subfamilies Tenuitellinae
Banner and Globigerinitinae Bermudez possess similar
walls and hence are phylogenetically closely related.
The only differences between them are apertural de-
tails: intraextraumbilical apertures in the Tenuitellinae
and anterointraumbilical to axiointraumbilical ones
characterizing the Globigerinitinae. Three genera,
Praetenuitella n. gen., Tenuitella and Tenuitellita n.
gen., with 14 species (including n. spp.: P. impariaper-
tura, P. patefacta, P. praegemma, T. fleisheri, T. neo-
brevispira, T. neoclemenciae) are proposed for the Ten-
uitellinae (late Eocene to Holocene). One new genus,
Tenuitellinata, having 3 species, is added to the Glo-
bigerinitinae (Oligocene to Holocene).

Some test morphocharacters vary widely, but the mi-
croperforate, pustulate wall structure seems to have
changed little in the forms ascribed to the Globigerini-
tidae. Evidence suggests, however, that all of the mi-
croperforate globigerinitids were derived from a finely
macroperforate (approximately 1.5 um) to microper-
forate ancestor, Praetenuitella, which evolved from some
planispiral Pseudohastigerina in the late Eocene. This
exemplifies a “morphological reversal” (rather than,
commonly, “unidirectional®) trend in the evolution of
planktonic foraminifera.

INTRODUCTION

Many, if not all, small, non-keeled, globorotaliiform
foraminifera (diameters commonly <200 um), or so-
called “microglobigerinids” of post-Danian age, have
been neglected for years in both biostratigraphic and
taxonomic studies. Workers tend to group them, often
for simplicity, as “‘planktonic juveniles” or “undeter-
mined planktonics,” even if they contain described
forms of potential biostratigraphic significance. On the
screen of an SEM, however, these small planktonic
specimens exhibit various morphocharacters that dis-
tinguish them into consistently different form-groups.
Some may be juveniles of larger, known species (Huang,
1981; Brummer and others, 1986), but others are dis-
tinct species with small adult tests. Tenuitella, a genus
proposed by Fleisher (1974), comprises a group of such
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small species, having a microperforate (0.5-0.8 um)
wall. The species range from late Eocene to Holocene,
but characterize, particularly, the Oligocene mid- to
high-latitude planktonic foraminiferal assemblages.

Almost all forms with microperforate walls possess
small tests. They often lack spinebases, but possess
variously shaped surficial pustules. The microperfo-
rate, pustular walls can be easily differentiated from
specimens of similar diameter, but with cancellate, spi-
nose, or finely (1.5-2 um) or coarsely (>2.0 um) macro-
perforate walls. Some microperforate forms are strati-
graphically restricted (e.g., Candeina nitida ’Orbigny,
late Miocene-Holocene, and Globerinatella insueta
Cushman and Stainforth, early Miocene). The separate
taxonomic status of the microperforate Globigerinita
from the macroperforate and cancellate Catapsydrax
(both genera are bullate and grossly similar otherwise)
now seems indisputable. Although variation in per-
foration size and density may correlate with changes
of seawater temperature in Orbulina universa d’Orbig-
ny and other species (B€, 1968; Bé and others, 1976;
Dow, 1977), it is not likely that the significant differ-
ence between microperforate and macroperforate walls
is due to environmental effects. In many cases, bio-
stratigraphy proves that microperforate walls are ge-
netically controlled. However, it is not known whether
the seemingly iterative occurrence of the microperfor-
ate wall structure in Globuligerina Bignot and Guyader
(Late Jurassic-Early Cretaceous), Favusella Michael
(Middle Cretaceous), Parvularugoglobigerina Hofker
(basal Paleocene), Globastica Blow (early Paleocene)
and Tenuitella Fleisher (late Eocene-Holocene) is due
to evolutionary heredity in a single phylogeny or evo-
lutionary convergence in several lineages (or to both).

Wall surface texture varies widely among planktonic
foraminifers. This has led some authors to question its
validity as a generic base (e.g., Stainforth and others,
1975), especially because differential post-mortem so-
lution, the gametogenetic cycle (BE, 1980) and eco-
phenotypy (Kennett and Srinivasan, 1980) may alter
the external texture of the tests. In any case, morpho-
characters such as wall structure and texture must have
evolved. Therefore, classifications (especially higher
taxonomic categories) based solely on the wall struc-
ture, as suggested by Lipps (1966), by Steineck and
Fleisher (1978) and by Saito and others (1981), are not
universally accepted. Surface texture and ultrastructure
of the walls have been employed, however (usually
with other criteria), to characterize phyletically asso-
ciated species groups, such as those referred here to
Tenuitella.
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Although many forms of Fleisher’s Tenuitella are
still placed in Globorotalia or Turborotalia by some
authors (e.g., Stainforth and others, 1975; Blow, 1979;
Saito and others, 1981), it is becoming widely accepted
that this taxon is a valid and important one (Banner,
1982; Loeblich and Tappan, 1984). More than 20
species have been proposed, which may belong to, or
be related to, this group. These include Globorotalia
gemma Jenkins, Globigerina postcretacea Myatliuk,
Globorotalia munda Jenkins, Turborotalia clemenciae
Bermudez, Globorotalia minutissima Bolli and Glo-
borotalia anfracta Parker. These species are morpho-
logically similar and possess microperforate walls. Be-
cause some of these species have not been clearly
defined by differential diagnoses, some workers may
find themselves unable to differentiate satisfactorily
between them. Authors tend either to include similar
forms under a commonly used name (e.g., G. gemma
or G. postcretacea), or to split them into species that
were originally recorded as being stratigraphically sep-
arate (ignoring their morphologic similarity). The pub-
lished stratigraphic range of any given species of Ten-
uitella represents no more than a synthesis of the records
of that species, and cannot, therefore, be more reliable
than the species concepts employed. For example, Glo-
borotalia gemma, originally designated as the type
species of Tenuitella by Fleisher (1974), was first re-
corded from the lower Oligocene of New Zealand (Jen-
kins, 1966). It superficially resembles forms placed by
other authors in Globigerina postcretacea Myatliuk (e.g.,
Subbotina, 1953; Saito and Bé, 1964; Stainforth and
others, 1975; Stainforth and Lamb, 1981); however,
the original of G. postcretacea shows little similarity
to forms subsequently reported under that name. If we
assume that these forms are taxonomically identical,
a problem still arises from the various stratigraphic
ranges given. For example, Globorotalia gemma has
been recorded from the late Eocene to the early Oli-
gocene (Jenkins, 1966, 1971, 1985), whereas Globig-
erina postcretacea ranges from the late Eocene to the
early Miocene (Stainforth and Lamb, 1981). It is dif-
ficult to trace phylogenetic relationships based on such
records.

I have examined the phylogenetic relationships be-
tween species of Tenuitella and among the higher taxo-
nomic groups to which Tenuitella may be related. When
Banner (1982) proposed the subfamily Tenuitellinae,
he indicated a discontinuous range in the early Paleo-
cene, late Eocene and Oligocene, and suggested that
Tenuitella may have originated (but with no known
intermediates) from the small, equally microperforate,
earliest Paleocene globigerinids, such as Parvularugo-
globigerina eugubina (Luterbacher and Silva). Recent
studies of well-preserved P. etigubina (Smit, 1982) have
revealed the totally smooth microperforate wall, and
extraordinarily elongate, wholly extraumbilical aper-
ture of that species, indicating that it probably has no
close relationship to Tenuitella and should be excluded
from the Tenuitellinae. Though this subfamily has been
adopted by Loeblich and Tappan (1984), they modified
the range of the Tenuitellinae (without substantiating

data) to one from middle Eocene to middle Miocene.
Kennett and Srinivasan (1983) had suggested, how-
ever, that the lineage G. munda-G. clemenciae-G. an-
[fracta was wholly referable to Neogene Tenuitella, thus
confirming the stratigraphic range of the genus (and
therefore of the subfamily) throughout the Neogene
and Quaternary, as suggested originally by Fleisher
(1974). An ecarlier assertion that Tenuitella may be
taxonomically closely linked with, and arose phylo-
genetically prior to, the genus Globigerinita (Fleisher,
1974) was also followed by Loeblich and Tappan (1984),
who placed the Tenuitellinae and the Globigerinitinae
in the family Globigerinitidae. Kennett and Srinivasan
(1983) accepted the tenuitelline ancestry of Globiger-
inita and suggested that Tenuitella (T. clemenciae) was
also the ancestor of Turborotalia. The origin of Ten-
uitella has not been adequately demonstrated, how-
ever, nor has appropriate systematic work on the Pa-
leogene-Miocene Tenuitellinae been carried out so far.

MATERIALS AND METHODS

I examined samples from late Eocene to Quaternary
sediments, placing special emphasis on late Eocene,
Oligocene and Miocene sections. Only well-preserved
materials were used for detailed studies of wall struc-
ture and other morphological characteristics.

Samples from the Eocene to Miocene succession of
Trinidad (Bolli, 1957a, b; Bolli and Saunders, 1985)
were initially used for this study. However, the Eocene
sediments from Trinidad yielded only larger plank-
tonic forms in poorly preserved condition. Thus sam-
ples of broadly equivalent strata were taken from sev-
eral localities of the Jackson Group in the United States
Gulf Coast (Table 1). The Oligocene and Miocene ma-
terial was obtained from the type localities and type
samples of Bolli (1957a) (except for that of the Glo-
borotalia kugleri Zone; see Table 2).

For Pliocene sediments, samples from the Caloosa-
hatchee Marl of Florida, the Santa Barbara Formation
of California, the Pissouri Marls of southern Cyprus,
and several samples from the Miocene-Pliocene rocks
of Sardinia were studied, but they contained few forms
referable to Tenuitella. Three samples of modern seabed
sediments (two from the Tasman Sea and one off south-
west Ireland) and ten core samples from the Quater-
nary of the Zante Channel (IS/82) and northwestern
Aegean (NA/78) were also examined.

Approximately 1,000 individuals were coated for
observation under a JEOL-T20 scanning electron mi-
croscope. Some selected forms also were dissected in
order to reveal detailed characters of the test wall and
internal structure. All holotypes and paratypes of new
taxa and the remaining figured specimens are deposited
in the British Museum (Natural History), London.

SUBFAMILY AND GENERIC
CHARACTERISTICS

The Tenuitellinae, like the Globigerinitinae, have
small tests characterized by microperforate walls (max-
imum perforation diameter <1 um); the microperfora-
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TaBLE 1. Late Eocene samples from the United States Gulf Coast.

Sample Zone Strata
GS/424° P16-P17 Cocoa Sand, Jackson Group
GS/478 P16-P17 Jackson Group
GS/479° P15-P16
GS/480 P15
GS/483 P16-P17 Jackson Group
GS/484 P15
GS/429 P15 Moody’s Branch Marl, Jackson Group

GS/411 P15

Locality

Near Old Cocoa Post Office, near Melvin, Choctaw County, Ala-
bama

Just below the Red Bluff Clay, eastern Shubuta, Clarke County,
Mississippi
Type locality of the Red Bluff Clay, Wayne County, Mississippi

Type Moody’s Branch Marl, at Jackson, Mississippi

2 See Mancini and Waters (1986) for lithologic and biostratigraphic details.

® Samples containing some tenuitelline forms.

tions are irregularly scattered (Pl 1, Figs. 5, 10; Pl. 2,
Figs. 12, 16, 19; PL. 5, Figs. 4, 11). Surficial pustules
are sparsely and irregularly distributed, but no spine
bases or muricae are present. The two subfamilies have
been united (Loeblich and Tappan, 1984) into the fam-
ily Globigerinitidae Bermadez, whose members differ
from the dominantly Paleocene Eoglobigerinidae Blow
in their finer perforations (3 to 4 um perforations in
Eoglobigerina eobulloides; Blow, 1979, pls. 60, 61, 65,
66 and 70) and in their possession of pustules. The
Globigerinitidae differ from the Globuligerinidae Loe-
blich and Tappan in the sparsity of their pustules, which
do not fuse laterally or align into ridges (e.g., Globu-
ligerina Bignot and Guyader, 1971), and also by never
possessing a “‘virguline” aperture with a lateral re-en-
trant depression (Wernli and Kindler, 1986; Globuli-
gerina oxfordiana). The Globorotaliidae Cushman are
characteristically macroperforate (perforations ar-
ranged in regular patterns); the Globigerinidae Car-
penter, Parker and Jones are similarly macroperforate
and possess true spines and often are deeply pitted (Pl
5, Figs. 3, 6, 10, 13). These test wall characteristics,
because of their constancy through geological time,
characterize groups of species and genera that are re-
lated phylogenetically, and are therefore considered to
be criteria of high taxonomic ranking.

Second in taxonomic importance are the coiling mode
and the position and geometry of the primary aperture,

which are directly related to the position of successive
chambers during growth (for example, a form with an
intraumbilical aperture cannot have a planispiral
growth mode). However, there is evidence that mod-
ification of apertural position, direction and geometry
has occurred frequently during the evolution of the
major phyletic groups of the Globigerinacea (e.g., the
progressive intraumbilical restriction of the aperture
in the phylogenies “Globorotalia” (vel. Turborotalia)
centralis to “Globigerina’ pseudoamplioapertura, and
in “Globorotalia” (vel. “Turborotalia’) increbescens to
“Globigerina” ampliapertura; see Blow and Banner,
1962). This paper demonstrates that analogous trends
have occurred in the Globigerinitidae. The appearance
of bullae in the Catapsydracidae, and, independently,
in the Turborotalitidae, Globigerapsidae and other
families, indicates that the bulla has evolved iteratively
in trochospiral and streptospiral forms, and must be
of tertiary taxonomic significance. Its development in
the Globigerinitidae parallels that of the Catapsydra-
cidae, but is phylogenetically independent.

The distinction between the intraumbilical and in-
tra-extraumbilical apertural positions (Bolli and oth-
ers, 1957), has proved its importance over the years.
Blow (1969, 1979) noted the additionally valuable dis-
tinction between apertures directed wholly into the
umbilical cavity (e.g., Globigerina) and those in which
the aperture, although still essentially intraumbilical,

TaBLE 2. Oligocene to middle Miocene samples from Trinidad. See Bolli (1957a, p. 100-105) for detailed descriptions of locality and lithology
of these samples (except JS 1399). The latter was taken from Mosquito Creek, middle part of the new co-type locality of the Gr. kugleri Zone,

southern Trinidad.

Sample Zone name

KR 23425
KR 23422

BO 355A Globorotalia fohsi robusta
JS 32 Globorotalia fohsi lobata

Globorotalia menardii
Globorotalia mayeri

*BO 185B Globorotalia fohsi fohsi

*BO 202 Globorotalia fohsi barisanensis
(now Gr. peripheroronda)

*RZ 108 Globigerinatella insueta

*K 9397 Catapsydrax stainforthi

*BO 267 Catapsydrax dissimilis

*JS 1399 Globorotalia kugleri (B)

*BO 291A Globigerina ciperoensis

*JS 20 Globorotalia opima opima

*SE 4668 Globigerina ampliapertura

Formation

N15 Lengua
N13-14

Ni12
N11-N12
N10-N11
N9

Zone number

Cipero

* Samples containing some tenuitelline (and globigerinitine) forms.
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is directed obliquely and anteriorly away from the axis
of the umbilicus (as in Subbotina). This is as important
as the distinction of forms where the aperture is intra-
extraumbilical and from those where the aperture, still
interiomarginal, is wholly extraumbilical (by closure
of the primary true umbilicus as in streptospiral forms;
e.g., Pulleniatina, in Banner and Blow, 1967; early
growth stages of Orbulina, in Desai and Banner, 1985).
The wholly extraumbilical aperture can arise both by
wide opening and by total closing of the umbilicus even
in trochospiral or planispiral forms. For simplification
of description, I introduce the term ““‘axiointraumbil-
ical” for intraumbilical apertures directed toward the
umbilical center (umbilical and coiling axis) and “an-
terointraumbilical” for apertures that are still intraum-

bilical, but directed to face anteriorly from this axis
(Fig. 1).

These distinctions enable the genera of the Tenui-
tellinae and Globigerinitinae to be classified as follows:

FaMILY GLOBIGERINITIDAE BERMUDEZ

Test trochospiral, small; wall microperforate in the adult, with scat-
tered pustules; primary aperture single, interiomarginal, with narrow
lip of uniform breadth; lacking consistent sutural apertures on spiral
(“dorsal™) side.

SUBFAMILY TENUITELLINAE BANNER

Aperture intra-extraumbilical.

(1) Trochospire low; evolute side flat or concave; umbilicus wide,
open; aperture extends from anterior side of umbilicus to pe-

PLATE 1

Late Eocene tenuitelline species
(Fig. 4, x1,000; Figs. 5, 10, 22, x2,500; all others, x250).

1-5 Praetenuitella impariapertura, n. sp. 1, 2 Holotype, no. P51995; ventral and peripheral view; 3 final chamber removed to show high
peripheral penultimate aperture; 4 enlargement of aperture; 5 surface of final chamber. Late Eocene, Zone P16 (sample GS/479). 6-10
Praetenuitella patefacta, n. sp. 6, 7 Holotype, no. P51999; 8 paratype A, no. P52000; 9 paratype B; 10 surface of final chamber no. P52001.
Note globular chambers and relatively coarse perforations of earlier chambers. Late Eocene, Zone P16-P17 (all from GS/424). 11-22 Prae-
tenuitella praegemma, n. sp. 11-13 Paratype A, no. P52003; 14, 15 paratype B, no. P52004; 16-18 holotype, no. P52002; 19-22 paratype C,
no. P52005. Note ovoid, slowly enlarged chambers and consistently developed microperforations (about 0.9-1 um in diameter). Late Eocene,
Zone P16-P17 (paratype A from sample GS/479, all others from GS/424).

PLATE 2

Oligocene tenuitelline species
(Figs. 12, 16, 19, x2,500; Figs. 14, 15, 17, 18, x200; others, x350)

1-4 Tenuitella neoclemenciae n. sp. 1 Paratype A, no. P52007, Oligocene G. ampliapertura Zone; 2, 3 holotype, no. P52006, G. opima
opima Zone; 4 paratype B, no. P52008, G. ciperoensis Zone. Note small umbilicus and apertural lip tending to reach periphery. 5 Form
transitional between T. gemma and T. clemenciae with 4 chambers in final whorl, no. P52009, Globorotalia opima opima Zone. 6-8 Tenuitella
gemma (Jenkins). 6 No. P52010; 7 no. P52011; 8 no. P52012. Note almost closed umbilicus and intra-extraumbilical aperture. 6, 7 From Gr.
opima opima Zone, 8 from G. ampliapertura Zone. 9 Tenuitella clemenciae (Bermudez). Atypical specimen, no. P52013, note final chamber
is smaller than normal for growth-series. Gr. opima opima Zone. 10 Form transitional between T. munda (Jenkins) and Tenuitellinata juvenilis
(Bolli), no. P52014, note quickly enlarging chambers and anterointraumbilical aperture. Gr. opima opima Zone. 11, 12 Form transitional
between Tenuitella gemma and T. munda. 11 Umbilical view to show inflated chambers and intra-extraumbilical aperture; 12 final chamber
surface, no. P52015. Globerigerina ampliapertura Zone. 13 Tenuitella munda (Jenkins). Atypical specimen with elongate chambers, no. P52016.
G. ampliapertura Zone. 14, 16 Form of Tenuitellinata transitional between Tenuitella gemma and Tenuitellinata angustiumbilicata (Bolli). 14
Umbilical view to show inflated chambers and anterointraumbilical aperture; 16 final chamber surface, no. P52017. G. ciperoensis Zone. This
form may be referable to Tenuitellinata cf. T. pseudoedita (Subbotina). 15, 17-19 Tenuitellinata angustiumbilicata (Bolli). 15 Topotype no.
P52018; 17-19 Topotype no. P52019. Note relatively high spired test and axiointraumbilical aperture. G. ciperoensis Zone.

PLATE 3

Early to middle Miocene species
Figs. 5, 18, x2,500; Figs. 16, 17, x250; all others, x350

1-5 Tenuitellinata cf. T. pseudoedita (Subbotina). 1 No. P52020; 2 no. P52021; 3-5 no. P52022. Early Miocene, Catapsydrax dissimilis
Zone. Note convex evolute side. 6-9 Tenuitella minutissima (Bolli). 6, 7 No. P52023, early Miocene, C. dissimilis Zone; 8, 9 no. P52024,
middle Miocene, Globorotalia fohsi fohsi Zone. Note quickly enlarging, radially elongate chambers in final whorl. 10, 15 Specimens intermediate
between T. minutissima and T. neobrevispira, n. sp. with quickly enlarging, radially elongate chambers and deep, open umbilicus. 10 no.
P52026; 15 no. P52027. G. fohsi fohsi Zone. 11, 12 Tenuitella minutissima (Bolli). No. P52025. G. fohsi fohsi Zone. Note less densely pustulate
test, closed umbilicus and tangentially elongate chambers. 13, 14 Tenuitella neobrevispira, n. sp. Holotype, no. P52028. Note quickly enlarging,
ovate chambers and large, open umbilicus. G. fohsé fohsi Zone. 16-18 Pseudoplanispiral form with intraumbilical-peripheral aperture derived
from T. minutissima. 16 “Dorsal,” less involute side; 17 *““ventral or umbilical,” more involute side; 18 final chamber surface, no. P52029.
G. fohsi fohsi Zone. Rare forms with consistently microperforate tests and low aperture, which extends equatorially onto “dorsal” side.

PLATE 4

1-7 Tenuitella fleisheri, n. sp. 1-3 Holotype, no. P52030, x350; 4-7 paratype, no. P52031; 4-6, x350; 7 final chamber surface, x2,500.
Note compressed tests and sparsely pustulate wall surface, holotype from sample 1S/82/8, Zante Channel; paratype from sample NA/78/30,
Aegean (both are late Quaternary). 8-10 Tenuitellinata angustiumbilicata. Topotype dissected to show ontogenetically early Tenuitellinata cf.
7. pseudoedita stage with anterointraumbilical-extraumbilical aperture (8 x250); cone-shaped, murica-like pustules on primary layer and
secondarily deposited, thickened layer (encrustation) of penultimate chamber wall (9,10 x 2,500). Globigerina ciperoensis Zone. 11-13 Specimen
of Tenuitellinata cf. T. pseudoedita dissected to show early whorl (11 x350), encrustation (2-layered wall structure, 12 x2,500), and sharp,
cone-shaped pustules on surface of earlier chambers (13 x2,500), no. P52032. G. ciperoensis Zone.
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FiGURE 1. Schematic diagram showing position and shape of
intraumbilical and extraumbilical apertures: a axiointraumbilical; b
anteriointraumbilical; ¢ intraextraumbilical; and d extraumbilical
(see text for explanation).

riphery of penultimate whorl (intraextraumbilical-peripheral);

early chambers macroperforate, adult chambers microperforate:

Praetenuitella, n. gen. (type species, P. praggemma, n. sp.). Late

Eocene.

Trochospire low to medium, evolute side flat to convex; um-

bilicus small but open; aperture anterointraumbilical-extraum-

bilical; wall microperforate throughout.

(a) Lacking bulla; Tenuitella Fleisher (type species, Globorotalia
gemma Jenkins). Early Oligocene-Holocene.

(b) With bulla: Tenuitellita, n. gen. (type species, Globigerinita
iota Parker). Quaternary.

2

~

SUBFAMILY (GLOBIGERINITINAE BERMUDEZ

Aperture intraumbilical (axiointraumbilical or anterointraumbili-
cal).

(2) Lacking bulla: Tenuitellinata, n. gen. (type species, Globigerina
angustiumbilicata Bolli). Late Oligocene-Holocene.

(b) With bulla: Globigerinita Bronnimann (type species, G. napar-
imaensis Bronnimann). Late Oligocene-Holocene.

(i) No accessory bullate tunnels: subgenus Globigerinita Bron-
nimann s.s. Late Oligocene-Holocene.

(ii) Infralaminal multiple apertures at end of bullate extension
tunnels: subgenus Tinophodella Loeblich and Tappan (type
species, T. ambitacrena Loeblich and Tappan). Early Mio-
cene-Holocene.

SPECIES CHARACTERISTICS

As tested by careful discrimination within the as-
semblages studied for this paper, spirality, chamber
number in the final whorl, rate of chamber enlarge-
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FiGURE2. Morphocharacters used to differentiate species of Ten-
uitellinae and related forms. 1, 2 Very low trochospire with an ex-
traumbilical aperture; 3, 4 low trochospire with an intraextraum-
bilical aperture; 5, 6 high trochospire with an anterointraumbilical
aperture; 6, 7 high trochospire with an axiointraumbilical aperture;
8 slowly enlarging, globular-subglobular chambers; 9 slowly enlarg-
ing, ovoid (or subcrescentic) chambers; 10 quickly enlarging, (spi-
rally) slightly elongate chambers; 11 quickly enlarging, radially elon-
gate chambers.

ment, chamber shape, sutural indentation and obliqui-
ty, and umbilical and apertural characters (Fig. 2; Table
3) can all be employed to discriminate species in the
Globigerinitidae, just as they are in other globigerine
families. Lumping, solely because of their small size,
is not justified, and has led to loss of biostratigraphic
and phylogenetic information. The morphospecies de-
scribed formally below have been discriminated on
their persistence and (or) on their biostratigraphic sig-
nificance. Iterative evolution rarely produces true
homeomorphs; polyphyletic origins and the strati-
graphic separation of superficially similar species
(compare Pl. 1, Figs. 1-3, with P1, 3, Figs. 16, 17) have
created subtle morphologic distinctions between such
forms.

At least 20 published species, attributed to Globig-
erina or Globorotalia, are probably referable to the
Tenuitellinae or Globigerinitinae as herein described.

TaBLE 3. Comparison of some changeable and unchangeable morphocharacters in Tenuitella spp. and related forms.

Characters changeable

Characters subject to little or no change

. Test dimension: 90 — 200 pm (>200 um?)
. Trochospirality: low — (medium) high

. Umbilicus: open — small -~ closed
. Chambers: 8 - 13 (a single test); 4 — 6 (or 7, in the final whorl)

~ ANV BN

. Surface pustules: sparse — heavy

. Apertural position: intra-extraumbilical (-peripheral) — intraumbilical

. Microperforations (< 1.0 um)

. Pustular wall surface

. Low-arched aperture

. Thin apertural lip

. Rounded periphery, without keel

WA WN -

. Chamber shape: globular-subglobular — ovoid-subcrescentic — slightly elongate

PLATE 5

Comparison of the different wall structures and surfaces.
Fig. 1, x350; Fig. 2, x250; Fig. 3, x185; all others, x2,500.

1,4, 7, 11 Tenuitellinata cf. T. pseudoedita. No. P52033, Globigerina ciperoensis Zone; 1 umbilical view; 4 pustulate surface of microperforate
final chamber; 7 microperforations in cross-section of wall; 11 internal surface of final chamber. 2, 5, 8, 9, 12 Juvenile specimen of Globigerina.
No. P52034, early Miocene form from Catapsydrax dissimilis Zone; 2 umbilical view; 5 final chamber surface; 8, 9 funnel-shaped pores visible
in cross-section; 12 internal surface of final chamber. 3, 6, 10, 13 Globigerina angulisuturalis Bolli. No. P52035, from C. dissimilis Zone; 3
umbilical view; 6 macroperforate, cancellate, final chamber surface, showing perforation-pits, inter-perforation ridges and spine bases; 10

cross-section of wall; 13 internal surface of penultimate chamber.
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TaBLE 4. Test morphocharacters that occur iteratively in the Globigerinitidae.

Morphocharacters Late Eocene

Oligocene Miocene

Examples®

Pliocene-Quaternary

1. Very low trochospirality
(pseudoplanispirality)
2. Axiointraumbilical apertures

Praetenuitella spp.

Tenuitella
neoclemenciae
Tenuitellinata juvenilis

Tenuitella minutissima

T. juvenilis

T. angustiumbilicata

3. Slightly elongately developed
chambers

4. Ovoid (subcrescentic) chambers P. praegemma

T. neoclemenciae

T. minutissima “T.” parkerae

T. fleisheri

Tenuitellinata cf. T.

5. Umbilical bullae

pseudoedita
Globigerinita
praestainforthi

Tenuitellita iota

Globigerinita glutinata
s.l.

a See Figures 8A, B for the stratigraphic ranges of these taxa.

Their particular affinities have, on occasion, been rec-
ognized (e.g., the “gemma-permicra plexus” of Blow,
1979), but their small size has often led to barely ad-
equate published descriptions and illustrations. Unless
an SEM is employed, wall textures and apertural details
frequently remain obscure. Therefore, pending restudy
of primary or topotype specimens, there remains some
uncertainty in the identification of species originally
illustrated by drawings made with an optical micro-
scope. Nevertheless, only about 10 previously de-
scribed tenuitelline species (referable to the genera used
here) are valid, the remainder being either synonyms
or phylogenetically unrelated to globigerinitid stock.
The species I have discriminated are comparatively
diagnosed below.

KEY TO SPECIES

1. Aperture extraumbilical (or anterointra-extraumbilical);
early test finely macroperforate, fully microperforate only
in adult chambers; test very low trochospiral, flat to slightly
concave or slightly convex on dorsal (evolute) side; cham-
bers enlarging slowly as added, 5 to 6 (rarely 7) in final
whorl.

1. Chambers globular-subglobular; umbilicus wide, open.

1.1. Dorsal side concave; aperture highly arched to subtriangular
at periphery, becoming narrow, slit-like toward umbilicus:
Praetenuitella impariapertura, n. sp.

1.1.2. Dorsal side flat; aperture a low arch: Praetenuitella pate-

facta, n. sp.

1.2. Chambers subglobular to subcrescentic; umbilicus narrow,
open; dorsal side flat to slightly convex; aperture a low arch:
Praetenuitella pracgemma, n. sp.

2. Aperture intra-extraumbilical, microperforate throughout;
test low trochospiral, flat to slightly convex on dorsal side;
umbilicus small.

2.1. Chambers enlarging slowly as added, 5 or more in final
whorl.

2.1.1.  Apertural lip thin, narrow, extending to and along periph-
ery: Tenuitella neoclemenciae, n. sp.

2.1.2. Apertural lip a triangular plate, extending into umbilicus:
Tenuitella sp.

2.1.3. Apertural lip narrow, along much of the apertural length,
on umbilical side only.

2.1.3.1. Umbilicus small; with sporadic development of dorsal sup-
plementary apertures: “Tenuitella” nkbrowni (Bréonnimann
and Resig).

2.1.3.2. Umbilicus very small to closed; surface heavily pustulate:
Tenuitella gemma (Jenkins).
2.1.3.3. Umbilicus small, open; surface sparsely pustulate: Tenui-
tella fleisheri, n. sp.
2.2, Chambers enlarging less slowly, 4 in final whorl: Tenuitella
clemenciae (Bermidez).
2.3. Chambers enlarging rapidly as added.
2.3.1. Umbilicus open; chambers subcrescentic, 5 in final whorl:
Tenuitella neobrevispira, n. sp.
Umbilicus small to closed.
1. Chambers slightly (spirally) elongate, 5-6 in final whorl:
Tenuitella minutissima (Bolli).
2.3.2.2. Chambers slightly (radially) elongate, 4—4Y: in final whorl;
surface smooth: “Tenuitella” parkerae (Bronnimann and
Resig).
2.3.2.3. Chambers inflated spirally and ventrally, 4 in final whorl:
Tenuitella munda (Jenkins).
3. Aperture intraumbilical (axiointraumbilical to anteroin-
traumbilical); test low to medium trochospiral; chambers
globular to subglobular.
5 chambers in final whorl.
.1.  Aperture anterointraumbilical, tending to be intraextraum-
bilical: Tenuitellinata cf. T. pseudoedita (Subbotina).
3.1.2. Aperture axiointraumbilical, tending to be anterointraum-
bilical: Tenuitellinata angustiumbilicata (Bolli).
4 chambers in final whorl; aperture axiointraumbilical.
1.  Without bulla: Tenuitellinata juvenilis (Bolli).
2. With bulla: Globigerinita glutinata (Egger) s.1.
Intraumbilical-extraumbilical primary aperture covered by
umbilical bulla; 5 chambers in final whorl.

N
W L
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4.1. Primary aperture anterointraumbilical to axiointraumbil-
ical: Globigerinita praestainforthi Blow.

4.2. Primary aperture extraumbilical: Tenuitellita iota (Par-
ker).

SYSTEMATIC CLASSIFICATION

Order FORAMINIFERIDA Eichwald, 1830
Suborder GLOBIGERINININA Delage and Hérouard, 1896
Superfamily GLOBOROTALIACEA Cushman, 1927
Family GLOBIGERINITIDAE Bermudez, 1961
Subfamily TENUITELLINAE Banner, 1982, emend.

Description. Test small, commonly less than 200 zm in diameter;
low trochospiral; chambers globular, subglobular to ovate, 8-13
(commonly 9-11) arranged in 122 whorls, 4-6 chambers (rarely 7)
in final whorl; sutures depressed, radial or slightly curved to oblique;
periphery rounded, no carinae; umbilicus wide and open to small
and closed; wall microperforate in adult, small “crystallite” pustules
on outer surface; aperture interiomarginal, a low slit-like arch for
most or all of its length, intraumbilical-extraumbilical to anteroin-
traumbilical, bordered with a lip. Late Eocene-Holocene.
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Genus Praetenuitella, n. gen.
Pl 1, Figs. 1-22

Type species. Praetenuitella praegemma, n. sp.

Description. Test very low trochospiral; chambers globular to ovate,
enlarging slowly as added, 4-6 in final whorl; sutures radial on both
sides; umbilicus large and open; wall finely macroperforate in early
test, later microperforate; surface sparsely pustulate; aperture anter-
ointra-extraumbilical to wholly extraumbilical, with thin lip.

Etymology. “prae-,” before; “before the genus Tenuitella.”

Stratigraphic range. Late Eocene.

Praetenuitella impariapertura, n. sp.
Pl 1, Figs. 1-5

Description. Test concave on spiral side; chambers globular, 5-6
in final whorl; early chambers finely macroperforate, later chambers
microperforate; aperture high, peripheral in early stage, becoming
extraumbilical-peripheral in adult.

Type horizon. Late Eocene (P15-P16, ?P17).

Type locality. Just below the Red Bluff clays, eastern Shubuta,
Clarke County, Mississippi; sample GS/479.

Etymology. “imparis,” unequal; unequally distributed aperture.

Remarks. The aperture of this new taxon is commonly developed
in two distinct parts. A highly arched or subtriangular opening is
situated at the periphery; this is connected to a narrow slit, which
extends into the umbilicus. The early ontogenetic stage is planispi-
rally coiled with a high aperture, suggesting that this species may be
derived from a small, planispiral, finely macroperforate variant of,
possibly, Pseudohastigerina micra s.l.

Praetenuitella patefacta, n. sp.
Pl 1, Figs. 6-10

Description. Test flat on spiral side; chambers globular, 5-6 in final
whorl; early chambers finely macroperforate, later chambers micro-
perforate; umbilicus wide, shallow; aperture narrow, extraumbilical-
peripheral.

Type horizon. Late Eocene (P16-P17).

Type locality. Near Old Cocoa Post Office, near Melvin, Choctaw
County, Alabama; sample GS/424.

Erymology. “patefacio,” to open up, to make accessible.

Praetenuitella praegemma, n. sp.
Pl 1, Figs. 11-22

Description. Spiral side of test flattened to slightly convex; cham-
bers ovoid, 4-5 in final whorl, subcrescentic on spiral side; early
chambers finely macroperforate, later chambers microperforate; ap-
erture a low slit-like arch, extraumbilical-anterointraumbilical.

Type horizon. Late Eocene (P16-P17).

Type locality. Near Old Cocoa Post Office, near Melvin, Choctaw
County, Alabama; sample GS/424.

Etymology. “prae-,” “before; before the species gemma.”

Remarks. This species differs from its immediate descendant, Ten-
uitella gemma, in having a less pustulate test with rather sparsely
distributed, fine, macroperforations in early chambers and true mi-
croperforations in adult chambers. Globorotalia insolita Jenkins from
the upper Eocene of New Zealand is superficially similar, and may
be related, but is characterized by an extraumbilical, highly arched
aperture and a closed umbilicus.

Genus Tenuitella Fleisher, 1974, emend.

Type species. Globorotalia gemma Jenkins.

Description. Test small, low trochospiral; chambers globular to
ovate, 4-6 (commonly 5 in final whorl); sutures radial on umbilical
side, radial to obliquely curved on spiral side; wall consistently densely
microperforate and pustulate; umbilicus small, open to closed; ap-
erture a low arch, bordered with a thin lip, extraumbilical to antero-
intraumbilical-extraumbilical.

Stratigraphic range. Early Oligocene to Holocene.

Tenuitella clemenciae (Bermuidez)
Pl 2, Fig. 9

Turborotalia clemenciae BERMUDEZ, 1961, p. 1321, pl. 17, fig.
10.

Remarks. The holotype specimen of this species, as originally
described, is larger (300 um, see Fig. 3: 25, 26) than those recorded
subsequently under that name. Although a re-examination of type
material is highly recommended, the published concept of many
authors is followed here (forms with less inflated chambers, four in
the final whorl). Its status as either a senior synonym of Globorotalia
munda (see Blow, 1979, and below), or of forms like Tenuitella
minutissima with 5-chambered tests (e.g., Kennett and Srinivasan,
1983) is not adequately proved because neither the test size nor the
5-chambered test can be used for its discrimination. Specimens re-
ferable to this taxon, although very rare and atypical, were encoun-
tered from the lower Oligocene Globigerina ampliapertura Zone to
the lower Miocene Catapsydrax dissimilis Zone; they show gradation
into T. munda in the lower Oligocene samples.

Tenuitella fleisheri, n. sp.
PL 4, Figs. 1-7

Tenuitella anfracta (Parker).—FLEISHER, 1974, p. 1133, figs. 9,
10.—KENNETT and SRINIVASAN, 1983, p. 164, pl. 40, figs.
7-9.

Description. Test small, compressed on both sides; chambers ovoid
to subglobular 4¥-5 in final whorl, increasing moderately in size as
added; umbilicus small to closed; wall microperforate and pustulate;
aperture anterointraumbilical-extraumbilical, a low arch.

Type horizon. Late Quaternary.

Type locality. Zante Channel, sample 1S/82/8.

Etymology. Named for R. L. Fleisher, in honor of his work on
Tenuitella.

Remarks. Forms referable to this taxon have previously been re-
corded as Globorotalia anfracta Parker (Fig. 3: 22-24). The latter
species, however, possesses more inflated chambers with a smooth,
macroperforate wall (e.g., Bronnimann and Resig, 1971, pl. 43, figs.
2, 3, 6; pl. 48, fig. 4; Rogl and Bolli, 1973, pl. 8, figs. 1-7; Quilty,
1976, pl. 11, figs. 9, 10; Poore, 1979, pl. 2, figs. 7-9). Robert L.
Fleisher (written communication, 1986) has checked the holotype
of G. anfracta and confirms this distinction. The distinct morpho-
characters possessed by T. fleisheri, such as small size of the test,
microperforate wall and pustulate surface, indicate that it is not
Parker’s taxon, but is a modern representative of Tenuitella. This
species differs from all of the Oligocene-Miocene tenuitellines in
having a compressed test, which is more densely pustulate on the
early whorl and on the umbilical-apertural face. It seems to have
evolved into the bullate Tenuitellita iota (Parker).

Tenuitella gemma (Jenkins)
PL. 2, Figs. 6-8

Globorotalia gemma JENKINS, 1966, p. 1115-1118, fig. 11, nos.
97-103. (See Fig. 3: 4-6.)

Remarks. 1 reject the assertion that Tenuitella gemma may be a
junior synonym of Globigerina postcretacea Myatliuk (e.g., Stain-
forth and others, 1975; Stainforth and Lamb, 1981; see notes on G.
postcretacea below). Tenuitella gemma can be distinguished by its
5-chambered, low trochospiral and heavily pustulate test, and its
intraextraumbilical aperture, on which a thin lip may develop.

Jenkins (1966, 1971, 1985) recorded that this species is restricted
to the G. brevis Zone (uppermost Eocene to basal Oligocene) in
southern mid-latitudes. However, it apparently ranges into the “Glo-
borotalia” opima opima Zone (P21) in Trinidad. There is evidence
that this taxon gave rise to forms such as 7. clemenciae and Ten-
uitellinata cf. T. pseudoedita during the Oligocene.

Tenuitella minutissima (Bolli)
Pl 3, Figs. 6-9, 11, 12

Globorotalia minutissima BOLLI, 1957a, p. 119, pl. 29, fig. 1. (See
Fig. 3: 16-18.)
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Ficure 3. Type illustrations of some selected species that have been considered as belonging to, or related to, the Tenuitellinae (Tenuitella):
1-3 Globigerina postcretacea Myatliuk (1950, pl. 4, fig. 3, holotype); 4-6 Globorotalia gemama Jenkins (1966, fig. 11, nos. 97-99, holotype);
7-9 Globorotalia munda Jenkins (1966, fig. 14, nos. 126-128, holotype); 10-15 Globigerina brevispira Subbotina (1960, pl. 11, fig. 4, holotype
[10-12), fig. 5, paratype [13-15]); 16-18 Globorotalia minutissima Bolli (1957a, pl. 29, fig. 1, holotype); 19-21 Globigerina pseudoedita Subbotina
(1960, pl. 11, fig. 1, holotype); 22-24 Globorotalia anfracta Parker (1967, pl. 28, fig. 3, holotype); 25, 26 Turborotalia clemenciae Bermudez
(1961, pl. 17, fig. 10, holotype).

Globigerina brevispira SUBBOTINA, in Subbotina and others, 1960,
p. 56, pl. 11, figs. 4, 5 (not fig. 6).

Remarks. This species is characterized by a test having rapidly
enlarging, slightly spirally elongate chambers and a small-to-closed
umbilicus. Individuals with slightly radial chambers, referable to
Globigerina brevispira Subbotina (see Fig. 3: 10-15, and Pl. 3, Figs.
6-9), are considered to be within the range of variation of this taxon;
both forms were commonly encountered together from the lower
Miocene Catapsydrax dissimilis Zone to the middle Miocene Glo-
borotalia fohsi fohsi Zone (N10-N11).

Tenuitella munda (Jenkins)
Pl 2, Fig. 13

Globorotalia munda JENKINS, 1966, p. 1121-1122, fig. 14, nos.
126-133. (See Fig. 3: 7-9.)

Remarks. This mid-latitude form (Kennett and Srinivasan, 1983),
showing many similarities to 4-chambered T. clemenciae, has led
some authors (e.g., Blow, 1979) to consider that it is possibly a junior
synonym of the latter. However, the spirally and ventrally strongly
inflated chambers of 7. munda distinguish it from 7. clemenciae.

An early Oligocene lineage, munda-juvenilis, first recognized by
Jenkins (1966), has been confirmed by subsequent studies (e.g., Jen-
kins and Srinivasan, 1985).

Tenuitella neobrevispira, n. sp.
Pl. 3, Figs. 13, 14

Globigerina brevispira SUBBOTINA, in Subbotina and others, 1960,
p. 56, pl. 11, fig. 6 (not figs. 4, 5).

Description. Test very low trochospiral, with a flat to concave spiral
side; chambers ovoid, 5 in final whorl, increasing rapidly as added;
umbilicus open, medium in size; wall microperforate and pustulate;
aperture extraumbilical.

Type horizon. Middle Miocene, Gr. fohsi fohsi Zone.

Type locality. On east bank of cricket ground southwest of Gol-
conda Estate house which is about one-sixth mile south of Golconda
Village, south Trinidad (Bolli, 1957a, p. 101); sample Bo 185A.

Remarks. This species can easily be distinguished from related
forms by its subpentagonal test, quickly enlarging ovate chambers

and well-defined umbilicus. It seems to have derived from 7. min-
utissima in the middle Miocene.

Tenuitella neoclemenciae, n. sp.
Pl. 2, Figs. 1-4

Description. Test small, low trochospiral, spiral side flat or con-
cave; chambers subglobular, 5 or 6 in final whorl, enlarging slowly
as added; umbilicus small; wall microperforate and pustulate; ap-
erture extraumbilical.

Type horizon. Lower Oligocene, Gr. opima opima Zone (P21).

Type locality. Cipero type section, between 20 and 240 ft southwest
from fixed point (Bolli, 1957a, p. 100, 103); sample JS 20.

Remarks. This species differs from both T. gemma and T. cle-
menciae in possessing a fully extended extraumbilical-peripheral ap-
erture and five or more chambers in the final whorl and a flattened
to concave spiral side. The apertural lip in 7. neoclemenciae, unlike
in other forms, develops towards the periphery. In Trinidad sections,
T. clemenciae ranges through the lower and upper Oligocene interval.

“Tenuitella” nkbrowni (Bronnimann and Resig)

Globorotalia (Turborotalia) nkbrowni BRONNIMANN and RESIG,
1971, p. 1279-1280, pl. 40, figs. 1-8.

Remarks. This taxon is similar to 7. gemma, but differs in having
a sutural supplementary aperture on the evolute (spiral) side (at least
in the holotype specimen), a more highly arched primary aperture
and typically 6 (rather than 5) chambers in the adult whorl. It has
been reported only from the upper Oligocene (N3/P22).

“Tenuitella” parkerae (Bronnimann and Resig)

Globorotalia (Turborotalia) parkerae BRONNIMANN and RESIG,
1971, p. 1280-1281, pl. 43, fig. 7 (not fig. 10); pl. 47, figs. 2, 3.

Remarks. This Quaternary form, which Fleisher (1974) suggested
placing in Tenuitella, differs from all other species of the genus in
4-4Y; slightly radial, rapidly enlarging chambers in the final whorl
and a smooth, although microperforate, wall structure (see also Saito
and others, 1981, p. 120, pl. 39, fig. 2). These morphologic differences
make its tenuitelline status dubious with respect to the generic con-
cept defined here, and further work on its evolutionary phylogeny
is recommended.
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Tenuitella sp.
Globorotalia sp. 4. JENKINS and ORR, 1972, pl. 18, figs. 7-12.

Remarks. This form is characterized by a large apertural lip or
plate, which extends onto the umbilicus. It may be derived from
Tenuitellinata cf. T. pseudoedita or some related forms in the early
Miocene (see Fleisher, 1974, p. 1134).

Tenuitellita, n. gen.

Type species. Globigerinita iota Parker, 1962.

Description. Test small, low trochospiral; 5 chambers in final whorl,
enlarging slowly to moderately in size as added; sutures radial on
both sides; wall microperforate and pustulate; primary aperture an-
teriointraumbilical-extraumbilical, covered with umbilical bulla.

Stratigraphic range. Quaternary.

Remarks. This new genus is distinguished from Tenuitella and
Globigerinita by its bullate, intraextraumbilical, primary aperture.
It may have been derived directly from Tenuitella (possibly T. fleish-
eri), whereas bullate Globigerinita with intraumbilical primary ap-
ertures developed also from Tenuitella, but via a transitional stage,
which is recognized as Tenuitellinata spp. The Oligocene-Miocene
bullate species, Globigerinita praestainforthi Blow, is superficially
similar to the forms included here, but possesses an anterointraum-
bilical primary aperture (see Fig. 4), and is correctly assigned to
Globigerinita.

Subfamily GLOBIGERINITINAE Bermudez, 1961
Tenuitellinata, n. gen.

Type species. Globigerina angustiumbilicata Bolli, 1957.

Description. Test small, low to medium trochospiral, with convex
spiral side; chambers globular to subglobular, about 11-13 slowly
enlarging chambers arranged in 2 whorls, 4-5 chambers in final
whorl; sutures radial on umbilical (involute) side, radial to slightly
curved on spiral (evolute) side; umbilicus small to closed; wall mi-
croperforate and pustulate; aperture a low arch, intraumbilical, bor-
dered with a thin lip, but lacking a bulla.

Stratigraphic range. Eocene?-Oligocene to Holocene.

Remarks. Tenuitellinata is superficially similar to Tenuitella, but
differs in apertural details. In Tenuitella, the aperture is always um-
bilical-extraumbilical (-peripheral), but species of Tenuitellinata pos-
sess an intraumbilical aperture. Tenuitellinata may have evolved
from Tenuitella by migration of the aperture to the umbilicus; hence
they are phylogenetically closely related. Separation of this new genus
from Tenuitella is to mark an evolutionary stage, which may then
have evolved into bullate Globigerinita.

Tenuitellinata angustiumbilicata (Bolli)
Pl. 2, Figs. 15, 17-19

Globigerina postcretacea MYATLIUK, 1950, p. 280, pl. 4, fig. 3.

Globigerina ciperoensis angustiumbilicata BOLLI, 1957a, p. 109, pl.
22, figs. 12 (paratype), 13 (holotype); p. 164,

cf. Globigerina ciperoensis angustiumbilicata Bolli.—BOLLI 1957b,
p. 164, pl. 36, fig. 6.

Description emended. Test a medium trochospire, with 5 ventrally
inflated, globular chambers in final whorl; umbilicus closed; wail
densely microperforate and pustulate; aperture a low arch, antero-
intraumbilical to axiointraumbilical, lacking a bulla.

Type horizon. Late Oligocene (P22).

Type locality. Cipero type section, between 60 northeast and 20
southwest of fixed point (Bolli, 1957a, p. 100, 103); sample Bo 291A
(also the source of the specimens used here).

Remarks. Fleisher (1974) noted that G. angustiumbilicata Bolli
was an exceptional globigerine species in that it did not seem to
belong to the spinose group of species typified by Globigerina bul-
loides and with roots in the late Eocene G. officinalis stock. Fleisher
was able to re-examine the holotype in December, 1986, and has
informed me (written communication, 1986) that the assignment of
this species to Tenuitellinata is correct and that the test “has mi-
croperforate wall texture rather than a spinose one.” Therefore, the
identifications of this species by Jenkins and Orr (1972, pl. 4, fig. 6

100 um

FIGURE 4. Phylogenetic development from Tenuitellinata (T. cf.
T. pseudoedita) to Globigerinita (G. praestainforthi). a Whole spec-
imen of G. praestainforthi; b final chamber (same specimen) removed
to show the anterointraumbilical primary aperture as in ¢ 7. cf. T.
pseudoedita (see Pl. 3, Fig. 1). All from the early Miocene Catap-
sydrax dissimilis Zone (N5).

[not fig. 5], pl. 5, figs. 6-8), Quilty (1976, pl. 1, figs. 12, 13) and
Kennett and Srinivasan (1983, pl. 4, figs. 3-5) are to be accepted,
while those of other authors, who have given this species name to
macroperforate, spinose representatives of Globigerina, are incor-
rect. Such misidentification has been frequent, because, as Fleisher
has written, ““it has never been very difficult to find a small, macro-
perforate form that was generally similar to Bolli’s illustration. . . .
This problem arose, I think, because the holotype illustration of G.
angustiumbilicata is a drawing made 30 years ago, when details of
wall texture were not considered important. The drawing shows a
fine macroperforate texture that is not present on the (holotype)
specimens; the roughened, pustulose surface was apparently taken
for a lightly pitted one. The surface pattern illustrated (in Bolli, 1957a)
is essentially identical with that shown for Globigerina juvenilis,
which . . . is microperforate.” Consequently, in this paper, G. an-
gustiumbilicata Bolli is designated the type species of Tenuitellinata,
a designation with which Fleisher (written communication, 1986)
agrees.

The specimen of T. angustiumbilicata illustrated here was ob-
tained from sample Bo 291A and is strictly a topotype (Pl. 2, Figs.
15, 17-19); it is believed by Fleisher (written communication, 1986)
to be very similar to the holotype of this species, “except that the
final chamber (of the holotype) is slightly larger, relative to the size
of the test, and that the spire (of the figured specimen) is slightly
higher. I (Fleisher) believe that they are synonymous.” In view of
the unreliability of the depictions of surface texture in the original
illustrations of this species, Bolli’s (1957b) record from the late Eocene
San Fernando Formation (Zone P16) needs confirmation by review
of the hypotype (Bolli, 1957b, pl. 36, fig. 6). The grossly homeo-
morphic, but spinose and macroperforate species called “G. angus-
tiumbilcata™ by many authors, needs a new and distinct species
name. Kennett and Srinivasan (1983) correctly identified 7. angus-
tiumbilicta and recorded it to range as high as zones N19/20 (middle
Pliocene).

Tenuitellinata juvenilis (Bolli)
Globigerina juvenilis BOLLI, 1957a, p. 110, pl. 24, figs. 5, 6.

Remarks. This taxon is still in dispute because it has been con-
sidered either as a synonym of Globigerinita glutinata (e.g., Kennett
and Srinivasan, 1983) or, as originally described, as a separate species
of “Globigerina” (e.g., Jenkins, 1985). However, its phylogenetic
relationship to Tenuitella munda, as recognized by Jenkins (1966),
and further demonstrated by Jenkins and Srinvasan (1985), indicates
that this microperforate form is not a true Globigerina, but a Ten-
uitellinata, as defined here. A stratigraphic gap between the first
occurrence of the non-bullate 7. juvenilis species in the early Oli-
gocene and that of the bullate Globigerinita glutinata s.s. in the early
Miocene also confirms that their taxonomic status is distinct; if the
two forms were merely different forms of the same biological species,
their stratigraphic ranges would be the same. On the contrary, their
successive appearance in time suggests that Globigerinita glutinata
is a direct descendant of Tenuitellinata juvenilis.
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Tenuitellinata cf. T. pseudoedita (Subbotina)
PL. 3, Figs. 1-5; PL. 4, Figs. 11-13;
Pl 5, Figs. 1,4, 7, 11

cf. Globigerina pseudoedita SUBBOTINA, in Subbotina and others,
1960, p. 55-56, pl. 11, figs. 1-3.

2Globorotalia (Tenuitella) clemenciae (Bermidez). — KENNETT and
SRINIVASAN, 1983, pl. 40, figs. 3-6 (not figs. 1, 2).

Remarks. This species is characterized by a slightly convex spiral
side and a low arched (often variable) aperture, which is strongly
anterointraumbilical. The specimens observed are similar to forms
described as G. pseudoedita by Subbotina (in Subbotina and others,
1960), but the extent of the aperture in the latter, although originally
described as extending along the basal suture (i.e., interiomarginal
and, possibly, extraumbilical), has not yet been properly illustrated
(see Fig. 3: 19-21, for Subbotina’s holotype specimen). For this
reason, its taxonomic status as a synonym of G. angustiumbilicata
Bolli, as suggested by Blow (1979), is still questionable. Tenuitelli-
nata cf. T. pseudoedita was found in the upper Oligocene and lower
Miocene samples, and many Oligocene-Miocene specimens show
progressive gradation into both 7. angustiumbilicata and bullate
Globigerinita praestainforthi. Kennett and Srinivasan (1983) record-
ed a long ranging species, Tenuitella clemenciae, some forms of
which are possibly within the variation of Tenuitellinata cf. T. pseu-
doedita rather than Tenuitella clemenciae.

NOTES ON OTHER SYNONYMS AND SIMILAR BUT
UNRELATED FORMS

Globigerina inconspicua Howe subsp. aculeata Jenkins
(1966, upper Eocene, New Zealand)

Fleisher (1974) first regarded this taxon as a species of Tenuitella.
However, its macroperforate wall and spinose surface texture (see
Jenkins and Srinivasan, 1985, pl. 2, fig. 4) refute this removal from
Globigerina.

Globorotalia anfracta Parker (1967, Holocene, Caribbean)

Fleisher (1974), Srinivasan and Kennett (1981), and Kennett and
Srinivasan (1983) considered this taxon as a Tenuitella. However,
its finely macroperforate and smooth wall, demonstrated earlier by
Rogl and Bolli (1973, pl. 8, figs. 1-7), prevents its assignment to
Tenuitella. The forms described previously as 7. anfracta (by the
authors cited above), which Régl (written communication, 1986)
regarded as T. iota (Parker), are now included in T fleisheri, n. sp.

Globigerina brevispira Subbotina (1960, early Miocene, USSR)

Rapidly enlarging, slightly elongate chambers shown in the original
figures 4, 5 (see Fig. 3: 10-15) may represent a variant of T. min-
utissima (Bolli); they are provisionally considered as synonyms. Some
different morphocharacters shown in Subbotina’s paratype (fig. 6),
such as the open umbilicus and dorsal subcrescentic chambers, may
be of specific value, and characterize the new species, T. neobrev-
ispira.

Globorotalia (Turborotalia) cifellii Brénnimann and Resig
(1971, late Oligocene, Equatorial Pacific)

This species (in part) was regarded by Fleisher (1974) as belonging
to Tenuitella. However, its strongly, although sparsely, spinose test
and typically macroperforate wall (perforations 2-3 gm, as originally
described), indicate that it does not.

Globorotalia denseconnexa Subbotina (1960, Oligocene, USSR)

Although Blow (1979) did suggest that this taxon may belong to
his “gemma-permicra plexus,” forms with strongly oblique dorsal
sutures (such as possessed by this species) have not yet been reported
to be microperforate, and referable to Tenuitella. Re-examination
of the type material of G. denseconnexa is necessary.

Globorotalia insolita Jenkins (1966, late Eocene, New Zealand)

This species, referred to Tenuitella by Fleisher (1974), shows many
differences from Tenuitella. It possesses 2-3 (rather than 1%-2) whorls,

an extraumbilically high aperture with a bifid apertural lip and, more
importantly, a smooth and macroperforate wall (see Jenkins and
Srinivasan, 1985). Nevertheless, this taxon may be related to forms
recognized here as Praetenuitella.

Globigerina khadumica Bykova and Globigerinella liverovskae
Bykova (1960, early Oligocene, USSR)

No holotypes were originally designated for these two species.
According to Bykova, however, G. liverovskae possesses some char-
acters intermediate between planispiral Globigerinella and low
trochospiral Globigerina, and the species was said to include the
forms described as Globigerina postcretacea by Subbotina (1953).
Samuel and Salaj (1968) considered G. khadumica as a synonym of
G. liverovskae and proposed a lectotype (Bykova’s 1960, fig. 3 of G.
liverovskae) for the latter. Since then, neither the name liverovskae,
nor khadumica was used until Blow (1979) included this species in
his concept of the “gemma-permicra plexus.” If liverovskae does
contain forms with a very low trochospire or pseudoplanispire, it
might be a senior synonym of Globorotalia gemma Jenkins, as that
taxon also was described to include Subbotina’s G. posicretacea.
However, although Bykova’s taxa were described much earlier than
G. gemma, their lectotype was not proposed until two years after
the founding of G. germnma by Jenkins. Because of the confusion over
the nature and status of G. liverovskae and G. khadumica no con-
vincing proposals about them can be made before Bykova’s types
are restudied.

Globorotalia (Turborotalia) permicra Blow and Banner
(1962, early to middle Oligocene, Tanzania)

Blow (1979) suggested that this species is a component of the
‘““gemma-permicra plexus,” a group of small species with microper-
forate walls referable to Tenuitella as defined herein. The species G.
permicra, however, was described as possessing a highly arched ap-
erture, and its metatype illustration shows a pitted, macroperforate
wall (Blow, 1969, pl. 35, fig. 9); if this is correct, the species cannot
be regarded as a true Tenuitella. Blow (1979, pl. 245, fig. 4) also
illustrated a microperforate “ideotype,” which closely resembles T.
clemenciae (Bermudez). Apparently, neither Blow (1969, 1979) nor
Blow and Banner (1962) clearly discriminated between wall struc-
tures and textures when dealing with these very small species (F. T.
Banner, oral communication, 1986).

Globigerina postcretacea Myatliuk (1950, Oligocene, USSR)

This taxon is poorly defined, as it has been used for various form-
species, which are quite different in the detailed nature of their ap-
erture and wall structure. Subbotina (1953) recognized forms with
umbilical-extraumbilical-peripheral apertures as postcretacea, and
noted great variation in the test size and in the apertural position.
However, none of the specimens figured by Subbotina (Subbotina,
1953, pl. 2, figs. 16-20) possesses an intraumbilical aperture as in
the type of G. postcretacea (see Fig. 3: 1-3). Bykova (1960) first drew
attention to this and proposed two new species, Globigerina khad-
umica and Globigerinella liverovskae (see above). Subsequently, Jen-
kins (1966) pointed out that G. postcretacea should not be confused
with Globorotalia gemma Jenkins. Thus there are now two different
views on postcretacea and gemma: 1) those who follow Subbotina
(1953) apparently lump together these form-taxa, as well as their
allies (e.g., Stainforth and others, 1975; Stainforth and Lamb, 1981);
2) those who agree with Jenkins (1966), consider each as an inde-
pendent species (e.g., Jenkins, 1971, 1985; Banner, 1982; Krash-
eninnikov and Basov, 1983), even though the actual taxonomic po-
sition of G. postcretacea has never been completely understood (Blow,
1979, p. 804). I found forms with intraumbilical apertures in at least
two species groups having different wall structures. The axiointraum-
bilical aperture suggests that G. postcretacea may fall within the range
of Tenuitellinata augustiumbilicata (Bolli). Its true wall structure
remains to be determined by restudy of the type material.

DISCUSSION

Praetenuitella and Tenuitella, stratigraphically the
most important genera of this group, are distinguished
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by their small, low trochospiral tests with an extraum-
bilical aperture. They differ conspicuously from Glo-
banomalina Haque (Paleocene-early Eocene; type
species G. ovalis Haque), which has a much larger test
and a smooth, macroperforate wall. Parvularugoglo-
bigerina Hofker (type species Globigerina eugubina Lu-
terbacher and Silva) of Danian age, possesses a small,
microperforate test, similar to that of Tenuitella, but
has an extraumbilically arched aperture. Hofker (1978,
pl. 2, fig. 6) and Banner (1982, p. 202) indicated that
it possesses a finely muricate wall texture with sparsely
distributed “fine mural pores,” as in “Globorotalia
(Turborotalia)” archeocompressa Blow (see Blow, 1979,
p. 1049-1052, pl. 58, figs. 2, 6-9; pl. 64, figs. 2, 3, 5,
6). However, Smit (1982) has redescribed P. eugubina
from its zone in southeast Spain (correlated also on
magnetostratigraphy), and has clearly illustrated the
smooth, microperforate wall (as well as the highly
arched, wholly extraumbilical aperture) of that species
(which is recognized to be a senior synonym of “Glo-
borotalia (Turborotalia)” longiapertura Blow, 1979). It
seems to be phyletically (and stratigraphically) sepa-
rated from Tenuitella. Bullate, microperforate forms
with an anterointraumbilical primary aperture, such
as Globigerinita praestainforthi Blow, which Fleisher
(1974) suggested belong to Tenuitella, I now retain in
Globigerinita (see Fig. 4), even though G. napari-
maensis has an axiointraumbilical aperture. I do this
because the apertural extent varies considerably within
the umbilicus between different species of Globiger-
inita. The “globorotaline” forms with an intra-ex-
traumbilical aperture (like T. gemma) are grouped in
the genus Tenuitella, which, if the primary aperture is
covered by a bulla, produces forms now referred to
Tenuitellita (not Globigerinita). Turborotalita Blow and
Banner (type species Truncatulina humilis Brady) is
distinguished by the ampullate final chamber and the
macroperforate wall, and therefore differs greatly from
both Tenuitellita and Globigerinita.

Fleisher (1974) differentiated Globigerinita from
Tenuitella by its intraumbilical primary aperture, which
may be covered by bulla. Forms placed in Globigerinita
glutinata (Egger) by Kennett and Srinivasan (1983)
include both bullate Tinophodella ambitacrena (and
Globigerinita naparimaensis) and non-bullate Globig-
erina juvenilis Bolli. The “lumping” in the case of Glo-
bigerinita glutinata obscures phylogenetic relation-
ships. The non-bullate “G.” juvenilis occurred first, in
the middle to late Oligocene (Jenkins, 1966; Jenkins
and Srinivasan, 1985), whereas the bullate Globiger-
inita glutinata s.l. first occurred in the early to middle
Miocene (Saito and others, 1981; Bolli and Saunders,
1985). As currently understood, it seems that Globi-
gerinita is of polyphyletic origin, even if species of
Catapsydrax are excluded from it. A definite generic
boundary must be drawn to exclude Globigerinita from
phylogenetically ancestral forms; otherwise, the sepa-
ration of Tenuitella from Globigerinita may also be
obscured. I distinguish Globigerinita from equally mi-
croperforate Tenuitella by its bullate structure and its
apertural extent (see key to the genera). Those transi-

tional forms between Tenuitella and Globigerinita hav-
ing an intraumbilical aperture but lacking bullae, I as-
sign to the new genus, Tenuitellinata. Unlike
Tenuitellinata, some other genera characterized also
by intraumbilical (although highly arched and often
non-rimmed) apertures, such as Globigerina d’Orbigny
(type species G. bulloides d’Orbigny) and Globastica
Blow (type species Globigerina daubjergensis Bronni-
mann), possess either rather large, spinose tests with a
macroperforate wall (as in the former), or small, mur-
icate tests with a microperforate wall (as in the latter).
Finally, the new genus Praetenuitella is distinguished
by: 1) its very low trochospiral test; 2) finely macro-
perforate walls in the earlier test, developing into a
microperforate wall in the adult chambers; and 3) a
wide and open umbilicus.

ORIGIN AND PHYLOGENY OF THE
TENUITELLINAE

ORIGIN OF THE TENUITELLINAE

Gould’s (1977) models of evolutionary punctuated
equilibrium and phyletic graduvalism were discussed by
Banner and Lowry (1985) with regard to planktonic
foraminiferal phylogeny. Progressive and continuous
modification of test morphocharacters in geological
time (e.g., the Pulleniatina lineage, discussed by Ban-
ner and Blow [1967] and the Globorotalia periphero-
ronda-G. fohsi fohsi lineage of Bolli [1957a)] and Blow
and Banner [1966]) exemplify phyletic gradualism. On
the other hand, the abrupt, cryptogenic appearance of
other distinctive species (e.g., Hantkenina spp.) were
believed to illustrate punctuations in phylogeny. The
ancestor of Tenuitella was previously unknown and
the appearance of the tenuitellines in the late Eocene
has seemed to be a cryptogenic example of evolution-
ary punctuation. The stratigraphic range of one sug-
gested ancestor, Parvularugoglobigerina (see Banner,
1982), is separated from that of Tenuitella by at least
13 my (early and middle Eocene).

The problems of finding the ancestor of Tenuitella
have been aggravated by preconceived ideas regarding
its likely nature (F. T. Banner, oral communication,
1985). Within the Globigerininina, most lineages
evolved unidirectionally; microperforate tests (as in
Globuligerina) occurred before macroperforate ones,
so the ancestor to Tenuitella has been assumed to be
microperforate. Trochospiral taxa have repeatedly giv-
en rise to planispiral ones (Banner, 1982) and the re-
verse has not been noted; therefore, the ancestor to
Tenuitella has been assumed to be trochospiral. There
is a tendency, common to many known lineages, for
tests to increase in size with evolutionary development;
therefore, the tenuitellid ancestor has been supposed
to be as small as, or smaller than, Tenuitella itself. In
summary, if phyletic unidirectional gradualism has
produced known species of Tenuitella, then the an-
cestral form should have been small, microperforate
and trochospiral, much like Tenuitella gemma. The
absence of such forms in the early and middle Eocene
produced a phyletic problem with no obvious solution;
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FiGURE 5. Probable phylogenetic affinities of, and lineages involving, Tenuitella. A based on Fleisher (1974); B Banner (1982); C this paper.

to call the origin of Tenuitella cryptogenic, or an ex-
ample of punctuation, merely tended to conceal ig-
norance of the early phylogeny of the genus. Even to
suggest Globanomalina, a relatively large and macro-
perforate form, as a possible ancestor (Fleisher, 1974;
Fig. 5A, this paper), did not overcome the stratigraphic
gap between the supposed ancestor and its alleged de-
scendant.

When Banner and Lowry (1985) outlined the evo-
lutionary history of the Globigerinacea, they listed only
two examples of demonstrated reversal of previously
established evolutionary patterns (Fig. 7B). One ex-
ample was the Tertiary lineage from unkeeled Globo-
rotalia zealandica to keeled G. conoidea and then, in
turn, to unkeeled G. inflata. The other was the Cre-
taceous evolution of unkeeled Ticinella through var-
iously keeled taxa related to Rotalipora, followed by
loss of the keel in the ultimate descendant of the stock,
Anaticinella. 1 suggest a third example (Fig. 5C). It
involves a reversal of coiling mode (trochospiral to
planispiral to trochospiral) and the diminution of per-
foration diameters to produce microperforate descen-
dants from macroperforate ancestors. Praetenuitella
provides evidence for this.

Blow (1979) suggested that low trochospiral, micro-
perforate tests in the Danian (“Globorotalia (Turbor-
otalia)” archeocompressa Blow) gave rise to larger,
macroperforate species “G. (7.)” compressa (Plum-
mer) in the later Paleocene. “Globorotalia” archaeo-
compressa is undoubtedly closely related to “G. (7.)”
longiapertura Blow (believed by Smit [1982] to be the
same as Globigerina eugubina). “Globorotalia com-
pressa is an early species of Globanomalina. The evi-

dence indicates that small, microperforate Parvularu-
goglobigerina (of Hofker, 1978), or perhaps
“Globigerina” (of Smit, 1982, among others), of the
earliest Paleocene, evolved into larger, macroperforate
Globanomalina by mid-Paleocene time, with essen-
tially low trochospirality retained. From Globanom-
alina evolved Pseudohastigerina, by migration of the
extraumbilical aperture over the interiomarginal pe-
riphery and the achievement of planispirality (Berg-
gren and others, 1967; Banner, 1982; Banner and Low-
ry, 1985) by the earliest Eocene. In the late Eocene
samples studied here (Jackson Formation; GS/424 and
GS/479), the finer size fraction (63-250 um) yielded
not only Pseudohastigerina danvillensis (Howe and
Wallace), characterized by its planispiral, wholly mac-
roperforate test, but also species of Praetenuitella with
very low adult trochospirality (approaching pseudo-
planispirality), microperforate later chambers and a
planispiral, macroperforate early ontogenetic stage. The
two species, together, comprised some 60% of the fossil
assemblage (in the <250 um fraction), and the mor-
phological affinity between them is evident. Praeten-
uitella impariapertura, in particular (from GS/479
only), has an aperture that is not only fully peripheral
initially, but which also is characterized by the height
of the peripheral portion of the aperture even after
adult (low) trochospirality is achieved (see Fig. 6). This
emphasizes the (palingenetic) affinity of P. impariaper-
tura with a Pseudohastigerina (possibly P. danvillensis)
immediate ancestor. The descendant, typically post-
Eocene Tenuitella, with its full trochospirality and
wholly microperforate test, is grossly homeomorphic
to the distant Parvularugoglobigerina ancestor, thus
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100um

FIGURE 6. Apertural variation in Praetenuitella impariapertura,
n. sp. 1 Holotype (see also PL. 1, Figs. 1-5); 2 paratype A, no. P51996;
3 paratype B, no. P51997; 4 a transitional form between P. impar-
iapertura and P. patefacta, n. sp., no. P51998. Note the subtriangular
aperture in the peripheral portion and the concave dorsal side (arrow
points to umbilicus). All from the late Eocene Zone P15-P16, sample
GS/479.

providing the completion of an example of “reversed”
morphological evolution as depicted diagrammatically
in Fig. 7B.

PHYLOGENETIC EVOLUTION OF TENUITELLINE AND
GLOBIGERINITINE SPECIES

Three recognizable species, Praetenuitella impariap-
ertura, P. patefacta and P. praegemma, evolved suc-
cessively in the late Eocene. The evolving pattern of
these primitive types, which is phylogenetically con-
tinuous, shows that such a process was achieved by the
modifications of: 1) spirality (pseudoplanispiral to low
trochospiral); 2) apertural characters (peripheral-ex-
traumbilical to intra-extraumbilical; 3) chamber ge-
ometry (globular-subglobular to ovoid or subcrescen-
tic); and 4) perforation pattern (finely macroperforate,
>1.5 um, to microperforate, <1.0 um).

The advent of a global climatic crisis in the late
Eocene-early Oligocene (e.g., Loubere, 1985) is be-
lieved to have influenced, actively or passively, the
development of the Tenuitellinae. The test morphol-
ogy changed through a further reduction of test di-
mensions and an increase of the density of the surface
pustules, as seen in Tenuitella gemma and T. neocle-
menciae. It seems that the cooling climate did not ham-
per any potential speciation of this group, as a contin-
uous evolution can still be recognized. Within the early
Oligocene, a genuine microperforate wall structure was
established in Tenuitella and became a fixed character
among those subsequently evolving tenuitelline species.
The umbilicus, which is large and open in Praetenui-
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FIGURE 7. Two evolutionary trends in the planktonic foraminif-
era. A “Unidirectional” evolution: after the stasis of species I alone,
an evolutinary offshoot (species II) arises by gradualistic change in
the 1-2 interval; if that interval is geologically short, it will appear
to be a “punctuation,” and if very short, and accompanied by major
morphological change, species II will appear to be cryptogenic. After
interval 2-3, both species are separate and each has achieved a period
of “phyletic equilibrium.” B Evolutionary morphological “reversal’”:
as in A periods of “equilibrium™ may be followed by observable
evolutionary change, for which the fossil record may provide evi-
dence, by forms intermediate between species I and species I (and
then again with species [I-III intermediates), for “phyletic gradual-
ism.”” Here, however, species III returns to the essential morphology
(e.g., coiling mode or peripheral characters) of the ancestral species
I. True homeomorphy between species I and species I1I is, however,
rarely, if ever, achieved.

tella, became smaller and, finally, tended to close. Low
trochospiral tests developed a slightly convex dorsal
side. Individuals referable to Tenuitella clemenciae,
with 4 chambers in the final whorl and an intra-ex-
traumbilical aperture (which seldom reaches the pe-
riphery) made their first appearance in the early Oli-
gocene. I believe that this taxon subsequently evolved
into equally 4-chambered but ventrally and spirally
strongly inflated 7. munda in mid to high latitudes.
Tenuitella munda, in turn, gave rise to Tenuitellinata
Juvenilis (Jenkins, 1966; Jenkins and Srinivasan, 1985),
and, finally, in the early Miocene (Fig. 8A), to some
bullate forms (e.g., Globigerinita ambitacrena and G.
glutinata). Further umbilical centralization of the ap-
erture, which is associated with a progressively higher
coiling mode, was first seen in the Globorotalia opima
opima Zone (P21) (e.g., the appearance of T. juvenilis),
but did not become common until the Globigerina
ciperoensis Zone (P22), where forms developed antero-
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intraumbilical apertures (7Tenuitellinata cf. T. pseu-
doedita) and axiointraumbilical apertures (7. umbili-
cata). Some other variants or descendants from either
Tenuitella gemma or Tenuitellinata cf. T. pseudoedita,
such as “Tenuitella™ nkbrowni and bullate Globiger-
inita praestainforthi, also first occurred in Zone P22.
Tenuitella gemma, a stratigraphically useful species,
became extinct at the top of the opima opima Zone
(Fig. 8B).

The early Miocene saw, first, the continuous evo-
lution of some Oligocene species with slowly enlarging
chambers (e.g., Tenuitella clemenciae and Tenuitelli-
nata cf. T. pseudoedita and, then, forms with rapidly
enlarging chambers (Fig. 8A; Tenuitella minutissima,
T. neobrevispira). The stratigraphically most important
tenuitelline species first occurred in the early-middle
Miocene. The evolution of the Tenuitellinac was sud-
denly interrupted, for no known reason, at the top of
the Globorotalia fohsi fohsi Zone (N10-11), and dis-
appeared from the Trinidad sections. Some globiger-
initine species, referable to Tenuitellinata juvenilis and
T. cf. T. pseudoedita, survived elsewhere, however,
through the late Miocene (Kennett and Srinivasan,
1983, as Tenuitella clemenciae). The microperforate,
pustulate Globigerinatella insueta, which appeared
cryptogenically in the early Miocene (N6), probably
arose directly from either Globigerinita or Tenuitelli-
nata by the adoption of umbilically-directed strepto-
spirality; Globigerinatella is a globigerinitid homeo-
morph of the Orbulinidae, and should be transferred
from that latter family accordingly.

Forms referable to, or related to, the Tenuitellinae
are not well known from Pliocene sequences. The evo-
lutionary history of the subfamily at this stage, at least
in the Mediterranean region, is unclear. No evidence
of Tenuitella has been found in my samples of Pliocene
marine sediments collected from Sardinia or Cyprus,
or from Pliocene faunas published before. Neverthe-
less, Tenuitellinata juvenilis and its allies have been
frequently recorded. I believe that the evolution of this
globigerinitine group continued during the Pliocene,
although the tenuitelline stocks have not yet been rec-
ognized.

Tenuitella fleisheri resembles, in many respects, the
Oligocene-Miocene tenuitelline species, but it occurs
only in the Quaternary. The bullate Tenuitellita iota
may be directly descended from T. fleisheri; the origin
of T. fleisheri still remains unknown. Together with
these forms, “Tenuitella™ parkerae and Tenuitellinata
Jjuvenilis (and its closely related Globigerinita glutinata
s.l.) may also be encountered in Quaternary and mod-
ern marine deposits (Fig. 8A.)

Apparently, the evolutionary history of the Tenui-
tella plexus, as demonstrated herein, is continuous from
the late Eocene to the Quaternary. Its greatest specia-
tion occurred in the Oligocene and Miocene and its
species tend to dominate the globigerinitid planktonic
foraminiferal faunas of that interval in mid to high
latitudes (Subbotina, 1953 —USSR; Jenkins, 1966,
1985—New Zealand; Poore, 1979—North Atlantic).
The stratigraphic importance of tenuitellines decreases

rapidly towards the tropical-subtropical regions where
larger globigerinacean taxa are more useful (Bolli,
1957a, and Bolli and Saunders, 1985—Caribbean
[Trinidad]; Banner and Blow, 1965, and Blow, 1969 —
low latitudes; Jenkins and Orr, 1972 —Equatorial Pa-
cific; Fleisher, 1974, 1977 —northern Indian Ocean).
During the whole evolutionary history of the Tenui-
tellinae, some morphological characters occurred it-
eratively, even though complete homeomorphs have
not been found. For example, tests with very low
trochospirality are seen in Praetenuitella, Tenuitella
neoclemenciae and T. minutissima. The development
of an umbilical bulla on some Tenuitella species gave
rise to both Globigerinita and Tenuitellita (see Table
4). The lack of muricae in any member of the Globi-
gerinitidae meant that none could develop muricocar-
inae, and no tenuitellines evolved true carinae either.

CONCLUSIONS

The microperforate wall structure is a definitive and
fixed morphocharacter in both the Tenuitellinae and
Globigerinitinae. The family Globigerinitidae is an im-
portant stock from which many Neogene-Quaternary
planktonic foraminiferal groups developed. A phylo-
genetic change from pustular, microperforate to spi-
nose or cancellate, macroperforate wall structure, or
vice versa, seems, untenable, although the evolution-
ary pattern of the family may have become convergent
to a certain extent. The wall structure is a meaningful
phylogenetic reference and taxonomic parameter for
phylogenetic reconstruction within this family group.

Detailed systematic work on the Tenuitellinae re-
veals that this group dominates the Oligocene to early
middle Miocene small planktonic foraminifera, and
that Tenuitella is directly descended from Praetenui-
tella (late Eocene), which evolved from a small variant
of Pseudohastigerina micra s.1. This evolution is seen
through a process of: 1) apertural migration from pe-
ripheral to extraumbilical-umbilical; and 2) progres-
sive reduction of the perforations from finely macro-
perforate (>1.5 um) to microperforate (<1.0 um).
Three closely linked new species, Praetenuitella im-
pariapertura, P. patefacta, and P. praegemma, are re-
stricted to the late Eocene. Praetenuitella praegemma
is believed to be ancestral to Tenuitella.

Oligocene tenuitelline species are characterized by a
diverse speciation of Tenuitella with slowly enlarging
test chambers. Low trochospired forms possessing in-
tra-extraumbilical apertures, such as 7. gemma and T.
neoclemenciae, are stratigraphically important in the
early to middle Oligocene, together with some 4-cham-
bered (in the final whorl) species, particularly, 7. cle-
menciae and T. munda. Several new forms, derived
from Tenuitella, first appeared in the late Oligocene
and became extinct soon afterwards. Intraumbilical
restriction of the aperture produced Tenuitellinata in
the Oligocene (T juvenilis) and possibly (but not prov-
en) in late Eocene (doubtful records of T. angustium-
bilicata). Its bullate descendants rapidly evolved (Glo-
bigerinita, and its subgenus Tinophodella); both
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Tenuitellinata and Globigerinita persist to the present.
Globigerinatella probably arose abruptly from this
group in the late early Miocene.

Tenuitelline species with slowly enlarging chambers,
as seen first in the Oligocene, continued to evolve in
the early to middle Miocene, while species having rap-
idly enlarging chambers and tests (such as 7. minutis-
sima and T. neobrevispira) also became important in
this period.

During the mid-middle Miocene to Pliocene the evo-
lution of the Tenuitellinae slowed; forms referable to
this group are few and have little stratigraphic value
(as seen in Tenuitellinata juvenilis and its allies). This
trend seems to have continued into the Quaternary
where only Tenuitella fleisheri and a few related forms
may be occasionally encountered.
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