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THE NATURE OF GLOBANOMALINA HAQUE

F. T. BANNER
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ABSTRACT

The type descriptions and paratype specimens of the
type-species of Globanomalina Haque, G. ovalis
Haque, 1956, together with the type descriptions and
ideotypes of Globigerina pseudoiota Hornibrook, 1958,
are reassessed and the species are synonymous. The
primary types of the taxa are of late Paleocene to ear-
liest Eocene age (Zones P?4-6). The genus Globano-
malina Haque is trochospiral, microperforate and
smooth-walled, and the generic name should be used
for species of the lineage from G. archeocompressa
(Blow) (beginning in earliest Paleocene, Zone Pa) to
G. luxorensis (Nakkady) (earliest Eocene, Zones P6-
?8). Contrary to recently published opinion, it is not a
synonym of the planispiral, macroperforate genus Pseu-
dohastigerina Banner and Blow (early Eocene, Zone
Po, to early Oligocene, Zone P19), but is its immediate
ancestor,

INTRODUCTION

In their most recent attempt to systematize com-
prehensively the genera of the Foraminiferida, Loe-
blich and Tappan (1988, p. 485) have repeated the
opinion which they had held earlier (1964, p. C665),
that the genus Globanomalina Haque, 1956, is a com-
plete and senior synonym of the genus Pseudohasti-
gerina Banner and Blow, 1959. This opinion was based
upon a study of topotypes of each type species (Glo-
banomalina ovalis Haque, 1956, and Nonion micrus
Cole, 1927), as well as un-named ““included species”
(Loeblich and Tappan, 1988, p. 486), from which Loe-
blich and Tappan concluded that all of the species
“commonly show evidence of their trochospiral an-
cestry in asymmetrical early whorls and aperture, al-
though coiling is dominantly planispiral and the ap-
erture equatorial.”

My research shows that this conclusion is not only
wrong taxonomically, in that it misrepresents the mor-
phology of the primary species concerned and misuses
this morphology in the diagnoses of the taxa, but that
it is also misleading biostratigraphically. If the two
genera are distinguished taxonomically on the basis of
the observable morphology of their rigorously defined
type species, then the biostratigrapher is provided with
a generic distinction between Paleocene—early Eocene
species (of Globanomalina) and early Eocene—early
Oligocene species (of Pseudohastigerina), while the pa-
leontologist can describe the evolution of stratigraph-
ically late species of Globanomalina into early species
of the new genus Pseudohastigerina. The two genera
are different in coiling mode and apertural extent; if
these morphological differences are not nomenclato-
rially distinguished here, then guidelines would be es-
tablished which would play havoc with the taxonomy
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(and the resulting biostratigraphy) of these and other
groups of Globigerinina.

TAXONOMIC HISTORY AND STATUS
GLOBANOMALINA 0vA4LIS HAQUE, 1956

The genus Globanomalina was proposed by Haque
(1956, p. 147) with G. ovalis Haque, 1956, as its des-
ignated type species, originally retrieved from the
Nammal Limestones and Shales of the Laki Series,
exposed in the Nammal Gorge of the Salt Range in
Pakistan. The specimen figured by Haque (1956, pl.
14, fig. 3a—c, enlarged and reproduced on Pl 1, Fig.
la—c) was the holotype of G. ovalis, and it was obtained
from sample 62 of Haque’s measured outcrop section.
Although this sample came from a series referred by
Haque (1956) to the lower Eocene, the sample also
vielded planktonic foraminiferal taxa now known as
Morozovella aequa (Cushman and Renz) and M. acuta
(Toulmin), while M. velascoensis (Cushman) was be-
lieved to have its lowest occurrence only 20 feet higher
in the section (Haque, 1956, pls. 1 and 35). It would
now be referred to the late Paleocene, probably to Zones
P4 (the Planorotalites pseudomenardii (Bolli) Zone)
or PS5 (the M. velascoensis (Cushman) Zone) as rec-
ognized by Toumarkine and Luterbacher (1985).

Globanomalina was said by Haque (1956) to have
its chambers “‘arranged in a trochoid spiral . ... All
the chambers are visible from the dorsal side, which
may be flattened or convex. Ventral side completely
involute, umbilicate.” These features were not only
drawn by Haque for the type species, G. ovalis, but for
all other species included by him in the new genus; an
example is G. simplex Haque (1956, p. 149, pl. 30, fig.
2a—c, reduced and reproduced here on Plate 1, Fig. 2a—
¢), which is recorded by Haque (1956, pl. 35) to have
a range similar to that of G. ovalis in the Nammal
Limestones and Shales.

Type specimens of all of the new species, including
the holotype of Globanomalina ovalis, were to be de-
posited by Haque (1956, p. 2) with the Geological Sur-
vey of Pakistan at Quetta, Pakistan. Some paratypes
were presented by Haque to the British Museum (Nat-
ural History) in September 1954 (as recorded by Berg-
gren and others, 1967, p. 279), and, among them, the
two paratypes of G. ovalis are now registered as spec-
imens P.42400. These specimens are now re-illustrated
(PL. 1, Fig. 3a—, and PL. 2, Fig. 1a—c). The specimens
essentially agree with both the description and the
drawings of G. ovalis originally published by Haque
(1956) and with the notes later published by Berggren
and others (1967). On the umbilical side the species is
involute, while on the spiral side it is evolute, with all
the chambers of the earlier whorls still visible. The
aperture (as described by Berggren and others, 1967)
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PLATE |

la-¢ Globanomalina ovalis Haque, 1956; original drawings of holotype, from Haque, 1956, pl. 14, fig. 3a—, enlarged 300%, to give
magnification of x 225 if original estimate of magnification is used (““ x ca.75”), or, more probably, x 175 if original measurements of specimer
are used (“length . .. 0.26 mm”). 2a-c¢ Globanomalina simplex Haque, 1956; original drawings of holotype, from Haque, 1956, pl. 30, fig
2a—c, reduced to 72.5% of original size, to give magnification of x 100 if original estimates of magnification (““ x ca. 142”’) or length of specimer
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“is ventral and extends from the umbilicus to and
around the periphery of the preceding whorl, but not
along the dorsal suture on the dorsal side.” As Haque
wrote (1956, p. 148), ““dorsal side flat or slightly con-
vex, showing all the chambers. Ventral side completely
involute, umbilicate . . . . Aperture an elongate slit at
the base of the last chamber of the outer whorl ex-
tending from the periphery to the umbilicus.” Such
trochospiral coiling, with such an asymmetrical, es-
sentially umbilical-peripheral aperture, cannot (at least,
should not) be confused with the planispiral coiling of
the biumbilicate adult test, with its symmetrical, bium-
bilical-peripheral aperture, characteristic of all species
of Pseudohastigerina, as that genus was originally de-
fined (Banner and Blow, 1959, p. 19) and as it has
subsequently been reliably used with full reference to
its type species, Nonion micrus Cole (e.g., by Berggren
and others, 1967; by Blow, 1979, p. 1178, who illus-
trated topotypes of N. micrus, Pl. 253; by Banner, 1982,
p. 184, 206).

Loeblich and Tappan (1988, p. 485-486) were in-
correct in stating that in both Globanomalina and
Pseudohastigerina the ““test [is] . . . biumbilicate . . . ;
[the] aperture may extend to the umbilical area on one
or both sides . . . ;... [the] coiling is dominantly pla-
nispiral and the aperture equatorial.” For example,
Loeblich and Tappan (1964, fig. 531.5a; 1988, pl. 531,
fig. 7) illustrated a lateral view of a topotype with a
concave spiral side which displays all the chambers of
the early whorls of the trochospiral coil, and an ap-
erture which covers the periphery of the penultimate
whorl but which does not extend along the spiral (dor-
sal) side. The drawing is very like that given by Haque
(1956) for the spiral side of the holotype (see Pl. 1, Fig.
la), and conforms with the description given by Berg-
gren and others (1967, p. 279, as noted above). The
test shown by Loeblich and Tappan (1964, 1988) is
not biumbilicate.

GLOBIGERINA PSEUDOI0TA HORNIBROOK, 1958

Two years after Haque’s publication, Hornibrook
(1958a) (independently and without reference to
Haque’s work) described as a new species Globigerina
pseudoiota from the Waipawan stage, Waipawa out-
crop section, New Zealand. The Waipawan stage (the
oldest stage of the Dannevirke Series) was regarded by
Hornibrook (1958a, p. 26~27 and table 1) as Paleocene,
equivalent to the Upper Lizard Springs Marl of Trin-
idad or the Upper Velasco Formation of Mexico; it
contained the first Acarinina and Morozovella, but oc-
curred above the Teurian stage (with post-Maestrich-
tian Globigerinina, including Subbotina linaperta (Fin-
lay)) which would nowadays be considered to be early
to middle Paleocene. Morozovella crater (Finlay) (which
morphologically can be no more than a subspecies of

M. velascoensis (Cushman) sensu stricto) first appears
in the Mangaorapan stage, which succeeds the Wai-
pawan, and persists into the succeeding Heretaungan
stage, where Pseudohastigerina (as “Nonion” iota Fin-
lay) was believed to first appear. These records by Hor-
nibrook alone might suggest an approximate correla-
tion of the Waipawan stage with Zone P4, the
Mangaorapan with Zone PS5, and the Heretaungan with
Zone P6 (as diagnosed by Toumarkine and Luter-
bacher, 1985). However, Jenkins (1971, p. 16, 40) be-
lieved that the Waipawa standard section included both
late Paleocene and the earliest Eocene, with P. micra,
M. rex, etc., occurring in its upper part. “G.” pseu-
doiota was considered by Jenkins (1971) to be a junior
synonym of “Nonion™ wilcoxensis Cushman and Pon-
ton, 1932 (a species correctly referred to Pseudohas-
tigerina by Berggren and others, 1967, and by Cordey
and others, 1970), which Jenkins (1971) called Glo-
banomalina and recorded from both the Waipawan
and Mangaorapan parts of the Waipawa standard sec-
tion. Nevertheless, the age of the primary types of Glo-
bigerina pseudoiota Hornibrook may be virtually the
same as that of the primary types of Globanomalina
ovalis Haque (i.e., in Zones P?4 or P35, late Paleocene).
Globigerina pseudoiota was originally described by
Hornibrook (1958a, p. 34) as being “almost planispiral
... The aperture . . . opening a little to one side of the
plane of coiling.”” The holotype and one paratype were
drawn (1958a, pl. 1, figs. 16-18), and these figures are
enlarged and reproduced here (PL. 1, Fig. 4a—); they
show the umbilical and axial views of the holotype (Pl.
1, Fig. 4a, b), with the spiral side of the paratype (Pl.
1, Fig. 4c) being evolute, revealing all the chambers of
the earlier whorls. The tests are clearly trochospiral,
but pseudoplanispirality is achieved in the last whorl,
when the interiomarginal aperture becomes umbilical-
extraumbilical-peripheral in extent. The tests are not
described or depicted as being biumbilicate, and the
aperture is not shown to be symmetrical, biumbilical-
peripheral. The original description and figures (Hor-
nibrook, 1958a, loc. cit.) show that this “‘extremely
finely perforate™ species is congeneric with Globano-
malina ovalis.

In 1966, Hornibrook presented eight ideotypes,
which had been collected 20 ft above the base of the
Dannevirke Series at the “mouth of the Birch Stream”
(Hornibrook, 1958b, p. 664) to the British Museum
(Natural History) (registered as P.47456), and three
are illustrated in this paper (Pls. 2, 3) to show the range
of variation considered by Hornibrook to occur within
his species. All specimens show that the test of this
species is trochospiral, becoming pseudoplanispiral in
the last whorl of some specimens. Trochospirality is
clearly maintained uniformly throughout growth when
the number of chambers in each whorl is reduced from
a juvenile 6 to an adult 5 (Pl. 3, Figs. 1, 2; Pl. 1, Fig.

P

(0.46 mm) are used. 3a-c Globanomalina ovalis Haque, paratype, from the Nammal Limestones and Shales, Laki Series, Nammal Gorge,
Salt Range, Pakistan, BM(NH) P.42400a, x 300. 4a-c Globigerina pseudoiota Hornibrook, 1958 (= Globanomalina ovalis), original drawings
of holotype (4a, b) and paratype (4¢c) from Hornibrook, 1958a, pl. 1, figs. 16-18, enlarged 225%, to give magnification x 158,
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PLATE 2

la-c¢ Globanomalina ovalis Haque, 1956, paratype, from the Nammal Limestones and Shales, Laki Series, Nammal Gorge, Salt Range,
Pakistan, BM(INH) P.42400b; last chambers have suffered some post-mortem (postburial) fracture and compression; loss of part of the walls
of the last and penultimate chambers reveals internal molds of inner ends of the microperforations; apertural area shrouded in gum tragacanth,
but apertural extent clearly similar to that in specimen figured below; 1a, b x200; 1¢ x 300. 2a-e Globigerina pseudoiota Hornibrook, 1958
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4c); when the number of chambers per whorl is re-
tained, throughout growth, as 5Y:-6, terminal pseu-
doplanispirality occurs (Pl. 2, Fig. 2a—e; Pl. 1, Fig. 4a,
b). In this case, the last-formed chambers encroach
onto the “dorsal” (spiral) sides of chambers of the
penultimate whorl (Pl. 2, Fig. 2a, c, e); the “dorsal”
sides of the trochospirally coiled earlier chambers are
even then still clearly visible on the essentially evolute
spiral side of the test. Even when terminal pseudo-
planispirality is achieved, the aperture remains um-
bilical-peripheral (when seen from the umbilical side,
Pl. 2, Fig. 2d), extending over the whole periphery of
the penultimate whorl (as seen in axial view, P1. 2; Fig.
2b), but it is present on the spiral side of only the last
chamber (as seen clearly in tilted spiral-equatorial view,
Pl. 2, Fig. 2e); it does not extend into a “‘dorsal” um-
bilicus, because there is no such structure, as the test
is not planispiral. This is exactly the same in compa-
rable paratypes of Globanomalina ovalis Haque (Pl. 2,
Fig. 1a—c). Other ideotypes of G. pseudoiota lack the
rapid enlargement of the final chambers, and do not
attain terminal pseudoplanispirality, even though their
tests may be as large as those which do. It may be
noted that the newly figured, clearly trochospiral para-
type of G. ovalis (Pl. 1, Fig. 3a~c), the originally figured
paratype of G. pseudoiota (Pl. 1, Fig. 4¢) and its similar
newly figured ideotype (Pl. 3, Fig. 2a-d) are all about
0.3 mm in maximum diameter, and all are as big as
the terminally pseudoplanispiral specimens of both taxa
(Pl. 2, Figs. la—2e). The illustrated sequence of ideo-
types of G. pseudoiota (Pl. 2, Fig. 2 to PlL. 3, Fig. 2)
shows that a complete morphological grade exists be-
tween the clearly trochospiral and the terminally pseu-
doplanispiral tests; no taxonomic separation (at least,
at full specific level) is practical or possible between
them. The same is true of the comparable morpho-
logical variants of G. ovalis.

The ideotypes of Globanomalina pseudoiota from
the mouth of the Birch Stream were considerably better
preserved than the primary types, and clearly revealed
to Hornibrook (1938b, p. 664), “the distinctly asym-
metrical coiling and aperture” of the species. These
specimens (including those illustrated here, Pls. 2, 3)
were believed to be of Waipawan or Mangaorapan age,
and had an illustrated asymmetry (Hornibrook, 1958b,
p. 673, figs. 23, 26, 27) “typical of the whole sample
[of conspecific specimens] from which they were se-
lected.” Nevertheless, Hornibrook (1958b, p. 664)
found that higher in the same section, in beds ascribed
to the Heretaungan, “both symmetrical and asym-
metrical forms occur. In the more compressed, nar-
rower . . . test they resemble iota [“Nonion™ iota Fin-
lay, vel Pseudohastigerina] more than pseudoiota yet

.. . they are intermediate between the two.” It is highly

probable that this was the fossil record of the contin-
uous, apparently unpunctuated evolution of Globa-
nomalina (G. ovalis and its immediate descendant,
discussed below, G. luxorensis) into Pseudohastigerina
wilcoxensis (Cushman and Ponton), which happened
in Zone P6 according to Toumarkine and Luterbacher
(1985, p. 101) or highest P6/basal P7 according to Blow
(1979, p. 1193-1198).

SUMMARY

The tests of the types of Globanomalina ovalis (and
of the types and ideotypes of its synonym G. pseu-
doiota) have a coiling mode and a wall surface which
are not only different from those of Pseudohastigerina
and the other members of the superfamily Hantkeni-
nacea Cushman but which are trochospiral and mi-
croperforate, as were those of the presumed Paleocene
ancestors (see below). Therefore, Globanomalina must
have both its generic diagnosis and its suprageneric
taxonomy emended from those published by previous
authors (including Loeblich and Tappan, 1988).

SYSTEMATIC TAXONOMIC EMENDATION

Superfamily GLOBOROTALIACEA Cushman, 1927
Family EOGLOBIGERINIDAE Blow, 1979
Genus Globanomalina Haque, 1956, emended
Type species (O.D.): Globanomalina ovalis
Hagque, 1956

Diagnostic description. Test trochospiral, with five
to seven chambers in each whorl; spiral side slightly
convex or flat or slightly concave; umbilical side with
a narrow umbilicus; chambers throughout growth are
inflated, subovoid, and spiral and intercameral sutures
are depressed; periphery is typically rounded but may
become very bluntly subangular in terminal growth,
but never carinate; aperture is interiomarginal, a low
slit-like opening, extending from the umbilicus to the
periphery of the penultimate whorl, which it may reach
or even surround, but not extending into or along the
spiral suture; aperture is furnished with a porticus-like
lip, which is typically imperforate and which tends to
broaden posteriorly; the wall is microperforate, with
narrow perforations opening exteriorly into low, blunt-
ly margined perforation pits; no spines, pustules or
spine bases, no acutely margined, polygonal perfora-
tion pits (not hispid or cancellate).

Remarks. The genus differs from Eoglobigerina Mo-
rozova, 1959, in having an intraextraumbilical aper-
ture and not one which is merely anterointraumbilical
(as defined by Li Qianyu, 1987) and in being micro-
perforate. Globanomalina differs not so much by its
larger size (topotype E. eobulloides Morozova, 1959,

—

(= Globanomalina ovalis), ideotype, from 20 feet above the base of the Dannevirke Series, mouth of the Birch Stream, loc. S68/781, New
Zealand, BM(NH) P.47456a; 6 chambers in the last whorl and final aperture extends on to the spiral side of the test; 2a, 2¢c, 2d, all x200; 2b,
enlarged detail of 2a, slightly tilted, showing asymmetrically broader opening of the circum-peripheral aperture towards the umbilical side,
x 460; 2e, specimen seen on spiral side (as in 2c, but tilted), showing typical restriction of the aperture, on that side, to the last chamber,

% 300.
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PLATE 3

1a-d, 2a-d Globigerina pseudoiota Hornibrook, 1958 (= Globanomalina ovalis Haque), ideotypes, from 20 feet above base of Dannevirke
Series, at the mouth of the Birch Stream, New Zealand, BM(INH) P.47456b and P.47456¢, showing progressively increased restriction of the
aperture to the umbilical side with reduction in the number of chambers in the last whorl; also showing the microperforate walls, with superficial
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the type species of Eoglobigerina, is illustrated by Loe-
blich and Tappan, 1988, pl. 513, to reach almost 0.25
mm maximum diameter, while G. ovalis, as on Pl. 1,
reaches 0.3 mm) but by the flatness (Pl. 1, Fig. 3a—c)
or concavity (Pl. 2, Fig. la—) often assumed by its
spiral side. Even when the spiral side of Globano-
malina is at its maximum concavity (e.g., Pl. 2, Fig.
2a, b), it is still evolute and the aperture enters no
umbilicus there; this is a clear distinction from Pseu-
dohastigerina Banner and Blow, 1959 (and from all
the Hantkeninacea Cushman, 1927, as defined by Loe-
blich and Tappan, 1988), which is biumbilicate and
planispiral. Globanomalina differs from all of the
Globigerinitidae Bermudez, including the Tenuitelli-
nae Banner (as both are redefined by Li Qianyu, 1987),
by lacking superficial scattered pustules on its walls,
and from them, as well as from all of the Praehedber-
gellidae (as defined by Banner and Desai, 1988), by
possessing perforation pits (the microperforations of
the Praehedbergellidae open from completely smooth
walls). Globanomalina lacks the macroperforate walls
with polygonal (and pustular or spinose), acutely mar-
gined perforation pits and cancellate appearance of post-
Eocene genera (such as Paragloborotalia Cifelli, 1982).

The loss of canaliculi and their perforations at the
periphery of trochospiral tests has been preliminary to
the repeated evolution of a keel in many families of
the Globigerinina since the Aptian. As discussed by
Banner and Desai (1988), the acquisition of a keel must
have been advantageous to the lineage in which it
evolved, and could have been related to the develop-
ment of more efficient pseudopodial functions. Cer-
tainly, the phylogenetic descendants of typical Glo-
banomalina (e.g., G. chapmani (Parr), Zones P3-6)
included species which became carinate (e.g., *“Plano-
rotalites” pseudomenardii Bolli, Zones P4-7) while re-
maining microperforate (and smooth). Such species
should be distinguished from the macroperforate (and
more distinctly muricate) genus Planorotalites Moro-
zova (e.g., its type species, P. pseudoscitula (Glaessner),
Zones P10-13), but that is a matter beyond the scope
of'this paper. Nevertheless, they represented a different
evolutionary development, along a separate path, from
that of the other descendant, Pseudohastigerina. Like
all other planispiral globigerines of the Cenozoic, Pseu-
dohastigerina never became carinate. In the Cenozoic,
descendants of a peripherally perforate globigerine lin-
eage became either carinate or planispiral; these two
morphocharacters were incompatible and never oc-
curred together in the Cenozoic.

By the above emended diagnosis and differentiation
for Globanomalina, other species which belong to this
genus include “Globigerina” compressa Plummer,
1926, “G.” danica Bang, 1969, and similar early Pa-
leocene species, for which no other appropriate generic

name currently applies, but which (as discussed below)
are phyletically close to the microperforate Globa-
nomalina-Pseudohastigerina lineage. Consequently, the
stratigraphic range of Globanomalina is believed to be
from early Danian, early Paleocene (Zone Pa), to ear-
liest Eocene (Zone P7-7?8) (see below).

Globanomalina ovalis Haque, 1956, emended
Plates 1-3

Globanomalina ovalis HAQUE, 1956, p. 148, pl. 14, fig. 3a—c.
Globigerina pseudoiota HORNIBROOK, 1958a, p. 34, pl. 1, figs.
16-18.

Description. Globanomalina as here defined, with six
chambers per whorl initially, sometimes retaining this
number in the last-formed whorl but sometimes re-
ducing it to five; the rate of chamber volume increase
with chamber addition is approximately the same in
each form, so that (a) when the chamber number is
reduced (e.g., to five in the last whorl) the spiral side
of'the test remains completely evolute and flat or slight-
ly convex in shape, or (b) when the final chamber num-
ber is not reduced (e.g., is retained at about six in the
Iast whorl) the final chambers overlap slightly onto the
spiral side, so that that side becomes incompletely evo-
lute and slightly concave in shape; wall is microper-
forate, with perforation canaliculi about 1 um in di-
ameter, opening into broadly and bluntly rounded
perforation pits about 10 um in diameter (the perfo-
ration pits are deeper on the earlier chambers which
have had their walls thickened by test growth); max-
imum diameter achieved is about 0.34 mm.

Remarks. Both the paratypes and holotype of Glo-
banomalina ovalis and the ideotypes, paratype, and
holotype of “Globigerina pseudoiota” contain speci-
mens which are terminally five- or six-chambered and
no taxonomic distinction on this criterion is practical,
possible or sensible. The primary types of G. ovalis
were originally drawn as being more compressed lat-
erally (as seen in axial view, Pl. 1, Fig. 1b) than those
of “G. pseudoiota’ Pl. 1, Fig. 4b), but comparison of
the other specimens figured here (e.g., Pl. 2) shows that
no separation between the taxa can be successful on
this basis: the specimen which is peripherally most
angular (Pl. 2, Fig. 1b) has a crushed and deformed
last chamber (Pl. 2, Fig. 1a), and there can be no dis-
tinction within the range of variation shown by the
other specimens. All other characters (e.g., perforation
size as seen externally, as in Pl. 2, Fig. 2e, or as internal
casts as on PL. 1, Fig. 3a, or as both) appear to be the
same. Consequently, the two taxa are believed to be
synonyms. As noted above, the biostratigraphic age of
the species is believed to be Zones P?4-6, late Paleo-
cene to earliest Eocene.

It has been suggested (Banner, 1982, p. 158) that

—

perforation pits which become deeper as the wall thickens in earlier chambers. 1a-d, 5% chambers in the last whorl, P.47456b; 1a, b x400,
lc x267, 1d, the imperforate, porticus-like lip, x870. 2a-d, 5% chambers in the penultimate whorl but only 5 chambers in the last whorl,

P.47456¢; 2a x300; 2b-d x200.



178 BANNER

Globanomalina luxorensis (Nakkady) should be re-
garded as the senior synonym of G. ovalis Haque. The
type specimens of Anomalina luxorensis Nakkady
(1950, p. 691, pl. 90, figs. 39-41) are deposited in the
British Museum (Natural History) (registered as
P.41697, holotype, and P.41892, four paratypes). They
were obtained by Nakkady from the topmost Esna
Shale at Abu Durba, southwest Sinai. This horizon was
referred by Nakkady to the youngest Paleocene, im-
mediately below beds referred to the Lower Eocene;
however, Morozovella velascoensis (Cushman) occurs
150-300 m below this (Nakkady, 1950, p. 680-682,
with unpublished notes deposited in the BM(NH), and
the M. velascoensis specimens registered as P.41771)
with M. marginodentata (Subbotina) (P.41768, re-
corded by Nakkady, 1950, as “Globorotalia crassata
(Cushman) var. aequa Cushman & Renz’’) also oc-
curring 250 m below. It is not possible from the pub-
lished and unpublished notes, and from the registered
specimens, to be sure of the biostratigraphic age of G.
luxorensis, but it is probable that its type horizon is
within the Zone P6-7 interval. The type specimens
should be referred to the earliest Eocene (sensu Tou-
markine and Luterbacher, 1985, p. 100); it is likely
that they are the same age or about a zone younger
than the type G. ovalis. Re-examination of the types
shows that G. [uxorensis is very similar to G. ovalis
but that it is distinguishable from it; G. /uxorensis is
more compressed laterally, its chambers are less in-
flated, and its intercameral sutures are less indented
and more curved. All observed primary types of G.
luxorensis have 6-6% chambers in the last whorl. Its
junior synonym, the equally compressed ““Globorota-
lia” pseudochapmani Gohrbandt, 1967 (which occurs
with a Zone P7-8 assemblage in Austria) has types
with 67 chambers in the terminal whorl. It is probable
that G. luxorensis is the intermediate form in the un-
punctuated evolution from G. ovalis to Pseudohasti-
gerina wilcoxensis (Cushman and Ponton). Drawings
of a specimen referable to G. luxorensis were included
within their concept of P. wilcoxensis by Toumarkine
and Luterbacher (1985, p. 107, fig. 12.12a—c; not fig.
12.9-11).

THE PHYLOGENY OF GLOBANOMALINA

The oldest Danian, earliest Paleocene (Zone Pa),
contains the oldest known microperforate, trocho-
spiral, Cenozoic Globigerinina with an intraextraum-
bilical aperture. These include the species described by
Blow (1979) as “Globorotalia (Turborotalia)” archeo-
compressa Blow (1979, pl. 56, figs. 1, 2, and pl. 58,
figs. 2, 6-9) and “G. (T.)” longiapertura Blow (1979,
pl. 58, figs. 3-3, and pl. 63, figs. 1-9). The latter is a
junior synonym of “Globigerina” eugubina Luter-
bacher & Premoli Silva, 1964, which is the type species
of Parvularugoglobigerina Hofker, 1978 (Li Qianyu,
1987, p. 313; Loeblich and Tappan, 1988, p. 474, pl.
513). Such species are not cancellate or hispid; their
wall surfaces are not well known, but they may well
possess the shallow, rounded-edge perforation pits of

typical Globanomalina. They are distinct from similar
Zone Pa macroperforate taxa (such as “G. (7.)”
polycamera (Khalilov) of Blow, 1979, pl. 59, figs. 1-
4, 6).

The macroperforate, trochospiral, acarinate, in-
traextraumbilically apertured taxa were well estab-
lished by the end of the early Paleocene and the be-
ginning of the middle Paleocene (as with “G. (T.)”
pseudobulloides (Plummer), of which a strict topotype
from Zone P2 was illustrated by Blow, 1979, pl. 248,
figs. 6-8). In the middle Paleocene they became strong-
ly muricate (as Acarinina spp.) and then muricocari-
nate (Morozovella spp., from M. conicotruncata (Sub-
botina), Zone P3, onwards). These macroperforate taxa
may well have had their origin with Danian Eoglob-
igerina Morozova, which is equally macroperforate (see
the topotype of its type species, E. eobulloides (Mo-
rozova), illustrated by Loeblich and Tappan, 1988, pl.
513, figs. 1-3, and E. ecbulloides simplicissima Blow,
from Zone Pa, pictured by Blow, 1979, pl. 57, figs.
3, 4).

In contrast, the phylogeny of the microperforate
forms never produced heavily muricate (or murico-
carinate) taxa. Their origin is obscure; it may have been
with microperforate, anteroumbilically apertured
species which have been placed with Eoglobigerina
(such as E. fodina Blow, 1979, pl. 57, figs. 5, 6, from
Zone Pa) or with the intraextraumbilically apertured
Blefuscuiana spp. (Banner and Desai, 1988, Creta-
ceous). Nevertheless, they proceeded to evolve
smoothly along two, principal phylogenetic lines. One
retained trochospirality but developed a smooth, pe-
ripheral carina (**Planorotalites™ spp., with “P.” pseu-
domenardii (Bolli) in Zone P4), while the other became
planispiral and evolved into Pseudohastigerina in the
early Eocene. Both of these have been (separately) not-
ed above, but only the second will be discussed here.

The Parvularugoglobigerina eugubina line, with its
narrowly elevated, peripherally highly arched, ex-
traumbilical aperture (analogous to that of the late
Eocene Praetenuitella impariapertura Li Qianyu),
seems short lived (Zone Pa) and phyletically and tax-
onomically distinct (because of its aperture, siowly en-
larging chambers and slowly opening spiral suture).

The main lineage, with the unelevated, narrow, in-
traextraumbilical aperture, from Globanomalina ar-
cheocompressa (Blow) (also Zone Pa) evolved through
G. compressa (Plummer) (Globigerina compressa
Plummer, 1926; Zones P1-3, see Blow, 1979, pl. 75,
figs. 9-11, P1, and pl. 78, figs. 5-11, P2, etc.), to Glo-
banomalina chapmani (Parr) (Globorotalia chapmani
Parr, 1938; Zones P3-6; synonyms G. ehrenbergi Bolli,
1957, and G. troelseni Loeblich & Tappan, 1957; see
Toumarkine and Luterbacher, 1985, p. 107-108). In
these taxa, there is the distinctive increase in the rate
of chamber enlargement, and an increasingly rapid
opening of the curve of the spiral suture, which led to
the concavity of the spiral side in its immediate de-
scendants, the terminally 5- to 6-chambered forms of
Globanomalina ovalis Haque (Zones P5-6) and the
6%- to 7-chambered forms of G. /uxorensis Nakkady
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(P6-78). These taxa evolved directly into the truly pla-
nispiral, 6Y2- to 7-chambered, typical Pseudohastige-
rina wilcoxensis (Cushman & Ponton), as depicted by
Cordey and others (1970, figs. 1-6), even though to-
potype assemblages of P. wilcoxensis (from the Bashi
Marl, Ozark, Alabama, of the M. subbotinae Zone,
according to Berggren and others, 1967, which equates
to late Zone P6, according to Toumarkine and Luter-
bacher, 1985) contain both true P. wilcoxensis (as fig-
ured by Berggren and others, 1967, text-fig. 2s—v) and
the immediately ancestral species of Globanomalina
(op. cit., loc. cit., text-fig. 2p—0).

It is such assemblages, containing specimens refer-
able to both genera, Gloobanomalina and Pseudohas-
tigerina, which have led to the confusion between them.
Such confusion does not arise in the intervals of the
Dano-Paleocene or the middle Eocene to early Oli-
gocene, because it was only in the earliest Eocene (Zones
P6-78) that the two genera co-existed.

The attainment of true planispirality, and a bium-
bilicate test, is emphasized in (rare) specimens of P.
wilcoxensis by the bipartite division of the aperture,
symmetrically forming two separate openings, one on
each side of the planispiral test (as drawn in Berggren
and others 1967, text-figs. 6, 4a-6¢, and in P. shark-
riverensis Berggren & Olsson, SEM imaged by Blow,
1979, pl. 252, figs. 5-9). Such a bilaterally symmetrical
morphology could not be achieved by the asymmet-
rical, only pseudoplanispiral, late and phyletically ad-
vanced species of Globanomalina.

With Pseudohastigerina evolved smooth macroper-
forate tests. The distance between perforations became
similar to their diameters, the perforation pits disap-
peared and the perforations themselves enlarged to
about 1.7 um diameter (as depicted for P. wilcoxensis,
Zone P7, and P. sharkriverensis, Zone P9, by Blow,
1979, pl. 252), and to about 2.5 um in the type species
(P. micra Cole), as shown from Zones P9-12, loc. cit.,
pl. 253). As observed by Li Qianyu (1987), this was
preliminary to a late Eocene (Zone P15) reversion to
both microperforate walls and pseudoplanispirality
(true trochospirality) in the evolution of the first ten-
uitellids (Praetenuitella impariapertura Li, P. patefacta
Li, etc.), with pustules scattered on otherwise smooth
wall surfaces (there were no perforation pits). True
Pseudohastigerina spp. persisted, however, biostrati-
graphically as high as Zone P19, early Oligocene (Bolli
and Saunders, 1985).
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