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ABSTRACT

The type species of the majority of biserial
toothplate-bearing genera are restudied using the
SEM to investigate the morphological details of
the apertural complex. A rationalisation of the
classification is proposed based on overall mor-
phology complemented by toothplate type. The
Bolivinitidae are herein recognised as a family of
the Buliminacea. The family is subdivided into
the Bolivinitinae, Fursenkoininae, and the newly
proposed Parabrizalininae and Sagrininae.

The Bolivinitinae include the genera Bo-
livinita, Afrobolivina, Bolivina, Bolivinoides,
Brizalina, Coryphostoma, Lozxostomoides, Lug-
dunum, Sagrinella, Saidovina, and Sigmavir-
gulina. A neotype is designated for Bolivina pli-
cata to stabilise the position of Bolivina, as com-
pared to Brizalina. The genera Latibolivina and
Parabolivina are synonymised into Bolivina.

The Fursenkoininae include the genera
Fursenkoina, Galliherina and Hopkinsinella. De-
tails are discussed of a proposal submitted to
the ICZN in order to stabilise the position of
Fursenkoina in the light of the difficulties sur-
rounding Cassidella. The species Virgulina tegu-
lata Reuss is deemed unrecognisable. To further
stabilise the position of Fursenkoina, a neotype

for Virgulina squammosa is designated.

The Parabrizalininae are created for the genera
Parabrizalina, Eulozostoma and Lozxostomina.

The Sagrininae are proposed to cover the
genera Sagrina, the newly proposed Alectinella,
Pseudobrizalina, Virgulinopsis, and Virgulopsis.

The genera FEouwigerina and Tappanina are
removed to the Eouvigerinidae, while Grims-
daleinella and Zeauvigerina are removed to the
Loxostomatidae, Pavoninacea.

The bilamellar nature of the toothplate-like
structure in Stainforthia, in conjunction with the
deviating internal architecture leaves the genus
incertae sedis within the Rotaliina. The genus
Francesita is removed from the Caucasininae and
left incertae sedis as well. Structural similarities
between Francesita and Stainforthia are shown,
but the creation of a suprageneric taxon to ac-
commodate them is judged to be premature.

The genus Tortoplectella is shown to be an ag-
glutinating taxon and it is consequently removed
from the Rotaliina to the Textulariina. Because
of the turmoil in the classification of agglutinating
forms, Tortoplectella is considered incertae sedis
within the Textulariina.

INTRODUCTION

The classification of the biserial toothplate-bearing
Foraminifera has undergone a marked centrifugal devel-
opment. FEarly in the history of foraminiferology, most
of these taxa were assembled in the Textulariidae, but
from the more comprehensive studies by Cushman on-
wards, the situation grew quickly more complex. Despite
numerous reclassifications and rapid growth of the num-

ber of generally accepted new genera, many of the cen-
tral species are not well known. This has contributed to
the sometimes drastic reclassification of one or the other
genus following a more detailed study of it. The gaps in
our knowledge continue to cause much confusion in the
literature, because generic attribution of a species is sel-
dom determined by the availability of clear-cut diagnoses,
but more often by habit or for historical reasons.
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The monographic study by Cushman (1937) of
the subfamily Virgulininae revised the systematics of,
amongst others, the genera Bolivina, Brizaling, Lozos-
toma, Virgulina, Virgulinella. The ensuing classification
was based exclusively on outer morphological features.
Most of the biserial genera were put in either the newly
proposed Bolivinitinae or in the Virgulininae.

In the Siboga Monograph, Hofker (1951) also studied
many biserial genera, for which he made and proposed
some drastic rearrangements in their classification.

Loeblich & Tappan (1964) put forth a rationalisation
of many of the past proposals into a comprehensive and
more logical classification. Using the optical nature of
the test wall as an important characteristic, they pro-
posed the Fursenkoininae alongside the Bolivinitidae and
Bulimininae, the latter also harbouring some biserial taxa
amongst their members.

Reyment (1959, 1983) discussed the status of Bolivina
when creating Afrobolivina and helped to alleviate some
of the confusion surrounding the type species of Bolivina.

Reiss (1957) and Zweig-Strykowski & Reiss (1975)
studied a number of Brizaling-like taxa and proposed a
series of new genera in an attempt to clarify the situation
concerning the position of Bolivina and Brizalina.

Scott (1977, 1978) showed SEM photographs of the
toothplate morphology in different Bolivinita species and
analysed their affinities and differences.

Haynes (1981) proposed a simplified classification, in
which he included biserial toothplate-bearing forms in
the Buliminidae, Buliminacea and Bolivinitidae, Bolivini-
tacea.

Loeblich & Tappan (1987) presented a major overhaul
of the classification, in the process raising an important
number of taxa to higher ranks. Many of the biserial
toothplate-bearing taxa were reclassified in a variety of
families, many of them new or reinstated.

Whittaker (1988) illustrated an important number
of Bolivina and Brizaline species from the Neogene of
Ecuador, pointing out the great difficulties still surround-
ing the identification of these stratigraphically useful gen-
era.

Previous studies of a variety of toothplate-bearing
taxa have shown the utility of the apertural complex
in delineating taxa on the generic level. Some of these
features, in conjunction with the more classical charac-
teristics such as overall shape and seriality, contributed
considerably to the elucidation of the familial relations
between these taxa. Therefore, the more important bis-
erial, supposedly toothplate-bearing taxa were restudied
using the same methodology.

DiscussioN

The results obtained from the revisional study of the
type species of the majority of bolivinitid taxa further
support the usefulness of the apertural complex in the
definition of not only genera but also taxa of familial
rank. The taxa investigated here all fall well within
the concept of the Buliminacea, i.e., high trochospiral
forms with toothplates running from aperture to fora-
men. The earlier proposal to recognise the Pavoninacea
is here reinforced by the exclusion of genera such as Bo-
livinella, Aragonia and Lozostoma from the Buliminacea.
Although they appear at first sight to stand closer to the
bolivinitids than, e.g., Pavonina or Chrysalidinella stand
to the buliminids {Revets, 1991a), this view proves to be
eITonecus.

The adoption of biseriality as one of the major ele-
ments in defining the Bolivinitidae along with the other
toothplate-bearing taxa within the Buliminacea under-
lines the validity of seriality as a characteristic worthy
of taxonomic attention. As eloquently pointed out by
Haynes (1990}, seriality is generally spurned as a char-
acteristic of taxonomic weight, but nevertheless keeps
haunting systematists in their attempts to improve clas-
sification. In the case of the buliminids sensu lato, seri-
ality appears to be linked to other characteristics and in
particular the apertural complex, allowing clear demar-
cations to be drawn, and thus somewhat redeem it as a
useful characteristic. All taxa here investigated are ba-
sically biserial, but some show a tendency of arranging
their chambers in almost rectilinear series, rather than
in opposition. Although tentative at this point in time,
there seems to be no relation between reproductive di-
morphism and mixed chamber arrangement, and this in
contrast to the situation in, e.g., the pavoninids or even
some siphogenerinoidids.

The Bolivinitidae are thus defined as biserial bulimi-
naceans which possess an attached toothplate that may,
in a few isolated cases, become free in late ontogeny but
will then remain decidedly asymmetric. This puts them
well apart from the Siphogenerinoididae, since the lat-
ter possess an entirely free toothplate which is bilaterally
symmetric, except perhaps in the very earliest stages. In-
terestingly, and underlining the point made earlier about
coiling, the siphogenerinoids all have a major part of the
test with chambers arranged in rectilinear series. Al-
though they have often been dealt with together with
the bolivinitids, they should be kept apart and will be
fully discussed in a forthcoming, separate study. In those
bolivinitid taxa where the toothplate becomes free, this
seems to be linked to a tendency of organising chambers



THE BOLIVINITIDAE

in a rectilinear arrangement. Apparently, this correlation
is a general one within the Buliminacea.

In contrast to the other buliminids, the shape of the
aperture is very similar within the bolivinitids but, coun-
terbalancing this uniformity, the richness of the varying
shapes of the toothplate has no equal. This variety pro-
vides an excellent tool to separate the multitude of taxa.
The apertures of Parabrizalina and Alectinella are rather
similar and leave one unprepared for the radically differ-
ent shapes of their respective toothplates. Unfortunately,
the relative apertural uniformity means that the aperture
is not a trustworthy guide to the internal anatomy, thus
necessitating the preparation of half-sections.

The toothplate morphologies range from the rather
simple, narrow clinging plate as in Bolivina or Bolivi-
noides, over the more and more flaring forms in Bolivinita,
Saidovina and Lugdunum, to the complexly contorted
plates in Alectinelle and Sagrina.

Two of the subfamilies can be recognised immediately
from the others. The vertically elongated chambers define
the Fursenkoininae, and the convoluted toothplate shape
separates the Sagrininae. The Bolivinitinae contain taxa
with horizontally drawn-out chambers and an asymmetric
toothplate with always one border attached. In contrast,
the Parabrizalininae possess a toothplate which becomes
completely free in the latest stages of ontogeny, but re-
mains asymmetric. Its chambers are more or less equidi-
mensional. The Fursenkoininae are more bulimine in their
structure, especially in the form of the toothplate.

One of the major difficulties within the bolivinids has
been the attribution of species to Bolivina or Brizalina.
Cushman never recognised Brizaling as a separate genus.
It received this status only with the publication of the
‘Treatise’ volume on Foraminifera {Loeblich & Tappan,
1964). Brizalina was defined as being laterally com-
pressed, usually with a marginal carina and lacking retral
processes, while these retral processes were the hallmark
of Bolivina. However, over the years it became obvious
that the differentiation between Bolivina and Brizalina
became more and more hazardous. Bolivina species kept
being assigned to Brizalina because the ‘retral processes’
failed to show up in a great many species. An analo-
gous problem occurs in the differentiation of Bolivinoides
from Bolivina species. The term ‘retral process’ is often
applied quite inappropriately, especially in the context of
the bolivinitids.

Retral processes are to be differentiated from crenu-
lations of the chamber delimitation. As pointed out by
Hansen & Lykke Andersen (1976), retral processes are to
be found at the inside of the chamber, usually though not
necessarily inside ponticuli spanning the suture. Retral

processes are a characteristic feature in elphidiid taxa,
but they have been encountered in Virgulinella as well
{Revets, 1991b). The crenulations of the basal part of
the chamber found in many bolivinids are not compara-
ble to retral processes as defined. True retral processes
are delimited by bilamellar chamber wall, while the crenu-
lations in bolivinids are at the most partially separated by
keel-like extensions from the chamber wall into the cham-
ber lumen. Since these extensions are made up of inner
lining, they are structurally very different from the re-
tral processes concept (e.g., Bolivina and even more s0 in
Afrobolivina, see Reyment, 1983, pl. 2, fig. 3, pl. 4, figs.
1 & 2). The presence of these extensions is apparently
also a matter of degree, rather than of kind. As a result,
the use of the term retral process should be applied with
due caution in the context of bolivinitid taxa. However,
retral processes do occur. The sections of Boliviniotdes
here presented of show true retral processes, very likely
related to the peculiar surface ornamentation, which can
be interpreted as some kind of ponticuli (pl. 4, fig. 3).
Hence, Bolivinoides is here regarded as distinct from Bo-
livina, notwithstanding the otherwise great similarities,
including toothplate shape.

The lectotypification of Brizalina aenariensis by
Sgarella (1992) and redescription of Bolivina com-
pounded the already existing confusion by once again
failing to differentiate between true retral processes and
purely external features of the chamber wall. Sgarella did
not prepare any sections and hence could not observe the
presence or absence of retral processes. Her synonymis-
ing of Brizalina into Bolivina had the unfortunate conse-
quence of leaving many Brizalina species without generic
affiliation which eventually led to the creation of the genus
Aphelophragmina by Loeblich & Tappan (1994}, with
Textularia variabilis var. spathulate Williamson, 1858 as
type species. The latter authors did not illustrate nor
discuss the morphological features of the type species of
the new genus, proposed to rescue the concept of Briza-
ling, but reclassified three other species in it, all three
without description or discussion. The fact that none of
these seem to fit the original Brizalina concept nor are
similar to the type species of the new genus as far as the
illustrations provided allow us to judge, only furthers the
already rampant confusion.

Brizaling is to be differentiated from Bolivina through
the different form of the aperture and the differences in
toothplate morphology. Contrary to Bolivina species, the
aperture in Brizalina is never surrounded by raised lips:
the edges of the aperture are rather delimited by a lateral
thickening, flush with the outline of the test. The tooth-
plate is more prominent in the aperture, that is, it is
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present over almost the entire length of the opening and
remains fairly straight. Inside the lumen, it fuses with
the foramen at its very upper part while slightly crossing
it through the attaching of the free border. In Bolivina,
the presence of the toothplate is less pronounced in the
aperture and it fuses with the upper edge of the foram-
inal toothplate, often running along for about half the
foramen length. Although a full revision is necessary to
resolve this difficult issue, the following Bolivina species
very likely belong in Brizalina: adelaidana, alata, ali-
formis, argentea, beyrichi, cochei, furcata, horizontalis,
marginata, mezicana, pisciformis, spissa, and subaenar-
1ensis.

The most striking difference between Bolivinoides and
Bolivina is to be found in what seems to be surface orna-
mentation in Bolivinoides. However, quite a number of
non-Cretaceous Bolivina species show a superficially sim-
ilar arrangement of ‘beaded costae’. As ornamentation
is not acceptable as a taxonomic character above species
level, it would seem that few grounds are available to sep-
arate Bolivinoides from Bolivina, as was earlier pointed
out by Hofker (1951) and Reyment (1959). The finding
of true retral processes in Bolivinoides, as here reported,
points towards a different point of view altogether. The
so-called ornamentation of beaded costae is better seen
as some kind of ponticuli. It does seem to be the case
that these ponticuli receive knob-like extensions in some
species of Bolivinoides but this does not diminish the fact
that the retral processes occur within these structures. As
such, they are quite different from the lobed extensions of
the chamber wall in Bolivina and even more so in Afrobo-
livina. As far as the apertural complex is concerned, the
only difference between Bolivinoides and Bolivina is the
less pronounced lip in the former. Beside these differ-
ences, the overall shape of the test and the individual
chambers are also different, albeit less clear cut in some
of the species. Bolivinoides species are by and large more
flaring and rhombohedral with much more laterally elon-
gated chambers, but some of the later species could be
mistaken for Bolivina species if only overall shape was
considered. Nevertheless, the structural differences suf-
fice to retain Bolivinoides as a genus in its own right.
What makes the genus intriguing is the fact that it seems
to have tried to converge to Bolivina but failed to do so
and became extinct. Seen as such, it is another rather
enigmatic case for students of the evolutionary process.

Sigmavirgulinag is removed from the Fursenkoininae
because of the overwhelming similarities with Boliving,
including, besides the apertural complex, the shape of
the chambers. The twisted nature of its test is no closer
to Fursenkoina than it is to Bolivina. Since the optical

nature of the test wall has been thoroughly discredited as
a usable character above species rank, the last vestige for
retaining Sigmavirgulina close to Fursenkoina has fallen
as well.

Fursenkoina as a genus was proposed by Loeblich &
Tappan to rescue Virgulina d’Orbigny, 1826, found to be
a preoccupied name. A tangle of disregard of the rules
laid down by the ICZN further compounded by misunder-
standings of morphological features necessitated the help
of the ICZN to provide stability and better understand-
ing (Revets, 1994, 1995). Architecturally speaking, of all
bolivinitids Fursenkoina stands closest to the buliminids,
except perhaps for Galliherina. The not quite exact bise-
rial coiling, the elongated and well rounded chambers dis-
tinguish it easily from the other bolivinitids. The fairly
elongated aperture, well rounded at the extremities with
the thickened, barely everted lip, just closing above the
basal suture reminds one of Bulimina. The cristate up-
per part of the toothplate protrudes into the apertural
opening and is visible in the upper third, again quite bu-
limine. The toothplate is rather straight and fuses partly
with the top of the foraminal toothplate, partly over the
foraminal sulcus. This is somewhat different from Bulim-
ina, where the toothplate fuses past the foraminal sulcus,
against the lateral wall (Revets, 1989).

The other apparently very bulimine genus, Gallihe-
ring, is here for the first time analysed through section-
ing. As a result, it now transpires that this genus has
variously been misunderstood. From the description of
its type species onwards, it has always been described as
triserial {Cushman & Kleinpell, 1934; Kleinpell & Tip-
ton, 1980; Loeblich & Tappan, 1987; Whittaker, 1988)
whereas the sections show it to be biserial, albeit some-
what twisted. The toothplate is similar to the one in
Fursenkoina, and differs from the bulimine one in fusing
on top of the foraminal toothplate rather than adjacent
to it. Its top features more prominently in the aperture
and it is more concave than the fursenkoine toothplate,
especially so late in ontogeny. The way in which the free
border hovers over the foramen is well in keeping with
the other taxa here investigated, further strengthening
the case for its reclassification in the Fursenkoininae, Bo-
livinitidae.

Hopkinsinella is a very problematic genus. The strik-
ing difference between aperture and foramina can only be
explained as the result of resorption and rebuilding of the
intercameral opening. The possibility that the differences
are due to reproduction are excluded. The very large type
series was thoroughly checked and all specimens, includ-
ing obvious juveniles, showed the same form of aperture.
Thus the possibility that a deviating final chamber is built
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just before reproduction, as in, e.g., Buliminellita, is re-
jected. The occurrence of resorption is unusual, and as
far as is known unique within the Buliminacea. Neverthe-
less, the clearly biserial coiling and the presence of a true
toothplate sitting between very bulimine foramina leaves
no doubt as to the bolivinitid affinities of this taxon.

The architecture of PEulozostoma is puzeling and
something of a problem for the basis on which the clas-
sification here proposed is based. During most of its on-
togeny, Fulozostoma appears quite similar to Brizaling,
not only in overall habitus but also in shape of the tooth-
plate. Only in the very latest stages of its life does the
organism arrange its chambers in almost rectilinear se-
ries, with the consequent freeing of the attached border
of the toothplate. As a result, the taxon is classified along
the other biserials with a final rectilinear part and a free,
asymmetric toothplate, because the characteristics of the
adult are deemed to be the best basis for taxonomic at-
tribution. Nevertheless, the classification of Eulozostoma
alongside Parabrizalina and Lozostomina remains tenta-
tive and may well change when more and more precise
information becomes available. Despite superficial simi-
larities with Brizaling, it can be distinguished easily from
the latter by the considerable frontal overlap of the cham-
bers, the substantial and interrupted keel and the quite
different aperture.

The small Sagrina species have been misunderstood
from very early on. Although the optical sections pub-
lished by Hofker of Sagrina pulchelle are very close to the
actual morphology, they nevertheless do not elucidate the
full complexity of the internal anatomy. However, despite
the small size of the specimens and the technical limita-
tions experienced by Hofker, his study remains the only
one to date reporting the inner structure. With the aid
of SEM images, Hofker’s drawings can now be correctly
interpreted. The outer morphology is deceptively sim-
ple and the standard bulimine aperture gives no inkling
of the complexly folded toothplate occupying a sizeable
portion of the lumen of each chamber. As such, it can be
seen as the biserial equivalent of the triserial Fijiella or
Trimosina, with the provision that the complexity of the
topological deformation in Segrina has no equal. As the
most advanced development of the toothplate, it becomes
a major hazard for anyone trying to put forward an in-
terpretation of the toothplate as an anatomical structure.
The genus Virgulinopsis is very closely allied to Sagrina,
but the very bulimine shape of the aperture allows easy
recognition of the genus.

The genera Eouvigering and Tappanina have custom-
arily been classified in the vicinity of the bolivinitids sensu
lato. However, the clearly pronounced tendency of pro-

ducing the aperture on a neck, well away from the basal
suture indicate a more uvigerine affinity. Pending a re-
vision, they are therefore removed from the Bolivinitidae
and tentatively reclassified in the Eouvigerinidae.

Despite the great utility of the apertural complex for
taxonomic purposes, a few oddities threaten the founda-
tions underlying the proposed classification. The unusual
internal structures in Stainforthic and Francesita show
the advisability for caution. Whereas the toothplate-like
structure in Francesita is very cassiduline in its nature,
the analogous structure in Stainforthia defies any paral-
lel. With the present state of knowledge, no decision can
as yet be taken with any confidence as far as the true
nature of Stainforthia is concerned. Nevertheless, bas-
ing the classification on the shape of the aperture, tooth-
plate and also of the chambers, a fairly consistent scheme
has emerged. Compared to the proposal by Loeblich &
Tappan (1987), the current scheme advocates a return to
the principles underlying the earlier scheme of Loeblich
& Tappan (1964), adjusted for some important changes
in value of characters used and increase in new taxa. The
observations here reported once more echo Haynes (1990)
by supporting the view that the 1987 scheme of Loeblich
& Tappan recognises too many taxa, of familial rank based
on tenuous grounds.

The reclassification here proposed may seem at first
sight to rely rather heavily on the toothplate as a taxo-
nomic character. However, this choice can be argued for.
The toothplate is a purely internal structure and hence
less susceptible to environmental factors. It is apposite to
note the role played by analogous internal structures in
rotaliid taxa, where differences in form of these very struc-
tures are used for taxonomic purposes as well. There is
also a clear correlation between toothplate shape and coil-
ing mode. As already pointed out, bilaterally symmetric
toothplates only occur in taxa with rectilinear chambers
{Siphogenerinoides, Rectobolivine, and even in a pecu-
liar way in Tubulogenerina). Looking beyond bolivinitids,
this correlation crops up again in pleurostomellids (pecu-
liar toothplate shape and distinctive coiling}, uvigerinids
{shape of toothplate supports the usual distinction based
on the apertural neck). It is this concordance of tooth-
plate shape with other, more classical features such as
coiling, seriality, and shape of the aperture, that sup-
port the use of the toothplate in proposing finer subdi-
visions and help to delineate taxa of lower rank. The
rationale underlying the scheme proposed is to combine
such features as chamber shape, shape and position of the
aperture and shape of the toothplate to delineate various
subfamilies, and to use coiling and seriality together with
type of aperture at the family level. However, the use

wt
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of these features is not governed by a restrictive logical
arrangement.

SYSTEMATIC DESCRIPTIONS

SUBORDER ROTALIINA LANKESTER, 1885
SUPERFAMILY BULIMINACEA JONES, 1875

1875 Buliminida Jones: 320.

1987 Bolivinacea Glaessner; Loeblich & Tappan: 497.

1975 Bolivinitacea Cushman; Saidova: 299.

1981 Fursenkoinacea Loeblich & Tappan; Saidova: 45.
Description. Test free; chambers arranged in very high trochos-

piral coils; aperture basically loop-shaped with a periapertural lip,

may be modified into a neck with a phialine lip, multiple slits, or

partially hidden by a flap; a toothplate made up from inner lining

runs from aperture to foramen; wall calcitic, bilamellar, no septal

flap present, hyaline, perforate.

FaMmiLy BOLIVINITIDAE CUSHMAN, 1927

1927 Bolivinitinae Cushman: 61.

1936 Bolivinitidae Cushman; Glaessner: 127.
1937 Bolivininae Glaessner: 420.

1951 Bolivinidae Glaessner; Hofker: 48.

1984 Bolivinoididae Loeblich & Tappan: 42.

Description. Test free, elongated; chambers in biserial coils;
aperture commonly loop-shaped and surrounded by a periapertural
lip; a toothplate runs from aperture to foramen, fusing with the
foraminal lip or the apex of the foraminal toothplate protruding
into the foramen; wall calcitic, bilamellar, hyaline, perforate.

Member taza. Bolivinitinae, Fursenkoininae, Parabrizalininae
subfam. nov., and Sagrininae subfam. nov.

SUBFAMILY BOLIVINITINAE CUSHMAN, 1927

Description. Test free, elongated, laterally compressed, bise-
rial; chambers wider than high; aperture loop-shaped, surrounded
by a periapertural lip, thickened and somewhat everted, top of the
toothplate slightly protruding in the apertural opening; toothplate
a simple asymmetric trough, one free border, attachment to the
foraminal lip or on the top of the foraminal toothplate; wall cal-
citic, bilamellar, hyaline, finely perforate.

GENUS Bolivinita CUSHMAN, 1927

1927 Bolivinita Cushman: 90.
Type species. Tezlilaria quadrilatera Schwager, 1866, original
designation.
Bolivinita quadrilatera (Schwager, 1866)
Pl 1, Figs. 1-4

1866 Teztilaria quadrilatera Schwager: 253, pl. 7, fig. 103.

1927 Bolivinita quadrilatera (Schwager); Cushman: 90.

1933 Bolivinita quadrilatera (Schwager); Galloway: 352, pl. 32, fig.
12.

1966 Bolivinita quadrilatera (Schwager); Belford: 18, pl. 4, figs.
4-7.

1980 Bolivinita quadrilatera (Schwager); Srinivasan & Sharma: 62,

pl. 6, figs. 22-23.

1988 Bolivinita quadrilatera (Schwager); Whittaker: 79, pl. 13,

figs. 19-23.

Neotype. Section of Micropalaeontology, Department of Geol-
ogy, Banaras Hindu University, India; designated by Srinivasan &
Sharma, 1980.

Type locality. Kar Nicobar, Indian Ocean; Upper Miocene.

Material ezamined. P48528, P52793, P52804, topotypes; The
Natural History Museum, London.

Description. Test elongate, tapering, regularly and slowly in-
creasing in size, quadrangular in end view with concave sides, aper-
tural end broadly rounded, periphery flush to slightly undulate,
biserial, may be slightly twisted; 10 to 12 chambers, chambers
subcylindrical with straight lateral faces, slightly higher than long,
outer edge drawn out, frontal overlap occupying middle third of the
test width; sutures distinct, raised, arcuate; aperture in the upper
part of the final chamber in an imperforate area, asymmetrically
placed, starting somewhat above the basal suture, oval, surrounded
on one side by a well defined slightly raised lip, lip curves round
the apex of the aperture to merge into the upper edge of the tooth-
plate, thereby delimiting a well defined sulcus; toothplate large,
spine straight, attachment long, covering the foraminal toothplate
top and running through ending at the lower end of the forami-
nal lip; wall hyaline, finely perforate, test ornamented by lateral
flange-like keels running along the outer edges over the entire test.

Remarks. The specimens here described are different from the
majority of Recent specimens usually identified as B. quadrilatera.
The toothplate anatomy of B. guadrilatera as observed in topo-
types is quite different from most of the Recent specimens I have
seen. In topotypes, the toothplate possesses a straight spine and
a well developed highly arched trough with a sinusoid free border
and a marked tailing border. Recent specimens show a plate-like
non-arched toothplate with a free border remaining apical to the
plate, rather than progressing beside it. Also, no tailing border
could be observed. It seems that these specimens belong to B.
pliozea Finlay, 1939a, known to range into the Recent. Therefore,
the stratigraphic distribution of B. quadrilatera is very likely more
restricted than hitherto assumed.

Although the neotype established by Srinivasan & Sharma
(1980) is strictly speaking invalid (due to the infringing of ICZN
article 75, par. b, litt. ii and par. d, litt. 1), I propose to recognise
the designated specimen as valid for the following reasons;

art. 75, b(ii). Exceptional circumstances are in force. The
species is the type species of a genus which itself is the type genus of
a taxon of familial rank. Furthermore, observations herein reported
show that confusion exists as to the correct specific identification of
closely related taxa. The observation of the toothplate morphology
shows that a great many of the reported identifications are erro-
neous. This situation can only be remedied by the establishing of a
type specimen, stabilising the nomenclature.

art. 75, d(1). The description herein provided includes a differ-
ential diagnosis.

GENUS Bolivina D’ORBIGNY, 1839

1839b Bolivina d’Orbigny: 60.
1911 Bolivina d’Orbigny; Cushman: 31.
1959 Bolivina d’Orbigny; Reyment: 15.
1966 Latibolivina Srinivasan: 240.
1992 Parabolivina Resig:30.
Type species. Bolivina plicata d’Orbigny, 1839, subsequent des-
ignation by Cushman, 1911.
Bolivina plicata d’Orbigny, 1839
PlL. 1, Figs. 5-8
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1839b Bolivina plicata d’Orbigny: 62, pl. 8, figs. 4-7.

1911 Bokivina plicata d’Orbigny; Cushman: 31.

1933 Bohwina plicata d’Orbigny; Galloway: 351, pl. 32, fig. 8.
1937 Bolivina plicate d’Orbigny; Cushman: 123, pl. 15, figs. 6-7,

non 8!

1948 Bolivine plicate d’Orbigny; Cushman: 244, pl. 27, fig. 25.
1959 Bolivina plicata d’Orbigny; Reyment: 16.
1983 Bolivina plicata d’Orbigny; Reyment: 29, pls. 1, 2 (figs. 1-2,

4-5), 3 (figs. 5, 7).

1987 Bolivina plicata d’Orbigny; Loeblich & Tappan: 498, pl. 547,

figs. 1-4.
non 1964 Bolivina plicata d’Orbigny; Loeblich & Tappan: 549, fig.

434/7.
non 1988 Belivina plicata d’Orbigny; Whittaker: 80, pl. 10, figs.

1-3.

Neotype. An exhaustive search in the collections of the Muséum
National d’Histoire Naturelle, Paris, has failed to yield any clue
as to the possible whereabouts of the original d’Orbigny speci-
mens. All available tubes and labels were repeatedly checked on
several occasions, unfortunately in vain. Reyment (1959} selected
d’Orbigny’s figure 5 and 6 as lectotype. This proposal is in conflict
with Galloway’s proposal (Galloway, 1933) in which the species was
restricted to the specimen figured by d’Orbigny under number 4.
Galloway assigned figures 5 and 6 to the new, but unavailable name
distincta. Galloway’s proposal was obviously followed by Cushman
(1948), since the latter restricted his figures to coincide with the
d’Orbigny figure 4. Cushman thereby revised his earlier illustration
of the species. The issue is further complicated by Millett’s re-
mark that d’Orbigny reproduced his figure 4 in the Vienna Memoir
{d’Orbigny, 1846), but now under the name costata, a species cre-
ated by d’Orbigny in 1839b alongside plicata from the same general
area (Millett, 1900, p. 5453). Cushman (1937) figured a specimen
from the Recent off the Panamanian Coast, considering it to be
B. plicata. Conspecific specimens were subsequently depicted by
Cushman {1948), Loeblich & Tappan (1964) and Whittaker (1988).
However, these specimens are different from those figured by Rey-
ment (1983) from Valparaiso, the type locality. The illustrations
provided by Loeblich & Tappan (1987) are conspecific with Rey-
ment’s (1983) but different from the earlier ones {Loeblich & Tap-
pan, 1964). In order to resolve this complex issue, I herewith estab-
lish a neotype. In accordance with article 75, paragraph d of the
ICZN, the following remarks are called for:

art. 75, par. b(i). This study aims at establishing the true tax-
onomic relations between the different genera relevant to this study,
based on observations of their type species. These species are com-
pared to closely related taxa in order to arrive at an unambiguous
description and consequent clarification of the different specific and
generic concepts.

art. 75, par b{ii). Exceptional circumstances are in force for
the case of Belivina plicata, since there appears to be a persistent
confusion in the literature as to the true nature of the species. The
lack of a type specimen precludes the resolving of the problem, es-
pecially since a number of closely related species are involved. The
fact that Bolivina plicate is the type species of the genus Bolivina
increases the urgency for a satisfactory solution.

art. 75, par. b(iii}. The designation by Reyment (1959) of a lec-
totype is herein overruled since no specimens are behind the figures
designated, and because the figures in themselves prove insufficient
to clarify the situation.

art. 75, par. d(1). See description.

art. 75, par. d{2). The neotype is fully labelled and deposited in
the Muséum National d'Histoire Naturelle, Paris, in the d’Orbigny
Micropalaeontology Collection, registered as F61753.

art. 75, par. d(3). The d’Orbigny collection has suffered a great

many losses over the years. Apart from the hazards involved in the
moving of the entire collection from Esnandes to Paris and the ini-
tial storage of the collection in the cellars of the Museum, the great
flooding by the Seine resulted in the drowning of all the glass tubes
containing d’Orbigny’s specimens. A great many of the tubes were
lost and many others became detached from the thick cardboard
identification labels to which they had been glued. Repeated and
exhaustive searches have failed to yield any indication of Boliving
plicata. All the tubes, including unlabelled ones and all the loose
cardboard identification labels have been assembled and repeatedly
checked to no avail. 1 therefore consider potential syntypes as being
lost.

art. 75, par. d(4). See description.

art. 75, par. d(5). The neotype was selected from specimens
recovered from the original sample used by d’Orbigny himself. The
type locality thus remains the same as the original type locality.

art. 75, par. d{6). Boltvina plicata, deposited in the Muséum
National d’Histoire Naturelle, Paris, herein designated.

Type locality. Off Valparaiso, Chile; Recent.

Material examined. Specimens recovered from d’Orbigny’s orig-
inal sample; Paris. Galothea Station 729, 7T°22°N 79°33'W, -875 m,
Gulf of Panama; Geological Central Institute, Copenhagen. Borbon
Basin, Ecuador; Upper Onzole Formation, Pliocene, courtesy J.E.
Whittaker.

Deseription. Test elongate, broadly rounded, slightly taper-
ing, periphery slightly lobulate, broadly oval in end view, biserial;
some 20 chambers in the adult test, chambers low, about twice
as wide as high, regularly increasing in size, frontal overlap in the
later chambers considerable, up to 2/3 of the test width, numer-
ous crenulations present; sutures undulate, in the earlier part of the
test obscured in the centre due to the deposition of secondary lamel-
lae on the crenulated chamber edges; aperture loop-shaped, often
somewhat twisted, surrounded by a highly raised everted apertu-
ral lip, lip asymmetrical, upper part of the toothplate not always
apparent in the aperture, a single ridge commonly running from
the apex of the aperture towards and somewhat onto the previ-
ous chamber; toothplate slim, spine concave and gently arched, no
tailing border, free border sigmoid, mingles into the plate halfway
down, attachment site along the foraminal toothplate apex; wall
hyaline, optically distinctly radial, finely perforate; ornamented by
the raising of the crenulations due to the deposition of secondary
lamellae, coalescing to form a few sinuous costae, most prominent
in the lowest third of the test, the remnants of the crenulations and
the intervening arches of the sutures yielding a plicated effect.

Remarks. Differs from B. costata in lacking true costae covering
the entire test, possessing more crenulations, a completely perforate
apertural face and a small ridge running from the top of the aper-
ture downwards opposite the aperture; from B. stnuata in having
much less regular and less pronounced crenulations and thus inter-
twining and less regular costae, in possessing a ridge running from
the aperture towards the penultimate chamber, and in having much
less frontally overlapping chambers; and from B. streptos in being
breadly rounded, in possessing a prominent everted periapertural
lip, in possessing more crenulations in a less regular arrangement,
and in having costae in the earlier part of the test.

Specimens referable to B. plicata are present in the Pliocene
of Ecuador, but the specimen chosen for illustration by Whittaker
{1988) belongs to B. streptos.

Bolivina costata d’Orbigny, 1839
Pl. 2, Figs. 1-3

1839b Bolivina costate d’Orbigny: 62, pl. 8, figs. 8-9.
1846 Bolivina costata d’Orbigny; d’Orbigny: 239, pl. 21, figs. 44-45
1937 Bolivina costats d’Orbigny; Cushman: pl. 15, fig. 4-5.



_S_', A. REVETS

non 1884 Bolivina costate d’Orbigny; Brady: 426, pl

26-217.

Syntypes. Muséum National d'Histoire Naturelle, Paris.

Type locality. Cobija Harbour, Chili (given as Bolivia); Recent.

Material ezamined. Syntypes; Muséum National d’Histoire Na-
turelle, Paris. Topotypes from d’Orbigny’s original samples taken
by Heron-Allen; The Natural History Museum, London.

Description. Test elongate, broadly rounded, oral end some-
what truncated, tapering, periphery barely lobulate, broadly oval
in end view, biserial; up to 16 chambers, chambers low, frontal
overlap restricted to the imrnediate area of the central axis, 7 to
8 crenulations per chamber, crenulations following each other in
regular series, producing the costate outlook; sutures undulate, ob-
scured in the earlier part; aperture running up from the basal suture
in the centre of the test to the apex of the chamber, loop-shaped,
in the middle of an imperforate area, bordered by a low, thickened
and slightly everted lip, more prominent one side, opposite a small
ridge indicating the apex of the toothplate; toothplate slim, spine
straight, slightly curving towards the foramen, a very small straight
tailing border, free border curved, attachment along the foraminal
lip, partly onto the top of the foraminal toothplate; wall hyaline,
distinctly perforate but for the apertural face; around 12 true costae
run along the entire length of the test, surface between the costae
relatively flush.

53, figs.

Bolivina sinuata Galloway & Wissler, 1927
Pl. 2, Figs. 4-5

1927 Bolivina sinuate Galloway & Wissler: 71, pl. 11, fig. 9 ¢.

1937 Bolivina sinuata Galloway & Wissler; Cushman: 120, pl. 14,
figs. 19-20.

1938 Bolivina stnuata Galloway & Wissler; Kleinpell: 281.

1988 Boliving sinuate Galloway & Wissler; Whittaker: 89, pl. 10,

figs. 4-7.

Holotype. 19781, Paleontology Collection, Columbia University,
New York, U.S.A.

Type locality. Lomita Quarry, Lomita, Palos Verdes Hills, Cal-
ifornia, U.S.A.; Lower San Pedro Formation, Pleistocene.

Material ezamined. Malaga Cove, California, U.S.A.; Repetto
Siltstone, Upper Pliocene; Borbon Basin, Ecuador: Upper Onzole
Formation, Pliocene, courtesy J.E. Whittaker.

Description. Test elongate, broadly rounded, gradually and
regularly increasing in size, apertural end rounded, periphery barely
lobulate, broadly oval in end view but also very lobulate, usually ¢
to 10 lobes visible, biserial; up to 26 chambers, chambers inflated,
slightly wider than high, very regularly increasing in size, becom-
ing more rounded later in ontogeny, frontal overlap fairly restricted,
very little over the central axis; sutures undulate, obscured in the
earlier part, 6 to 8 crenulations per chamber, deeply cut out, very
regular; aperture in a poreless apertural face, loop-shaped, running
up from the basal suture almost to the apex of the chamber, sur-
rounded by a low, distinctly everted lip, lip curving round the apex
of the aperture and coalescing into the apex of the slightly protrud-
ing toothplate, leaving a distinct sulcus between the toothplate and
apertural edge; toothplate slim, curved over at the lower end over
the foramen, fusing with the apex of the foraminal toothplate, ap-
parently producing a continuous plate; wall finely perforate but for
the apertural face, imperforate sections present between the crenu-
lations of the earlier chambers; crenulations in neat, regular series,
forming a distinctly lobulate costate pattern, becoming continu-
ously and truly costate in the lower third of the test.

Bolivina streptos Hasson, 1986
Pi. 2, Figs. 6-9

1937 Botivina plicata d’Orbigny; Cushman: 123, pl. 15, fig. 8 only!
1964 Bolivina plicata d’Orbigny; Loeblich & Tappan: 549, fig.

434/7.

1986 Bolivina imporcata subsp.

Fisher: 40, pl. 1, figs. la-c.
1988 Bolivina plicata ’Orbigny; Whittaker: 80, pl. 10, figs. 1-3.

Holotype. USNM 256063, Smithsonian Institution, Washing-
ton, D.C.

Type locality. Sample 9-19, Wave-cut bench at the ocean front,
6.5 kin W of Esmeraldas, Ecuador; Lower Pliocene.

Material ezamined. Gulf of Panama, Galethea Expedition, var-
ious Stations; Borbon Basin, Ecuador; Upper Onzole Formation,
Pliocene, courtesy J.E. Whittaker.

Description. Test elongate, evenly tapering, may be slightly
twisted, apertural end rounded, distinctly compressed laterally with
blunt edges, periphery slightly lobulate, biserials up to 24 cham-
bers, chambers about twice as wide as high, regularly increasing in
size, becoming somewhat higher during ontogeny, frontal overlap
restricted to the central axis of the test; sutures distinct, somewhat
depressed, distinctly arched, only central portion undulate due to
the presence of a few crenulations; apertural face perforate, aper-
ture loop-shaped, may be slightly sigmoid, running from the basal
suture up to the apex of the chamber, surrounded by a slightly
raised, somewhat everted lip, lip curving round the apertural apex
and fusing with the top of the toothplate and the apertural rim,
which may result in the presence of a narrow sulcus; toothplate
thin, inwardly arched, attachment with the top of the foraminal
toothplate; wall opaque, distinctly and rather coarsely perforate;
maximum 4 crenulations per chamber, very close to the centre of
the test axis, yielding a raised band, never merging into a costate
pattern, the earliest part of the test may bear a few fine and rather
short true costae unrelated to the crenulations.

streptos Hasson, in Hasson &

Bolivind anastomosa Finlay, 1939
PL 3, Figs. 1-4

19392 Bolivina anastomosa Finlay: 320, pl. 27, figs. 75-77, 103,

111.

1966 Latiboliving anastomosa {Finlay); Srinivasan: 240.

Holotype. TF 1122/1, New Zealand Geological Survey.

Type locality. Loc. 5273, Kakanui Beach, 10 km SW of Oa-
maru, South Island, New Zealand; All Day Bay Mudstone, Alto-
nian, Lower Miocene.

Material examined. P52794 & 95, North Bank of Mangaoporo
River, Ruatoria, East Cape, New Zealand; Tutamoe Formation,
Middle Miocene, Dorreen slide X1, square 15a, donated by Dorreen
to the The Natural History Museum, London.

Description. Test elliptical, broadly rounded, laterally com-
pressed, periphery flush, biserial; 15 chambers, chambers low, about
three times as long as high, regularly increasing in size, becoming
relatively lower later in ontogeny, frontal overlap minimal; sutures
ill-defined, depressed, gently arcuate, in the centre of the test ob-
scured by superficial ornamentation; aperture running up from the
basal suture, reaching the apex of the test, almost terminal, oval,
rather small, surrounded by a much thickened but ill-defined lip,
toothptate commonly protruding in the aperture; toothplate small,
spine sigmoid, free border originating very close to the aperture,
pronounced concave arch, with a small tailing border, attachment
along the entire length of the foraminal lip; wall coarsely perforate;
ornamented in the centre of the test by reticulate low and flattened
costae.

Remarks. This species was designated by Srinivasan as the type
species of Latibolivina Srinivasan, 1966. The differences between
B. anastomosa and other Bolivina species does not stretch beyond
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superficial ornamentation. This is deemed insufficient to warrant
generic separation.

GENUS Afrobolivina REYMENT, 1959

1959 Afrobolivina Reyment: 19.
Type species. Afrobolivina afra Reyment, 1959, original desig-
nation.
Afrobolivina afra Reyment, 1959
Pl. 3, Figs. 5-8

1959 Afrobolivina afra Reyment: 21, pl. 1, figs. 1-4, pl. 2, figs.
1-5, pl. 3, figs. 1-5, pl. 4, fig. 1, pl. 5, figs. 1-3.

1983 Afrobolivina afra Reyment; Reyment: pl. 2, fig. 3, pl. 3,
figs. 1-4, 6, 8, pl4, figs. 1-6, pl. 5, figs. 1-8.

Holotype. G I1F 21/W B, Geologiska Institutet, Stockholm Uni-
versity.

Type locality. Gbekebo Borehole, 960-1005 m, Western Nigeria;
Upper Maastrichtian.

Material ezamined. Topotypes, courtesy R. A. Reyment.

Description. Test elongate, well rounded, broadly elliptical
in end view, slowly and regularly increasing in width, apertural
end broadly rounded, periphery slightly lobulate, biserial; up to 16
chambers, chambers fairly equidimensional, subelliptical, regularly
increasing in size, becoming higher during ontogeny, frontal overlap
occupying the central third of the test width, chambers with nu-
merous lobes, often marked through reticulations due to secondary
lamination; sutures largely obscured by the lobes and ornamen-
tation, apparently fairly straight, flush with the surface; aperture
loop-shaped, often sigmoid, especially in microspheric generation
with raised lip, toothplate not protruding in the apertural opening;
toothplate slim, clinging, spine concavely arched, no tailing bor-
der, free border fairly straight, fusing with the foraminal lip at the
top-peripheral part, over a fairly short distance; wall densely perfo-
rate; ornament consisting in a reticulate set of thin costae, produced
through secondary lamination deposited in the sutures and between
the chamber lobes.

Remarks. Dimorphism is very pronounced in this species.

GENUS Bolivinoides CUSHMAN, 1927

1927 Bolivinoides Cushman: 89.
Type species. Bolivina draco Marsson, 1878, original designa-
tion.
Bolivinoides draco {Marsson, 1878)
PL 4, Figs. 1-4

1878 Bolivina draco Marsson: 157, pl. 3, figs. 25a-d.
1927 Bolivinoides draco (Marsson); Cushman: 89.

Type. No information is available.

Type locality. Isle of Riigen, Germany; Maastrichtian.

Material ezamined. Stevns Klint, Denmark; late Maastrichtian.
Valhall Field, Block 2/8, Central North Sea; Tor Formation, late
Maastrichtian. Courtesy H.W. Bailey.

Description. Test elongate, subrhombohedral, laterally com-
pressed, elliptical in end view, commonly slightly twisted, rapidly
increasing in width, upper third of the test often abruptly wider,
apertural end broadly rounded, periphery flush, carinate, biserial;
up to 16 chambers, chambers low and drawn out, very regularly
increasing in size, becoming progressively lower during ontogeny,
frontal overlap limited to the central axis of the test, with true re-
tral processes; sutures completely obscured by the superficial orna-
mentation; aperture an elongated opening in the area between the

basal suture and the apex of the chamber, surrounded by a barely
raised lip, lip recognisable by the small thickening of the imperfo-
rate chamber wall, top of the toothplate protruding in the aperture,
partially delimiting a small narrow sulcus; toothplate small, spine
gently arched, free border sigmoid, no tailing border, attachment
site extensive, along the top of the foraminal toothplate, stopping
short of the lowermost end of the foraminal lip; wall finely perforate,
in well preserved specimens distinctly perforate; ornamented with
small, broadly rounded ponticuli harbouring the retral processes,
running perpendicular to the cameral sutures, arranged in neat
rows, earlier ponticuli coalescing, eventually forming solid costae,
in the intial part of the test producing 2 parallel costae.

Remarks. Specimens are usually recovered from Chalk facies,
which explains why almost all specimens are infilled with calcite
and commonly recrystallised to various extents. The number of
ponticuli in the later chambers seems to be a useful character for
stratigraphic purposes.

GENUS Brizalina CosTaA, 1856

1856 Brizalina Costa: 296.

1964 Brizalina Costa; Loeblich & Tappan: 552.

1973 Bolivina {Brizalina} Costa; Haynes: 128.

1987 Brizalina Costa; Loeblich & Tappan: 498.

Type species. Brizalina aenariensis Costa, 1856, original des-
ignation.
Brizalina aenariensis Costa, 1856
Pl 4, Figs. 5-8

1856 Brizalina senariensis Costa: 297, pl. 15, fig. 1.
1911 Bolivina aenariensis {Costa); Cushman: 44, fig. 71.
1937 Bolivina aenariensis (Costa); Cushman: 105, pl. 12, figs. 21-

26.

1964 Brizalina aenariensis Costa; Loeblich & Tappan: 552, figs.

434/5 — 6, 436/1 — 2.

1992 Bolivina aenariensis (Costa); Sgarella: 322, pl. 1, figs. 1-13,

pl. 2, figs. 1-11.

Lectotype. 15377-A, Museo Geologico di Napoli, Italy, desig-
nated by Sgarella, 1992,

Type locality. Casamicciola, Isola d’Ischia, Campania, Italy;
Pleistocene.

Material ezamined. Topotypes, Piani di S. Paolo, Isola d’Ischia,
Italy; Pleistocene. Courtesy M. del Re.

Description. Test elongate, regularly tapering, test may be ar-
cuate, apertural end rounded, strongly compressed laterally, thin,
periphery lobulate, edges sharp, biserial; 20 to 22 chambers, cham-
bers narrow, almost thrice as long as high, arcuate, drawn out to-
wards the periphery, regularly increasing in size, becoming propor-
tionally higher during ontogeny; sutures distinct, depressed, seem-
ingly limbate, arcuate, through contact with the previous suture
yielding a zigzag pattern along the central axis of the test; aper-
ture terminal, at the apex of the chamber, a narrow slit originat-
ing through the parting of the marginal keel, resulting in a nar-
row slit bordered by two barely everted lips, starting slightly above
the basal suture, toothplate protruding in the aperture; toothplate
elongated and very thin, spine straight to gently concave, no tail-
ing border, free border almost straight and diminishing towards the
end but butting into the foramen before disappearing altogether,
attachment on the foraminal toothplate but continuing unto the
foraminal lip about halfway down the foramen, thereby creating a
division of the foramen; wall hyaline, finely and distinctly perforate;
ornamented by a few faint striae, test often bearing a short initial
spine.
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GENuUs Coryphostoma LOEBLICH & TAPPAN, 1962

1962 Coryphostoma Loeblich & Tappan: 111.
Type species. Bolivina plaita Carsey, 1926, original designation.
Coryphostoma plaitum (Carsey, 1926)
Pl 5, Figs. 1-4

1926 Bolivina plaite Carsey: 26, pl. 4, fig. 2.
1932 Lozostoma plaitum {Carsey); Plummer: 182, pl. 10, figs. 5-7.
1962 Coryphostoma plaitum {Carsey); Loeblich & Tappan: 111.

Neotype. designated by Plummer, 1932, Invalid (ICZN article
75, paragraphs b and ¢). As the nature of the species does not pose
any systematic problems, the designation of a neotype is unneces-
sary.

Type localily. Jones’ Crossing of Onion Creek, East of Austin-
Bastrop Highway, 9 Miles Southeast of State Capitol Building
in Austin, Travis County, Texas, U.S.A.; Corsicana Marl, Lower
Navarro, Maastrichtian.

Material ezamined. Topotypes, courtesy A.R. Loeblich. Spec-
imens from Crosswick Creek, Navesink, New Jersey; Monmouth
Formation.

Description. Test elongate, gradually and slowly increasing in
size, laterally compressed, compressed elliptically in end view, pe-
riphery lobulate, biserial; up to 12 chambers, chambers about twice
as long as high, slightly inflated, laterally compressed, frontal over-
lap occupying the central third of the test; sutures at first depressed,
quickly becoming raised due to the deposition of secondary lamellae,
a distinct boss being formed on the earlier chambers at the joining
of two successive chambers; aperture terminal, an elliptical open-
ing positioned well clear from the basal suture, lip low and rather
thick, mainly at the peripheral side, curving round the aperture at
the top, continuing onto the toothplate protruding in the aperture,
delimiting a well defined rather long sulcus; toothplate large, with a
slightly concave spine, free border sigmoidally curved, turning away
from about halfway down the lumen, usually with a small tailing
border, attachment site long, along the entire top of the foraminal
toothplate; wall perforate.

Remarks. The gender of Coryphostoma is neuter.

GENUS Lozostomoides REISS, 1957

1957 Lozostomoides Reiss: 241,
1959 Bolivina (Lozostomoides) Reiss; Reyment: 16,
Type species. Bolwwina applinae Plummer, 1926, original desig-
nation.
Lozostomotdes applinae (Plummer, 1926)
Pl. 5, Figs. 5-8

1926 Bolivina applini Plummer: 69, pl. 4, fig. 1,
1929 Bolivine applinee Plummer; Galloway & Morrey: 35, pl. 5,
fig. 9.
1930 Lozostomum applinee {Plummer); Nuttall: 285, pl. 24, figs.
4-5.
1937 Lozostoma applinae (Plummer); Cushman: 173, pl. 20, fig.
20.
1957 Lozostomoides applinae {Plummer); Reiss: 241.
Cotypes. 33006, Walker Museum, University of Chicago,
Chicago.
Lectotype. Walker Museum, University of Chicago, Chicago,
herein designated. {Leftmost specimen in slide 33006.)
Type locality. Claypit of the Mexia Brickworks, Mexia, Lime-
stone County, Texas, U.8.A.; Wills Point Formation, Midway
Group, Palaeocene.
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Material ezamined. Type series, 33006 and 36440, Chicago,
courtesy M.M. Nitecki. Topotypes, courtesy A.R. Loeblich.

Description. Test elongate, slowly but regularly increasing in
size, broadly oval in end view, periphery almost flush, not com-
pressed, biserial but later in ontogeny a tendency towards rectilinear
arrangement of the chambers; up to 16 chambers, chambers semi-
spherical, well rounded, inflated, frontal overlap considerable, very
regularly increasing in size; sutures straight to slightly curved, at
first depressed but later in ontogeny becoming flush with the surface
due to deposition of secondary lamellae, at regular intervals punc-
tured by small depressions which become more accentuated during
ontogeny due to secondary lamination rising alongside them; aper-
ture terminal, a narrow elongated opening, bordered on one side
by a thickened, broad but very low lip, lip curves round the top of
the aperture to touch the end of the slightly cristate, much thinner
toothplate protruding in the aperture; toothplate narrow and thin,
spine arched, no tailing border, free border sigmoidally arched, arch
starting only 2/3 down into the lumen, attachment along the entire
foraminal lip; wall distinctly perforate; the earliest part of the test
may develop a low costate outlook.

GENUS Lugdunum Saibova, 1975

1975 Lugdunum Saidova: 308.
Type species. Bolivina hantkeniana Brady, 1881, original des-
ignation.
Lugdunum haentkenianum (Brady, 1881)
Pl. 6, Figs. 1-4

1881 Bolivina hantkenianae Brady: 58.

1884 Bolivina hantkentana Brady; Brady: 424, pl. 53, figs. 16-18.
1911 Bolivina hantkeniana Brady; Cushman: 42, fig. 68.

1937 Bolivina hantkeniana Brady; Cushman: 127, pl. 16, figs. 18-

20.

1975 Lugdunum hantkenianum (Brady); Saidova: 308.

Lectotype. ZF4962, The Natural History Museum, London,
herein designated.

Type locatity. Off Papeete, Tahiti, 420 faths., H.M.S. Chali-
lenger Station 279A.

Material ezamined. The type series: ZF1178, ZF1179 and
ZF1180, resp. Challenger Stations 279a, 279b and 279¢; ZF4962,
lectotype, and ZF4963, illustrated paralectotype; The Natural His-
tory Museum, London.

Description. Test elongated, tapering, laterally compressed,
periphery distinctly lobulate, keeled, biserial; up to 15 chambers,
chambers large, about twice as long as high, obliquely arranged,
frontal overlap almost the central third of the test, regularly increas-
ing in size, earliest chambers slightly higher than long, gradually be-
coming more elongate during ontogeny; sutures distinct, depressed,
gently arched with a nick halfway across the chambers; aperture
large, running up from the basal suture to the apex of the cham-
ber, broadly elliptical, bordered by a very prominent thickened lip,
toothplate very prominent in the aperture; toothplate large, con-
cave, spine distinctly arched, with a small straight tailing border,
free border sigmoidally arched, ornamented with small denticulae
in the upper part, attachment along the top of the foraminal tooth-
plate, continuing to cross the foraminal lip in its lowermost part;
wall hyaline, finely perforate; ornamented by numerous thin costae,
each restricted to a single chamber face, outer edges keeled, with
the successive keels coalescing into a single irregular keel.

Remarks. The lectotype is a microspheric specimen. Dimor-
phism is pronounced in this species. The megalospheric generation
is characterised by being only half as large as the microspheric one,
with less oblique chambers and a more regular outline.
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GENUS Sagrinella Sampova, 1975

1975 Sagrinella Saidova: 309.
Type species. Sagrinella guinee Saidova, 1975, original desig-
nation.
Sagrinelle jugosa (Brady, 1884)
Pl. 6, Figs. 5-8

1884 Terxtularia jugosa Brady: 358, pl. 42, figs. 7a-b.
1975 Sagrinella guinee Saidova: 309.

Lectotype. ZF4964, The Natural History Museum, London.

Type locality. Challenger Station 185, Raine Island; Recent. S.
guinae Saidova, Off New Guinea, - 25 m, Pacific Ocean; Recent.

Malerial erxamined. ZF2454, syntypes, Raine Island; Chal-
lenger Type Slide TS C14:10; ZF4964, lectotype and ZF4965, il-
lustrated paralectotype; The Natural History Museum. 11906’N
80°05°E, - 148 m, off Tranquebar, Galathea Station 288; 5925°'S
117°03°E, -570 m, Bali Sea, Galathes Station 490; 26°33'S
153°31’E, - 86 m, Galathea Station 539; courtesy H. J. Hansen.

Description. Test small, tapering, laterally compressed, periph-
ery saw-edged, apertural end obliquely truncate, initial end broadly
rounded, quite rapidly increasing in width, biserial; 10 chambers,
chambers subrectangular, becoming proportionally lower during on-
togeny, adult chambers 2.5 times as wide as high, flush with the
surface, regularly increasing in size, half of the circumference ac-
centuated by an extending keel; sutures distinct, partially obscured
by the keels, almost straight, raised; aperture in the centre of an
almost poreless apertural face, apertural face slightly concave, sub-
terminal, broadly loop-shaped, on one side with a slightly raised
lip, barely differentiated from the apertural face, lip curves into the
aperture to cover the top of the toothplate; toothplate rather large,
extending straight down into the chamber, spine straight, free bor-
der curled up a little, no tailing border, fusing on the septal face
adjacent to the aperture, probably in part with the foraminal lip;
wall perforate; ornamented by a dense cover of small, low tubercles
between the projecting intercameral keels.

Remarks. The description and figures available for S. guinae,
together with the geographic occurrence of this species, fail to pro-
vide any evidence for the separation of S. guinae from S. jugosa.
Therefore, S. guinae is here considered synonymous with the senior
8. jugosa.

GENUS Saidovina HAMAN, 1984

1975 Logzostomine Saidova: 311.
non 1969 Lozostoming Sellier de Civrieux: 159,
1984 Saidovineg Haman: 418.
Type species. Bolivina karreriane Brady, 1881, original desig-
nation.
Saidovina karreriana {Brady, 1881)
Pl. 7, Figs. 1-4

1831 Boliving karreriana Brady; 58.
1884 Bolivina karrerianae Brady: Brady: 424, pl. 53, figs. 19-21.
1911 Bolivina karreriana Brady: Cushman : 40, fig. 65.
1937 Lozostoma kerreriana (Brady); Cushman: 184, pl. 21, fig. 17.
1975 Lozostomina karreriana {Brady); Saidova: 311,
1984 Saidovine karreriana {Brady); Haman: 419.
1989 Lozostomum karrerianum (Brady); Hornibrook, Brazier &
Strong: 95, fig. 23/25.
Lectotype. ZF4966, The Natural History Museum, London,
herein designated.
Type locality. 35°11°N 139928°E, South of Japan, - 345 faths.,
Challenger Station 232,

Material examined. ZF1181, Chellenger Station 232, Type se-
ries; ZF4966, lectotype and ZF4967, illustrated paralectotype; The
Natural History Museum, London.

Description. Test elongate fusiform, laterally compressed, el-
liptical in end view, periphery somewhat lobulate, apertural end
slightly truncate, biserial; up to 10 chambers, chambers subovoid,
laterally compressed, about 1.5 times as high as wide, frontal over-
lap about 2/3 of the test width, slightly inflated; sutures indistinct,
largely obscured by superficial ornamentation, arcuate; aperture
terminal, occupying the entire apex, surrounded by a well developed
thickened lip which splits off at one point to cover the top of the
protruding toothplate; toothplate large, spine sigmoid, free border
sigmoid, reducing towards the bottom and mingling into the tailing
border, attachment site along the top of the foraminal toothplate
and continuing until touching the bottom part of the foraminal lip,
dividing the foramen into two; wall semi-hyaline, distinctly perfo-
rate; ornamented by numerous fairly short and low costae, costae
may coalesce with each other, the test often bears an initial spine.

GENUS Sigmavirgulina LOEBLICH & TAPPAN, 1957

1957 Sigmeuvirguline Loeblich & Tappan: 227.
Type species. Bolivina tortuosa Brady, 1881, original designa-
tion.
Sigmavirguling tortuosa {Brady, 1881)
Pl 7, Figs. 5-8

1881 Bolivina toriuose Brady: 57.

1884 Bolivina tortuose Brady; Brady: 420, pl. 52, figs. 31-34.
1937 Bolivine toriuose Brady; Cushman: 133, pl. 17, figs. 11-19.
1957 Sigmavirgulina tortuose (Brady); Loeblich & Tappan: 227.

Lectotype. ZF4968, The Natural History Museum, London,
herein designated.

Type locality. Nares Harbour, Admiralty Islands, - 17 faths.,
Challenger Station 219A.

Material ezamined. ZF1201, Challenger Station 219A only!,
type series, ZF4968, lectotype and ZF4969, illustrated paralecto-
type; The Natural History Museum, London.

Description. Test small, tapering, compressed in end view, dis-
tinctly and regularly twisted, periphery barely lobulate, slightly
carinate, biserial; up to 12 chambers, chambers much compressed,
at first almost as long as high, but during ontogeny gradually be-
coming about twice as long as high, flush with the surface, frontal
overlap minimal; sutures indistinct, gently arched, depressed; aper-
ture terminal, narrowly elliptical, surrounded by a slightly raised
thickened periapertural lip, denticulate apex of the toothplate pro-
truding at the uppermost centre of the aperture; toothplate small,
spine a concave arch, free border originating from fairly low down,
almost straight, a small straight tailing border, attachment along
the peripheral foraminal lip; wall distinctly perforate, pores in two
different size groups.

Remarks. The specimens of slide ZF1202, Challenger Station
352, part of the original syntype series, are the syntypes of Sig-
maevirgulina atlantice (Cushman, 1936).

SUBFAMILY FURSENKOININAE LOEBLICH &
TAPPAN, 1961

1961 Fursenkoininae Loeblich & Tappan: 314.
1964 Fursenkoininae Loeblich & Tappan: 731.

Description. Test free, elongated, commonly laterally com-
pressed, biserial, coiling often irregular or twisted; chambers higher
than wide; aperture loop-shaped, with a well defined lip, running

11



S. A. REVETS

up the apertural face, top of the toothplate usually vigible in the
aperture; toothplate narrow, closely clinging to the chamber wall,
attachment with the foraminal lip, may continue over the foraminal
toothplate top; wall calcareous, perforate.

GENUS Fursenkoina LOEBLICH & TAPPAN, 1961

1826 Virgulina d'Orbigny: 267.
non 1823 Virgulina Bory de St. Vincent.
1961 Fursenkoina Loeblich & Tappan: 314.
1951 Casstdella Hofker: 264, nemen nudum.
1953 Cassidella Hofker: 26.
1964 Cassidella Loeblich & Tappan: 732.

Type species. Virguline squammosa d’Orbigny, 1826, type by
monotypy.

Remarks. ICZN case 2809 (Revets, 1994} pending for the con-
servation of the name Fursenkoina.

Fursenkoina squammosa {d’Orbigny, 1826)
PL 8, Figs. 1-4

1826 Virgulina squammosa d’Orbigny: 267.

1865 Virguling squamosa d’Orbigny; Parker, Jones & Brady: 29,
pl. 2, fig. 66, err. cit.

1961 Fursenkoina squammosa (d’Orbigny); Loeblich & Tappan:

314.

Neotype. An exhaustive search in the collections of the Muséum
National d’Histoire Naturelle, Paris, has failed to yield any informa-~
tion as to the whereabouts of possible syntypes of Virgulina squam-
mosa. As was the case for Bolivina plicata, one has to presume that
if syntypes ever existed, they have been lost. Unfortunately, the sed-
iment collection of d’Orbigny, held in the same institution, does not
contain a trace of material from Siena, Italy. Cushman established
Coroncina, near Siena, as one of the most likely localities for the
Siena species described by d’Orbigny (Cushman, 1930).

An application has been filed with the ICZN {Revets, 1994,
1995), asking to conserve Fursenkoina in preference over Cassidella.
Systematic stability would be further enhanced by the availability
of a type specimen.

In accordance with article 75, paragraph d of the ICZN, the
following remarks are called for:

art. 75, par. b(i). This study aims at establishing the taxo-
nomic relations between the different genera relevant to this study,
based on observations of their type species. These species are com-
pared to closely allied species in order to arrive at an unambiguous
description and consequent clarification of the respective specific
and generic concepts.

art. 75, par. b{ii}. Exceptional circumstances are in force for
the case of Fursenkoina squammosa. It is the type species of a
genus currently the subject of a plea for conservation lodged with
the ICZN. The particulars of the case make the availability of a
type specimens highly desirable. The necessity for such a type is
increased by the recurrent confusion in the literature between F.
squammosae and F. schreibersiana.

art. 75, par. d(1). see description.

art. 75, par. d(2). The neotype is fully labelled and deposited
in the collections of the The Natural History Museum, London, in
the Micropalaeontology collection, under no P52796.

art. 75, par. d(3). The d'Orbigny collection has suffered a
great many losses over the years. Apart from the disruption caused
by moving the entire collection from Esnandes to Paris and the
initial storage of the collection in the cellars of the Museum, the
flooding by the Seine resulted in the drowning of all the glass tubes
containing d’Orbigny’s specimens. A great many of the tubes were
lost and many others became detached from the thick cardboard
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identification labels to which they had been glued. Repeated and
exhaustive searches have failed to yield any indication of Virgulinae
squammosa. All the tubes, including unlabelled ones and all the
loose cardboard identification labels have been assembled and re-
peatedly checked to no avail. I therefore consider potential syntypes
as being lost.

art. 75, par. d(4). see description.

art. 75, par. d(5). No information could be found in the
d’Orbigny collection to pinpoint the exact locality from which V.
squammosa was described. Ever since Cushman (1930), the most
likely locality is deemed to have been some of the clay-pits, Coro-
ncina, at the outskirts of Siena.

art. 75, par. d(6). The neotype is deposited in the collections
of the The Natural History Museum, London.

Type locality. Cava Semplice, Coroncina, near Siena, Italy;
Fliocene.

Material ezamined. Topotypes from sample By103, Cava Sem-
plice, Siena, The Natural History Museum. Meltemi, South of Ra-
fina, Attica, Greece; Upper Pliocene.

Description. Test elongate, subcylindrical, slightly wider in the
middle of the test, broadly rouded, somewhat compressed, regularly
twisted, periphery lobulate, subovate in end view, twisted biserial;
9 chambers, chambers ovate, circular in end view, elongated, about
thrice as high as wide, slightly inflated, frontal overlap very re-
stricted; sutures distinct, depressed, gently curved but broken into
different portions due to the different intercarneral contacts; aper-
ture loop-shaped, narrow, running from or slightly above the basal
suture up to the apex of the chamber, this apex slightly pinched in,
bordered peripherally by a low, somewhat thickened lip, lip curv-
ing round the apex of the aperture and leaving a narrow, ill-defined
sulcus while fusing with the top of the protruding toothplate; tooth-
plate slim and elongate, spine almost straight to gently arched, free
border curved, attachment along the foraminal toothplate and with
the upper part of the foraminal peripheral lip; wall semi-opaque,
finely perforate.

Remarks. Differs from F. schreibersiana in possessing much
higher chambers and much less twisted initial coils. The aperture
of F. schreibersiana is much more bulimine than that of F. sguam-
mosa.

Fursenkoina schreibersiana {Cijzek, 1848)
Pl. 8, Figs. 5-8

1848 Virgulina schreibersiana CZjzek: 147, pl. 13, figs. 18-21.
non 1942 Virgulina schreibersiana CZjiek; ten Dam & Reinhold:

82, pl. 5, fig. 14.

Type. Syntypes should have been deposited in the collections
of the Geologische Bundesanstalt, Vienna, but specimens cannot be
traced due to the vagaries caused by the second World War (comm,
from Drs. F. Stojaspal and F. Régl).

Type locality. Baden, near Vienna, Austria; Badenian, Miocene.

Material ezamined. Topotypes, courtesy F. Rogl and H. J.
Hansen.

Description. Test elongate, subcylindrical, broadly elliptical in
end view, periphery lobulate, somewhat compressed laterally, bise-
rial, coiling clearly twisted initially, later in ontogeny more strictly
biserial; up to 11 chambers, chambers ovate, inflated, 1.5 to 2 times
as high as wide, little frontal overlap; sutures distinct, gently arcu-
ate, depressed; aperture loop-shaped, running from slightly above
the basal suture up the chamber onto its apex, bordered by a well
defined apertural lip, top of the toothplate clearly visible in the
aperture, mingling into the peripheral lip at the apex of the aper-
ture, a well defined sulcus present between toothplate and axial
border; toothplate fairly narrow, elongate, spine straight, free bor-
der gently curved, attachment to the foramen at the apex of the
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forammen, along the foraminal lip and top of the foraminal tooth-
plate; wall hyaline, perforate.

Fursenkoina oligocenica (Hofker, 1951)
PL 9, Figs. 1-4

1942 Virgulina schreibersiana Cijzek; ten Dam & Reinhold: 82, pl.

5, fig. 14,

1951 Cassidella oligocenica Hofker: 285, figs. 176a-c.

Lectotype. MK91001, ex F 248, Rijksgeologische Dienst, Haar-
lern, The Netherlands (specimen figured by ten Dam & Reinhold,
1942}, herein designated.

Type locality. Drilling Db 14 Belfeld, 280.6 m, The Netherlands;
Qligocene.

Material ezamined. 248, Belfeld Drilling, ten Dam & Rein-
hold Specimens; F2056, Db12 Bessel Drilling, 347.5 m, and F2057,
Beeringen Drilling, 285 m, Hofker specimens; all Oligocene, Rijks-
geologische Dienst, courtesy L. Witte and R. J. Van Leeuwen.

Description. Test elongate, extremities broadly rounded, later-
ally compressed, elliptical in end view, periphery lobulate, twisted
biserial; up to 12 chambers, chambers elongated, about twice as
high as wide, inflated, frontal overlap minimal; sutures depressed,
gently arched, broken into different portions; aperture subterminal,
a long narrow elliptical opening, running up the ill defined apertural
face from the basal suture to the very top, at the peripheral side
with a slightly everted and raised lip, a well defined sulcus present
between the top of the toothplate and the thickened axial side of
the aperture, the lip curving round to cover the top of the slightly
protruding toothplate; toothplate a narrow concave arch, clinging
rather closely to the lateral chamber wall, fusing with the top of
the foraminal toothplate over almost its entire length; wall finely
perforate.

Remarks. Differs from F. squammose in possessing less elon-
gated chambers and a more everted apertural lip. It is however
clearly closely related to F. squammosa. Differs from F. schreiber-
stane in possessing a much more elongated aperture, and higher
chambers. Also, the coiling is less twisted than in F. schreiber-
stana.

Virgulina tegulata Reuss, 1846
Pl 9, Figs. 5-10

1846 Virgulina tegulate Reuss: 40, pl. 13, fig. 81.

non 1937 Virgulina tegulata Reuss; Cushman: 4, pl. 1, figs. 8-12.

non 1951 Cassidella tegulata (Reuss); Hofker: 264, fig. 174a, figs.
175a-f.

Type. Originally in the Fiirstlich Lobkowitz Mineralien Kabi-
net, Bilin. This collection was subsequently moved to Budapest,
where it was destroyed during the Soviet invasion of 1956 (H. Koll-
man, written comm.).

Type locality. Rannay and Kystra, Bohemia, Czech Republic;
Turonian.

Material ezemined. Locality 32, 18th European Micropalaeon-
tological Colloquium, Kystra, Ohre Region, Czech Republic; Jizera
Formation, Middle Turonian; courtesy H. J. Hansen.

Description.  Test elongate, gently tapering, laterally very
strongly compressed, thinly elliptical in end view, periphery slightly
lobulate, biserial, usually with a single twist; 15 chambers, cham-
bers very much compressed, about as wide as high, barely inflated,
regularly increasing in size, growth almost isometric, degree of lat-
eral compression increases during ontogeny, frontal overlap mini-
mal; sutures depressed, gently arched, broken in three pieces due to
the chamber arrangement; aperture subterminal, details of aperture
and eventual internal morphological features unrecognisable due to
the preservational state.

Remarks. A proposal has been submitted to the International
Commission for Zoological Nomenclature {Revets, 1994, 1995} to
ask for a ruling concerning the status of Cassidella, since the genus
is based on a misidentified type species (ICZN article 70b). The
specimens studied and described by Hofker (1951} as Virgulina tegu-
lata Reuss from the Maastrichtian deposits of the Jeker Valley in
Belgium are not conspecific with the specimens originally described
by Reuss from the Turonian deposits of Bohemia, as demonstrated
through the study of topotypes of Bohemian deposits. However,
the preservational state of these specimens precludes any form of
critical study.

The confusion caused by the original designation of Cassidella
oligocenice, as well as V. fequlata at type species was apparently
resolved by the subsequent designation of V. tegulata by Hofker
(1953). But the description given by Hofker of Cassidella, and well
illustrated by C. oligocenice shows its concept to be identical to
Fursenkoina. For the sake of stability, the ICZN has received an
application to use its plenary powers to suppress the name Cas-
sidella in favour of Fursenkoina.

The species Virguling tegulata Reuss is unrecognisable, since it
proves impossible to recover specimens from the type deposits suf-
ficiently well preserved to allow critical observations, and should be
considered incertae sedis.

GeNUS Galliherina KiemnwpeeLy & TripToN, 1980

1980 Gatliherina Kleinpell & Tipton: 75.
Type species. Bulimina uvigerinaformis Cushman & Kleinpell,
1934, original designation,
Gelliherina uvigerinaformis (Cushman & Kleinpell, 1934)
PlL. 10, Figs. 1-4

1934 Bulimina uvigerinaformis Cushman & Kleinpell: 5, pl. 1, fig.

14.

1980 Galliherina uvigerinaformis (Cushman & Kleinpell); Klein-

pell & Tipton: 76, pl. 11, figs. 8-10.

1988 Bulimina uvigerinaformis Cushman & Kleinpell; Whittaker:

58, pl. 7, figs. 1-4.

Holotype., (CC20124, Smithsonian Institution, Washington,
D.C.

Type locality. Base of Ocean Bluffs, East of the mouth of Dos
Pueblos Creek, West of Naples, California, U.S.A.; Miocene.

Material ezamined. Newport Beach, Orange County, Califor-
nia; Mohnian, Miocene. Progresso Basin, Ecuador; Progresso For-
mation, Middle Miocene, courtesy J.E. Whittaker.

Description. Test elongated, tapering, broadly rounded in end
view, inflated, periphery lobulate, at first rapidly increasing in
width, then fairly constant in size, biserial but twisting; up to 10
chambers, chambers spheroid, strongly inflated, embracing, frontal
overlap fairly restricted, upper end asymmetrically sagged-in; su-
tures distinct, depressed, straight; aperture terminal, where the
chamber is slightly pinched in, running up from the basal suture or
slightly above it, narrow, loop-shaped, bordered by a barely thick-
ened lip, distinctly cristate apex of the toothplate protruding in the
aperture; toothplate thin, a strongly concave trough, spine arched,
no tailing border, free border arched and very low, just above and
parallel to the foramen, attachment at the apex of the foraminal
lip, running along the top of the foraminal toothplate; wall finely
perforate; ornamented with a number of regular, fine costae which
cross the sutures but are nicked in the process of doing so.
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GENUS Hopkinsinells BERMUDEZ & FUENMAYOR, 1966

1966 Hopkinsinella Bermudez & Fuenmayor: 508.
Type species. Uuvigering auberiana var. glabre Millett, 1903,
original designation.
Hopkinsinella glabra (Millett, 1903)
Pl. 10, Figs. 5-8

1903 Uvigerine auberiana var. glabra Millett: 268, pl. 5, figs. 8-9.
1966 Hopkinsinella glabre (Millett); Bermidez & Fuenmayor: 508.
non 1987 Hopkinsinella glabra (Millett); Loeblich & Tappan: 516,

pl. 566, figs. 16-18.

Lectotype. 1955:11:1:5006, The Natural History Museum, Lon-
don, herein designated.

Type locality. Station 12, Malay Archipelago.

Matertal examined. 1955:11:1:5006-5055, type series.

Description. Test elongate, gradually increasing in size, some-
what compressed laterally, periphery lobulate, broadly elliptical in
end view, biserial, earliest whorls may be triserial in the micro-
spheric generation; 11 chambers, chambers subellipsoid, inflated,
1.5 to 2 times as high as wide, becoming proportionally higher dur-
ing ontogeny, frontal overlap occupying the middle third of the test;
sutures distinct, depressed, gently arched and broken into two parts;
aperture running up from the basal suture to the apex of the cham-
ber, lower end of the aperture open, surrounded in the final chamber
by a twisted, distinctly everted and raised periapertural lip, top of
the toothplate protruding in the aperture; toothplate slim and elon-
gated, clinging closely to the chamber wall, spine gently arched to
slightly sigmoid, free border quickly coalescing with the chamber
floor close to the aperture, attachment to the top of the foraminal
lip, foraminal lip with a prominent triangular upwardly projecting
platelet at the peripheral side; wall finely but distinctly perforate,
optically distinctly radial.

Remarks. The description and figures given by Loeblich & Tap-
pan {1987) do not conform to the morphology of the specimens
making up the type series.

SUBFAMILY PARABRIZALININAE SUBFAM. NOV.

Description. Test free, elongated, laterally compressed, bise-
rial, with a tendency towards rectilinearity; chambers usually com-
pressed, roughly as wide as high; aperture subterminal to termi-
nal; toothplate asymmetrical, at least in later chambers with both
borders free, fusing with the top of the foraminal toothplate; wall
calcareous, perforate.

GENUS Parebrizalina ZWEIG-STRYKOWSKI & REISS,
1975

1975 Parabrizalina Zweig-Strykowski & Reiss: 100.
Type species. Bolivina porrecia Brady, 1881, original designa-
tion.
Parebrizalina porrecta (Brady, 1881)
PL 11, Figs. 1-4

1881 Boliving porrecta Brady: 57.

1884 Bolivina porrecta Brady; Brady: 418, pl. 52, figs. 22a-c.

1911 Bolivina {Bifarina) porrecta Brady: Cushman: 48, fig. 79.

1937 Lozostoma porrecta (Brady); Cushman: 190, pl. 22, figs. 7-
10.

1975 Parabrizaling porrecta (Brady); Zweig-Strykowski & Reiss:
100.
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Lectotype. ZF4970, The Natural History Museum, London,
herein designated.

Type tocality. Off Culebra Island, North of St. Thomas’s, West
Indies, 390 faths., Challenger Station 24.

Material ezamined. ZF1190, the type series; ZF4970, lecto-
type and ZF4971 illustrated paralectotype, The Natural History
Museum, London.

Description. Test elongated, slightly tapering, somewhat com-
pressed laterally, elliptical in end view, periphery slightly lobulate,
apertural end somewhat truncate but well rounded, biserial, with
a tendency towards rectilinearity later in ontogeny; 14 chambers,
chambers subovate, somewhat inflated, about twice to thrice as
high as wide, frontal overlap almost complete; sutures distinet,
depressed, slightly curved, becoming an imperforate band in the
earlier part of the test; aperture terminal, elliptical, occupying al-
most the entire apex, surrounded by a much thickened, slightly
everted, almost periapertural lip, part of the lip runs down the
apertural face, often reaching the sutural junction with the penulti-
mate chamber, denticulate top of the toothplate protruding in the
aperture; toothplate large, asymmetrical, to a large extent with two
free borders, trough-like with curled-up borders, in the lowermost
part plate slightly nicked due to a change in direction, attachment
along the foraminal toothplate top, along the entire length of the
foramen; wall hyaline, distinctly perforate; the sides of the test bear
a keel-like ornamentation, due to the coalescing of the peripheral
extensions of the apertural lips.

GENUS Eulozostorna McCuLLocH, 1977

1977 Eulozostomum McCulloch: 262,
1987 Eulozostomum McCulloch; Loeblich & Tappan: 515.

Type species. Lozostoma instabile Cushman & McCulloch,
1942, original designation.

Remarks. The genus name is herein emended to Eulozostoma.
This emendation also supports the emendation by Howe (1930) of
Lozostomum to Lozostoma. The error stems from the misguided
belief that the latinisation of the neuter term -o7rope should become
-stomum in latin to reflect the gender: the term -stomum does not
exist in Latin (see ICZN art. 32, par. d).

Eulozostoma instabile (Cushman & McCulloch, 1942)
Pl 11, Figs. 5-8

1942 Lozostoma instebile Cushman & McCulloch: 221, pl. 27, figs.

15-17, pl. 28, figs. 1-7.

1977 Eulozostomum instebile (Cushman & McCulloch); McCul-

loch: 262.

Holotype. AHF47, now at the Smithsonian Institution, Wash-
ington, D.C. as CC48733.

Type locality. Station 2070, 29°8’N 115°10'W, 250 faths., off
(Guadeloupe Island, Gulf of Mexico, Mexico; Recent.

Material ezamined. 7°20'N 79938°W, - 520 m, Gulf of Panama,
Galathea Station 734, courtesy H. J. Hansen.

Description. Test elongate, tapering, at first rapidly increas-
ing in width, later half of the test almost constant in size, laterally
compressed, narrow elliptical in end view, periphery lobulate, bise-
rial, later in ontogeny with a tendency towards rectilinear arrange-
ment of the chambers; 14 chambers, chambers ovate, strongly com-
pressed laterally, somewhat inflated in the middle, early in ontogeny
almost four to three times as wide as high, becoming proportion-
ally lower during ontogeny, last few chambers somewhat wider than
high, frontal overlap occupying the central third of the test width;
sutures distinct, depressed, slightly arcuate, in later chambers al-
most straight with a nick due to the frontal overlap; aperture almost
terminal, slit-like, surrounded on one side by the thickened edge of
the aperture, at the other side by a lip which curves back into the
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aperture to cover the top of the toothplate, lip continuous with a
band-like keel running to the basal suture, the thickened apertural
rim continuing over the apex to the suture with the prepenultimate
chamber; toothplate thin and elongated, spine slightly arcuate, free
border straight, close to the foramen the attached border becoming
free as well, attachment on top of the foraminal toothplate; wall
finely and densely perforate; ornamented by a marginal keel formed
by the coalescing of the prolongations of apertural borders and lips,
keel saw-edged due to the undercutting at the cameral boundaries.

GENUS Lozostomina SELLIER DE CIVRIEUX, 1969

1969 Lozostomina Sellier de Civrieux: 159.
1975 Lozostomella Saidova: 311, objective synonym.,
Type species. Bolivina mayori Cushman, 1922, original desig-
nation.
Loxostomina mayori (Cushman, 1922)
Pl 12, Figs. 1-4

1884 Bolivina nobilis Hantken; Brady: 424, pl. 53, figs. 14-15.
1922 Bolivina maoyori Cushman: 27, pl. 3, figs. 5-6.

1935 Lozostomum mayori {Cushman); Bermidez: 197,

1937 Lozostoma mayori (Cushman); Cushman: 195, pl. 22, figs.

16-21.

1969 Lozostomina mayori (Cushman); Sellier de Civrieux: 159.
1975 Lozostomella mayori (Cushman); Saidova: 311.

Holotype. Probably at the Smithsonian Institution, Washing-
ton, D.C., at present untraceable.

Type locality. The Dry Tortugas, Florida, U.S.A.; Recent,

Material ezamined. Topotypes, The Dry Tortugas, courtesy
P. Hallock Muller. ZF 1188, Nares Harbour, Admiralty Islands,
Challenger Station 219A, labelled Bolivina nobilis Hantken, The
Natural History Museum, London.

Description. Test elongate, parallel sides, apertural end often
slightly reduced, laterally compressed, elliptical in end view, periph-
ery lobulate, biserial, upper part with a clear tendency towards rec-
tilinearity, coiling axis often slightly arcuate; chambers compressed
ovate, about as high as wide, becoming proportionally higher later
in ontogeny, drawn-out towards earlier part, frontal overlap small
but fairly drawn-out vertically; sutures depressed, irregularly ar-
cuate; aperture terminal, elliptical, very slightly produced, almost
symmetrical, on one side a thickened extension of the chamber wall,
on the other side an apertural lip which curves round into the aper-
ture to form the cristate top of the toothplate; toothplate large,
almost symmetrical, two free borders, almost straight, a concavo-
convex trough, usually with one free border more inwardly curved
than the other, attachment at the convex side of the toothplate
with the foraminal toothplate top; wall distinctly perforate, pores
arranged in large part along longitudinal lines; ornamented by nar-
row sinuous costae usually restricted to their respective chamber
faces, density of costae increases during ontogeny.

SUBFAMILY SAGRININAE SUBFAM. NOV.

Description. Test free, elongated, laterally compressed, biserial;
chambers about as wide as high; aperture loop-shaped, surrounded
by a periapertural lip, lip usually thickened, top of the toothplate
protruding in the aperture; toothplate large and complex, com-
monly a highly curved plate encasing the foramen with a funnel at
the back of the main part of the toothplate, may unroll to form
a large plate almost bisecting the chamber lumen; wall calcareous,
perforate.

GENUS Sagrina D’ORBIGNY, 1839

1839%a Saegrina d’Orbigny: 144.
Type species. Sagrine pulchelle d’Orbigny, 1839, type by mono-
typy.
Sagrina pulchella d’Orbigny, 1839
PlL. 12, Figs. 5-8

1839a Sagrina pulchella d'Orbigny: 150, pl. 1, figs. 23-24.
1922 Bolivina pulchella (d’Orbigny}; Cushman: 41, pl. 7, fig. 4.
1937 Sagrina pulchelle &’Orbigny: Cushman: 151, pl. 15, figs. 9-

11.

1956 Bitubulogenerina pulchella (d’Orbigny); Hofker: 49, pl. 4, figs

21-36.

1977 Sagrina pulchella d’Orbigny; Le Calvez: 120, figs. 1-3.

Lectotype. FO316, Muséum National d’Histoire Naturelle,
Paris, designated by Le Calvez (1977).

Type locality. Cuba; Recent.

Material examined. The type series; specimens from Jamaica,
original d’Orbigny sample; Muséum National d’Histoire Naturelle,
Paris. The Dry Tortugas, Florida, U.S.A.; courtesy P. Hallock
Muller.

Description. Test elongate, tapering, regularly increasing in
width, laterally compressed, elliptically elongate in end view, pe-
riphery lobulate with a tendency to undercutting, biserial; 9 cham-
bers, chambers subovate, laterally compressed, about 1.5 times as
wide as high, moderately inflated, regularly increasing in size, be-
coming more elliptical during ontogeny, frontal overlap less than the
middle third of the test; sutures distinct, somewhat depressed, vir-
tually straight; aperture terminal, large, extending from just above
the basal suture over the apex of the chamber, ovate, surrounded by
a slightly raised and everted periapertural lip, apertural face may
bear a number of fine, short, upwardly projecting spines, top of the
toothplate protruding into the aperture, upper edge of the tooth-
plate denticulate; toothplate very prominent and large, multiple
attachment points between the attached border and the chamber
wall, spine strongly sigmoid, curved in three dimensions, free bor-
der sigmoid, also curved in three dimensions, bottommost part of
the free border parallel to the septum and swinging round itself to
encircle the foramen, apparently encasing the foramen like a collar,
upper side of the toothplate bearing numerous thin, usually curved,
fairly high spines; wall hyaline, sparsely perforate; ornamented by
slightly raised costae which remain restricted to their respective
chamber face.

GENUs Alectinella GEN. NOV.

Description. A slender, elongated sagrinid genus, characterised
by the overspilling of the periapertural lip onto earlier chambers,
and by the simpler toothplate, for a sagrinid, which partially strad-
dles the foramen.

Type species.
nated.

Ftymology. After Alecto, one of the three Eumenides.

Alectinella elongata (Millett, 1900)
Pl. 13, Figs. 5-9

Bifarina elongata Millett, 1900, herein desig-

1900 Bifarina elongate Millett: 539, pl. 4, figs. 1-2.
1937 Bifarina elongate Millett; Cushman: 200, pl. 22, fig. 35.
1964 Valvobifarina elongata (Millett); Loeblich & Tappan: 654.
Lectotype. 1955:11:1:59, The Natural History Museum, London,
herein designated.
Type locality. Station 14, Malay Archipelago; Recent.
Material examined. 1955:11:1:59-120, the type series.
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Description. Test elongate, elegant fusiform, slender, laterally
compressed, periphery irregular due to the presence of small spines,
biserial; chambers semicircular to subtriangular, gradually increas-
ing in size, somewhat inflated, low borders slightly denticulate; su-
tures distinct, depressed, undercutting the chambers; aperture ter-
minal, a very elongated slit, running over 3/4 of the apex, bordered
by a well defined, slightly everted lip, lip crossing the suture at the
axial side, covering the upper third of the previous chamber; tooth-
plate large and curved, attached to the foramen along the foraminal
lip on one hand, but also to the opposite lip over a short distance,
forming a small bridge over the upper part of the foramen; wall
hyaline, distinctly perforate; ornamented by low ridges in the lower
half of each chamber, continuing into small outwardly projecting
spines.

Remarks. The revision of Valvobifarina showed that this genus
lacks a toothplate (Revets, 1991b), thereby refuting the assignment
of B. elongata to Valvobifarina as proposed by Loeblich & Tappan
(1964).

Because of the peculiar anatomy of the apertural complex with
no counterpart in other toothplate-bearing taxa, and the highly
characteristic overspilling apertural lip, a new genus was created to
accomodate B. elongata.

GENUS Pseudobrizalinag ZWEIG-STRYKOWSKi & REISS,
1975

1975 Pseudobrizalina Zweig-Strykowski & Reiss: 109.
1987 Sagrinella Saidova; Loeblich & Tappan: 517, partim.
Type species. Boliving lobate Brady, 1881, original designation.
Pseudobrizalina lobata (Brady, 1881)
Pl. 14, Figs. 1-4

1881 Bolivina lobata Brady: 58.

1884 Bolivina lobata Brady; Brady: 425, pl. 53, figs. 22-23.

1937 Lozostoma lobata (Brady); Cushman: 188, pl. 22, figs. 2-4.
1975 Pseudobrizalina lobata (Brady); Zweig-Strykowski & Reiss:

110.

1987 Sagrinells lobata {Brady); Loeblich & Tappan: 517.

Lectotype. ZF4972, The Natural History Museum, Londen,
herein designated.

Type locality. Nares Harbour, Admiralty Islands, 16-25 faths.,
Challenger Station 219A.

Material examined. ZF1185, the type series, ZF4972, lectotype
and ZF4973, illustrated paralectotype; The Natural History Mu-
seum, London.

Description. Test elongated, periphery very much lobulate,
slowly increasing in width, somewhat compressed laterally, broadly
elliptical in end view, biserial; up to 13 chambers, chambers dis-
tinctly inflated, ellipsoid, somewhat longer than high later in on-
togeny, frontal overlap covering middle third of the test; sutures
distinct, depressed, straight; aperture running from slightly above
the basal suture up to the apex of the chamber, broadly elliptical,
surrounded by a low thickened apertural lip, top of the toothplate
very prominent in the aperture; toothplate large, spine straight,
and almost vertical, free border slightly arched, attached border
running into the sutural jointure and becoming detached over a
short distance just before the foramen, attachment along the pe-
ripheral foraminal lip over its entire lenght; wall coarsely perforate;
ornamented by low costae, remaining restricted to their respective
chamber face, becoming reticulate in the earliest parts of the test.

Remarks. The genus Pseudobrizalina is here recognised as dis-
tinct from Sagrinella on the basis of the important differences in
apertural and toothplate morphology. The differences between S.
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jugosa {= S. guinae) and P. lobata are deemed sufficient to classify
them in different subfamilies.

GENUS Virgulinopsis HOFKER, 1956

1956 Virgulinopsis Hofker: 47.
Type species. Bolivina cubana Bermiidez, 1935, original desig-
nation.
Virgulinopsis cubana (Bermidez, 1935)
Pl 13, Figs. 1-4

1935 Bolivina cubana Bermudez: 196, figs. 2-3.
1937 Bolivina cubana Bermudez; Cushman: 152, pl. 18, figs. 4-6.
1956 Virgulinopsis cubana (Bermiidez); Hofker: 47, pl. 4, figs. 8-15.

Holotype. No. 11, in the private collection of Bermudez.

Type locality. Bahia de Matanzas, Rio Bueyvaca, 200 m out to
Sea, - 45 m, Cuba; Recent.

Material ezamined. The Dry Tortugas, Florida, U.S.A.; cour-
tesy P. Hallock Muller.

Description. Test small, elongated, tapering, may be slightly
arcuate, gradually and regularly increasing in width, periphery
slightly saw-edged, ovate in end view, biserial, usually somewhat
twisted; 10 to 12 chambers, chambers ovate, slightly compressed
laterally, about as wide as high, frontal overlap considerable, but
the height quickly reducing; sutures distinct, depressed, distinctly
sigmoid, slightly angular; aperture terminal, loop-shaped, running
from the basal suture over the apex of the chamber, bordered by
a slightly everted lip, lip curving round the apex of the aperture
to turn back and cover the top of the toothplate protruding in the
aperture, a narrow sulcus present between the toothplate and aper-
tural border; toothplate an extensive structure, attached border
fixed to the chamber wall well away from the foramen, free border
distinctly arched, tailing border very large, at first curving down-
ward towards the septum but then rising again to form the back
end of a funnel-like collar encasing the foramen, at the apertural
side ornamented by numerous slender and high spines; wall hyaline,
distinctly perforate; ornamented by a few low costae restricted to
their respective chamber face.

GENUS Virgulopsis FINLAY, 1839

193%9a Virgulopsis Finlay: 321.
Type species. Virgulopsis pustulate Finlay, 1939, original des-
ignation.
Virgulopsis pustulate Finlay, 1939
Pl 14, Figs. 5-8

1939a Virgulopsis pustulata Finlay: 321, pl. 27, figs. 72-74, 104-

106,

1961 Bitubulogenerina pustulata (Finlay); Hornibrook: 78, pl. 9,

figs. 165-166.

1989 Virgulopsis pustulate Finlay; Hornibrook, Brazier & Strong:

103, fig. 21/27.

Holotype. TF1127/1, New Zealand Geological Survey.

Type locality. Locality F5273, Kakanui Beach, 10 km SW of
Qamaru, South Island, New Zealand; All Day Bay Mudstone, Al-
tonian Stage, Lower Miocene.

Material examined. P47365, P52797 & 98, topotypes donated
by N. Hornibrook to The Natural History Museum, London.

Description. Test elongated, sides almost parallel, slightly
compressed laterally, periphery flush apart for the ornamentation,
broadly elliptical in end view, twisted biserial; around 10 chambers,
chambers subspherical, about as wide as high, inflated, frontal over-
lap almost complete; sutures largely obscured by the ornamenta-
tion, depressed, gently arched; aperture running up from the basal



THE BOLIVINITIDAE

suture to the apex of the chamber, lower end of the aperture re-
maining open, surrounded by a slightly thickened lip, toothplate
not apparent in the aperture; toothplate extensive and large, spine
gently arched, free border curved into a concave arch, attachment
along the foraminal lip, continuous with the attached border which
runs along the chamber wall into the sutural jointure; wall coarsely
perforate; ornamented by a multitude of low tubercles.

GENERA REMOVED FROM THE BOLIVINITIDAE
FAMILY EOUVIGERINIDAE CUSHMAN, 1927

GENUS Eouvigerina CUSHMAN, 1926

1926 Fouvigerina Cushman: 4.
Type species. Eoumgerina americana Cushman, 1926, original
designation.
Fouvigerina americana Cushman, 1926
Pl. 15, Figs. 1-3

1926 Eouvigerina americane Cushman: 4, pl. 1, figs. la-c.
Holotype. CC 4986, Smithsonian Institution, Washington, D.C.
Type locality. Clay Pitt, Dallas Brick Co., 1/2 miles West of

Mesquite, Texas, U.S.A.; Taylor Marl, Upper Cretaceous.
Material ezamined. P 39734, P 52799 & 800, Ditch South

of McKinney-Formerville Road, 7.2 miles East of Railroad tracks,

McKinney, Texas; Lower Taylor, Upper Cretaceous. Donated by J.

A. Cushman to the The Natural History Museum, London.
Description. Test elongated, gradually tapering, periphery a

zigzag pattern, subrectangular in end view, biserial, later chambers
tending towards rectilinearity; 12 chambers, chambers subcubical,
about as wide as high, regularly increasing in size, with concave
sides and distinct peripheral curved ridges, almost angular; sutures
distinct, depressed, gently arched; aperture terminal, produced on a
small neck, with a slightly thickened, barely everted lip, toothplate
not apparent in the aperture; toothplate elongated, thin, almost
symmetrical, spine straight, a straight concavoconvex trough, at-
tachment to the top of the foraminal lip and only slightly protruding
into the foraminal opening; wall finely perforate.

GENUS Tappanina GALLITELLI, 1956

1955 Tappanina Gallitelli: 190, nomen nudum.
1956 Tappanina Gallitelli: 36.
Type species. Bolivinita selmensis Cushman, 1933, subsequent
designation by Gallitelli, 1956.
Tappanina selmensis (Cushman, 1933)
PlL. 15, Figs. 4-7

1933 Bolivinita selmensis Cushman: 58, pl. 7, figs. 3-4.

1956 Tappanina selmensis (Cushman); Gallitelli: 37, pl. 7, figs.
3-4.
Holotype.

D.C.

Type locality. New Corinth Highway, 13.5 miles South of
Selmer, McNairy County, Tennessee, U.S.A; Selma Chalk, Upper
Cretaceous.

Material ezamined. Vincentown, U.S5.A.; Palaeocene. Klags-
ham, Sweden; Danian.

Descriplion. Test elongate, tapering, subquadrangular in end
view, periphery distinctly lobulate, apertural end rounded, gradu-
ally increasing in size, very regular, biserial; 12 chambers, chambers

CC19043, Smithsonian Institution, Washington,

hemispherical, lateral sides straight, chamber edges somewhat an-
gular and protruding, chambers slightly overhanging each other,
central portion of the test concave; sutures distinct, raised, formed
by the protruding chamber edges, resulting in a zigzag pattern;
aperture narrowly oval, apparently slightly sunken in the apertural
face, running up from the basal suture but not reaching the cham-
ber apex, bordered on one side by a low thickened lip, toothplate
not apparent in the aperture; toothplate thin, spine straight, free
border remaining low, somewhat arched and virtually parallel to
the foramen, no tailing border, attachment very short, to the top
of the foraminal lip; wall finely perforate.

SUPERFAMILY PAVONINACEA EIMER &
FickerT, 1899

FaMiLy LOXOSTOMATIDAE LOEBLICH &
TAPPAN, 1962

GEeENUS Grimsdaleinella BoLLl, 1959

1959 Grimsdaleinelle Bolli: 1.
Type species. Grimsdaleinella spinosa Bolli, 1959, original des-
ignation.
Grimsdaleinella sptnosa Bolli, 1959
PlL. 16, Figs. 6-9

1959 Grimsdaleinella spinosa Bolli: 1, pl. 1, figs. 1-11.
1987 Grimsdaleinella spinosae Bolli; Loeblich & Tappan: 499, pl.

549, figs. 6-10.

Holotype. C2519, Natural History Museum, Basel, Switzerland.

Type locality. HGK3725, TLL5719, A loose boulder, Stollmeyer
Quarry, Trinidad; Turonian-Coniacian.

Material ezamined. Paratypes, courtesy H. Bolli.

Description. Test elongated, very much compressed laterally,
biserial; 8 chambers, chambers low and elongated, about four to
five times as wide as high, the lateral sides projecting backwards,
becoming pointed in the process, gradually increasing in size, pro-
jections usually arranged on top of each other; sutures distinct, de-
pressed, very much arched; apertural complex not observable due
to the preservational state of the available specimens. Toothplate
absent, as ascertained by light microscopy in transmitted and po-
larised light {360 X).

GENUS Zeauvigerina FINLAY, 1939

1939b Zeauvigerina Finlay: 541.
Type species. Zeauvigerina zelandica Finlay, 1939b, original
designation.
Zeauvigerina zelandica Finlay, 1939
Pl. 15, Figs. 8-10

1939b Zeauvigerina zelandica Finlay: 541, pl. 69, fig. 4.
1971 Eouvigerina zelandica (Finlay); Jenkins: 163, pl. 1, figs. 27-

29,

1989 Zeauvigerina zelandica Finlay, Hornibrook, Brazier & Strong:

137, figs. 24/16 and 25/11.

Holotype. TF1033/1, New Zealand Geological Survey.

Type locality. Locality 5300, 60 km NE of Dunedin, Moeraki
Survey District, New Zealand; Hampden Marl, Upper Bortonian
{Upper Middle Eocene).

Material ezamined. P52801 & 802, topotypes, donated to the
The Natural History Museum, London.

Description. Test small, elongate, almost fusiform, gradually
increasing in width, irregularly elliptical in end view, periphery
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barely lobulate, twisted biserial; 10 chambers, chambers subspheri-
cal, almost as wide as high, moderately inflated, becoming propor-
tionally higher during ontogeny; sutures indistinct, largely obscured
by superficial ornamentation; aperture terminal, produced on a neck
with a thickened phialine lip; no toothplate; wall finely perforate;
ornamented by a dense layer of very low, almost hispid tubercles.

Hemarks. The proposed inclusion of Zeauvigerine into the Glo-
bigerinacea, as proposed by Hornibrook, Brazier & Strong (1989)
is herein rejected. The authors present no evidence for the drastic
reclassification of this genus. The morphological features charac-
terising the test of species of Zeauvigerina are well known in other
benthic taxa and not at all in Recent planktonic forms.

Incertae Sedis

GENUS Stainforthia HOFKER, 1956

1956 Steinforthia Hofker: 908.
Type species. Virgulina conceva Hoglund, 1947, original desig-
nation.
Stainforthia concava (Hoglund, 1947)
Pl. 17, Figs. 1-5

1947 Virgulina concave Hoglund: 257, pl. 23, figs. 3-4, pl. 32, figs.

4-7, textfigs. 273-275.

1956 Stainforthia concava (Héglund); Hofker: 908, pl. 4, figs. 6-7.

Holotype. 2094, Naturhistoriska Riksmuseet, Stockholm, Swe-
den.

Type locality. 58°16.05'N 11°27.85°E, -47 m, Gullmar Fjord,
Sweden; Recent.

Material ezamined. Lesa, Kattegat, Denmark; courtesy H. J.
Hansen.

Description. Test elongate, slightly tapering, irregularly ellip-
tical and well rounded in end view, periphery distinctly lobulate,
twisted biserial; 9 chambers, chambers ovate, about twice as high
as wide, distinctly inflated, overlap between the chambers usually
considerable but variable; sutures distinct, slightly depressed, gen-
tly curved; aperture loop-shaped, a very high arch on the axial side
of the chamber, bordered at the peripheral side by a clearly raised
lip, lip turns at the apex of the aperture and forms the denticulate
top of the pseudo-toothplate, leaving a narrow sulcus between it-
self and the apertural rim; pseudo-toothplate very large, widening
rapidly under the aperture, at first with one free border, just above
the septum both borders becoming free, gently curved, fusing with
the apex of the previous chamber, staying well clear from the fora-
men, pseudo-toothplate bilamellar throughout; wall hyaline, finely
and densely perforate, optically distinetly radial; proloculus may
bear a few short small spines.

Remarks. The bilamellar nature of the toothplate-like struc-
ture, as revealed by etched sections, prove the term toothplate to
be inappropriate. This is further reinforced by the peculiar mode
of attachment of the structure to the septum.

GENUS Francesita LOEBLICH & TaAPPaN, 1963

1963 Francesita Loeblich & Tappan: 2156.
Type species. Virqulina ? advena Cushman, 1922, original des-
ignation.
Francesita advena (Cushman, 1922)
PL 17, Figs. 6-10

18

1922 Virgulina ¥ advene Cushman: 120, pl. 25, figs. 1-3.

1932 Virgulina advena Cushman; Cushman: 14, pl. 2, figs. 1la-b.
1937 Virguline advena Cushman; Cushman: 29, pl. 4, fig. 29.
1963 Francesite advena (Cushman); Loeblich & Tappan: 215.
1987 Francesita advena (Cushman); Loeblich & Tappan: 534, pl.

581, figs. 1-7.

Holotype. USNM16280a, Smithsonian Institution, Washington,
D.C.

Type locality. 38°20°00”N 70°08°30"W, 1859 faths., North At-
lantic, Albatross Station D2713.

Material ezamined. The holotype, also paratypes USNM16279
and USNM16280.

Description. Test subcylindrical, moderately compressed lat-
erally, at first very rapidly increasing in size, most of the test of
equal diameter, well rounded, initial end broadly rounded, periph-
ery lobulate, broadly ovate in end view, twisted biserial; around 8
chambers, chambers ovoid, clearly inflated, about 1.5 to 2 times as
high as wide, becoming higher during ontogeny, frontal overlap less
than 1/3 of the test width, a marked tendency towards rectilinear
arrangment of the chambers in later ontogeny; sutures depressed,
not clearly marked, gently arched to sigmoid; aperture terminal, a
narrow glit running up from the basal suture over the apex of the
chamber down to almost the basal suture again, veering away and
curling up into a small incipient spiral, apertural edges rounded,
lip not defined, edges of the aperture thickened but well rounded;
inside the chamber a slim structure is observed running down along
the inside of the outer edge of the aperture, continuing along the
lateral chamber wall without expanding into the lumen, reaching
the septum and fusing with the top of the previous chamber over a
short distance in a rather plump bulge, staying well clear from the
foraminal opening; wall shiny, optically granular, smooth, perforate.

Remarks. The incipient toothplate-like structure sets this genus
apart from the Caucasininae in which it was classified by Loeblich
& Tappan (1987). Although described by these authors as lacking
a toothplate, the anatomical details of the aperture point towards a
relation with Stainforthia. In both genera, the structure is bilamel-
lar throughout, and the structure fuses with the top of the previous
chamber, well away from the foramen.

Perhaps other genera also show this remarkable arrangement,
which may prompt the creation of a separate supergeneric taxon to
accommodate them.

SUBORDER TEXTULARIINA LANKESTER, 1885

Incertae Sedis

GEeNuUS Tortoplectella LOEBLICH & TAPPAN, 1985

1985 Tortoplectella Loeblich & Tappan: 113.
Type species. Textularia crispala Brady, 1884, original desig-
nation.
Tortoplectella crispate (Brady, 1884)
PlL. 16, Figs. 1-5

1884 Textularia crispata Brady: 359, pl. 113, fig. 2.
1985 Tortoplectella crispata (Brady); Loeblich & Tappan: 113, pl.

1, figs. 1-9.

Lectotype. ZF4974, herein designated, The Natural History Mu-
seum, London.

Type locality. Off Raine Island, Torres Strait, Challenger Sta-
tion 185.

Material ezamined. The type series, The Natural History Mu-
seum, London; also specimens from the Andaman Sea, Phuket,
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Thailand, collections of the Geological Institute, University of
Copenhagen.

Description. Test elongated, regularly increasing in width, pe-
riphery regularly indented, oral end somewhat truncate, rounded,
rhomboidal in end view, biserial, usually slightly twisted; up to
20 chambers, chambers rhomboidal, about twice as long as high,
frontal overlap minimal, regularly increasing in size, outer edges
slightly thickened, resembling low keels; sutures raised, formed by
the slightly thickened chamber edges, slightly arcuate; aperture el-
liptical, set askew, close to a side edge of the rectangular apertural
face, aperture surrounded by a highly raised, periapertural lip; a
small plate clinging closely to the lateral wall, running from the
aperture to the foraminal lip, constructed of non-mineralised or-
ganic material; wall agglutinated, with large agglutinated particles
of various origins embedded in a calcitic matrix, non-lamellar, sur-
face irregular, perforate.
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S. A. REVETS

PLATE 1

Bolivinita quadrilatera (Schwager, 1866). BMNH P52793 and P52804, topotypes. Kar Nicobar, Indian Ocean; Upper
Miocene.

1 Habitus (250 pm).

2 Close-up of the aperture {25 pm).

3 Stereopair of an opened specimen (250 pm).

4 Close-up of successive toothplates (50 pm).

Bolivina plicata d'Orbigny, 1839. MNHN Neotype (F61753) and topotype (F61754). Off Valparaiso, Chile; Recent.
5 Habitus neotype (250 um).

6 Aperture neotype, partially broken but showing remnants of the toothplate (50 pm).

7 Stereopair of an opened topotype (250 pm).

8 Close-up of the relation between toothplate, foramen and foraminal toothplate (25 um).
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S. A. REVETS

PLATE 2

Bolivina costata d’Orbigny, 1839. BMNH ZF5057 and ZF5058, topotypes. Paita, Peru; Recent. Heron-Allen &
Earland collection, ex d’Orbigny.

1 Habitus (100 pm).

2 Opened specimen, showing the toothplates and the relation to the foramina {100 pm).

3 Close-up of the aperture (25 um).

Bolivina sinuate Galloway & Wissler, 1927. BMNH PF53038. Malaga Cove, California; Upper Pliccene.
4 Habitus (250 um).
5 Close-up of the aperture (25 pm).

Bolivina streptos Hasson, 1986. BMNH ZF5045-5047. Gulf of Panama; Recent.
6 Habitus of microspheric specimen (250 pm).

7 Close-up of the aperture (25 pm).

8 Habitus of megalospheric specimen (250 pm).

9 Stereopair of an opened specimen (250 pm).
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S. A. REVETS

PLATE 3

Bolivina enastemosa Finlay, 1939. BMNH P52794 and P52795. Ruatoria, New Zealand; Miocene.
1 Habitus (250 pm).

2 Close-up of the aperture {50 pm).

3 Stereopair of an opened specimen (250 pm).

4 Close-up of a toothplate and the attachment to the foramen (25 pm).

Afrobolivina afra Reyment, 1959. BMNH PF53039-41, topotypes. Ghekebo Borehole, Nigeria; Upper Maastrichtian.
5 Habitus microspheric specimen (500 pm).

6 Habitus megalospheric specimen (250 um).

7 Stereopair of an opened specimen (200 pm).

8 Close-up of foramina with toothplates. Note also the “keels” (50 um).
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S. A. REVETS

PLATE 4

Bolivinoides draco (Marsson, 1878). BMNH PF53042-43. Valhall Field, Block 2/8, North Sea; Upper Maastrichtian.
1 Habitus (250 pm).

2 Close-up of the aperture (25 pm).

3- 4 Stereopair of an opened specimen (250 um).

Brizalina aenariensis Costa, 1856. BMNH PF53044-45. Piani di S. Paolo, Isola d’Ischia; Pleistocene.

5 Habitus (250 pm).

6 Close-up of the aperture, with the distinctly serrated upper edge of the toothplate protruding (25 pum).
7 Stereopair of an opened specimen (250 um).

8 Close-up of the toothplate from the back, with the attachment laterally to the foramen (25 pm).
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S. A. REVETS

PLATE 5

Coryphostoma plaitum (Carsey,1926). BMNH PF53046-47, topotypes. Jones’ Crossing, Onion Creek, Texas; Maas-
trichtian.

1 Habitus (250 pm).

2 Close-up of the aperture (25 pm).

3 Stereo-pair of an opened specimen (250 um).

4 Close-up of two successive toothplates (25 pm).

Lozostomoides applinae (Plummer, 1926). BMNH PF53048-49, topotypes. Mexia Brickworks, Mexia, Texas;
Palaeocene.

5 Habitus (250 um).

6 Close-up of the aperture (25 pm).

7 Stereopair of an opened specimen (250 pm).

8 Close-up of the attachment of the toothplate to the foramen (25 pum).
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S. A. REVETS

PLATE 6

Lugdunum hantkenianum (Brady, 1881). BMNH ZF4962, lectotype & ZF4963, paralectotype. Off Papeete, Tahiti;
Recent.

1 Habitus lectotype (250 pm).

2 Aperture lectotype (100 pum).

3 Stereopair of an opened paralectotype {250 pm).

4 Oblique close-up of a toothplate fusing in the foramen (25 pm).

Sagrinella jugosa (Brady, 1884). BMNH ZF2454, lectotype & ZF4965, paralectotype. Off Raine Island; Recent.
5 Habitus lectotype (100 pm).

6 Frontal view with the aperture (100 pm).

7 Stereopair of an opened paralectotype (100 um).

8 Close-up of the 2 final toothplates (25 pm).
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S. A. REVETS

PLATE 7

Saidovina karreriana (Brady, 1881). BMNH ZF4966, lectotype & ZF4967, paralectotype. Pacific Ocean, South of
Japan; Recent.

1 Habitus lectotype {250 pm).

2 Aperture lectotype (50 pm).

3 Stereopair of an opened paralectotype (250 pm).

4 Oblique close-up from below of a toothplate, showing the relation to the aperture and foramen (25 pm).

Sigmavirgulina tortuosa {Brady, 1881). BMNH ZF4968, lectotype & ZF4969, paralectotype. Nares Harbour, Admi-
rality Islands; Recent.

5 Habitus lectotype (100 pm).

6 Aperture lectotype (25 um).

7 Stereopair of an opened paralectotype (100 pm).

8 Close-up of two successive toothplates and their relation to the foramen (25 pm).
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PLATE 8

Fursenkoina squammosa (d’Orbigny, 1826). BMNH P52796, neotype & topotype. Cava Semplice, Siena; Upper
Pliocene.

1 Habitus neotype (250 pm).

2 Aperture neotype (50 pm).

3 Stereopair of an opened topotype (250 pm).

4 Close-up of a toothplate and the attachment site along the foramen (25 um).

Fursenkoina schreibersiana (Czjzek, 1848). BMNH PF53051-52, topotypes. Baden, near Vienna; Miocene.
5 Habitus (250 pm).

6 Close-up of the aperture (30 pm).

7 Stereopair of an opened specimen (250 pm).

8 Close-up of a toothplate and the corresponding foramen (25 pm).
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PLATE 9

Fursenkoina oligocenica (Hofker, 1951). RGDH MK91001, lectotype & paralectotype. Belfield Drilling Db14;
Oligocene.

1 Habitus lectotype (250 pm).

2 Aperture lectotype (25 pm).

3 Habitus broken paralectotype (250 pm).

4 Close-up of a foramen with the attachment of a toothplate (25 pm).

Virgulina tegulate Reuss, 1846. BMNH PF53053-57, topotypes. Kystra, Bohemia, Czech Republic; Turonian.
5-7 Habitus, showing the intially twisted nature of the test (250 pm).

8 Close-up of the foraminal region (25 pm).

9 Habitus (250 pm).

10 Habitus (100 pm)
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PraTe 10

Galliherina wvigerinaformis (Cushman & Kleinpell, 1934). BMNH PF53058-59. Newport Beach, California; Miocene.
1 Habitus (100 pym).

2 Close-upof the aperture, with the top of the toothplate prominent (25 pm).

3 Stereopair of an opened specimen (100 pm).

4 Close-up of two successive toothplates, slightly oblique from above (25 pm).

Hopkinsinella glabra (Millett, 1903). BMNH 1955:11:1:5006, lectotype & 5007 paralectotype. Station 12, Malay
Archipelago; Recent.

5 Habitus lectotype (100 pm).

6 Aperture lectotype (25 pm).

7 Stereopair of an opened paralectotype (100 gmn).

8 Close-up of a toothplate from behind. Note also the triangular upwards projecting piece (25 pm).
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PLaTE 11

Parabrizalina porrecta (Brady, 1881). BMNH ZF4870, lectotype & ZF4971, paralectotype. Off Culebra Island, West
Indies; Recent.

1 Habitus lectotype {250 um).

2 Aperture lectotype (100 um).

3 Stereopair of an opened paralectotype (250 pm).

4 Close-up of an early toothplate, distinctly asymmetric (25 pm).

Eulozostoma instabile (Cushman & McCulloch, 1942). BMNH ZF5048-49. Gulf of Panama; Recent.
5 Habitus (250 pm).

6 Close-up of the aperture, with the smooth upper edge of the toothplate protruding {50 um).

7 Stereopair of an opened specimen {250 pm}.

8 Close-up of a toothplate and foramen. Note the two free borders on the toothplate (25 pm).
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PLATE 12

Lozostomina mayori (Cushman, 1922). 1,2.4, BMNH ZF1188, Nares harbour, Admirality Islands; Recent (as Bolivina
nobilis sensu Brady, 1884). 3 Topotype, BMNH ZF5050. the Dry Tortugas, Florida; Recent.

1 Habitus {250 pm).

2 Close-up of the aperture (25 pm).

3 Stereopair of a broken, opened topotype (250 um).

4 Close-up of an opened specimen, with the prominent, asymmetric toothplates (50 pum).

Sagrina pulchella d’Orbigny, 1839. MNHN F61755 & F61756, Jamaica; Recent (from d’Orbigny’s sample)
5 Habitus (100 pm)..

6 Close-up of a broken foramen (50 um).

7 Stereopair of an opened specimen (100 pm).

8 Close-up of the complex folded toothplate, seen obliquely from below (2.5 pum).
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PLATE 13

Virgulinopsis cubana (Bermidez, 1935). BMNH ZF5051-52. The Dry Tortugas; Recent.
1 Habitus of a megalospheric specimen (200 pm).

2 Close-up of the almost bulimine aperture (50 pm).

3 Stereopair of an opened specimen (100 pm).

4 Close-up of the very contorted toothplate (25 pm).

Alectinella elongata (Millett, 1900). BMNH 1955:11:1:59, lectotype & 60, paralectotype. Station 14, Malay Archipelago;
Recent.

5 Habitus lectotype (200 pm).

6 Oblique view of lectotype, showing the elongated aperture with the lip spilling over onto earlier chambers (100
pm).

7 Habitus of a damaged paralectotype (200 um).

8 Close-up of some toothplates, seen slightly from below (50 um).

9 Toothplates seen from aside (50 pm).
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Prate 14

Pseudobrizalina lobata (Brady, 1881). BMNH ZF4972, lectotype & ZF4973, paralectotype. Nares Harbour, Admi-
rality Islands; Recent.

1 Habitus lectotype (200 pm).

2 Close-up of apertural end, here broken (50 um).

3 Stereopair of an opened paralectotype (100 pm).

4 Close-up of a toothplate. Note the long projection of the plate along the chamber roof (25 um).

Virgulopsis pustulata Finlay, 1939. BMNH P52797 & P52798, topotypes. Kakanui Beach, South Island, New Zealand;
Lower Miocene.

5 Habitus (200 pm).

6 Close-up of the aperture (25 pm).

7 Stereopair of an opened specimen (100 pym).

8 Close-up of a toothplate (25 pm).
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PLATE 15

Fouvigerina americana Cushman, 1926. BMNH P52799 & P52800. McKinney, Texas; Upper Cretaceous.
1 Habitus (100 pm).

2 Close-up of the aperture (25 um).

3 Close-up of the final toothplate (10 pm).

Tappanina selmensis (Cushman, 1933). 4, 5 BMNH PF53060, Vincentown; Palacocene. 6, 7 BMNH PF53061,
Klagsham; Palaeocene.

4 Habitus (100 pm).

5 Close-up of the aperture {10 pm).

6 Stereopair of an opened specimen {100 um).

7 Lateral view of two successive toothplates (25 pum).

Zequvigerina zelandica Finlay, 1939. BMNH P52801 & P52802, topotypes. Near Dunedin, South Island, New
Zealand; Middle Eocene.

8 Habitus (100 um).

9 Close-up of the aperture {25 um).

10 Stereopair of an opened specimen (100 um).
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PLATE 16

Tortoplectella crispata (Brady, 1884). BMNH ZF4974, lectotype. Off Raine Island, Torres Strait; Recent.
1 Habitus {250 pm).

2 Oblique frontal view (250 um).

3 Close-up of the agglutinated chamber wall (10 pm).

4 Overview of an opened specimen (250 jm).

5 Close-up of the foraminal region with toothplate-like structure (25 pm).

Grimsdaleinella spinosa Bolli, 1959. Paratype, H. Bolli Coll. Stollmeyer Quarry, Trinidad; Turonian-Coniacian.
6 Habitus (100 pm).

7 Oblique frontal view (100 pm).

8 Light microscopical view, ordinary light (100 pm).

9 as 6 but with polarised light (100 pan).

52



TBE BOLIVINITIDAE




S. A. REVETS

PLaTE 17

Stainforthia concava (Hoglund, 1947). BMNH ZF5053-55. Lasg, Denmark; Recent.

1 Habitus (250 pm).

2 Close-up of the aperture, with the denticulate upper edge of the toothplate-like structure (25 pm).

3 Internal view showing the toothplate-like structure and its relation to the foramen (25 pm).

4 Overview of an etched section (100 pm).

5 Close-up of the attachment site of the toothplate-like structure. Note especially the bilamellar nature of this
structure {10 pm).

Francesita advena (Cushman, 1922). USNM16280a, Holotype & USNM16280, paratypes. North Atlantic; Recent.
6 Habitus of the holotype (250 pm).

7 Close-up of the slit-like aperture (50 pm).

8 Back view of the aperture (50 pm).

9 Fragmented paratype, with the toothplate-like structure (50 pm).

10 Overview of the toothplate-like structure and its relation to the aperture and foramen (100 pm).
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THE GENERIC REVISION OF THE ANOMALINIDAE,
ALABAMINIDAE, CANCRISIDAE & GAVELINELLIDAE

STEFAN A. REVETS
Department of Geology, University of Western Australia

Nedlands, WA6907 Australia

ABSTRACT

The type species of various ‘anomalinid’ genera
have been restudied, where possible on the basis
of the original types. The concepts of these taxa
are discussed in the light of the new observations
herein reported.

The Anomalinidae comprise the genera
Anomalina, Anomalinoides, Cibicidoides with
Rhodanopeza as a subjective synonym, Hanza-
wata, Heterolepa, Loisthostomata, Orithostella,
Parrelloides and Riminopsis.

The Alabamininidae are restricted to Al-
abamina, with Eponidoides as a subjective syn-

onym, Charltonina, Cribroparrella, Conorotal-
ites, Goupillaudinag, Oridorsalis and Osangu-
laria. The Gavelinellidae include Gavelinella,

with Pseudovalvulineria as a subjective syn-
onym, Angulogavelinella, Berthelina, Boldia, Co-
coarota, Hansenisca, Lingulogavelinella, Noto-
planulina, and Pseudogavelinella.

The Cancrisidae include Cancris, Brotzenella,
Cibicorbis, Gyroidinoides, with Valvalabamina as
a subjective synonym, Scheibnerova, Stensioeina
and Valvulineria.

Gyroidina, with Serovaina as a subjective syn-
onym, as well as Globorotalites, possess features
typical of eponidid taxa, posing difficulties for its
classification. The genera Nummodiscorbis, Hol-
landina and Holmanella are considered incertae
sedis, while Gavelinonion remains a nomen in-
quaerendum.

INTRODUCTION

As is the case for so many other important genera,
Anomalina was originally proposed by d’Orbigny in 1826.
Although he included only 5 species at the time, adding
a few more in his Vienna memoir in 1846, over the years
the genus grew in importance to contain eventually some
300 species names. Surprisingly, there is a clear gap in
this growth: not before the inclusion of Anomalina by
Cushman in his classification schemes did the number of
newly described species take off. It was ignored by most
workers, with the notable exceptions of Brady and Heron-
Allen & FEarland.

In actual practice, the concept of Anomalina proved
to be rather vague, leading to the subsequent creation and
proliferation of other genera. Quite a substantial number
of Anomalina species were reclassified into various other
genera, again as the result of the vagueness with which
Anomalina is circumscribed.

The Anomalinidae were proposed by Cushman (1927)

to accommodate a variety of genera (Anomalininae for
Anomalina, Palmerinella, Ruttenia, Planuling, Lati-
carinina and Anomalinella; Cibicidinae for Cibicides,
Stichocibicides, Dyocibicides, Annulocibicides, Rectocibi-
cides, Cyclocibicides, Cibicidella and Webbina), while
genera such as Gyroidina, Stensioeine and Valvulineria
were classified in the Discorbinae, Rotaliidae. Interest-
ingly, in the discussion of the Anomalinidae, Cushman
described them as deriving from the Rotaliidae through
forms like Discorbis. Cushman observed that the group
was a very close-knit one, emphasising that although de-
rived from the Rotaliidae, they were very distinct from
that family. Cancris was included in the Baggininae, Ro-
taliidae.

Galloway (1933) held a very different opinion, wit-
ness his inclusion of Anomalina in the Discorbinae, along-
side Discorbis, Epistomaria, Cymbalopora, Tretomphalus,
Cycloloculina, Cyclocibicides and Sherbornina. He also
pointed out that the phylogeny within this group was
very difficult to determine because the genera were very
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similar, only differing in shape of the test and character of
the aperture. Cancris, together with Baggina, Gyroidina
and Valvulineria amongst others was reclassified in the
Rotaliinae.

Glaessner’s classification (Glaessner, 1945) mirrored
to a considerable extent Cushman’s proposal except that
he put Cibicides, Cibicidoides, Planulina, Anomalina,
Laticarinine and Anomalinella together, arguing that the
various irregularly spreading cibicidids should be retained
in Cibicides. For Glaessner, the Discorbidae were com-
posed of the Discorbinae, Siphonininae and Anomalini-
nae. The Discorbinae included Discorbis, Valvulineria,
Gyroidina, Stensioeina, FEponides, Alabamina, Pulvinu-
linella, Parrella, Coleites, Baggina and Cancris.

Reclassifications, very often drastic, continued to be
put forward at short intervals until Loeblich & Tappan
(1964) proposed their critically documented and highly
influencial classification. Many of the current ideas, con-
cepts and general understanding of what is loosely under-
stood to be the anomalinids can be traced back to this
publication. In this authorative publication, Loeblich &
Tappan used the optical nature of the test {radial or gran-
ular appearance under polarised light) as a fundamental
characteristic to differentiate rotaliine taxa on the super-
family level. This resulted in the separation of the cibi-
cidids from the anomalinids, while Gavelinella and allied
genera were included in the Anomalininae.

When Haynes (1981) put forward his proposal, lamel-
larity patterns had been put on a more secure footing
by Hansen and co-workers while the optical nature of
the test had been discredited as a character of supraspe-
cific value. The inconsistencies in the optical nature of
the test invalidated some of the overall separations pro-
posed by Loeblich & Tappan in 1964, but the changes
proposed by Haynes went beyond an attempt to salvage
the ‘Treatise’ classification. Because two of the previ-
ously fundamental characteristics fell by the side (lamel-
larity and optical nature of the test), classifications were
in urgent need of redefinition, resulting in this case in a
classification harking back to some extent to the views
expressed by Cushman. Haynes not only refrained from
using optical nature and lamellarity as previously per-
ceived, he also moved away from a strict hierarchical
use of characters towards a more relational one. Haynes
brought Gavelinella together with Cancris, Gyroidina,
Gyroidinoides and Valvulineria in the Cancrisidae as part
of the Discorbacea while the Anomalinidae were com-
posed of Anomalina, Anomealinoides, Anomalinella, Cibi-
cides, Cibicidoides, Cibiciding, Hanzewaia, Planuling,
Hyalinea, Heterolepa and Stensioeina. Interestingly, the
reclassification of the Anomalinidae in the Orbitoidacea
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went together with the inclusion of the cibicidids in this
family.

Loeblich & Tappan (1987) proposed a major overhaul
of their previous classifications, incorporating a very large
amount of new taxa which had been proposed in the inter-
vening years. A marked feature of this imposing edifice
is the very fragmented and strongly split nature of the
taxa: the number of genera recognised rose from 1192 in
1964 to 2446, while taxa of familial rank grew from 241
to 661. The rather low number of genera in some of the
families does indicate a tendency towards splitting and
underlines the often inadequate amount of information
available on which to found a classification more securely
{see also Haynes, 1990). This view had been expressed
before by Whittaker (1988) when dealing with the abun-
dant and diverse anomalinid fauna found in the Ecuado-
rian Tertiary. And, as Haynes (1990) pointed out, the
authors continued to rely on wall structure at the sub-
ordinal level, including behaviour under polarised light.
Because they incorporated the suppression of Anomalinag
in favour of Epistomarcides in anticipation of a ruling by
the ICZN, most of the anomalinid genera were reclassi-
fied in the Gavelinellidae. This decision created serious
problems since the application by Hansen and Régl to
suppress Anomalina, and hence the Anomalinidae, had
been withdrawn (see Revets, 1994; Rogl, pers. comm).

The recent instability surrounding the type of Anoma-
lina and all the ramifications this entailed prompted a
study of this genus in an attempt to stabilise not only
the central concept but also the classification on a higher
level. The difficulties experienced with Anomaling will
hopefully come to an end, pending the use of plenary
powers requested from the ICZN to redesignate the type
species of Anomalina. While the elective species, A. arim-
inensis, is rather close to the well supported concept of
Anomalinoides, enough differences are present to differ-
entiate both genera at this point in time (Revets, 1994).
If the proposal is accepted by the ICZN, the concept of
Anomaling will be clearly defined, resulting in a more pre-
cise understanding of anomalinids as well. At the time, it
became clear that a much wider study had to be prepared
including a much larger number of genera if any grip on
the various problems was to be achieved. Because of the
fluidity in the classification of genera in families in this
group, the scope of this study includes a number of well
defined and well understood genera, the restudy of which
was carried out to help justify the reclassification of more
difficult taxa.

When Toulmin (1941) proposed the new genus Al-
abamina, he distinguished this new taxon from Pulvinu-
linella and Eponides on the basis of the peculiarities of the
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apertural morphology. The infolding of the chamberwall
near the periphery and adjacent to the uppermost part of
the aperture is highly characteristic and diagnostic and
clearly separates Alabamina from the other genera.

Hofker (1951a) proposed a separate family to accom-
modate Alabamina and Gyreidina. This family was sub-
sequently recognised by Reiss {1958), Loeblich & Tap-
pan (1964, 1987) and Haynes (1981). However, the
member taxa changed dramatically from the original in-
tent. Reiss included only Alabamina and Osangularia
in the family. Loeblich & Tappan (1964) included Al-
abamina (=Eponidoides), Gyroidina, Oridorsalis, Rotal-
ieting, Svratkina and Trichohyalus, while their classifica-
tion of 1987 saw the Alabaminidae composed of Alabam-
ina (=Eponidoides), Clinapertina, Svratking and Valval-
abamina. Hansen (1970) added the new genus Paralabam-
ina to the group. Haynes (1981) restructured the family
by restricting it to Alabamina, Globorotelites, Conorotal-
ites, Charltonina and Osangularia. Because some of these
genera have been classified as anomalinids or gavelinellids
and vice versa, a revisional study of alabaminids is here
presented as well.

DiscussionN

The proposed retypification of Anomalina and con-
sequent circumscription of the genus also led to a more
precise definition of the family Anomalinidae. This re-
definition of the anomalinids allows at the same time a
proper differentiation from the gavelinellids. Anomalinids
are characterised by apertural extensions, flaps, grooves,
and other modifications on the spiral side, while in gave-
linellids analogous features are present on the umbilical
side. Using the terminology advocated by Haynes, the
ventral side is on opposite sides of the trochospire in these
two groups, here considered to be a difference of major
importance, hence the separation of the two groups on
family level. This point of view naturally leads to draw-
ing the cibicidids closer to the anomalinids, as has been
proposed previously by Cushman and Haynes. However,
at this point in time, the morphological differences on the
spiral, and in this case, ventral side due to the attached
life mode of Cibicides are the main grounds for keeping
both groups separate. Much needed further study of Cibi-
cides and allied taxa may well reverse this decision.

The Anomalinidae are herein recognised to accommo-
date those taxa which possess an extraumbilical aperture
which spills over onto the spiral side and in which the spi-
ral part of at least some of the earlier apertures remain
open as relict apertures. Within the family, there is a

group of closely related genera clustering round Anoma-
lina: Anomalinoides, Cibicidoides, Hanzawaia, Riminop-
sis and to a lesser extent Orithostelle. The remaining
genera differ by the extent of the spiral part of the aper-
ture and the speed with which the earlier spiral apertures
are closed off throughout ontogeny, i.e., the spiral lips are
poorly developed and previous spiral apertures are closed
off very quickly. The relations within this group as well as
with the Anomalina-cluster of genera is at present utterly
unclear. The temptation to recognise them as a separate
subfamily within the Anomalinidae was resisted as it is
quite clear that such an arrangement would be wholly
artificial. The concepts herein proposed, based on the
respective type species, are well circumscribed but prob-
lems could surface when attempting to apply these to the
large and varied number of species which belong some-
where in this group of genera. Therefore, a real need has
arisen for a complete revisional study of the species var-
iously classified as Anomaline, Anomalinoides and Cibi-
cidoides. Because of the absence of this information, it is
not yet possible to present an in-depth discussion of these
genera.

The study and discussion Anomaline ariminensis,
aimed at clarifying the plea to the ICZN for a redesig-
nation of Anomaling’s type species {Revets, 1994), de-
scribed the morphological features in great detail. The
proposed type species is a Recent taxon, but preliminary
critical searches both in the literature and in actual col-
lections, indicate that the genus Anomalina possesses a
substantial fossil record, certainly going back to the Cre-
taceous.

The genus Anomalinoides was erected by Brotzen
(1942) to accommodate nearly planispirally coiled,
very inflated taxa, up till then variously classified as
Anomaling, Planulina, Cibicides or Cibicidoides species.
Curiously, Brotzen differentiated Anomalinoides from
Anomalina by the presence of an ‘Umbilicalmiindung’ in
Anomalinoides, a point of view reiterated by Vasilenko
(1954). This is very likely the result of viewing the side
with the boss and adjacent groove as the umbilical side,
illustrating the confusing and often misleading nature
of external morphological elements. Loeblich & Tappan
(1964) held the contrary view, i.e., that the aperture in
Anomalinoides continues onto the spiral side, while they
described the aperture of Anomeline as being entirely
peripheral. Although Haynes (1981) did not mention
Anomalina, his description of the Anomalinoides aper-
ture agreed with that of Loeblich & Tappan. As shown
previously (Revets, 1994) and herein, the position and
extent of the aperture in both Anomaling and Anomali-
noides is the same. Hence, the differences between the
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two genera are mainly the obvious difference in shape of
the chambers and the details of the umbilical morphology,
respectively umbonate and sunken.

The genus Cibicidoides fits morphologically speaking
between Anomalina and Anomalinoides. 1t is clear from
the literature at large that serious difficulties are encoun-
tered in assigning species to these genera in a consistent
fashion. As herein described, Cibicidoides is closer to
Anomalina than to Anomalineides. The complete invo-
luteness of the umbilical side in Cibicidoides, together
with the lack of definition of a eentral spiral umbo, differ-
entiate species of this genus from Anomalina. In practice,
this means that a great many species currently attributed
to Cibicidoides would have to be transferred to Anoma-
lina. One of the consequences of these more restrictive
views of the concept of these two genera is that very likely
the fossil record of Cibicidoides will become restricted
to the Cenozoic, while Anomalina definitely ranges into
the Cretaceous (e.g., Anomalinoides canaliculus Belford,
1960 from the Santonian of Western Australia clearly be-
long in Anomalina as here redefined). The characteristics
of Rhodanopeza are such that a differentiation from Cibi-
cidoides is not possible. The more compressed nature of
the type species and the ornamentation is fairly distinc-
tive but insufficiently so to warrant generic recognition.

The genus Hanzawaia has been plagued by instability
and a certain amount of confusion. The ICZN conserved
the generic name Hanzawaia in favour of Florilus, acting
upon a proposal by Hansen & Rogl (ICZN, 1990). These
authors showed in their revisional study of the original
von Fichtel & von Moll collection that the genus Florilus
had been misunderstood, in that the generally accepted
concept bore no resemblance to the features of the ac-
tual type specimens. They argued that Noutilus asteri-
zans would now be classified in Hanzawaia, and therefore
lodged an appeal to conserve the subjective junior syn-
onym Hanzawaie. Unfortunately, they did not discuss
why Neutilus asterizans should be seen as a Hanzawaia
species, and, as argued for previously {(Revets, 1996), the
morphological differences are such that it is advisable to
keep these taxa generically distinct. Furthermore, N. as-
terizans-like taxa occur much earlier in the fossil record
than do Hanzewaia species. This led to the proposal of
the new name Riminopsis Revets, 1996. Both taxa clearly
belong in the Anomalinidae.

Orithostella is the last genus in the list with pro-
nounced affinities with Anomalina. Although all authors
since Eicher & Worstell (1970) proposed this genus have
classified it as a gavelinellid (i.e., with the flaps and plug
described as umbilical), it is herein shown to possess
anomalinid features. The actual shape and size of the
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spiral flaps hiding the spiral extension of the aperture
is very different from that in Anomalina, Anomalinoides
or Cibicidoides, but rather similar to that in Henzawaeia.
The imbricate nature of these flaps echoes that in Han-
zawaia as well, although the coalescence typical in the
latter does not occur.

Heterolepa is a very simple anomalinid, in which the
extension of the aperture onto the spiral side does not lead
to any modification of the features on the spiral side. Its
fossil record is apparently restricted from the Eocene to
the Recent. If the relationship with Anomalina and al-
lied taxa as herein proposed is correct, then the genesis
of Heterslepa is one through simplification rather than
increase in complexity. Heterolepa was used as basis for a
separate family created by Gonzdles-Donoso (1969) in an
attempt to improve the classification scheme proposed by
Loeblich & Tappan (1964). The Heterolepidae included
taxa which were optically granular and possessed a sep-
tal flap. Loeblich & Tappan (1987) retained this fam-
ily, including in it the genera Anomalinoides, Gemellides,
Heterolepa, Loisthostomata and Talpinella. The optical
nature of the test is not a reliable characteristic above
species level, and, as shown by Hansen & Lykke Ander-
sen (1976), the presence of a septal flap is very often a
matter of degree rather than kind. From the descriptions
herein provided, the characteristics of the Heterolepidae
fall well within the concept of the Anomalinidae.

Another simple genus is Loisthostomata. The genus
is for the moment still monospecific, and its stratigraphic
range consequently very short {Upper Eocene). Although
its simplicity is reminiscent of Heterolepa, it is clearly dif-
ferent. The much wider spiral extensions of the aper-
ture and especially the upwards and outwards curved lip
are very distinctive. The extent of the spiral part of the
aperture is more reduced than in Heterolepa. Contrary
to Heterolepa species, Loisthostomata is rather variable
in overall shape of the test, especially as far as the degree
of involution and hence demarcation of the umbilicus is
concerned.

Parrelloides differs from all the other genera in the
Anomalinidae in being clearly cone-shaped, with a rather
flattened umbilical side. The aperture is surprisingly
small and the extension onto the spiral side is almost
negligable. In this respect, it forms the end of a trend in
reduction of the spiral aperture, starting from Heterolepa,
over Loisthostomata to Parrelloides. Although consistent
with the order in which these genera appear in the fossil
record, it is not clear if this observation reflects the ac-
tual evolutionary history of these taxa. The inclusion of
the Upper Eocene Cibicides cookei by Hofker (1956) in
Parrelloides is herein not supported.



THE ANOMALINIDAE, ALABAMINIDAE, CANCRISIDAE & GAVELINELLIDAE

The Alabaminidae, as herein understood, have been
assembled first and foremost on the basis of their apertu-
ral morphology. The interiomarginal slit, further devel-
oped in an areal extention of the aperture in some of the
taxa, with an inframarginal sulcus of variable extent are
the unifying, and diagnostic, characteristics.

Conorotalites aptiensis is an interesting taxon in many
respects. It is not only the likely stem species of the entire
group, but it also exhibits a most intriguing set of phe-
nomena. The morphological variablity of the very large
type series of this species is almost uncomfortably large.
Characters like the pseudoumbilicus, ranging from com-
pletely closed to a well-defined, proper umbilicus, show
a morphological plasticity that otherwise would receive
recognition on generic level and maybe even higher. The
marking of the sutures on the spiral side is likewise highly
variable, ranging as it does between being clearly de-
pressed to raised and marked as ridges. Some of the
latter specimens superficially recall the genus Eponides.
However, the absence of a ‘bipartitor’ from the foramina
refutes this idea. Later in its history, the morphology
of Conorotalites stabilised considerably, reaching more
usual levels of variability. The inframarginal sulcus is
barely developed, but the persistent little triangular over-
hang of the chamberwall indicates already where future
developments will take place, maybe an example of pre-
adaptation.

The early Alabamina species show this very restricted
inframarginal sulcus as well, but once into the Palaeocene,
a conspicuous infold is present. Another quite interest-
ing observation is the change in overall shape in Alabam-
ina through its historic development. Most of the Creta-
ceous species of Alabamina are compact, quite rotund and
very unequally biconvex. The Caenoczoic species are much
more equally convex and lenticular. This morphological
trend runs in parallel with the development of the in-
framarginal sulcus. Notwithstanding this, the distinction
between Eponidoides (Cretaceous forms) and Alabamina
{Caenozoic forms) cannoct really be argued for. The anal-
ysis of Eponidoides as synonymous with Alabamina by
Brotzen (1948} is fully supported here.

Charltonina is very likely a continuation of the
Conorotalites line. The simple nature of the foramina,
i.e., without bipartitor, adds indirect support to the views
herein expressed as to the nature of Conoretalites. The
actual extension of the aperture in a peripheral-areal di-
rection can be seen as the next step, following on the
development of an inframarginal sulcus in Conorotalites.
In this respect, there seems to be a case of parallelism in
development with the situation in Alabamina.

The other main line of taxa in the Alabaminidae is

formed by the osangulariid genera. As is the case for
Conorotalites, Osangularia ranges deep into the lower
Cretaceous, although Conorotalites seems to be some-
what older. From a nomenclatorial point of view, there
is confusion surrounding the status and the various syn-
onymies of Osangularia. In a discussion of Parrella Fin-
lay, 1939, Brotzen (1948) synonymised his own Osangu-
laria. When it transpired that Parrelle was preoccupied
by Parrella Ginsburg, 1938, Reiss (1958) used Osangu-
laria as the next available name to cover Finlay’s Par-
rella concept, and all classifications since have accepted
this proposal. However, as shown here, Finlay’s Parrella,
based on Anomalina bengalensis is better accommodated
in Cribroparrella, hence the more narrow concept of Os-
angulario herein described. There appears to be a slight
problem in the description of the aperture, especially
for descriptions predating the SEM. As correctly pointed
out by Toulmin, very often extraneous material remains
lodged in the crevice at the base of the apertural face,
which obscures the otherwise very characteristic aperture.
It seems that the presence of this extraneous material is to
be blamed for the inaccurate view that the aperture has
no interiomarginal part. Furthermore, the internal mor-
phology of A. bengalensis differs from Osangularia, not
only because of the presence of an areal trematophore
but also due to the presence of coverplate-like feature.
Therefore, most descriptions of Osangularia in the liter-
ature are too wide. Osangularia, and to a lesser extent
other alabaminids, have sometimes been associated with
taxa such as Epistominella. The main reason for doing so
seems to have been an analogy in apertural morphology,
i.e., epistominellids are characterised by a slit-like aper-
ture running parallel with the peripheral margin, but they
always lack the interiomarginal part. This point of view is
not followed in here. While it is theoretically conceivable
that the reduction of the interiomarginal aperture could
have led to epistominellid forms, there is not enough in-
formation available to argue either way.

The genus Cribroparrella very likely developed from
Osangularia, a suggestion which follows naturally in view
of the previous inclusion of A. bengalensis, here shown
to belong in Cribroparrella, in Osangularia. Whittaker
{1988) reported that juvenile specimens of C. bengalen-
sis from the Ecuadorian Tertiary do not possess the areal
trematophore and hence are indistinguishable from Osan-
gularia. Observations on topotypes of this species herein
reported indicate that the trematophore is more than just
an adult or gerontic feature. Furthermore, the deposition
of a purely internal coverplate has no equivalent in Osan-
gularia.

Oridorsalis poses some difficulties for its suprageneric
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classification. The type species is highly characteristic
and the combination of spiral relict apertures with a
separate re-entrant umbilical aperture besides the interi-
omarginal aperture is unique. It is precisely this unique-
ness that causes the problem in finding related taxa. The
presence of the single relict aperture, remnant of the
penultimate aperture, on the spiral side seems to be a con-
sistent feature throughout the genus. The presence of this
opening is due to the peculiar shape of the apertural face
and the details of the construction of the apertural lip and
the peripheral edge. The fact that this opening is closed
off when the next chamber is built argues against a func-
tional role. On the other hand, the umbilical supplemen-
tary aperture, and at least in the type species the presence
of a re-entrant umbilical-sutural aperture seems to be of a
greater physiological value. Interestingly, early represen-
tatives of Oridorsalis are often more inflated rather than
sharply lenticular, and the umbilical re-entrant aperture
barely or not developed. The overall habitus becomes
quite similar to some of the more rounded Alabamina
species. The modifications of the apertural face close to
the periphery also begin to resemble a restricted version
of the inframarginal sulcus encountered in the Cretaceous
species of Alabamina.

Goupillaudina is a very unusual taxon, here classi-
fied in the Alabaminidae mainly on the basis of the
apertural complex. The combination of characteristics
has no equivalent amongst the smaller benthic hyaline
foraminifera. The classification here proposed is artifi-
cial, but any other proposal would suffer from the same
or worse inadequacies. In a description of G. lecointrei
Marie, Hottinger (1966) discussed the nature of Goupil-
laudina from the point of view of other, larger rotali-
ids. Hottinger could not detect any trace of peripheral
canals, nor Daviesina-like fissures. While the resulting
simplicity of construction argues against a relationship
with the complex, larger rotaliids, Hottinger expressed
serious doubts as to the inclusion by Loeblich & Tappan
(1964) of Goupillaudina with Osangularia in the same
family. Despite the fact that this argument was based
at least in part on the confused description of Osangu-
laria by Reiss, Hottinger’s analysis still stands today: it
remains utterly unclear where Goupillaudina originated
from, and this will continue to be the case until more in
depth studies of the species in this genus become avail-
able. Until such time, the familial classification of Goupil-
laudina will continue to be unsatisfactory.

The Gavelinellidae are herein considered as very differ-
ent from the Anomalinidae. As first discussed by Brotzen
(1942), the wide open umbilicus, the interiomarginal
aperture which extends into the umbilicus and contin-
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ues along the umbilical margin of the chamber, and the
presence of open relict apertures in the umbilicus, is fun-
damentally different from typical Anomalina, Rosalina or
Discorbis species. Before Brotzen created Gavelinella,
species of this genus were variously classified in especially
Anomalina and Rosalina. The fossil record for Gave-
linella apparently stretches from the Hauterivian to the
Maastrichtian, and only one or two species cross into the
Caenozoic, becoming extinct by the Eocene. Interest-
ingly, the currently earliest known species, Gavelinella
sigmoicosta (ten Dam, 1948) from the Upper Hauteriv-
ian is quite similar to the type species, a very late rep-
resentative of the genus, Gavelinella pertusa (study of
paratypes of G. bettenstaedti Dieni & Massari, 1966, de-
scribed from the Upper Valanginian of Sardinia, shows
them to be agglutinated and likely of a trochamminid
nature). In both species, the umbilicus is very widely
open, and the apertural characteristics are nearly iden-
tical, in contrast to a large proportion of species occur-
ring in the intervening time in which the umbilicus is
much more restricted. When Hofker (1956b) proposed the
Gavelinellidae, he included in it the genera Gavelinella,
Gavelinopsis, Gavelinonion and Stensioeina. As shown
by Hansen & Revets (1992), Gavelinopsis is a rosalinid
genus, unrelated to the gavelinellids, while Gavelinonion
remains a nomen inquaerendum. Hofker also proposed
that there exists a close relationship between Gyroidi-
noides, Valvulineria and the gavelinellids, although he
did classify Valvulineria in the Valvulineriidae, following
Brotzen, and Gyroidinoides in the Alabaminidae. Vari-
ous genera have in the past been synonymised in Gave-
linella (Brotzenella, Pseudogavelinella and Pseudovalvu-
lineria). The restudy of the respective type species shows
that a case can be made only for the inclusion of Pseu-
dovalvulineria in Gavelinella; the other genera are dis-
tinct. Rosalina lorneiana, designated as type species of
Pseudovalvulineria by Brotzen, was originally described
by d’Orbigny as possessing a wide open umbilicus with
the apertures clearly opening into the umbilicus. The
lectotype selected by Loeblich & Tappan (1964) appears
in this respect somewhat misleading: although the speci-
men illustrated clearly shows a deep umbilicus, it is much
smaller than indicated in d’Orbigny’s drawing.

Angulogavelinella is a highly distinctive genus, com-
bining typical gavelinellid features with an extra Osangu-
laria-like aperture. Nevertheless, the presence of an open
umbilicus and interiomarginal aperture which continues
into the umbilicus and with an umbilical part that re-
mains open in earlier chambers, all point towards a gave-
linellid alliance. The fossil record of Angulogavelinella
is short, extending from the Campanian to the Lower
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Palaeocene. Perhaps Angulogavelinella attempted to in-
vade the niche occupied by alabaminids, but failed.

Berthelina was split off from Gavelinella by Malapris
(1965), originally as a subgenus only. However, the more
involute spiral side but especially the very small and nar-
row umbilicus, accompanied by the distinct thickening of
the earlier umbilical sutures and fusing of the earlier um-
bilical flaps into a hyaline mass of calcite, is more than
sufficient to give Berthelina full generic status. Obser-
vations here reported show that, contrary to Malapris’
original description, a true umbilicus is always present:
however, it is often very small. Malapris reported that
the Berthelina plexus of the lower Albian in France was
very variable, which she took to be indicative of evolu-
tionary ferment. In view of the relative nature of the
variability of the actual specimens, and of a comparable
variability of the same species in other geographic regions
this may be a bit of an overstatement. Berthelina species
also seem to have had somewhat more specific require-
ments environmentally, making them potentially useful
for palaeoecological purposes.

Boldia and the closely allied Scarificating occur only
rarely in mainly Palaeocene but also in Eocene deposits.
The truncate nature of the test is reminiscent of some of
the Globorotalites species, but the presence of umbilical
flaps puts this genus firmly in the gavelinellids. There is
an interesting parallel in the overall habitus pattern be-
tween Boldia and the anomalinid Orithostella. When not
looking too closely at morphological details, Boldia could
be seen as an ‘upside-down’ version of Orithostella.

Cocoarota is a highly distinctive gavelinellid, espe-
cially with its clearly concave spiral side and the ring
of boss-like terminations of the sutures on the umbilical
side. The central boss on the umbilical side is not a con-
tinuous mass of calcite, but an incomplete coalescing of
the diminutive umbilical flaps of the inner whorl. It is
possible still to gain access to these earlier chambers, in
the same way as the later chambers retain umbilical relict
apertures. As pointed out by Loeblich & Tappan (1987},
the discussion by van Morkhoven et al. (1986, p. 267)
of Cibicidoides micrus {Bermudez, 1949) is incorrect and
also confusing. This also means that the extent of the
fossil record of Cocearota is not well defined. However, it
seemns likely at present that it does not extend substan-
tially outside the Eocene-Oligocene time interval.

The genus Hansenisce replaces the misunderstood and
redefined Gyroidina. Most species until now considered
to belong to Gyreidina will have to be transferred to
Hansenisca or possibly Gyroidinoides. The imbricate dis-
position of the umbilical teeth, partially shielding the
relict umbilical aperture, and the consistently open um-

bilicus supports its inclusion in the gavelinellids. It is also
this imbricate pattern and the relict apertures which al-
low the unambiguous separation of Hansenisca from Gy-
roidina. Of all the gavelinellid genera, Hansenisca is the
only one which ranges from at least the Maastrichtian
into the Recent.

Lingulogavelinella was created by Malapris (1965)
for very small gavelinellid-like forms encountered in the
French Albian. Distinctive features of this genus include
the slight central depression on the spiral side but es-
pecially the, for a gavelinellid, extensive umbilical flaps
which form an imbricate pattern at the overlap at their
distal-most part. Despite the large flaps, the centre of
the umbilicus remains open, and access to the previous
chambers remains assured through the relict umbilical
apertures. In her description and justification for the
creation of Lingulogavelinella, Malapris pointed out that
since the position of Pseudovalvulineria had become un-
tenable, species which were referred to it and did not fit
in Gavelinella should be reclassified in Lingulogavelinella.
As discussed previously, Pseudovalvulineria is herein also
considered a synonym of Gavelinella, thereby underwrit-
ing further the recognition of Lingulogavelinella as a sep-
arate taxon.

Notoplanuline is something of an oddity, comparable
in that respect with Angulogavelinella. The combination
of osangulariid and gavelinellid features, together with the
rather compressed test makes for a distinctive habitus.

The resurrection of the Cancrisidae, separate from the
Bagginidae by Haynes (1981) is herein fully supported.
Whittaker (1988, p. 112} also followed Haynes’ proposal,
stressing even more strongly a supposed discorbid alliance
of both these families. Loeblich & Tappan (1987, p. 544)
retained their position of 1964, classifying Cancris and
Valvulineria along with other genera with Baggina in the
Baggininae, Bagginidae. As shown previously, discorbids
are morphologically indistinct from rotaliids (Hansen &
Revets, 1992) and hence very different from the taxa here
under scrutiny. Baggina differs substantially from Can-
cris, especially with respect to umbilical development and
extensions of the umbilical chamber wall. Hence Baggina
is here excluded from the discussion, and the use of the
family name Cancrisidae fully supported. As is the case
for the gavelinellids, the umbilicus in the Cancrisidae is
primarily open, but obstructed, either through the devel-
opment of umbilical flaps extending over the umbilicus
or through the presence of an umbilical plug. However,
these developments generally lead to an imbricate pat-
tern of flaps, not a closing off of the umbilicus through a
coalescing and fusing of flaps and secondary lamination.
Access to the earlier chambers remains possible via the
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relict umbilical apertures, although these are hidden from
direct view.

Brotzenella is here considered to be a cancrisid genus,
with some intriguing affinities with Pseudogavelinella.
Most authors included Brotzenella in Govelinella, follow-
ing the lead of Loeblich & Tappan (1964). However, as
shown here, the presence of a well defined umbilical plug,
separate from any umbilical flaps, is sufficient to recog-
nise Brotzenella in its own right. The amount of speci-
mens available for study and their state of preservation
precluded an exhaustive and in-depth analysis of the fea-
tures, explaining the tentative nature of its reclassifica-
tion in the Cancrisidae.

The inclusion of Gyroidinoides in the Cancrisidae, as
first proposed by Haynes (1981) is here fully underwrit-
ten: the imbricate pattern of the crescentic umbilical flaps
convincingly indicates its affinities.

The incomplete knowledge of the apertural complex
in Stensioeina is to be blamed for the recurring and often
drastic reclassification of this genus over the years. While
the recognition of the genus has become straightforward,
especially since the study by Cita (1968), its higher tax-
onomy has been very unstable. The presence of exten-
sive umbilical Haps covering the umbilicus completely in
Stensioeina is shown here for the first time. This feature,
coupled with the presence of relict apertures in the um-
bilicus unambiguously identifies the genus as a cancrisid
with affinities with Pseudogavelinella.

Valvulineria is here reclassified alongside Stensioeina,
as Cushman proposed in 1940, and Haynes underwrote
in 1981. The separation of Valvulineria away from these
taxa by Loeblich & Tappan (1964, 1987) relied solely on
the optical nature of the test. Specimens of the type series
showed them to be granular rather than radial. Because
of the unreliability of the optical nature of the test, no
particular importance is attached to this observation. At
the same time, the grounds on which Valvulineria was
kept separate by Loeblich & Tappan disappear.

Unfortunately, some of the genera investigated proved
to elude a satisfactory classification in the proposed
framework. The analysis of SEM observations of Gyroid-
ina showed for the first time the presence of an eponi-
did bipartitor in the foramina of the type species. To-
gether with the primarily closed umbilicus and absence
of apertural developments on either side of the test re-
move Gyroidina from all the family taxa here studied.
This observation reinforces the view that our concept of
the eponidids has to be revised and that revisional stud-
ies of this group have become highly desirable. As the
necessary information is not as yet available it would be
hasty to reclassify Gyroidina in the Eponididae.
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The taxonomic difficulties encountered with the clas-
sification of Hollandina are due entirely to the extremely
simple nature of its test. The complete absence of mor-
phological features and the ‘primitive’ nature of its habi-
tus in contrast to the features exhibited by all the other
taxa here under scrutiny preclude the taking of an in-
formed decision as to its taxonomic affinities.

An analogous reasoning lies behind the non classifica-
tion of the genus Holmanella. The seams of the cham-
bers on the umbilical side which protrude only slightly
over the chamber surface bear no relation to apertures or
relict apertures. The L-shaped aperture and essentially
planispiral coiling do not fit with any of the taxa studied.

SYSTEMATIC DESCRIPTIONS

SUBORDER ROTALIINA LANKESTER, 1885

FaMmiLy ANOMALINIDAE CUSHMAN, 1927

1927 Anomalininae Cushman: 92.

1956a Parrelloididae Hofker: 9386.

1964 Anomalinidae Cushman; Loeblich & Tappan: 753.

1969 Heterolepidae Gonzales-Donoso: 6.

1981 Anomalinidae Cushman; Haynes: 261.

1984 Oridorsalidae Loeblich & Tappan: 53.

1987 Parrelloididae Hofker; Loeblich & Tappan: 572.

1987 Oridorsalidae Loeblich & Tappan; Loeblich & Tappan: 630.

1987 Heterolepidae Gonziles-Donoso; Loeblich & Tappan: 631.
Description. Test free, multilocular, low trochospiral, spiral

side evolute to partially evolute, umbilical side involute, umbilicus

may be filled with a small plug; aperture extraumbilical, extend-

ing onto the spiral side, partially shielded by more or less strongly

developed spiral lips, with relict spiral apertures; wall calcareous,

perforate.

GENUS Anomalina D’ORBIGNY, 1826

1826 Anomaline d’Orbigny: 282.

1941 Anomalina d’Orbigny; Marie: 243.

1964 Anomalina d’Orbigny; Loeblich & Tappan: 754.

non 1987 Epistomaroides Uchio; Loeblich & Tappan: 604, pertim.
1994 Anomalina d’Orbigny; Revets: 296,

Type species. Anomalina punctulata d’Orbigny, 1826, type by
monotypy, suppression pending, Anomaline ariminensis d’Orbigny,
1902, designation pending.

Anomalina ariminensis d’Orbigny, 1902
Pl 1, Figs. 1-4

1826 Anomalina ariminensis d’Orbigny: 282, nomen nudum.

non 1884 Anomalina ariminensis (d’Orbigny); Brady: 674, pl. 93,
figs. 10-11,

1902 Anomaline ariminensis d’Orbigny; Fornasini: 61, fig. 62.

non 1904 Anomalina artminensis (d’Orbigny); Millett: 495.

non 1915 Anomaelina ariminensis (d’Orbigny); Cushman: 44, figs.
49a-c.

1994 Anomaline ariminensis d’Orbigny; Revets: 298, pl. 2, figs.
1-9.
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Holotype. FO437, Muséum National d’Histoire Naturelle, Paris;
from Rimini, Recent.

Material ezamined. Topotypes, courtesy H. J. Hansen.

Description. Test large, unequally biconvex, low trochospire, 2
whorls, spiral side flattened, partially evolute, obscured by a large
central plug, umbilical side moderately convex, involute, with a
small ill-defined plug, periphery angled but well rounded, with im-
perforate band, flush; chambers narrow, crescentic, flush with the
surface, towards the periphery tending to retrograde, 14 chambers
in final whorl; sutures wide, raised, gently arcuate, more strongly
arcuate towards the periphery; aperture equatorial, a low arch bor-
dered by a small slightly everted lip, aperture continues onto the spi-
ral side along the entire length of the chamber, earlier sutural aper-
tures gradually closed off; wall optically granular, rather coarsely
and densely perforate, except for the wide imperforate sutures.

Remarks. As shown previously (Revets, 1994), the concept of
Anomalina could not be properly fixed through the original type
species, A. punctulata. The ICZN has been asked to set aside the
original type species in favour of A. ariminensis. If this proposal
is accepted, it will entail a slight shift away from the commonly
understood concept of the genus, but the firm foundation of the
concept through a type species which is actually recognised (and
underpinned by type specimens) seems by far preferable.

The new concept is rather close to that of Anomalinoides, but
the presence of a small umbilical plug, the very different shape of
the chambers and the dissimilarities on the spiral side allow the
recognition of Anomalina as separate from Anomalinoides.

GENUS Anomalinoides BROTZEN, 1942

1942 Anomalinoides Brotzen: 23.
1954 Cibicides (Anomalinoides) Brotzen; Vasilenko: 140.
1964 Anomalinoides Brotzen; Loeblich & Tappan: 755.
1987 Anomalinoides Brotzen; Loeblich & Tappan: 631.
Type species. Anomalina pinguis Jennings, 1936, original des-
ignation.
Anomalinoides pinguis Jennings, 1936
Pl. 1, Figs. 5-8

1932 Anomalina grosserugosa (Giimbel); Plummer: 201, pl. 14,
figs. 9a-c.

1936 Anomalina pinguis Jennings: 37, pl. 5, fig. 1.

1942 Anomalinoides plummerae Brotzen: 23, fig. 7:3.

1964 Anomalinoides pinguis (Jennings); Loeblich & Tappan: 755,

figs. 619/1a —c.

1987 Anomalinoides pinguis (Jennings); Loeblich & Tappan: 631,

pl. 708, figs. 18-20.

Type specimen. Walker Museum, University of Chicago, U.S.A.;
from Station 226-T-9, right bank of Onion Creek, East of Jones’
Crossing on the Austin-Bastrop highway, Travis County, Texas;
basal Navarro, Maastrichtian.

Material ezamined. Topotypes, courtesy A. R. Loeblich; Kjglby
Géard, Denmark; Maastrichtian, courtesy H. J. Hansen.

Description. Test unequally biconvex, very low trochospiral,
1.5 whorls, spiral side slightly convex, partially evolute, with cen-
tral plug, umbilical side gently convex, involute, umbilicus small
and open, periphery broadly rounded, lobulate, with imperforate
band; chambers moderately inflated, oblate to spherical, gradually
increasing in size, 9 chambers in final whorl; sutures on spiral side
arcuate, depressed, becoming raised and marked as wide imperfo-
rate bands, umbilical sutures arcuate, depressed, becoming raised;
aperture a very low arch, equatorial, continuing onto the spiral side,
bordered by a low thickened lip, on spiral side hidden under the nar-
row but more protruding continuation of the apertural lip, spiral lip

running along the entire length of the chamber, previous spiral aper-
tures gradually closed off, lip forwards projecting with denticulate
border; wall optically granular, densely and coarsely perforate.

Remarks. Brotzen (1942) differentiated Anomalinoides from
the, in his opinion, related genera Cibicides and Cibicidoides by
the symmetrical inflation and flat, nearly convex sides; from Plan-
ulina with great difficulty (sic!); from Anomalina by the umbilical
aperture; and from Pseudovalvulineria by the involute spiral side.

Whittaker (1988) defined it as ‘biconvex, periphery rounded;
almost involute spirally, with large plug; aperture a low equatorial
slit, extending along spiral suture under flaps’.

It appears from the literature in general that persistent prob-
lems are encountered in the differentiation of Anomalinoides from
Cibicidoides. The clearly defined spiral groove, the small but clearly
open umbilicus, and the more extended interiomarginal aperture
separate Anomalinoides from Cibicidoides. Brotzen’s observation
is quite accurate too; Anomalinoides is more equally convex and
inflated.

GENUS Cibicidoides THALMANN, 1939

1936 Cibicides {Cibicidoides) Brotzen: 186, nomen nudum, ICZN

art. 13 (b).
1939 Cibicides (Cibicidoides) Thalmann: 448.
1951 Ctbicidotdes Thalmann; McLean: 28.
1964 Cibicidoides Thalmann; Loeblich & Tappan: 757.
1986 Rhodanopeza Loeblich & Tappan: 253.
1987 Cibicidoides Thalmann; Loeblich & Tappan: 572.

Type species. Truncatulina mundula Brady, Parker & Jones,
1888, original designation.

Cibicidoides mundulus (Brady, Parker & Jones, 1888)
Pl. 1, Figs. 9-12

1888 Truncatulina mundula Brady, Parker & Jones: 228, pl. 45,
figs. 25a-c.
1939 Cibicidoides mundulus (Brady, Parker & Jones); Thalmann:

448.

1955 Cibicidoides mundulus (Brady, Parker & Jones); Loeblich &

Tappan: 25.

1964 Cibicidoides mundulus (Brady, Parker & Jones);

Tappan: 757, figs. 621/1a — c only.

1987 Cibicidoides mundulus (Brady, Parker & Jones); Loeblich &

Tappan: 572, pl. 626, figs. 1-3.

Lectotype. ZF3585, The Natural History Museum, London,
designated by Loeblich & Tappan, 1955; from Plumper station 4,
22°54’S 40°37°W, Abrohlos Bank, Brazil; 260 faths, Recent.

Material ezamined. Lectotype and ZF3584, paralectotypes;
The Natural History Museum, London.

Description. Test lenticular to planoconvex, low trochospiral,
1.5 to 2 whorls, spiral side slightly convex, nearly flat, evolute, um-
bilical side convex, involute, periphery bluntly angled, somewhat
lobulate, with imperforate band, umbilicus closed; chambers cres-
centic, equidimensional, flush, slowly increasing in size, 10 chambers
in final whorl; sutures depressed, arcuate, becoming flush, spiral
suture limbate; aperture elliptical, equatorial, extending onto the
spiral side, bordered by a thickened lip, lip continues onto the spi-
ral side hiding the spiral sutural part of the aperture, spiral aper-
tures quickly closed off, apparently no modifications occur when
converted into a foramen; wall very coarsely and sparsely perforate
on the spiral side, finely perforate on the umbilical side.

Remarks. Mead (1985) stated ‘The genera Cibicides, Cibici-
doides and Planulina have many features in common and are often
misunderstood and disagreed upon in the literature. All have a
coarsely punctate spiral side and an interiomarginal aperture. The

Loeblich &

65




S. A. REVETS

umbilical side of Planulina, however, is partly evolute, whereas the
umbilical sides of Cibicides and Cibicidoides are completely invo-
lute, and the aperture of Planulinag extends onto the umbilical side
while those of Cibicides and Cibicidoides extends onto the spiral
side. The major differences between Cibicides and Cibicidoides are
in general shape (Cibicides is planoconvex whereas Cibicidoides is
biconvex), the arrangement of punctae in the two genera, and the
aperture, which in Cibicideides does not extend onto the spiral side
as in Cibicides, instead remaining at the periphery. Corliss (1979)
separated Cibicides from Planulina on the basis of greater com-
pression in Planulinag, the flat to excavated nature of the spiral side
of Cibicides, and the stronger convexity of Cibicides. However, all
these features are incidental characteristics of the type species, and
depend on whether a species {or individual of a species) is attached
or free, and the nature of the substrate ...,

Whittaker (1988) reiterated the difficulties in assigning species
to Cibicides, Cibicidoides and Planulina. He deplored the arbi-
trary nature of the generic criteria used, but maintained their use.
He defined Cibicidoides as ‘biconvex, periphery rounded to cari-
nate, usually bi-umbonate; spiral side evolute; aperture a low inte-
riomarginal, equatorial arch with projecting lip, sometimes ‘relict’
aperture with lips on spiral keel’. Note also his synonymising of
Fontbotia (type species A. wuellerstorfi Schwager, 1866) into Cibi-
cidoides. (Fontbotia is herein considered a subjective synonym of
Planulina rather than Cibicidoides. As this genus does not belong
in any of the families looked at, Planuline and its synonyms are not
discussed. )

Cibicides can be recognised easily because of the absence of
lappets on the spiral side: the aperture continues as a simple slit in
the spiral suture. Furthermore, the attached life mode of this genus
has led to the development of a characteristic completely flat spi-
ral side. Planulina is strongly compressed, with highly diminutive
spiral lappets and both sides are clearly evolute. Both these genera
are not considered here as they belong to quite different families.
Cibicidoides has a more rounded, less extensive aperture which con-
tinues on the spiral side well hidden under spiral lappets, and not
as a sunken slit in the spiral suture. As already pointed out ear-
lier, differentiating Cibicidoides from Anomalinoides is relatively
straightforward in view of the differences in extent of the aperture,
and overall habitus of the test.

Cibicidoides natlondi (Beck, 1943)
Pl. 2, Figs. 1-4

1924 Truncatuline wuellerstorffi (Schwager); Hanna & Hanna: 59,

pl. 13, figs. 13, 18.

1943 Cibicides natlandi Beck: 612, pl. 108, figs. 1, 5, 13.
1986 Rhodanopeza natlandi {Beck); Loeblich & Tappan: 253.
1987 Rhodanopeza natlendi (Beck); Loeblich & Tappan: 584, pl.

638, figs. 4-8.

Holotype. 7521, Paleo collection, Leland Stanford University,
California; from west bank of Cowlitz River, E0.5 SE 0.24, Sec. 28,
T. 11N, R. 2W, Lewis County, Washington, Upper Eocene.

Material ezamined. CC39850, 4 paratypes, Smithsonian Insti-
tution, Washington, D.C.

Description. Test rather large, planoconvex, almost planispi-
ral, spiral side very flat, may be slightly convex, evolute, umbilical
side slightly convex, involute, periphery sharply angled, carinate, of-
ten plate-like extended, clearly lobulate, 2.5 whorls; chambers very
gently arcuate, flush with the surface on both sides, 10 chambers in
final whorl; sutures on spiral side gently arcuate, raised and thick-
ened, continuing along the peripheral edge and forming the carina,
more strongly arcuate on umbilical side, raised into almost plate-
like ridges, becoming ornamented in earlier parts with corrugations;
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aperture equatorial, a semicircular opening straddling the periph-
ery, continuing onto the spiral side under a diminutive flap, flap
arcuate, running the entire length of the chamber, flaps apparently
allowing direct access to some of the earlier chambers, spiral relict
apertures gradually closed off, no trace of spiral coverplates; wall
perforate, appearing optically granular.

Remarks. C. natlandi is the type species of Rhodanopeza Loe-
blich & Tappan, 1986. Rhodanopeza was originally classified in the
Cibicidinae but the differentiation from Cibicides put forward by
the authors is substantial to the point of suggesting an alliance dif-
ferent from the proposed one. Interestingly, a differentiation from
Plenulina is also provided but no mention is made of Cibicidoides.
The unequally biconvex test, the semi-circular aperture straddling
the periphery and the arcuate lappets on the spiral side are so simi-
lar to the morphological features of Cibicidoides that the separation
of these two taxa cannot be maintained: ornamentation alone is in-
sufficient for the recognition of genera.

GENUS Hanzawaia ASANO, 1944

non 1808 Florilus de Montfort: 134, suppressed, ICZN, 1990.
1944 Hanzowaia Asano: 97.
1964 Hanzawaia Asano; Loeblich & Tappan: 759.
1980 Hanzawaia Asano; Hansen & Régl: 174.
1987 Hanzawaia Asano; Loeblich & Tappan: 639.
1996 Hanzawaie Asano; Revets:
Type species. Hanzawaia nipponice Asano, 1944, original des-

ignation.

Hanzawaia nipponica Asano, 1944

Pl. 2, Figs. 5-8

1944 Hanzawaia nipponice Asano: 98, pl. 4, figs. 1-2.
1964 Hanzowaia nipponica Asano; Loeblich & Tappan: 739, figs.

623/1 — 2.

1987 Hanzawaia nipponice Asano; Loeblich & Tappan: 639, pl

719, figs. 1-4.

1996 Hanzawaia nipponica Asano; Revets: | pl. 2, figs. 7-9.

Holotype. 66016, Tohoku University, Sendai; from Yamaguti,
Kakio-ty6, Kawasaki-si, Kanagawa Prefecture; Pliocene.

Material ezamined. Topotypes, courtesy J. E. Whittaker; also
from Kochi Prefecture, Ananai formation, Pliocene.

Description. Test strongly compressed, very low trochospiral,
spiral side flat, with small spiral plug, evolute, umbilical side mod-
erately convex, partially evolute, periphery bluntly angular, slightly
lobulate, with imperforate band, umbilicus closed, 1.5 to 2 whorls;
chambers narrow, crescentic, flush, 10 chambers in final whorl; su-
tures raised, rather wide, strongly arcuate; aperture equatorial, an
elliptical opening bordered by a thickened lip, aperture continuing
on spiral side under a folium-like flap, flap subrectangular, project-
ing in a posterior direction, fusing with previous flap, succession
of fused Aaps forming a continuous spiralised imperforate band, of-
ten with extra apertures, earlier umbilical apertures remain open
as relicts; wall optically indistinetly radial, finely perforate.

Remarks. Difficulties are often experienced in the differenti-
ation between Hanzawaia, Planulina, Fontbotie and Cibicidotdes
(see Whittaker, 1988, p. 138). Whittaker (ibid.) defined Henza-
wata as ‘biconvex to plano-convex, sometimes keeled; spiral side
involute with prominent lappets or septal flaps under which periph-
eral interiomarginal aperture extends; with supplementary openings
under flaps’.

The spiral lappets are highly characteristic in the type species
because they are so strongly developed. Whittaker maintained that
this develoment is variable and included a number of species in this
genus with non-overlapping lappets.
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As discussed previously (Revets, 1996), the progressive widen-
ing of the concept of Hanzewaia can be argued against. Correlated
morphological differences allow a sharp line to be drawn between
Hanzawaia and Riminopsis (g.v.), the latter genus name proposed
to salvage the original Florilus concept.

Planulina differs by being much more compressed, with a nearly
truncate periphery and being evolute on both sides, furthermore,
the flaps occur on the umbilical side and are diminutive compared to
those in Hanzewaia. Cibicidoides is unequally biconvex rather than
compressed and the spiral lappets diminutive compared to those in
Hanzawaia.

GENUS Heterolepa FRANZENAU, 1884

1884 Heterolepa Franzenau: 214.

1884 Pseudotruncatuline Andreae: 122.

1898 Dendrina Costa, in Fornasini: 206.

1962 Heterolepa Franzenau; Loeblich & Tappan: 72.

1964 Heterolepa Franzenau; Loeblich & Tappan: 759.

1975 Cibusoides Saidova: 267.

1981 Crawfordoides McCulloch: 174,

1987 Heterolepa Franzenau; Loeblich & Tappan: 632.

Type species. Rotalina dutemple: d’Orbigny, 1846, subsequent

designation by Loeblich & Tappan (1962).

Heterolepa dutemplei (d’Orbigny, 1846)
Pl. 2, Figs. 9-12

1846 Rotalina dufemplei d’Orbigny: 157, pl. 8, figs. 19-21.

1884 Heterolepa simpler Franzenau: 215, pl. 5, figs. la-c.

1885 Heterolepa dutemplei (d’Orbigny); Franzenau: 152.

1962 Heterolepa dutemplei {d'Orbigny); Loeblich & Tappan: 72.
1964 Heterolepa dutemplei {d’Orbigny); Loeblich & Tappan: 759,

figs. 623/3a — c.

1985 Heterolepa dutemplei {d’Orbigny); Papp & Schmid: 61, pl.

52, figs. 1-6.

1987 Heterolepa dutemplei {d’Orbigny); Loeblich & Tappan: 632,

pl. 709, figs. 1-8.

Lectotype. GBA1981/03/240, Geologische Bundesanstalt Wien,
designated by Papp & Schmid, 1985; from Nufidorff, Vienna; Tor-
tonian.

Material examined. Topotypes, courtesy F. Rogl.

Description. Test unequally biconvex to lenticular, low tro-
chospiral, spiral side flat to slightly convex, evolute, umbilical side
convex, involute, periphery bluntly angled, with imperforate band,
lobulate in the last stage, umbilicus closed, 2.5 to 3 whorls; cham-
bers oblate, somewhat oblique, flush, 7 chambers in final whorl; su-
tures depressed, arching backwards on spiral side, gently arched on
umbilical side, spiral suture limbate, well defined; aperture slit-like,
interiomarginal, in the uppermost part of the leading face, seamed
by a low, partially everted lip, aperture continuing onto the spiral
side, for about half the chamber length, partially hidden under a
continuation of the lateral apertural lip, earlier sutural apertures
closed off by secondary lamellae; wall optically granular, densely
perforate.

GENUS Loisthostorata LOEBLICH & TAPPAN, 1986

1986 Loisthostomata Loeblich & Tappan: 255.
1987 Loisthostomata Loeblich & Tappan; Loeblich & Tappan: 632.
Type species. Loisthostomata eziguum Loeblich & Tappan,
1986, original designation.
Loisthostomata exiguum Loeblich & Tappan, 1986
Pl 3, Figs. 1-4

1986 Lotsthostomata exiguum Loeblich & Tappan: 255, figs. 22-27.
1987 Loisthostomata eriguum Loeblich & Tappan; Loeblich & Tap-

pan: 632, pl. 710, figs. 7-11.

Holotype. USNM383482, Smithsonian Institution, Washington,
D.C,; from 0.8 km east of US Highway 45, just north of the road
to Carmichael from Shubuta, Clarke County, Mississippi; Shubuta
Member, Yazoo Formation, Upper Eocene.

Material ezamined. USNM383482, holotype, USNM383483 &
484, paratypes, Smithsonian Institution, Washington, D.C.

Description. Test unequally biconvex to lenticular, low trochos-
piral, spiral side gently convex, evolute, umbilical side less convex to
flattened, involute, periphery broadly rounded, with a small imper-
forate band, lobulate, small open umbilicus, 2.5 to 3 whorls; cham-
bers oblate, wide, flush to slightly inflated, 7 chambers in the final
whorl; sutures depressed, on spiral side strongly arcuate, becom-
ing limbate, on umbilical side gently curved, becoming flush, spiral
suture limbate; aperture a small equatorial arch, straddling the pe-
riphery, bordered by a thickened lip, and continuing on the spiral
side for about a third of the length of the chamber, still bordered by
a clearly everted lip, with the addition of a new chamber, the spi-
ral part of the aperture remains open, sutural apertures gradually
closed off; wall optically granular, finely and densely perforate.

Remarks. Loisthostomate was originally proposed as a member
of the Parrelloididae, alongside Cibicidoides, Hollandina and, of
course, Parrelisides. Subsequently, Loeblich & Tappan (1987) re-
classified Loisthostomata in the Heterolepidae, alongside amongst
others Anomalinoides, differentiating it from Hellandina and Cibi-
cidoides.

Hollandina clearly belongs somewhere else. The very simple
aperture and almost featureless spiral extension, the clearly open
and depressed umbilicus, together with the lower trochospiral coil-
ing of Loistostomata is very different from the well defined spiral
lips, even showing on the relict apertures, the closed umbilicus and
the higher coiling in Cibicidoides. The diminutive spiral relict aper-
tures and open umbilicus, besides the more lenticular test shape,
differentiate it unambiguously from Heterolepa.

GENUS Orithostelle ExcHer & WORSTELL, 1970

1970 Orithostella Eicher & Worstell: 294.
1987 Orithostella Eicher & Worstell; Loeblich & Tappan: 641.
Type species. Orithostella viriola Eicher & Worstell, 1970, orig-
inal designation.
Orithostella viriole Eicher & Worstell, 1970
Pl. 3, Figs. 5-8

1970 Orithostella viriela Eicher & Worstell: 295, pl. 6, figs. 6-8.
1987 Orithostella wiriola Eicher & Worstell; Loeblich & Tappan:

641, pl. 723, figs. 1-7.

Holotype. 27972, University of Colorado Museum, Boulder;
from Bull Creek, Crook County, Wyoming; Greenhorn Formation,
Upper Cenomanian to Lower Turonian.

Material ezamined. Topotypes, courtesy D. Eicher.

Description. Test planoconvex, low trochospiral, spiral side
flattened, evolute, with a well defined central plug, umbilical side
strongly convex, involute, umbilicus narrow, clearly depressed, pe-
riphery truncate and well rounded, lobulate, 2 whorls; chambers
narrow and crescentic, moderately inflated on umbilical side, flush
on spiral side, 8-9 chambers in final whorl; sutures strongly arcu-
ate and backswept, at first depressed, becoming flush, on umbilical
side remaining depressed; aperture equatorial, semi-circular, with a
thick low lip, aperture continuing onto the spiral side, hidden under
a substantial spiral flap, spiral flaps imbricate, allowing access to
previous chambers, earlier flaps slowly coalescing and forming the
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central spiral plug; wall finely and distinctly perforate, optically
granular.

Remarks. Orithostelle was originally seen as having strong
gavelinellid affinities. The classification of the genus in the Anoma-
lininae by Eicher & Worstell reflects the then current classification
of Loeblich & Tappan (1964). As shown here, Orithostella is much
closer to Anomalina than to Gavelinello (as the classification by
Loeblich & Tappan, 1987 suggests), especially in view of the rein-
terpretation of the apertural complex as occurring on the spiral side
rather than the umbilical side.

GENUS Parrelloides HOFKER, 1956

1956b Parrelloides Hofker: 936.
1964 Cibicidoides Thalmann; Loeblich & Tappan: 757, partim.
1987 Parrelloides Hofker; Loeblich & Tappan: 573.
Type species. Cibicides hyalinus Hofker, 1951a, original desig-
nation.
Parrelloides hyalinus (Hofker, 1951)
PL 3, Figs. 9-12

1951a Cibicides hyaline Hofker: 359, figs. 244-245.

1956b Parrelioides hyalinus (Hofker); Hofker: 936.

1964 Cibicideides hyalinus (Hofker); Loeblich & Tappan: 757, figs.
621/2a-d only!

1987 Parrelloides hyalinus (Hofker); Loeblich & Tappan: 573, pl.

625, figs. 1-7.

Lectotype. Zoological Museum, Amsterdam, The Netherlands;
from 2°17°S, 99°27°E, 377 fathoms, Southwest of Sumatra; Recent,
herein designated.

Material ezamined. Specimens from 2°17'S, 99°27°E, 377 fath-
oms and 8°15°S 118°56’E, 340 fathoms, Zoological Museum Am-
sterdam. Also USNM434730, from the Sahul Shelf, Smithsonian
Institution, Washington, D.C..

Description. Test lenticular to unequally biconvex, low tro-
chospiral, spiral side generally less convex, evolute, umbilical side
clearly convex, involute, umbilicus closed, periphery bluntly angled,
may be marked by an imperforate band, gently lobulate, 2.5 whorls;
chambers oblate, wide, flush, final chamber may be slightly inflated,
on spiral side almost rectangular, 7-8 chambers in the final whorl;
sutures slightly depressed if at all, gently arcuate on spiral side,
straight on umbilical side, becoming flush and somewhat wider,
spiral suture limbate to raised; aperture a small short narrow slit,
with distinctly thickened lip, equatorial, extending onto the spiral
side over a very short distance, spiral relict apertures quickly closed
off; wall hyaline, optically granular, finely perforate, although the
umbilical side is nearly poreless.

Remarks. Parrelloides adds a further complication to the un-
tangling of the Planulina-Cibicidoides problem. Hofker appar-
ently defined the genus when looking at Cibicides cooket Cushman
& Garrett, 1939 in the Eocene of Ecuador, but the actual type
species is from the Recent of Sumatra. The type specimens of C.
cookei {CC24692 & 24821, Smithsonian Institution} show that this
taxon should be referred to Heterolepa, rather than to Parrelloides.
Hofker also included in Parrelloides the species Rotalina ungeriana
d’Orbigny, 1846; Truncatuline mundula Brady, Parker & Jones,
1888 and Anomaling wuellerstorffi Schwager, 1866. Loeblich &
Tappan {1964) synonymised it in Cibicidoides, but in 1987 split
them again, on the grounds that the wall structure of Parrelloides
is radial, the test smaller, with an arched spiral side, prominent
umbilical filling and a rounded non-carinate periphery.

The very restricted extension of the aperture onto the spiral side
is quite different from that encountered in Cibicidoides, and added
to the often much more domed spiral side and flattened umbilical
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side provide enough grounds to support the generic separation of
these two taxa.

GENUS Riminopsis REVETS, 1996

1808 Florilus de Montfort: 134, suppressed, ICZN, 1990.
1996 Riminopsis Revets:

Type species. Nautilus asterizans von Fichtel & von Moll, 1798.

Deseription. Test compressed lenticular, spiral side partially
but not completely evolute, slightly convex with central part de-
pressed, umbilical side involute, slightly convex, with a barely de-
pressed umbilicus, periphery very bluntly angular, may appear
somewhat keeled in earlier parts due to an imperforate band of
secondary laminations, flush to slightly lobulate, commonly 1.5 to
2 whorls in very low trochospiral coils; chambers narrow, oblique
but regularly so, increasing in height during ontogeny but barely in
width, flush with the surface; sutures gently and regularly arcuate,
commonly initially depressed, later becoming raised; aperture an
extraumbilical interiomarginal low arch, surrounded by a thickened
lip, aperture continuing onto the spiral side, running along the en-
tire width of the chamber, shielded by a small flap-like extension of
the spiral chamber wall hovering over the spiral aperture, successive
flaps imbricate but no fusing occurs during ontogeny; wall usually
rather coarsely perforate, distinctly less perforate on the umbilical
side.

Remarks. The subsuming of Florilus asterizans into Hanza-
wata, enforced by the ICZN (1990), further widened the concept of
that genus. As shown previously, consistent morphological differ-
ences between the type species of Florilus and Haenzawaia support
their generic separation. Because of the suppression of the name
Florilus for the sake of stability of the nomenclature, the name
Riminopsis was proposed (Revets, 1996).

FaMmiLy ALABAMINIDAE HOFKER, 1951

1951a Alabaminidae Hofker: 389.

1958 Alabaminidae Hofker; Reiss: 61.

1964 Alabaminidae Hofker; Loeblich & Tappan: 748.
1964 Osangulariidae Loeblich & Tappan: 752.

1981 Alabaminidae Hofker; Haynes: 260.

1984 Oridorsalidae Loeblich & Tappan: 53,

1987 Alabaminidae Hofker; Loeblich & Tappan: 627.

Description. Test free, multilocular, low trochospiral, spiral
side evolute, umbilical side completely involute; umbilicus com-
monly closed; aperture an interiomarginal slit, with areal extension
or supplementary areal aperture, extension may be incipient and
only marked as an inframarginal sulcus; wall perforate.

GENUS Alabamine TOULMIN, 1941

1941 Alabamine Toulmin: 602.
1942 Eponidoides Brotzen: 20.
1964 Alabamina Toulmin; Loeblich & Tappan: 748.
1987 Alabamina Toulmin; Loeblich & Tappan: 627.

Type species. Alabamina wilcozensis Toulmin, 1941, original
designation, objective junior synonym of Pulvinulinella exzigua var
wesiraliensis Parr, 1938.

Alabamina westraliensis (Parr, 1938)
Pl. 4, Figs. 1-4
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1926 FPulvinulina erigua Brady; Plummer: 150, pl. 11, figs. 3a-c.
1932 Pulvinulinella exigue var. obtuse (Burrows & Holland); Cush-

man & Ponton: 71, pl. 9, fig. 9.

1936 Pulvinulinella eziguo var. obtusa (Burrows & Holland); Jen-

nings: 192, pl. 31, fig. 4.

1938 Pulvinulinella obtusa var. westraliensis Parr: 84, pl. 3, figs.
la-c.
1939 Pulvinulinella ezigua var. obtusa (Burrows & Holland); Howe:

81, pl. 11, figs. 4-6.

1939 Pulvinulinella obtusa (Burrows & Holland); Cushman & Gar-

rett: 87, pl. 15, figs. 12-13.

1941 Alabamina wilcozensis Toulmin: 603, pl. 81, figs. 10-14.

1964 Alasbamina wilcorensis Toulmin; Loeblich & Tappan: 749, figs.
614/11a-c.

1965 Algbamina westraliensis (Parr); McGowran: 45, pl. 2, fig. 8.

1987 Alabaming wilcozensis Toulmin; Loeblich & Tappan: 627, pl.

705, figs. 10-12.

Holotype. 18903, from Perth, King’s Park Bore No. 2, 728
feet, Palaeocene, King’s Park formation; University of Western Aus-
tralia. Of Alabamina wilcozensis Toulmin: 52308, Princeton Uni-
versity, USA; from Railroad cut, 1 mi North of Ozark, Dale County,
Alabama; Greensand Marl, Upper Wilcox Group, Palaeccene.

Material ezamined. Holotype and numerous topotypes; Univer-
sity of Western Australia. Of A. wilcozensis: CC38519, paratypes;
CC16231 (as Pulvinulinelia exigue var. obtusa sensu Cushman &
Ponton, 1932); 26 topotypes; Smithsonian Institution, Washington,
D.C.

Description. Test lenticular, strongly compressed, spiral side
flattened, evolute, umbilical side gently domed, involute, periph-
ery bluntly angled, non-carinate, flush to barely lobate, umbilicus
closed, 2 to 3 whorls in low trochospire; chambers crescentic but
wide, flush, regularly increasing in size, 5 chambers in final whorl;
sutures flush, limbate, on spiral side straight and obliquely set to
the periphery, running straight te the peripheral margin, spiral su-
ture appearing jagged, composed of straight intercameral suture
fragments, on umbilical side almost straight, gently curved, may be
slightly sigmoid; aperture interiomarginal, extraumbilical, a long
narrow slit running up towards the periphery, uppermost end in
the spiral part of a deeply sunken inframarginal sulcus, apertural
border with a very low lip, lip continuing along the axial chamber
wall about halfway to the foramen, a lower and broader, denticu-
late lip is also present on the axial side of the aperture; wall hyaline,
optically granular, sparsely and very finely perforate.

Remarks. Juvenile specimens are more rounded, specimens be-
come more compressed through ontogeny. The peculiar backwards
extension of the inframarginal sulcus seen in sections and the aper-
tural lip should not be confused with a toothplate-like structure, as
Hofker {1951a} erroneously did. Haynes (1981, p. 240, 241) drew
attention to Hofker's views but thought this feature to be adaptive
rather than a relict.

The nomenclatorial history of the species is confused. Parr
{1938) proposed a replacement name for the misidentification by
Cushman & Ponton (1932) of Pulvinulinella ezigua var. obtusa. In
1941, Toulmin also proposed a new name for the same misidentifi-
cation, unaware of Parr’s prior proposal. Hence, Toulmin’s name is
an objective junior synonym and the correct name for the species
should be westraliensis.

Alabamina dorsoplana (Brotzen, 1940)
Pl 4, Figs. 5-8

1940 Eponides dorsoplana Brotzen: 31, fig. 2a-c.
1942 Eponidoides dorsoplanus {Brotzen); Brotzen: 20.
1948 Alabamina dorsoplana {Brotzen); Brotzen: 102, pl. 186, fig.3,

textfigs. 25-27.

1964 Alabamina dorsoplana (Brotzen); Loeblich & Tappan: 748.
1987 Alabamina dorsoplana (Brotzen); Loeblich & Tappan: 627.

Holotype. Naturhistoriska Riksmuseet, Stockholm; from Trelle-
borg Drilling, -14 m, S. Sweden; Upper Maastrichtian-Lower Da-
nian.

Material erxamined. Trelleborg Drilling, -15 m, donated by
Brotzen to the Smithsonian Institution; also Kjglby Gérd, Den-
mark; Maastrichtian, courtesy H. J. Hansen.

Description. Test lenticular, spiral side flat, evolute, umbilical
side convex, involute, periphery broadly angled, periphery flush,
umbilicus closed, 1.5 whorls in low trochospire; chambers flush,
rapidly increasing in length along the spiral suture, 4-5 chambers in
final whorl; sutures depressed, straight, set oblique to the periphery
on the spiral side; aperture an extraumbilical interiomarginal slit,
rather wide, running into a ill-defined inframarginal sulcus; wall
optically granular, sparsely and finely perforate.

Remarks. Eponides dorsopiana is the originally designated type
species of Eponidoides Brotzen, 1942, This species is, together with
most other Cretaceous species, more globose than the more typi-
cal Tertiary Alabamina species. Also, the inframarginal sulcus is
less pronounced than later in the fossil record, supporting to some
extent the view of Haynes (1981) that this feature is of adaptive
value rather than just a relict. These two elements are the sole
differences between FEponidoides and Alabamina, here deemed in-
sufficient to warrant generic separation.

GeNus Charltonina BERMUDEZ, 1952

1952 Charitonina Bermidez: 69.
1964 Charltonina Bermudez; Loeblich & Tappan: 752.
1987 Charlionina Bermudez; Loeblich & Tappan: 629.
non 1987 Transylvanina Gheorgian, Iva & Gheorgian; Loeblich &
Tappan: 629.
Type species. Pseudoparrella madrugaensis Cushman &
Bermudez, 1948, original designation.
Charltoning madrugeensis {Cushman & Bermidez, 1948)
Pl. 4, Figs. 9-12

1948 Pseudoparrella madrugaensis Cushman & Bermiudez: 73, pl.
12, figs. 11-13.
1952 Charltonina
Bermudez: 73.
1964 Charltonine madrugaensis {(Cushman & Bermuidez); Loeblich

& Tappan: 752, figs. 615/5a-c.

1987 Charltonina madrugaensis {Cushman & Bermidez); Loeblich

& Tappan: 629, pl. 707, figs. 4-6 only!

Holotype. CC57974, Smithsonian Institution, Washington,
D.C.; from Station 76b, under a highway bridge on the Central
San Antonio, Madruga, Cuba; Madruga Formation, Palaeocene

Material ezamined. Holotype CC57974 and 4 paratypes,
CC57975 & 76; also specimens from Palmer St. 1214, 1 km W
of Central San Antonio on the railroad to Central Hershey, Ha-
bana Province, Cuba, Upper Cretaceous, Smithsonian Institution,
Washington, D.C.

Description. Test discoidal, unequally biconvex to planoconvex,
low trochospiral, spiral side flattened to slightly convex, evolute,
umbilical side more strongly convex, involute, periphery sharply
angled, with a clear keel, distinctly lobulate, umbilicus closed, 2
whorls; chambers narrow crescentic, slightly inflated, gradually in-
creasing in size, becoming more crecentic during ontogeny, 5 cham-
bers in final whorl; sutures on spiral side flush to limbate, gently ar-
cuate to straight, extending slightly into the keel, producing a small
extension of the keel peripherally, on umbilical side depressed, gen-
tly arcuate, spiral suture well defined, limbate; aperture a narrow

madrugaensis  {Cushman & Bermudez);
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extraumbilical slit, running from just outside the umbilicus up to
the periphery, veering away at the top to run along and parallel to
the periperal margin over a short distance, a flap-like lip runs along
the entire length of the aperture; wall optically granular, rather
coarsely and relatively sparsely perforate; the central part on the
spiral side tends to become raised due to secondary lamination.

Remarks. Bermidez reported a similarity to Pulsiphoninae and
Siphonina as regards the spiral side, but the aperture was said to
be a curved slit running from the umbilicus up to the periphery and
running parallel to the margin.

The observations here reported rather point to affinities with
Conorotalites and to a lesser extent Alabamina.

Loeblich & Tappan (1987) synonymised Transylvanina Gheor-
gian, Iva & Gheorgian, 1968 into this genus, but from the figures
available, Alabamina seems to be more appropriate.

GENUS Cribroparrella TEN DAaM, 1948

non 1938 Parrella Ginsburg.

1939 Parrelle Finlay: 523.

1948 Cribroparellia ten Dam: 486.

1949 Cribroparrella ten Dam; Thalmann: 653, emend.
1964 Cribroparrella ten Dam; Loeblich & Tappan: 752.
1987 Cribroparrella ten Dam; Loeblich & Tappan: 629.

Type species. Cribroparrella regadane ten Dam, 1948, original
designation. Type species of Parrella Finlay: Anomalina bengalen-
sis Schwager, 1866, original designation.

Remarks. ten Dam consistently misspelled the genus name as
Criboparella, as he misspelled Parrella as Parella. Hence, Thal-
mann’s emendation of the name is justified (ICZN art. 32, par. ¢
& d).

Cribroparelia regadena ten Dam, 1948
PL 5, Figs. 1-4

1948 Cribroparrella regadana ten Dam: 486, pl. 76, figs. 1-3.

1964 Cribroparrella regadana ten Dam; Loeblich & Tappan: 752,
figs. 615/7a-c.

1987 Cribroparrella regadana ten Dam; Loeblich & Tappan: 629,

pl. 707, figs. 10-12.

Holotype. Not traced; from ten Dam loc. 19, Ain Regada, W.
Algeria, Blue Marls, Upper Miocene.

Material examined. CC57994, topotype; Smithsonian Institu-
tion, Washington, D.C.

Description. Test large, lenticular, very low trochospiral, spi-
ral side slightly convex, evolute, umbilical side moderately convex,
involute, periphery sharply angled, with a projecting keel, keel of-
ten irregularly denticulate, umbilicus closed, rarely with pseudo-
umbilicus, 2 whorls; chambers narrow, oblique, on spiral side al-
most triangular wedges, flush, more sigmoid and slightly inflated
on umbilical side, 16 chambers in final whorl; sutures on spiral side
strongly oblique, at first slightly raised, later flush, becoming indis-
tinct, on umbilical side elegantly sigmoid, at first clearly depressed,
later becoming raised, remaining distinct; aperture an Osangularia-
like slit with distinct lip, two rows of irregular openings running up
the apertural face, forming the supplementary trematophore, each
opening seamed by a distinct, everted lip; wall appearing optically
granular, very finely perforate.

Cribroparrelle bengalensis (Schwager, 1866)
Pl 5, Figs. 5-8

1866 Anomalina bengalensis Schwager: 259, pl. 7, fig. 111.
1939 Parrella bengalensis (Schwager); Finlay: 523.
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1964 Osangularia bengalensis (Schwager); Loeblich & Tappan: 752,
figs. 615/3 — 4 only!

1987 Osangularia bengalensis (Schwager); Loeblich & Tappan: 630,
pl. 708, figs. 4-5 only!

1988 Osangularia bengalensis (Schwager); Whittaker: 135.

Neotype. Banares University, designated by Srinivasan &
Sharma (1980); from Kar Nikobar, Indian Ocean; Upper Miocene.

Material ezamined. Topotypes, courtesy J. E. Whittaker.

Description. Test lenticular, low trochospiral, spiral side mod-
erately convex, evolute, umbilical side convex, involute, periph-
ery sharply angled and keeled, keel partially denticulate, umbilicus
closed, 2 whorls; chambers narrow, oblique, flush, 13-14 chambers
in final whorl; sutures on spiral side flush, at first gently depressed
on umbilical side, gently arcuate; aperture composite, a narrow slit
bordered by an everted periapertural lip stands perpendicular on
the basal suture about halfway between umbilicus and periphery, in
the peripheral-most region from the main aperture a trematophore
composed of large circular openings, each seamed by a thickened
lip, conversion of an aperture to a foramen results in the deposi-
tion of a incomplete sealing-off plate adjacent to the foramen on its
umbilical side; wall very finely and densely perforate.

Remarks. Parrella is defined by Anomaline bengalensis Schwa-
ger, 1866, but the genus name is preoccupied by Parrelle Ginsburg,
1938. Osangularie is often considered to be the next available name
(Loeblich & Tappan, 1964, 1987; Whittaker, 1988). Osangularia is
based on O. lens Brotzen, 1940, and the most obvious characteristic
of the genus is the unusual shape of the aperture, which is made
up of two parts, one of which stands nearly perpendicular on the
basal suture of the chamber. A neotype was designated for A. ben-
galensis by Srinivasan & Sharma (1980) and topotypes donated to
the BM(NH). These specimens are well in keeping with the descrip-
tion given by Schwager. Highly characteristic is the apertural face
which sports besides an. Osangularia-like main aperture an areal
cribrate supplementary aperture. Sections reveal that this is not a
feature restricted to the last few chambers, i.e. it is not a purely
gerontic feature (as stated by Whittaker, 1988, p. 135). The fact
that juvenile specimens of Q. bengalensis (as well as C. regadana
as mentioned by ten Dam) do not possess the cribrate part of the
aperture does not diminish the value of this characteristic for taxo-
nomic purposes. Furthermore, it seems that some kind of coverplate
is deposited in the umbilical-most region of each chamber in A. ben-
galensis. Therefore, the subjective synonymy with Osangularia is
herein rejected.

Comparing A. bengalensis with Cribroparrella regadana ten
Dam, 1948, shows the two to be congeneric. The two species are
however different, as C. regadana has more chamber in its final
whorl and is more evenly lenticular.

GENuS Conorotalites KAEVER, 1959

1959 Conorotalites Kaever: 434.
1964 Conorotalites Kaever; Loeblich & Tappan: 752.
1987 Conorotalites Kaever; Loeblich & Tappan: 629.
Conorotalites aptiensis Bettenstaedt, 1952
Pl. 5, Figs. 9-12

1952 Globorotalites bartensteini aptiensis Bettenstaedt: 282, pl. 3,
figs. 32a-c, pl. 4, figs. 59-72.

1959 Conorotalites aptiensis (Bettenstaedt); Kaever: 434.

1960 Conorotalites aptiensis (Bettenstaedt); Reiss:

1964 Conorotalites aptiensis (Bettenstaedt); Loeblich & Tappan:
752, figs. 616/1 — 2.

1987 Conorotalites aptiensis {Bettenstaedt); Loeblich & Tappan:
629, pl. 707, figs. 1-3.
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Holotype. 3927, Senckenberg Museum, Frankfurt-am-Main;
from 563.3-564.8 m, Georgsdorf well 81, near Lingen, NW Germany,
lowermost Aptian, bode: zone.

Matertal examined. 10 paratypes, SMF XXVII3967 & 3968.

Description. Test conical, spiral side flat, sometimes even
slightly irregularly concave, evolute, umbilical side broadly convex,
involute, umbilicus closed, may show a more or less well defined
pseudo-umbilicus, periphery sharply angled, well defined keel, lob-
ulate, up to 2 whorls; chambers crescentic to oblique, moderately
inflated, 7 chambers in final whorl; sutures on spiral side gently
arched, at first depressed, becoming strongly raised, on umbilical
side straight to gently sigmoid, depressed, becoming flush; aper-
ture an interiomarginal slit running from pseudo-umbilicus to the
periphery, stopping just before an incipient inframarginal sulcus,
aperture rather wide, bordered on the peripheral side only by a well
defined, cristate lip, no changes occur when converted to a foramen;
wall optically granular, sparsely and finely perforate, apertural face
imperforate.

Remarks. Kaever differentiated Conorotalites from Globorotal-
ites because of the very coarse, irregular pores; the raised sutures
on the spiral side; a wider interiomarginal aperture with a strong
lip, and the free umbilical lip at the bottom of the aperture. Fur-
thermore, the shape of the chambers was described as much more
curved to sigmoid on the umbilical side.

The type series shows the high variability of these characters
and are hence not very reliable for generic differentiation from
Globorotalites. However, contrary to Globorotalites, no modifica-
tions occur to the aperture when it is converted into a foramen in
Conorotalites, hence these two genera are maintained as distinci.

GENUS Goupillauding MARIE, 1958

1957 Goupillaudina Marie: 247, nomen nudum.
1958 Goupillaudina Marie: 861.
1964 Goupillaudina Marie; Loeblich & Tappan: 753.
1987 Goupilleudine Marie; Loeblich & Tappan: 630.
Type species. Goupilloudina daguini Marie, 1958, original des-
ignation.
Goupillaudina daguini Marie, 1958
Pl. 6, Figs. 1-4

1958 Goupillaudine daguini Marie: 863, pl. 42, figs. 2a-c, textfigs.
1A-F.
1964 Goupillaudina daguini Marie; Loeblich & Tappan: 753, figs.

617/1 — 2.

1987 Goupillandina daguini Marie; Loeblich & Tappan: 630, pl.

707, figs. 13-19.

Holotype. 6040, Muséum National d’histoire Naturelle, Paris;
from a Lime Kiln, Bernon, Department of Charente-Maritime; Up-
per Campanian.

Material eramined. Specimens from Le Caillaud, Talmont
{(France, Campanian), courtesy A. Dhondt; from the Pyrenees
(Campanian), courtesy E. Caus; from Somalia {Campanian), cour-
tesy J. Pignatti.

Description. Test very large, strongly compressed, apparently
biumbonate, spiral side flat, partially evolute, with small plug, um-
bilical side flat, evolute, with a strong groove and large plug, pe-
riphery bluntly angled and flush, with imperforate band, umbilicus
open, up to 4 whorls in almost planispiral coils; chambers very nar-
row, strongly crescentic and closely appressed, 13-15 chambers in
final whorl; sutures flush, limbate, strongly arcuate, spiral suture
indistinct; aperture slit-like, largely areal; wall sparsely and finely
perforate.

Remarks. This is a very unusual taxon, with a surprising com-
bination of characteristics. The Operculina-like outlook points to-
wards a possible affinity with the ‘larger’ rotaliids, but the apertural
morphology and absence of canals, etc., strongly argue against this.
The presence of plug-like hyaline masses of calcite on both sides
of the test is also very unusual. The deep groove on the umbilical
side is not an indication of the presence of umbilical extensions of
the aperture, echoing a comparable situation encountered in Hol-
manella.

GENUS Oridorsalis ANDERSEN, 1961

1961 Oridorsalis Andersen: 107.
1964 Oridorsalis Andersen; Loeblich & Tappan: 750.
1987 Oridorsalis Andersen; Loeblich & Tappan: 630.
Type species. Oridorsalis westi Andersen, 1961, original desig-
nation.
Oridorsalis westi Andersen, 1961
Pl 8, Figs. 5-8

71898 Truncatulina tenera var stellata Silvestri: 297, pl. 6, figs.
9a-C.

1961 Oridorsalis westi Andersen: 107, pl. 22, figs. 3a-c.

1964 Oridorsalis westt Andersen; Loeblich & Tappan: 750, figs.
614/4a-c.

1987 Oridorsalis weésti Andersen; Loeblich & Tappan: 630, pl.708,

figs. 6-8.

Holotype. 4443, Geology Museum, Louisiana State University;
from Mudlump Island, off mouth of South Pass, Lower Mississippi
River Delta; Recent.

Material examined. Topotypes, courtesy B. Kohl.

Description. Test lenticular, low trochospiral, spiral side con-
vex, evolute, umbilicdl side more convex, involute, periphery angled,
with a clear keel, lobulate, umbilicus closed, 2 whorls; chambers
oblate, wide and flattened, flush, 4 chambers in final whorl; sutures
barely depressed, on spiral side straight, normal to the spiral suture,
on umbilical side strongly jagged halfway down towards the um-
bilicus, spiral suture well defined, raised; aperture interiomarginal,
slit-like, with a very short extension onto the spiral side, previous
spiral part of apertures remaining open as relict apertures, with a
supplementary umbilical aperture positioned almost perpendicular
to the main aperture; wall optically granular, sparsely and finely
perforate.

Remarks. The combination of a clearly lenticular test with a
variable number of supplementary spiral apertures, relicts of the
previous apertures, is very characteristic. Andersen differentiated
it from Pseudoeponides by the relict apertures being confined to the
last whorl and by the absence of supplementary apertures on the
umbilical side. Contrary to Helenina, it does not possess a ventral
lobe nor septal apertures on the umbilical side (Andersen, 1961).
Mead (1985, p. 237) claimed that the secondary apertures on the
spiral side are not always present. In his opinion, the small opening
at the umbilicus partly closed by a small flap is a more consistent
key. From various photographs in the literature it seems that at
least one spiral relict aperture is always present. Whittaker (1988)
does not discuss Mead’s nor Andersen’s views, but his figure does
support Mead’s contention, although diminutive flaps of spiral relict
apertures can be seen.

Silvestri’s species from Pliocene deposits of the Siena region,
Italy, is possibly a senior synonym, but no specimens were avail-
able for comparison {Silvestri mentioned finding only 2 specimens),
hence the question mark in the synonymy of O. wests.

The familial classification of this genus is a very difficult prob-
lemn and the solution here proposed is of a very tentative nature.
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The proposal by Loeblich & Tappan (1987) of a separate family for
only Oridorsalis and Schwantzia seems too strong a split, and is
not underwritten herein.

Genus Osangularia BROTZEN, 1940

1940 Osangularia Brotzen: 30.
1941 Parrella Finlay; Toulmin: 603.
1948 Parrelle Finlay; Brotzen: 103
1964 Osangularie Brotzen; Loeblich & Tappan: 752, partim.
1987 Osangularta Brotzen; Loeblich & Tappan: 630, partim.
Type species. Osangularia lens Brotzen, 1940, original desig-
nation.
Osangularia lens Brotzen, 1940
Pl 6, Figs. 9-12

1940 Osangularia lens Brotzen: 30, figs. 8/la-c.
1948 Parrella lens (Brotzen); Brotzen: 104, fig. 28a.
1964 Osangularia lens Brotzen; Loeblich & Tappan: 752, figs.

615/1 — 2 only!

1987 Osangularia lens Brotzen; Loeblich & Tappan: 630, pl. 708,
figs. 1-3 only!

Holotype. Naturhistoriska Riksmuseet, Stockholm; from
Trelleborg Gummifabrik Drilling, -13 m, Sweden; Uppermost
Maastrichtian-Lower Danian.

Material eramined. 1USNM433602, topotype, donated by
Brotzen to the Smithsonian Imstitution; also Kjelby Gard, Den-
mark, Maastrichtian, courtsey H. J. Hansen.

Description. Test lenticular, low trochospiral, biconvex, spi-
ral side flatter than umbilical side, evolute, umbilical side involute,
periphery sharply angled, keeled, lobulate, umbilicus slightly de-
pressed, 2 whorls; chambers oblate to crescentic, flush on spiral side,
slightly inflated on umbilical side, 9 chambers in final whorl; sutures
on spiral side flush, gently arcuate, on umbilical side depressed, sig-
moid, spiral suture very distinct; aperture an interiomarginal slit
running from umbilicus to periphery, close to the periphery splitting
off perpendicular to the basal suture, making an overall L-shaped
aperture, a small part of the chamber wall bulging downwards and
separating both parts of the aperture, foramina unmodified; wall
optically granular, finely perforate.

Remarks. The diagnosis provided by Loeblich & Tappan {1987)
erroneously describes the presence of a deeply infolded ‘murus re-
flectus’ which is not open, i.e., not an aperture. This is based on
observations by Reiss {1960) on A. bengalensis, type of Parrella,
here subsumed into Cribroparrella.

FAMILY GAVELINELLIDAE HOFKER, 1956

1956b Gavelinellidae Hofker: 946.

1964 Anomalinidae Cushman; Loeblich & Tappan: 753, partim.
1981 Cancrisidae Chapman, Parr & Collins; Haynes: 259, partim.
1984 Gavelinellidae Hofker; Loeblich & Tappan: 54.

1987 Gavelinellidae Hofker; Loeblich & Tappan: 633.

Description. Test free, multilocular, low trochospiral, spiral
side evolute, umbilical side partially to completely involute, open
umbilicus; aperture interiomarginal, extending into the umbilicus,
umbilical relict apertures present, hidden under umbilical flaps or
smaller teeth; wall perforate.

GENUS Gavelinella BROTZEN, 1942

1942 Gavelinella Brotzen: 5.
1942 Pseudovalvulineria Brotzen: 20.
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1954 Anomalina (Gavelinella) Brotzen; Vasilenko: 73.
1954 Anomalina (Pseudovalyulineria) Brotzen; Vasilenko: 83.
1964 Gavelinella Brotzen; Loeblich & Tappan: 759, partim.
1964 Pseudovalvulineria Brotzen; Loeblich & Tappan: 759.
1987 Gavelinelln Brotzen; Loeblich & Tappan: 638, partim.
1987 Pseudovalvulineria Brotzen; Loeblich & Tappan: 638, partim.

Type species. Discorbinag pertusa Marsson, 1878, original des-
ignation.

Gavelinella pertuse (Marsson, 1878)
PL 7, Figs. 1-4

1878 Discorbina pertusa Marsson: 166, pl. 4, figs. 35a-e.

1942 Gavelinella pertusa (Marsson); Brotzen: 5.

1954 Anomalina (Gavelinella) pertuse (Marsson); Vasilenko: 73.

1964 Gavelinella pertuse (Marsson); Loeblich & Tappan: 759, figs.
621/5a-c only!

1987 Gavelinella pertusa {Marsson); Loeblich & Tappan: 638, pl.

718, figs. 16-18 only!

Lectotype. Smithsonian Institution, Washington, D.C., herein
designated; from Riigen, Germany; Maastrichtian.

Material examined. CC16278, part of syntypic series, Smithso-
nian Institution, Washington, D.C.; also topotypes, courtesy H. J.
Hansen

Description. Test biconvex, low trochospire, spiral side slightly
convex, evolute, umbilical side convex, involute, with deeply sunken
wide umbilicus, periphery broadly rounded, slightly lobulate, 2
whorls; chambers spherical, equidimensional, flush, slowly increas-
ing in size, becoming wider, somewhat oblique, 9-10 chambers in
final whorl; sutures arcuate, at first slightly depressed, becoming
raised and less well marked, spiral suture depressed, indistinct;
aperture a narrow interiomarginal slit, extraumbilical-umbilical,
continuing under a narrow projecting lip along the umbilical mar-
gin of the chamber, at the umbilical-most part hidden under a more
developed subtriangular umbilical flange, previous umbilical teeth
largely remaining separate, earlier umbilical apertures remaining
open; wall optically granular, finely perforate.

Remarks. Brotzen (1942) discussed at great length his rea-
soning behind the creation of Gavelinella, presenting a careful as-
sessment of the historic developments behind the taxa in which G.
pertusa had been subsumed before. In his opinion, the details of
the apertural complex, combined with differences in shape due to
coiling, were enough to remove Gavelinella from the ‘discorbids’.
By drawing attention to the nature of the umbilicus and the re-
lation of the aperture to the umbilicus, he distinguished and sep-
arated Gavelinella, Gyroidina, Gyroidinoides, Pseudovalvulineria
and Valvulineria. Vasilenko {1954) reduced Gavelinella along with
Pseudovalvulineria to subgeneric status, including them both in
Anomalina. Loeblich & Tappan (1964) widened the concept consid-
erably by their synonymising of Pseudovalvulineria and Brotzenella
into Gavelinella.

Gavelinella is here considered distinct from Brotzenella because
of the clearly open umbilicus without an umbilical knob, and the
presence of relict apertures in the umbilicus, partially shielded by
relatively small umbilical flaps. These features are herein used to
constrain the concept of the genus, which, judging from the liter-
ature at large, has expanded to encompasgs taxa which should be
considered as separate and valid in their own right.

Through his correspondence with A. Franke, Cushman man-
aged to trace numerous collections in Europe, which he then visited
in the 1930°s. A. Franke had informed him that the collection of
Marsson was held in Berlin, from where Cushman obtained original
Marsson specimens for his own collection. These specimens are la-
belled as such in the Cushman collection, effectively demonstrating
their syntypic nature.
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Gavelinella lorneiana (d’Orbigny, 1840)
Pl. 7, Figs. 5-8

1540 Rosalina lorneiana d’Orbigny: 36, pl. 3, figs. 20-22.

1342 Pseudovalvulineria lorneiana (d’Orbigny); Brotzen: 20.

1352 Gavelinella lorneiana (d’Orbigny); Hofker: 61, textfigs. 1-5.

1354 Gavelinella lorneiana (d’Orbigny); Loeblich & Tappan: 749,
figs. 621/6a-c.

1227 Gavelinella lorneiana (d’Orbigny); Loeblich & Tappan: 638,

ol. 718, figs. 13-15.

Lectotype. ~ Muséum National d’histoire Naturelle, Paris;
=udon, Paris Basin; Craie Blanche, Campanian; selected by Loe-
& Tappan, 1964.

Material ezamined. CC6981, from Gravesend, England
isidentified as R. clementiana); Smithsonian Institution, Wash-
‘=zton, D.C.

Description. Test lenticular, well rounded, spiral side clearly
sunken, individual whorls inflated, evolute, umbilical side convex,
‘mvolute, with a small clearly depressed umbilicus, periphery very
oroadly rounded, lobulate, 2 to 2.5 low trochospiral coils; cham-
sers inflated, oblique, flush on spiral side, inflated on umbilical
side. 10 chambers in final whorl; sutures on spiral side arcuate and
“blique, wide and raised, especially on axial side, becoming more
pronounced, on umbilical side gently arcuate, raised, thickening to-
wards the umbilicus, spiral suture distinctly depressed; aperture an
‘nteriomarginal slit, running from near the periphery into the um-
bilicus, bordered by a low, thickened lip, aperture continues into
:he umbilicus, running under a flap which is developed especially in
a distal direction, drawn out from the thickened suture at the back
of the chamber, successive flaps partially imbricate, thickening with
secondary lamination into an almost stellate pattern; wall optically
zranular, very coarsely and rather sparsely perforate.

Remarks. Brotzen described Pseudovalvulineria (type species
Rosalina lorneiana) as possessing a flat umbilicus, often closed by
an umbilical knob, with an umbilical aperture present only in the
very last chambers. Only in the juvenile stage does the umbilicus
ook like something akin to Gavelinella.

Vasilenko (1954) included Rosalina clementiana (type of Pseu-
dogavelinella) and Anomalina monterelensis (type of Brotzenella)
in Pseudovalvulineria, thereby widening the concept of this genus
drastically. However, the description and drawings of P. lorneiana
were taken directly from d’Orbigny, since no specimens seem to
have been recovered from the material looked at by Vasilenko.

The contentious issue seems to be to what extent the umbilicus
is depressed, hollow, covered over or filled by a plug. d’Orbigny’s
description mentions the large and deep umbilicus, in which small
lips protrude under which the aperture of each chamber opens into
the umbilicus. These lips are said to partially cover each other. On
the strength of this description, the species should be classified in
Gavelinella. The discussion by Hofker (1962), based on sections of
topotypical specimens also points towards the gavelinellid nature
of this species. Hofker rejected Pseudovalvulineria as a genus in
its own right and synonymised it with Gavelinella. In particular,
Hofker’s sections demonstrate convincingly how the umbilical re-
gion is primarily open and allows direct access to the umbilical part
of the proloculus. The illustrations by Loeblich & Tappan (1964)
of the lectotype bear these descriptions out, hence the synonymy
between Pseudovalvulineria and Gavelinella is herein underwritten.

h
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GENUS Angulogavelinella HOFKER, 1957

1957 Angulogavelinella Hofker: 366.
1964 Angulogavelinella Hofker; Loeblich & Tappan: 755.
1987 Angulogavelinella Hofker; Loeblich & Tappan: 635.

Type species. Discorbina gracilis Marsson, 1878, original des-
ignation.
Angulogavelinella gracilis (Marsson, 1878)
Pl. 7, Figs. 9-12

1878 Discorbina gracilis Marsson: 166, pl. 4, figs. 34a-c.
1957 Angulogavelinella gracilis (Marsson); Hofker: 366, figs. 419-

420.

1964 Angulogavelinella gracilis (Marsson); Loeblich & Tappan: 755,

figs. 620/1 — 2.

1987 Angulogavelinella gracilis (Marsson); Loeblich & Tappan: 635,

pl. 716, figs. 19-21.

1995 Angulogavelinella gracilis (Marsson); Weidich: 329, fig. 12,

pl. 3, figs. 1-4, 7-8, pl. 4, figs. 1-3.

Lectotype. Smithsonian Institution, Washington, D.C., herein
designated; from Riigen, Germany; White Chalk, Maastrichtian.

Material ezamined. CC16260, syntypes, Smithsonian Institu-
tion, Washington, D.C.

Description. Test lenticular, with a compressed appearance, a
low trochospire, spiral side slightly to moderately convex, evolute,
umbilical side moderately convex, involute, with a small slightly
sunken umbilicus, periphery angled, with a blunt keel, flush, 2
whorls; chambers crescentic, oblique, quite narrow, flush on spiral
side, barely inflated on umbilical side, 10 chambers in final whorl;
sutures strongly oblique on spiral side, very slightly raised, gen-
tly arcuate and distinctly depressed on umbilical side; aperture a
rather wide interiomarginal slit, surrounded by a low thickened lip,
staying well clear from the periphery, continuing towards the um-
bilicus and into the umbilicus under a diminutive flap, the small
flap developed at the umbilical-most tip of the chamber in part also
in a distal direction, successive flaps imbricate, with the deposition
of secondary lamination leading to a stellate pattern surrounding
the umbilicus proper, part of the aperture osangulariid-like, stand-
ing almost perpendicular on the basal suture of the chamber; wall
appearing optically granular, finely and moderately perforate.

Remarks. As illustrated here through the types, Angulogave-
linella has a very small sunken umbilicus, unlike the very wide and
deep umbilicus found in Gavelinella. Nevertheless, Gavelinella-like
umbilical flaps are present and organised in the same way, support-
ing its inclusion in the Gavelinellidae. Most diagnostic, however,
is the shape and positioning of the primary aperture, which, in
conjunction with the umbilical flaps, unambiguously characterises
species of this genus.

The revision of the genus Angulogavelinella by K. Weidich was
published posthumously in 1995. In the revision, a neotype, from
what are most likely syntypes kept in the Cushman Collection, was
designated. This infringes art 75 par. (a) of the ICZN: only a lecto-
type could have been selected from syntypes, hence the neotype is
invalid. Because of the untimely death of Dr. Weidich, no curato-
rial action had been taken with regards to the specimens. Unaware
of the situation, I obtained the syntypes on loan, selected and sep-
arated the best preserved specimen as lectotype and photographed
it (see pl. 7, figs. 9-12).

GENUS Berthelina MALAPRIS, 1965

1965 Gavelinella (Berthelina) Malapris: 138.
1987 Berthelina Malapris; Loeblich & Tappan: 636.
Type species. Anomalina intermedia Berthelin, 1880, original
designation.
Berthelina intermedia (Berthelin, 1880)
Pl. 8, Figs. 1-4
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1880 Anomaling intermedic Berthelin: 67, pl. 4, figs. 14a-c.
1954 Gavelinella intermedia (Berthelin); Bartenstein: 49, pl. 1,

figs. 21-28.

1965 Guovelinelle (Berthelina) intermedia ({Berthelin); Malapris:

138, pl.1, figs. 1-7, pl. 2, figs. 1-7.

1987 Berthelina intermedia (Berthelin); Loeblich & Tappan: 6386,

pl. 715, figs. 16-18.

Holotype. 23-87, Berthelin coll., Muséum National d'histoire
Naturelle, Paris; from Montcley, left bank of the Ognon, Doubs
Department; Albian.

Material ezamined. Mesnil-St. Pére, lower Albian; Ville-
moyenne, lower Albian; Le Gaty, middle Albian; Fresnoy-le-
Chateau, middle Albian; departement de I’Aube; France. Courtesy
F. Jannin.

Description. Test small, a low trochospire, spiral side flattened,
central part slightly depressed, evolute, umbilical side barely con-
vex, evolute, with an ill-defined umbilical plug, periphery broadly
rounded, somewhat lobulate, 1.5 to 2 whorls; chambers spherical
to prolate, equidimensional, slightly inflated, 9-10 chambers in final
whorl; sutures on spiral side at first depressed, with an indication of
limbateness, regularly arcuate, becoming raised, spiral suture not
clearly defined, sutures on the umbilical side raised, fusing into an
umbilical-most spiraling suture, very broad and thick; aperture a
narrow interiomarginal and intraumbilical slit, runs along the entire
umbilical edge of the chamber under a projecting lip, earlier umbili-
cal apertures gradually closed off; wall finely and densely perforate,
optically granular, ornamented by a raised periumbilical ridge.

Remarks. Malapris originally proposed Berthelina as a sub-
genus of Gavelinella because she deemed the differences insufficient,
i.e., absence of a properly defined spiral or umbilical side and ab-
sence of a clear umbilicus. However, contrary to Berthelina, Gave-
linella has a clearly defined depressed umbilicus and the umbilical
side can be recognised further by the presence of foliar lappets pro-
jecting posteriorly, leaving the umbilicus clear. In Berthelina, the
aperture seems relatively wide, starting very close if not over the
periphery and continuing slit-like under the umbilical folium, while
in Govelinella it is a narrow interiomarginal slit, firmly limited to
the umbilical side. Furthermore, the, at times substantial, thicken-
ing of the lowermost part of each chamber, coalescing into a thick
spiralling ridge, and the nearly planispiral outlook of the test is very
typical.

GENUS Boldia VAN BELLEN, 1946

non 1868 Terguemia Tate.
non 1932 Terquemia van Veen.
1946a Tergquemia van Bellen: 86.
1946b Boldia van Bellen: 122.
1964 Boldia van Bellen; Loeblich & Tappan: 75.
1987 Boldia van Bellen; Loeblich & Tappan: 636.
Type species. Rotalina lobata Terquem, 1882, original designa-
tion.
Boldia lobata (Terquem, 1882)
Pl 8, Figs. 5-8

1882 Rotalina lobata Terquem: 63, pl. 4, figs. 1la-c.
1946a Terquemia lobate {Terquem); van Bellen: 88.
1946b Boldia lobate (Terquem); van Bellen: 122.
1964 Boldia lobata (Terquem); Loeblich & Tappan:
619/2 — 3.
1987 Boldia lvbate {Terquem); Loeblich & Tappan: 636, pl. 715,
figs. 10-15.
Type specimen. Muséum National d’histoire Naturelle, Paris;
from Septeuil, Paris; Calcaire Grossier, Lutetian, Eocene.

755, figs.

T4

Material ezamined. Slide 11, sq. 7; The Natural History Mu-
seum. USNMA433604, topotype, Smithsonian Institution.

Description. Test planoconcave, truncate, small, a very low
trochospire, spiral side flat, evolute, umbilical side planoconcave,
involute, with a small, usually obscured central umbilicus, periph-
ery trucate, angled, with a double keel, clearly lobulate, 1.5 whorls;
chambers crescentic, equidimensional, flush on both sides, 8 cham-
bers in final whorl; sutures on spiral side arcuate, at first depressed,
becoming distinctly raised, on umbilical side slightly depressed to
flush, nearly straight; aperture umbilical, staying well clear from the
periphery, partially hidden under a projecting flap, flap developed
in an umbilical-distal direction, on the distal side running along
about half the suture, successive flaps clearly imbricate, apparently
remaining open and allowing access to the earlier chambers; wall
very coarsely and sparsely perforate, appearing optically granular.

Remarks. The imbricate nature of the umbilical flaps and the
umbilical relict apertures clearly show the gavelinellid alliance of
this genus. It is similar to Scarificalina Moorkens, 1982, but Boldie
is much more angular and lacks the umbilical ridges of Scarificatina.

GENUS Cocoarota LOEBLICH & TAPPAN, 1986

1986 Cocearota Loeblich & Tappan: 257.
1987 Cocoarota Loeblich & Tappan; Loeblich & Tappan: 637.
Type species. Anomaiing cocosensis Cushman, 1928, original
designation.
Cocoarota cocoaensis (Cushman, 1928)
PI. 8, Figs. 9-12

1928 Anomalina cocoaensis Cushman: 75, pl. 10, figs. 4a-c.
1986 Cocoarota cocomensis (Cushman); Loeblich & Tappan: 257,
figs. 28-33.
1986 Cibicidoides micrus (Bermidez); van Morkhoven, Berggren &
Edwards: 267, pl. 88, figs. 1-2,
1987 Cocoarota cocoaensis {Cushman); Loeblich & Tappan: 637,
pl. 717, figs. 1-7.
Holotype. CC10410, Smithsonian Institution, Washington,
D.C.; from Cocoa Post Office, Alabama; Cocoa Sand, Eocene.
Material examined. The holotype, and CC37487 & 88, para-
and topotypes; Smithsonian Institution, Washington, D.C.
Description. Test unequally biconvex to planoconvex, nearly
planispiral, spiral side flattened, may be moderately concave, evo-
lute, umbilical side convex, involute, umbilicus open but almost
completely filled with umbilical plug, periphery bluntly angled,
barely lobulate in the final part, about 2 whorls; chambers prolate,
narrow, on spiral side excavated, earlier ones gradually becoming
flush, on umbilical side flush throughout, 12 chambers in final whorl;
sutures on spiral side raised, slightly oblique but straight to almost
radial, umbilical sutures straight, thickening towards the umbilicus,
spiral suture indistinct; aperture interiomarginal, almost equatorial,
an elliptical opening surrounded by a thickened lip, straddling the
periphery, continuing towards the umbilicus as a very narrow slit
running under a narrow, low, forwards projecting lip, umbilical part
of the aperture also hidden under a subtriangular umbilical flange,
earlier umbilical apertures remain open; wall optically radial, dis-
tinctly and densely perforate except in the central part on the spi-
ral side where secondary lamination builds up into an imperforate
boss, usually continuous with the raised imperforate sutures, um-
bilical boss formed by the lowermost parts of the thickened previous
sutures, coalescing through the deposition of secondary lamination.
Remarks. Loeblich & Tappan (1986) proposed this genus as a
member taxon of the Gavelinellidae, expressly differentiating it from
Anomalinoides by the strongly excavated spiral side and elevated
sutures, the broad umbilicus and the prominent sutural umbilical
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bosses on the umbilical side and the different shape of the aper-
ture. This distinction is here fully supported, especially in view of
the occurrence of developments of the apertural complex on differ-
ent sides of the trochospire, spiral for Anomalinoides, umbilical for
Cocoarota.

Loeblich & Tappan (1987) pointed out that the discussion of
this species by van Morkhoven et al. (1986) is incorrect and confus-
ing. The specimens illustrated by van Morkhoven et al. are conspe-
cific with C. cocoaensis and in actual fact topotypes. Comparison
with the primary types of Cibicides micrus Bermidez (CC62431
and 32) clearly shows the very different nature of both taxa, and
confirms the misidentification of van Morkhoven et al.

GENUS Hansenisca LOEBLICH & TAPPAN, 1987

1987 Hansenisca Loeblich & Tappan: 639.
Type spectes. Gyroidina soldanit d’Orbigny, 1826, original des-
ignation.
Hansenisca soldanii (d’Orbigny, 1826}
Pl. 9, Figs. 1-4

1789 Nautilus melo Soldani: 59, pl. 46, figs. ss, rr, nomen nudum.
1826 Gyroidina soldanii d’Orbigny: 278.

1962 Gyroidina orbicularis d’Orbigny; Banner & Clarke: 1335.
1964 Gyroidina orbicularis d’Orbigny; Loeblich & Tappan: 750,

figs. 614/5 — 6.

1970 “Gyroidina” soldanii d’Orbigny; Hansen: 105, pl. 27, fig. 5.
1987 Hansenisca soldanii d’Orbigny; Loeblich & Tappan: 639, pl.

719, figs. 5-9.

Type specimen. Muséum National d’histoire Naturelle, Paris;
from Rimini; Recent.

Material examined. Topotypes, courtesy H. J. Hansen. ‘Lec-
totype’ and ‘paralectotype’ of Gyroidina orbicularis d’Orbigny se-
lected by Banner & Clarke (1962), The Natural History Museum,
London.

Description. Test subconical, trochoid, low trochospiral, spiral
side flattened, partially depressed, evolute, umbilical side convex,
involute, periphery bluntly angled, distinctly lobulate, umbilicus
narrow and deeply sunken, 2.5 to 3 whorls; chambers oblate, wide,
inflated, ending in clearly separated triangular umbilical tips, 10
chambers in final whorl; sutures depressed to rather deeply sunken,
short but arcuate on spiral side, gently curved to straight on um-
bilical side, spiral suture sunken and clearly marked, especially in
the last coil; aperture double, upper aperture an interiomarginal
narrow slit bordered by a thickened, bluntly cristate lip, positioned
in the middle of the basal suture, staying well clear from the pe-
riphery, a second aperture seamed by a triangular plate-like lip is
present at the umbilical-most part of the chamber, umbilical teeth
projecting into the open umbilicus without coalescing, leaving the
umbilicus open, previous umbilical apertures remain open; wall op-
tically granular, sparsely and finely perforate.

Remarks. The genus was created by Loeblich & Tappan (1987)
to accommodate a very large number of Gyroidinae species erro-
neously assigned to this genus as a result of the misinterpretation
of Gyrotdina by Loeblich & Tappan (1964). The lectotypification of
Gyroidina orbicularis by Hansen(1967) showed that the specimens
illustrated by Loeblich & Tappan (1964) belonged to G. soldanii,
rather than G. orbicularis. The major morphological differences be-
tween these two species most certainly warrant generic recognition,
and the proposed separation is herein fully underwritien.

GENUS Lingulogavelinelle MaLAPRIS, 1965

1965 Lingulogavelinella Malapris: 139.
1987 Lingulogavelinella Malapris; Loeblich & Tappan: 641.

Type species. Lingulogavelinella albiensis Malapris, 1965, orig-
inal designation.
Lingulogavelinella albiensis Malapris, 1965
Pl. 9, Figs. 5-8

1965 Lingulogavelinella albiensis Malapris: 140, pl. 4, figs. 5-8,

textfigs. 1, 2, 5-8.

1987 Lingulogavelinella albiensis Malapris; Loeblich & Tappan:

641, pl. 721, figs. 14-19.

Holotype. MMT1, Laboratoire de Géologie, Université de Di-
jon; from Villemoyenne, Department Aube; Lower Albian.

Material ezamined. Topotypes, courtesy F. Jannin.

Deseription. Test unequally biconvex, small, very low trochos-
piral, spiral side moderately convex, evolute, umbilical side flattened
to slightly concave, largely involute, periphery bluntly angled, lob-
ulate, barely more than 1 whorl; chambers prolate to crescentic,
equidimensional, flush, regularly but slowly increasing in size, 8
chambers in final whorl; sutures depressed, becoming raised, regu-
larty arcuate on spiral side, irregularly sigmoid on umbilical side,
spiral suture indistinct, limbate; aperture elliptical, equatorial to
interiomarginal, continuing under a drawn-out umbilical flap along
the umbilical edge of the chamber, earlier umbilical apertures re-
maining open, on the proximal side of the umbilical flaps with a
relatively dense cover of very low tubercles, tubercles remaining
visible in depressions between earlier flaps; wall finely perforate,
optically granular.

Remarks. Malapris separated Lingulogavelinelle from Gave-
linella and Berthelina using the complete absence of an umbilicus
and the often very large umbilical tongues as distinguishing charac-
ters. She drew attention to the difficulties encountered in assigning
many gavelinellid species to a genus, the result of inadequate and
vague diagnoses of Pseudovalvulineria and Gavelinopsis, besides
the variations in the' Gavelinella concept.

GENUS Notoplanulina MaLUMIAN & MASIUK, 1976

1976 Notoplanulina Malumian & Masiuk: 195.
1987 Notoplanulina Malumian & Masiuk; Loeblich & Tappan: 634.
Type species. Planulina rakauroane Finlay, 1939, original des-
ignation.
Notoplanuline rakauroana (Finlay, 1939)
Pl. 10, Figs. 1-4

1939 Planulina rakauroana Finlay: 326, pl. 29, figs. 154-156.

1976 Notoplanuling rekauroana (Finlay); Malumian & Masiuk: 197,
pl. 6, fig. 2a-d.

1987 Notoplanulina rakaurcana (Finlay); Loeblich & Tappan: 634,

pl. 713, figs. 1-6.

Holotype. 1147/1, New Zealand Geological Survey Collection,
Wellington; from locality 5664, Mid-Waipara, North Canterbury,
Piripauan beds, Campanian.

Material ezamined. Holotype and 1147/2 — 3, paratypes. Also
topotypes, courtesy C.P. Strong.

Description. Test strongly compressed, very low trochospiral,
spiral side flattened, evolute, earlier whorls indistinct due to depo-
sition of secondary lamination, umbilical side slightly more convex,
partially involute, umbilicus clearly defined, narrow but open, pe-
riphery sharply angled, slightly carinate, barely lobulate, 2 whorls;
chambers strongly crescentic, very narrow, moderately inflated, 7-
8 chambers in final whorl; sutures strongly arcuate, broadly de-
pressed, becoming raised, spiral suture obscured, limbate; aper-
ture slit-like, with indistinct low lip, interiomarginal, continuing
into the umbilicus under a subtriangular flap, a second extension of
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the aperture positioned high up the apertural face and at a clear
angle with the interiomarginal suture, earlier umbilical apertures
gradually closed off; wall finely and sparsely perforate.

Remarks. Notoplanulina is a very peculiar genus in that it
combines features of an osangulariid and a gavelinellid nature.

GENUS Pseudogavelinella VOLOSHINA, 1981

1981 Pseudogavelinella Voloshina, in Subbotina et al.: 85.
1987 Pseudogavelinella Voloshina; Loeblich & Tappan: 642.
Type Species. Rosalina clementiana d’Orbigny, 1840, original
designation
Pseudogavelinella clementiana (d’Orbigny, 1840)
Pl. 9, Figs. 9-12

1840 Rosalina clementiana d’Orbigny: 37, pl. 3, figs. 23-25.
1954 Anomalina (Pseudovalvulineria) clementiana (d’Orbigny);

Vasilenko: 91, pl. 9, figs. 6a-c.

1981 Pseudogavelinella clementiana (d’Orbigny); Voloshina, in

Subbotina et al.:85.

1987 Pseudogavelinella clementiana (d’Orbigny); Loeblich & Tap-

pan: 642, pl. 719, figs. 10-15.

Type specimen. Muséum National d’histoire Naturelle, Paris;
from Saint-Germain, bassin de Paris; Craie blanche, Campanian.

Material examined. The Natural History Museum, London.
Pinswager Graben, near Neubauern, Germany, Upper Campanian,
donation by H. Hagn to the Smithsonian Institution.

Description. Test lenticular, broadly rounded, low trochospiral,
spiral side somewhat convex, evolute, earliest part often obscured
by ornamentation, umbilical side convex, involute umbilicus appar-
ently filled with a small central plug, periphery broadly rounded,
lobulate, with imperforate band, 2 whorls; chambers oblate, equidi-
mensional to wide, slightly oblique, moderately inflated, more flush
on the spiral side, 8 chambers in final whorl; sutures on spiral side
depressed at first, quickly becoming raised into ridges, gently ar-
cuate, on umbilical side gently arcuate, depressed, usually flanked
by thickened ridges on the adjacent chamber walls, spiral suture
strongly depressed; aperture an interiomarginal slit, staying well
clear from the periphery, continuing into the umbilicus underneath
very diminutive flaps, flaps drawn out from the umbilical-most part
of each chamber, quickly thickening with secondary lamination, not
imbricate, earlier thickened flaps remaining separate and yielding a
spiral pattern; wall rather coarsely perforate on the umbilical side,
imperforate on spiral side; centre of the spiral side ornamented with
interrupted ridges

Remarks. This genus resembles to some extent Stensioeina, the
main differences being the formation of the peculiar spiral pattern of
thickened umbilical flaps which remain separate, the thickening of
the umbilical sutures, the less developed umbilical flaps and the less
truncate outlook of the test. Pseudogavelinella is here considered a
genus in its own right, separate from Gavelinella: the non-imbricate
nature of the umbilical flaps and the seemingly filled-in umbilicus
are considered sufficient to warrant this differentiation.

FAMILY CANCRISIDAE CHAPMAN, PARR &
COLLINS, 1934

1934 Cancrisinae Chapman, Parr & Collins: 567.

1942 Valvulineriidae Brotzen: 16.

1956b Valvulineriidae Brotzen; Hofker: 942.

1956b Marginolamellidae Hofker: 949, not available.

1981 Cancrisidae Chapman, Parr & Collins; Haynes: 237.
1981 Gyroidinoidinae Saidova: 41.
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Description. Test free, multilocular, low trochospiral, spiral
side at least partially evolute, umbilical side involute, umbilicus
secondarily obstructed or filled in; aperture interiomarginal, and
intraumbilical, with relatively substantial umbilical flaps partially
shielding umbilical aperture, earlier umbilical aperture remain open
as relict apertures; wall finely perforate.

GENUS Cancris DE MONTFORT, 1808

1808 Cancris de Montfort: 267.

1839 Rotalina d’Orbigny: 71.

1899 Pulvinulinella Eimer & Fickert: 628.

1942 Cancris de Montfort; Cushman & Todd: 72.

1964 Cancris de Montfort; Loeblich & Tappan: 586.

1981 Cancris de Montfort; Haynes: 260.

1984 Cancris de Montfort; Rogl & Hansen: 67.

1987 Cancris de Montfort; Loeblich & Tappan: 545.

Type species. Nautilus auricula von Fichtel & von Moll, 1798,
original designation.
Cancris auriculus (von Fichtel & von Moll, 1798)

Pl. 10, Figs. 5-8

1798 Nautilus auricula von Fichtel & von Moll: 108, pl. 20, figs.

a-c.

1808 Cancris auriculus (von Fichtel & von Moll); de Montfort: 267.

1826 Nonionina auricula (von Fichtel & von Moll); d’Orbigny: 295,
no. 24.

1826 Rotalia brongniartii d’Orbigny: 273, nomen nudum.

1846 Rotalia brongniartii d’Orbigny; d’Orbigny: 158, pl. 8, figs.

22-24.

1898 Rotalia brongniartii d’Orbigny; Fornasini: 248, fig. 1.

1942 Cancris auriculus (d’Orbigny); Cushman & Todd: 74, pl. 18,
figs. 1-5 and 7-11, partim.

1964 Cancris auriculus (von Fichtel & von Moll); Loeblich & Tap-

pan: 586, fig. 462/3a — c.

1984 Cancris auriculus (von Fichtel & von Moll); Régl & Hansen:

67, pl. 26, figs. 3-8, text fig. 28.

1987 Cancris auriculus (von Fichtel & von Moll); Loeblich & Tap-

pan: 545, pl. 591, figs. 1-4.

Lectotype. MI-564, Naturhistorisches Museum Wien, selected
by Rogl & Hansen, 1984; from the Mediterranean Sea; Recent.

Material examined. NufBidorff, Vienna; Badenian. Courtesy F.
Rogl.

Description. Test unequally biconvex, often large, low trochos-
piral, spiral side evolute, generally less convex than umbilical side,
umbilical side involute, umbilicus small but open, periphery sharply
angled, often with a small carina, lobulate, 1.5 to 2 whorls; cham-
bers prolate to crescentic, flush, very rapidly expanding in size,
increasing allometrically in height, producing auriculate nature, 7-8
chambers in final whorl; sutures on spiral side gently to strongly
arcuate, more arcuate towards the periphery, limbate, becoming
raised, on umbilical side straight to gently arcuate, depressed, be-
coming flush, spiral suture irregularly wavy, depressed; aperture a
high interiomarginal umbilical arch, continuing into the umbilicus,
under a projecting flap, successive flaps remaining free, leaving part
of previous apertures open; wall densely and finely perforate, opti-
cally radial.

Remarks. de Montfort’s very florid drawing of Cancris auricu-
lus led to a complete neglect of this genus until the studies by Cush-
man. It is only from the 1940’s onwards that new species were actu-
ally being described in Cancris. Cushman (1940) initially classified
it with Baggina and Neocribrella in the Baggininae, Rotaliidae.
Loeblich & Tappan (1964) essentially agreed with this proposal al-
though they classified the Baggininae in the Discorbidae. Haynes
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(1981) regarded the Bagginidae and Cancrisidae as distinct group-
ings, but retained them in the Discorbacea. Loeblich & Tappan
(1987) upgraded the Bagginidae to full family status, still within
the Discorbacea.

The study by Hansen & Revets {1992) on the discorbids com-
bined with the information here presented shows that Cancris bears
little relation to this group. The distinction put forward by Haynes
(1991) is herein followed and Baggina is kept separate from Cancris
on familial level.

GENUS Brotzenella VASILENKO, 1958

1954 Anomalina (Pseudovalvulineria) Brotzen; Vasilenko: 106,
1958 Anomalina (Brotzenella) Vasilenko in Bykova et al.: 52.
1964 Gavelinella Brotzen; Loeblich & Tappan: 759, partim.
1975 Brotzenella Vasilenko; Podobina: 134,
1987 Gavelinella Brotzen; Loeblich & Tappan: 838, partim.
Type species. Anomalinae monterelensis Marie, 1941, original
designation.
Brotzenello monterelensis (Marie, 1941)
PI. 11, Figs. 1-4

1941 Anomalina monterelensis Marie: 243, pl. 37, figs. 342a-c.
1954 Anomaling  (Pseudovalvulineric) monterelensis  Marie;

Vasilenko: 108, pl. 14, figs. 5-6.

1958 Anomalina (Brotzenella) monterelensis Marie; Vasilenko in

Bykova et al.: 52.

1964 Gavelinella monterelensis (Marie); Loeblich & Tappan: 759,
figs. 621/7a-c.
1987 Gavelinella monterelensis (Marie}; Loeblich & Tappan: 638,

pl. 718, figs. 10-12.

Holotype. 6245, Muséum National d’histoire Naturelle, Paris;
from Monterau, Department Seine-et-Marne, Paris Basin; Zone Em-
2, Belemnitella mucronata Chalk, Campanian.

Material eramined. Specimens from Le Caillaud, Talmont;
Campanian, courtesy A. V. Dhondt; also Pinswanger Graben,
Neubeuern, Bayern, Upper Campanian, donated by H. Hagn to
the Smithsonian Institution, Washington, D.C.

Description. Test lenticular, low trochospiral, spiral side gently
convex, evolute, umbilical side flattened, involute, umbilicus wide
and open, with large umbilical boss, periphery bluntly angled, with
imperforate band, 2 whorls; chambers oblate, equidimensional to
wide, oblique towards the periphery, flush, flattened, 11 chambers
in final whorl; sutures on spiral side arcuate, depressed and rather
wide, ill-defined, on umbilical side depressed, arcuate, spiral su-
ture ill-defined, a wide depressed region between successive coils;
aperture equatorial to interiomarginal, a wide arch bordered by a
thickened lip, continuing towards the umbilicus and hidden under a
forwards projecting lip, at the umbilical end with a small backwards
projecting flap; wall sparsely and coarsely perforate.

Remarks. Originally proposed as a subgenus of Anomalina, it is
said to differ from Pseudovalvulineria (in which the original species
were at first subsumed by Vasilenko) by the presence of a boss or
complex sculpture on the weakly evolute ventral side, the symmet-
ric position of the leading face relative to the peripheral margin and
the arcuate aperture.

The presence of a primary infilled umbilicus through the pres-
ence of an umbilical plug is here considered to be of sufficient impor-
tance not only to recognise Brotzenella as separate from Gavelinella
but to classify it in a different family.

GENUS Cibicorbis HADLEY, 1934

1934 Cibicorbis Hadley: 26.
1964 Cibicorbis Hadley; Loeblich & Tappan: 678.

1987 Cibicorbis Hadley; Loeblich & Tappan: 546,
1988 Cibicorbis Hadley; Whittaker: 112.
Type species. Cibicorbis herricki Hadley, 1934, original desig-
nation.
Cibicorbis herricki Hadley, 1934
PL 10, Figs. 9-12

1934 Cibicorbis herricki Hadley: 26, pl. 5, figs. 1-3.

1940 Valvulineria collis Coryell & Rivero: 338, pl. 43, figs. 24a-c.

1941 Cibicides kugleri Cushman & Renz: 27, pl. 4, figs. 1la-c.

1945 Valvulineria crassisepia Keijzer: 203, pl. 4, figs, 56a-c.

1964 Cibicerbis herricki Hadley; Loeblich & Tappan: 678, figs.
544/2a-c.

1987 Cibicorbis herricki Hadley; Loeblich & Tappan: 546, pl. 591,

figs. 8-10.

Holotype. Paleontological Research Institute, Ithaca, New
York; from basal marl of the Yumuri River Gorge, Matanzas, Cuba,
Oligocene.

Material examined. USNM P3315, paratype and CC62934,
from Bravo 9, Core 3, Yaguate Area, Dominican Republic, Upper
Oligocene; Smithsonian Institution, Washington, D.C.

Description. Test planoconvex, rather large, spiral side flat-
tened to slightly concavoconvex, evolute, umbilical side strongly
flaring and convex, narrow well-defined umbilicus, periphery
sharply angled and keeled, lobulate, 1.5 whorls; chambers crescen-
tic, narrow, rapidly increasing in height, flush on spiral side, inflated
on umbilical side, 8 chambers in final whorl; sutures on spiral side
strongly arcuate, wide and clearly raised, forming the carina on the
periphery of the test, on umbilical side nearly straight, wide and
raised, becoming flush, spiral suture indistinct, depressed; aperture
semi-circular, interiomarginal to umbilical, starting from below the
peripheral edge towards the umbilicus, continuing into the umbili-
cus underneath a strongly developed umbilical flap, umbilical flap
very large, not confined to its chamber but spilling over onto previ-
ous chambers, imbricate, most of the previous flaps hidden due to
the degree of overlap of the succeeding chambers; wall finely and
densely perforate, optically granular.

Remarks. Loeblich & Tappan (1964) included without com-
ments Cibicorbis in the Eponididae, moving it later {1987) to the
Baggininae. Whittaker (1988) reclassified Cibicorbis in the Can-
crisidae, following the analysis of the position of the cancrisids ver-
sus the bagginids by Haynes (1981). Whittaker also accepted the
synonymy suggested by Crouch & Poag (1979) between Rosalina
hitchcockae Galloway & Wissler, 1927 and C. herricki. However,
there are clear morphological differences between both species, the
most obvious one being the nature of the umbilical flap and cover-
ing up of the umbilicus. In C. herricki, the umbilical flaps are very
large and wide, essentially obscuring the umbilicus from direct view.
Also, because of the extensive embracing nature of the chambers,
previous flaps are almost completely subsumed into the lumen of
the following chambers. In contrast, R. hitchcockae possesses rather
diminutive flaps, which leave the umbilicus clearly open and the
chambers are far less embracing, leaving the periumbilical region
open. While it is not impossible that there is a direct evolution-
ary lineage leading from the Oligocene C. herricki to the Pliocene
R. hitchcockae, more in-depth studies are necessary to support this
view and in the mean time both taxa are deemed separate.

GENUS Gyroidinoides BROTZEN, 1942

1942 Gyroidinoides Brotzen: 19.
1963 Valvalabamina Reiss: 62.
1964 Gyroidinoides Brotzen; Loeblich & Tappan: 753.
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1984 Gyroidina {Gyroidinoides) Brotzen; Reiss & Hottinger: 290.
1987 Gyroidinoides Brotzen; Loeblich & Tappan: 633.
1987 Valvalabamina Reiss; Loeblich & Tappan: 628.
Type species. Rotaline nitida Reuss, 1844, original designation.
Gyroidinoides nitidus (Reuss, 1844)
PL 11, Figs. 5-8

1844 Rotalina nitida Reuss: 214.

1942 Gyroidinoides nitidus (Reuss); Brotzen: 19.

1964 Gyroidinoides nitidus (Reuss); Loeblich & Tappan: 753, figs.
615/6a-c.

1970 Gyroidinoides nitidus (Reuss); Hansen: 105, pl. 28, fig. 6.

1987 Gyroidinoides nitidus (Reuss); Loeblich & Tappan: 633, pl.

713, figs. 7-9.

Type specimen. Originally in the Fiirstlich Lobkowitz Miner-
alien Kabinet, Bilin. This collection was subsequently moved to
Budapest, where it was destroyed during the Soviet invasion of 1956;
from Rannay, NW Bohemia; Plinerschichten, Turonian.

Material ezamined. Specimens from Locality 32, 18th Eu-
ropean Micropalaeontological Colloquium, Kystra, Ohre Region,
Czech Republic; Jizera Formation, Middle Turonian, courtesy H.
J. Hansen. Also USNM433601, Skalitz, Sweden, Upper Turonian,
identified by F. Brotzen; Smithsonian Institution.

Description. Test nearly globular, low trochospire, spiral side
flattened, evolute, umbilical side very convex, involute, umbilicus
hidden, periphery very broadly rounded, flush, about 2 whorls;
chambers oblate, wide, inflated, 6 to 7 chambers in final whorl;
sutures depressed, slightly arcuate on spiral side, depressed for the
umbilical half and straight on umbilical side, spiral suture clearly
depressed; aperture a long narrow interiomarginal slit, running from
within the umbilicus to the periphery, aperture seemingly contin-
uing into the umbilicus, hidden by a broad, crescentic flap, flap
covering the whole of the umbilicus, including previous flaps; wall
optically granular, very finely perforate.

Remarks. Brotzen (1942) differentiated Gyroidinoides from Gy-
roidina on account of the open umbilicus and the clearly visible
umbilical lips belonging to the umbilical apertures, and from Gave-
linella through the very narrow umbilicus and the reduced umbilical
apertures.

Loeblich & Tappan (1964) discussed the relation between Gy-
roidina and Gyroidinoides, unfortunately based on a lapsus in re-
gard to the Gyroidina type species. Nevertheless, the description of
Gyroidinoides is accurate, only the differentiation from Gyroiding
is not. The differentiation from Pseudovalvulineria (synonymised
by them into Gavelinella) is only partially correct, i.e., the claimed
absence of umbilical relict apertures in Gyroidinoides is inaccurate.

Mead (1985) followed Loeblich & Tappan (1964) and defined
Gyroidinoides as possessing a single continuous apertural opening
from the periphery to the umbilicus, whereas Gyroidina supposedly
had two. Mead synonymised Gyroidina neosoldanii with soldanii,
which according to Whittaker (1988) is much closer to Gyroidina
orbicularts. Since Mead’s analysis was based on Loeblich & Tap-
pan {1964), his concept of Gyroidina reflects the lapsus of the latter
authors. Mead’s analysis draws attention to the different criteria
which have been used: Brotzen thought the number of whorls to be
significant as well as the shape of the spiral intercameral sutures.
Parker (1958) considered the angle of the intercameral sutures to
the spiral suture constant within a species, while Todd (1958} re-
garded all this as falling within the variability of the taxon.

Haynes {1981) considered Gyroidinoides to be closely allied to
Gyroidina, but also to Gavelinella and Valvulineria. This group was
classified in the Cancrisidae rather than dispersed over the Osan-
gulariidae, Anomalinidae and Discorbidae as proposed by Loeblich
& Tappan (1964).
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Whittaker (1988} disagreed with the Haynes proposal and fol-
lowed Loeblich & Tappan (1984) amended classification.

Gyroidinoides lenticulus (Reuss, 1845)
Pl 11, Figs. 9-12

1845 Hotalina lenticula Reuss: 35, pl. 12, figs, 17a-c.
1963 Valvalabamina lenticula (Reuss); Reiss: 62,
1987 Valvalabamina lenticula {Reuss); Loeblich & Tappan: 628.

Type specimen. Originally in the Firstlich Lobkowitz Miner-
alien Kabinet, Bilin. This collection was subsequently moved to
Budapest, where it was destroyed during the Soviet invasion of 1956;
from Liischitz, Bohemia, Czech Republic; Plinermergel, Turonian.

Material ezamined. Topotypes, courtesy H. J. Hansen.

Description. Test lenticular, low trochospiral, spiral side convex
to nearly plane, evolute, umbilical side flattened, involute, umbilicus
small but hidden, periphery broadly rounded, 1.5 to 2 whorls; cham-
bers flush, 11 chambers in final whorl; sutures depressed, gently ar-
cuate, spiral suture clearly sunken especially in the final parts; aper-
ture a narrow interiomarginal slit, umbilical-extraumbilical, running
to the periphery, a small foliar umbilical extension of the chamber
not hiding part of the aperture; wall optically granular, very finely
perforate.

Remarks. The illustrations by Loeblich & Tappan (1987) are
not of G. lenticulus, but presumably similar species from the Amer-
ican Cretaceous. As pointed out by Reuss, the main difference be-
tween Gyroidinoides nitidus and this species is the much Ratter na-
ture of the overall shape of the test. Apart from this single feature,
similarities are overwhelming and probably too great to warrant
generic separation from Gyroidinoides. Therefore, Valvelabamina
is herein synonymised into Gyroidinoides.

The observations here reported point towards substantial simi-
larities with Valvulineria. Also, the apparently first documentation
of relict umbilical apertures underpins the drastic reclassification
herein proposed.

GENUS Scheibnerova QUILTY, 1984

1984 Scheibnerova Quilty: 234.
1987 Scheibnerova Quilty; Loeblich & Tappan: 642.
Type species. Scheibnerova protindica Quilty, 1984, original
designation.
Scheibnerova protindice Quilty, 1984
PlL. 12, Figs. 1-4

1973 Praeglobotruncana stephani (Gandolfi); Quilty: pL

12-13.

1984 Scheibnerova protindica Quilty: 234, figs. 5A-K.
1987 Scheibnerova protindica Quilty; Loeblich & Tappan: 642, pl.

723, figs. 8-14.

Holotype. CPC24607, Commonwealth Palaeontological Col-
lection, Canberra; from F/S Sonne Cruise 8A, 18°25.4-26.3’S
112921.8-23.6’E, sample 72KD-A, 3920-3450 m Exmouth Plateau;
Early Cenomanian.

Material ezamined. DSDP 766A, Exmouth Plateau, Cenoma-
nian, courtesy D. Haig.

Description. Test unequally biconvex to lenticular, trochospi-
ral, spiral side strongly convex, evolute, umbilical side flattened to
slightly depressed, involute, very small sunken umbilicus, periphery
broadly rounded, lobulate, 2 whorls; chambers crescentic, narrow,
becoming more crescentic during ontogeny, flush to slightly inflated,
5 chambers in final whorl; sutures on spiral side obscured by or-
namentation, on umbilical side gently arcuate, depressed; aperture
slit-like, with low indistinct lip, umbilical-extraumbilical, not reach-
ing the periphery, on umbilical-most end partially hidden under an

1, figs.
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umbilical flange; wall optically granular, sparsely and finely perfo-
rate, spiral side ornamented by a dense rugose-hispid cover.

Remarks. Quilty differentiated Scheibnerova from Valvuline-
ria by the more hispid spiral side and a, perhaps, more sharply
angled periphery, and from Vernonine by the presence of an inte-
riomarginal arched aperture, staying clear from the umbilical area.

Superficially close to Vernonina, the umbilical region shows im-
portant differences: in Scheibnerova there is no umbilical plug but
there are umbilical flaps which are absent in Vernonina. For these
reasons, it is here classified in the Cancrisidae.

GENUS Stensioeina BROTZEN, 1936

1936 Stensioeina Brotzen: 164.
1940 Siensioeina Brotzen; Cushman: 263.
1964 Stenstioeina Brotzen; Loeblich & Tappan: 763.
1987 Stensioeina Brotzen; Loeblich & Tappan: 635.
Type species. Rotalia exsculpta Reuss, 1860, original designa-

tion.

Stensiceina exsculpte (Reuss, 1860)

Pl 12, Figs. 5-8

1860 Rotalia exsculpta Reuss: 222, pl. 11, figs. 4a-c.

1936 Stensioeina ezsculpta {Reuss); Brotzen: 165, pl. 11, figs. 8a-c.

1964 Slensioeina exsculpta (Reuss); Loeblich & Tappan: 763, figs.
627/7a-c.

1966 Stensioeina ezxsculpte (Reuss); Citar 251, figs. 1-4.

1987 Stensioeina ezsculpta (Reuss); Loeblich & Tappan: 635, pl.

715, figs. 4-6.

Type specimen. Probably at Naturhistorisches Museum Wien;
from Hamm, Westfalen; Mucronatenkreide, Campanian.

Material ezamined. The Natural History Museum, courtesy
J. E. Whittaker. Also CC35110, CC35142, CC35109, CC35104,
and USNM433611, topotypes; Smithsonian Institution, Washing-
ton, D.C.

Description. Test sublenticular to planoconvex, low trochospi-
ral, spiral side slightly convex to flat, evolute, umbilical side broadly
convex, involute, umbilicus hidden, periphery sharply angled, flush,
2 to 2.5 whorls; chambers crescentic, becoming narrower during
ontogeny, flush, 11 chambers in final whorl; sutures on spiral side
raised, distinct, gently curved, marked by bead-like thickenings,
on umbilical side indistinct, slightly depressed, gently curved, spi-
ral suture raised, accentuated by raised beads; aperture elliptical,
bordered by a rounded and thickened lip, umbilical-extraumbilical,
staying well away from the periphery, continuing into the umbilicus
under an umbilical flap, umbilical flap covering the whole of um-
bilicus proper, successive flaps partially imbricate, earlier umbilical
apertures gradually closed off; wall optically granular, sparsely and
finely perforate.

Remarks. Initially, Brotzen considered Stensioeina to be closely
allied to Gyroidina and Globorotalia {in this case in the sense of
Globorotalites), drawing on the features of aperture, overall shape
and nature of the umbilicus. In his discussion of Gavelinella,
Brotzen (1942) revised his opinion and included Stensioeina with
Valvulineria, Gavelinella, Gyroidinoides, Gyroidina, Hotaliating,
Eponides, Pseudowalvulineria and Streblus in the Valvulineriinae.
Cushman (1940) followed this lead and classified Stensioeina next
to Gyroidina in the Discorbinae. Loeblich & Tappan (1964) put it
in the Anomalininae, not expanding on the original description.

Haynes (1981) saw a closer relation between Stensioeina and
Heterolepa, still in the Anomalinidae.

Loeblich & Tappan {1987) proposed a rather major reclassifica-
tion of Stensioeina in the Gyroidinoidinae, Gavelinellidae, together

with Notoplanulina, Nummeodiscorbis and Rotaliating amongst oth-
ers. As before, the description of the morphology was essentially
that of Brotzen.

The observations here reported point towards substantial sim-
ilarities with Valvulineria. The apparently first documentation of
relict umbilical apertures is an important element in the drastic
reclassification herein proposed.

GENUS Valvulineria CUSHMAN, 1926

1926 Valvulineria Cushman: 59.
1964 Valvulineria Cushman; Loeblich & Tappan: 587.
1987 Valvulineria Cushman; Loeblich & Tappan: 547.
1988 Valvulineria Cushman; Whittaker: 112.
Type species. Valvulinerta californica Cushman, 1926, original

designation.

Valvulineria californica Cushman, 1926

Pl 12, Figs. 8-11

1926 Valvulineria californica Cushman: 60, pl. 9, figs. la-c.
1957 Valvulineria californica Cushman; Reiss: 129, pl. 18, fig. 5.
1964 Valvulinerin californica Cushman; Loeblich & Tappan: 587,

figs. 462/5 — 7.

1987 Valvulineria celifornica Cushman; Loeblich & Tappan: 547,

pl. 593, figs. 12-17.

Holotype. CC5798, Smithsonian Institution, Washington, D.C;
from Section 24, T28S, R14E, San Luis Obispo County, Californias
Upper Monterey, Miocene.

Material examined. Holotype, also CC5799-5803, CCb5841,
CC59444 and USNM393466, topotypes, Smithsonian Institution,
Washington, D.C.

Description. Test unequally to equally biconvex, low trochospi-
ral, spiral side nearly flat, tending towards concavity, evolute, um-
bilical side convex, involute, with a clearly depressed central um-
bilicus, periphery broadly rounded, strongly lobulate, 2.5 whorls;
chambers spherical, strongly inflated, rapidly increasing in size, 7
chambers in final whorl; sutures gently arcuate, strongly depressed,
becoming flush, spiral suture clearly depressed, somewhat undulate;
aperture elliptical, umbilical extra-umbilical, restricted to lower-
most part of leading chamber face, continuing into the umbilicus,
hidden under an umbilical folium, successive folia partially coalesc-
ing, but leaving a relict foramen in previous chambers, relict aper-
tures gradually closed off; wall optically granular, finely perforate.

Remarks. Valvulineria was originally classified in the proximity
of Gyroidina and Stensiceina by Cushman {1940). Loeblich & Tap-
pan (1964) retained Valvulineria with Cancris in the Discorbidae
because of the optical nature of the test. Haynes (1981) returned to
a large extent to Cushman’s original ideas and grouped Valvulineria
with Gyroidina, Gyroidinocides and Cancris. The latest proposal by
Loeblich & Tappan (1987} reflects their earlier proposal, notwith-
standing the discrediting of the optical nature of the test wall as a
useful taxonomic characteristic above species level.

The sections and broken specimens herein examined clearly
show the presence of umbilical relict apertures, reminiscent of Gave-
linella but especially Cancris. Valvulineria is classified together
with Cancris rather than Gavelinella because of the complete ob-
struction of the umbilicus by the very large umbilical flaps.

Incertae Sedis
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GENUS Globorotalites BROTZEN, 1942

1942 Globorotalites Brotzen: 31.
1964 Globorotalites Brotzen; Loeblich & Tappan: 752.
1987 Globorotalites Brotzen; Loeblich & Tappan: 629.
Type species. Globorotalia multisepta Brotzen, 1936, original
designation.
Globorotalites multiseptus (Brotzen, 1936)
Pi. 13, Figs. 1-4

1936 Globorotalia multisepta Brotzen: 161, pl. 11, figs. 6-7, text

figs. 59-61.

1942 Globorotalites multiseptus (Brotzen); Brotzen: 31.
1960 Globorotalites multiseptus (Brotzen); Reiss:
1964 Globorotalites multiseptus (Brotzen); Loeblich & Tappan: 752,

figs. 615/8 — 9.

1987 Globorotalites multiseptus (Brotzen); Loeblich & Tappan: 629,

pl. 706, figs. 13-17.

Holotype. 58, Naturhistoriska Riksmuseet, Stockholm; from
Eriksdal; Eriksdal Marl, Maastrichtian.

Material examined. Holotype, and 58a, paratype. Also USNM
P48, topotypes, donated by Brotzen to the Smithsonian Institution.

Description. Test inverted conical, trochospiral, spiral side flat,
evolute, umbilical side convex, involute, periphery flush, angular,
marked by a slightly thickened keel, 1.5 to 2 whorls in trochospiral
coils, umbilicus closed; chambers narrow, flush, crescentic to nearly
oblique; sutures flush, on spiral side limbate, arcuate, on umbilical
side less clearly defined, often becoming gently sigmoid; aperture
a long narrow interiomarginal slit running from the umbilicus to
the periphery, bordered by a small, low lip, when converted into a
foramen, a distinct bipartitor is deposited in the foramen; wall very
finely perforate.

Remarks. Brotzen mentioned in his description a similarity in
apertural reduction between Globorotalites and Gyroidinoides, Gy-
roidina and Eponides.

Reiss {1960) reported the presence of a ‘murus reflectus’ ap-
parently dividing the aperture into two, an observation included in
the description of the genus by Loeblich & Tappan. However, Reiss
investigated specimens of . michelinianus rather than . multi-
septus. This remark also applies to the study by Hauser & Griinig
(1993): the authors did not investigate the type species of Globoro-
talites. However, the observations herein presented support these
views about the nature of Globorotalites. While an alliance with
Eponides is possible, it is deemed prudent as yet not to venture any
proposal in this direction. A synonymy with Eponides cannot be
supported.

GENUS Gyroidina D’ORBIGNY, 1826

1826 Gyroidina d’Orbigny: 278.
1927 Gyrotdina d’Orbigny; Cushman: 190.
1929 Rotalia {Gyroidina) d’Orbigny; Yabe & Hanzawa: 155,
1964 Gyroidina d’Orbigny; Loeblich & Tappan: 750.
1967 Gyroidina d’Orbigny: Hansen: 7.
1968 Serovaina Sliter: 91.
1987 Gyroiding d’Orbigny; Loeblich & Tappan: 638.
1987 Serovaina Sliter; Loeblich & Tappan: 545.
Type species. Gyroidina orbicularis Parker, Jones & Brady,
1865, subsequent designation by Cushman, 1927.
Gyroidina orbicularis Parker, Jones & Brady, 1865
Pl. 13, Figs. 5-8

1826 Gyroidina orbicularis d’Orbigny: 278, nomen nudum.
1865 Gyroidina orbicularis d’Orbigny; Parker, Jones & Brady: 20,
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pl. 3, fig. 85.
non 1962 Gyroidina orbicularis d’Orbigny; Banner & Clarke: 1335.
non 1964 Gyroidina orbicularis d’Orbigny; Loeblich & Tappan:

750, figs. 614/5 — 6.

1967 Gyroidina orbicularis d’Orbigny; Hansen: 7, pl. 2, figs. 1, 2.
1987 Gyroidina orbicularis d’Orbigny; Loeblich & Tappan: 638, pl.

716, figs. 8-13 only!

1994 Gyroidina orbicularis sensu Parker, Jones & Brady; Jones:

114.

1994 Rosalina orbicularis Parker, Jones & Brady; Jones: 114, err.
ctt.

Lectotype. MMH 10.319, Mineralogic Museum, Copenhagen,
selected by Hansen (1967); from Rimini; Recent.

Material examined. Topotypes, courtesy H. J. Hansen.

Description.  Test lenticular, low trochospiral, spiral side
slightly convex, nearly flat, evolute, umbilical side convex, involute,
periphery broadly rounded, flush, umbilicus very small but open, 2
whorls; chambers flush with the surface, 9 chambers in final whorl;
sutures depressed, gently arcuate on spiral side, straight on umbil-
ical side; aperture a long narrow interiomarginal slit, running from
the umbilicus to the periphery, bordered by a clearly everted lip, a
little flap is present at the umbilical-most part of the chamber, just
below the lower end of the aperture, projecting over but only par-
tially covering the umbilicus, no aperture seems to be present under
this flap, when the aperture is converted to a foramen, a bipartitor
is laid down, splitting the foramen into two, without giving rise to
a canal system; wall optically granular, very finely perforate.

Remarks. Gyroidina has always been a problematical taxon,
due to the inadequate original proposal of the genus and the nature
of its type species. The absence of subsequent study of the original
material, but plenty of reinterpretation at the hand of specimens
purportedly being G. orbicularis, led to a vague, unstable concept.
The proposal of the separate genus Gyroidinoides by Brotzen com-
pounded the problem considerably, since the criteria to do so rested
on details of the apertural complex, which had not been described
for G. orbicularis. Loeblich & Tappan (1964) discussed the features
of both genera in great depth, but unfortunately based their dis-
cussion of Gyroidina on a misidentification, something that came
to light when Hansen (1967) selected and illustrated a lectotype for
G. orbicularis.

In 1962, Banner & Clarke published a note with a wholesale
selection of lectotypes and the designation (invalid, art. 75, ICZN,
1985) of 3 neotypes. As regards the Gyroidina type, Banner &
Clarke wrote “Syntypes of Gyroidina orbicularis (d’Orbigny, 1826)
Parker, Jones & Brady, 1865, exist in Paris, but their nature is such
that a lectotype for this species, the type species of Gyroidina, has
had to be selected from the Parker, Jones & Brady collection in
London (The Natural History Museum).” However, that specimen
is not a lectotype, because the Parker, Jones & Brady collection is
not part of the original type series. Furthermore, that specimen is
here identified as G. soldanii, the type species of Hansenisca. Jones
(1994) also accepts the Hansen specimen as the valid lectotype.

The observation of an eponidid bipartitor in the foramina raises
great difficulties as to the proper classification of this genus. The
current turmoil in classification of the smaller, low trochoid rotaliids
is sufficient to caution an incertae sedis proposal for this genus. The
absence of this structure in Heterolepa and Parrelloides confirms
the distinction between these genera and Gyroidina.

Gyroidina orbicella Bandy, 1951
Pl. 13, Figs. 9-12

1951 Gyroidine globosa var orbicells Bandy: 505, pl. 74, figs. 2a-c
1968 Serovaina orbicella (Bandy); Sliter: 92, pl. 13, fig. 12.
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1987 Serovaina orbicelle (Bandy); Loeblich & ’fappa,n: 545, pl.

590, figs. 13-21.

Holotype. USNM231417, Smithsonian Institution, Washington,
D.C.; from Letterbox Canyon, I.J. Kelly Ranch, Carlsbad, San
Diego Co., California; Panoche group, Los Gatos stage, Campa-
nian.

Material ezamined. Holotype, and USNM237418, paratypes.

Description. Test lenticular, low trochospiral, spiral side very
slightly convex, evolute, umbilical side strongly convex, involute,
small sunken umbilicus, periphery flush, well rounded, 2 whorls;
chambers flush, 8 chambers in final whorl; sutures barely arcuate,
flush, spiral suture marked, slightly sunken; aperture a long interi-
omarginal slit, running from near the periphery into the umbilicus,
bordered by a very low lip; wall appearing optically granular.

Remarks. The genus Serovaina was created by Sliter to accomo-
date a Gyroidina species that exhibited optically radial behaviour,
rather than the usual granular one. My observations of the holo-
type of the species show it to be optically granular. No other criteria
were put forward, and neither Bandy’s nor Sliter’s drawings show
any features which would allow a distinction to be drawn. Irrespec-
tive of this observation, it has been demonstrated repeatedly that
the optical nature of the wall is an unreliable characteristic above
species level. Therefore, Serovaina is synonymised into Gyroidina.

GENUS Hollandina HAYNES, 1956

1956 Hollandina Haynes: 94.
1964 Heterolepa Franzenau; Loeblich & Tappan: 759, partim.
1987 Hollandina Haynes; Loeblich & Tappan: 640.
Type species. Hollandina pegqwellensis Haynes, 1956, original
designation.
Hollandina pegwellensis Haynes, 1956
Pl 14, Figs. 9-12

1956 Hollandina peqwellensis Haynes: 94, pl. 17, figs. 5a-g.

1964 Heterolepa pegwellensis (Haynes); Loeblich & Tappan: 759,
figs. 623/6a-c.

1987 Hollandina pegwellensis Haynes; Loeblich & Tappan: 640, pl.

720, figs. 1-9.

Holotype. P42605, The Natural History Museum, London; from
Pegwell Bay, Kent; Thanet Formation, Thanetian.

Material ezamined. Holotype and paratypes, courtesy J. E.
Whittaker.

Description. Test lenticular, very low trochospiral, spiral side
convex, evolute, umbilical side convex but rather flattened, involute,
periphery angled, lobulate, umbilicus closed, 2.5 whorls; chambers
flush, gradually increasing in size, 8 chambers in final whorl; su-
tures flush, gently arcuate on spiral side, nearly straight on umbili-
cal side, spiral suture indistinct; aperture a narrow interiomarginal
slit, staying clear from the umbilical-most region, running up to
the periphery without crossing it, bordered by a slightly thickened
lip, no modifications occur during conversion to a foramen; wall
sparsely perforate.

Remarks. Proposed by Haynes (1956) as a member of the
Anomalininae, it was synomymised into Heterolepa by Loeblich &
Tappan (1964), but later (1987) separated off again and classified in
the Gavelinellinae. The very simple, almost primitive, morphology
of this genus poses a major problem for a properly argued supra-
generic classification.

GENUS Holmanella LOEBLICH & TAPPAN, 1962

1962 Holmanella Loeblich & Tappan: 72.
1964 Holmanella Loeblich & Tappan; Loeblich & Tappan: 760.
1987 Holmanella Loeblich & Tappan; Loeblich & Tappan: 640.

Type species. Discorbinella valmonteensis Kleinpell, 1938, orig-
inal designation.
Holmanella valmonteensis (Kleinpell, 1938)
Pl. 14, Figs. 1-4

1938 Discorbinella valmonteensis Kleinpell: 350, pl. 21, figs. 14-16
1962 Holmanella valmonteensis (Kleinpell); Loeblich & Tappan:

72.

1964 Holmanella valmonteensis (Kleinpell); Loeblich & Tappan:

760, figs. 625/1 — 4.

1987 Holmanella valmonteensis (Kleinpell); Loeblich & Tappan:

640, pl. 719, figs. 16-24.

Holotype. 497214, Smithsonian Institution, Washington, D.C.;
from Woodring, Bramlette, California; Valmonte diatomite, Upper
Miocene

Material ezamined. USNM 497214, holotype, CC42316 topo-
types, Smithsonian Institution, Washington, D.C.

Description. Test strongly compressed, nearly planispiral, spi-
ral side flat, evolute, umbilical side very slightly concave, evolute,
umbilicus open, 2 whorls; chambers compressed, becoming more
and more arched backwards towards the periphery, 9 chambers in
final whorl; sutures strongly depressed, arcuate; aperture a long
equatorial slit, the lower end running up the apertural face parallel
to the umbilical side, on the umbilical side with low narrow seam-
ing lips, not connected to the aperture, hence not harbouring relict
apertures either; wall optically granular, coarsely perforate.

Remarks. All specimens, including the holotype, have at least
the final chamber broken off, so no primary aperture could be seen.
The umbilical lips along the chambers are not related to umbili-
cal apertures, nor canal systems or other such features. Therefore,
the classification in the Gavelinellinae, as proposed by Loeblich &
Tappan (1964, 1987) cannot be supported.

GENUS Nummodiscorbis HORNIBROOK, 1961

1961 Nummodiscorbis Hornibrook: 106.
1964 Nummodiscorbis Hornibrook; Loeblich & Tappan: 763.
1987 Nummodiscorbis Hornibrook; Loeblich & Tappan: 634.
Type species. Nummodiscorbis novozealandica Hornibrook,
1961, original designation.
Nummodiscorbis novozealandica Hornibrook, 1961
Pl. 14, Figs. 5-8

1961 Nummodiscorbis novozealandica Hornibrook: 106, pl. 13, figs.

257-259.

1964 Nummodiscorbis novozealandica Hornibrook; Loeblich & Tap-
pan: 763, figs. 626/2a-c.
1987 Nummodiscorbis novozealandica Hornibrook; Loeblich & Tap-

pan: 634, pl. 714, figs. 1-6.

Holotype. TF1406/1, New Zealand Geological Survey; from
Weka Pass Stream, North Canterbury, South Island; Altonian,
Lower Miocene.

Material ezamined. Topotypes, The Natural History Museum,
courtesy J. E. Whittaker; paratypes, New Zealand Geological Sur-
vey, courtesy C. P. Strong.

Description. Test strongly compressed, circular, very low tro-
chospiral, spiral side very slightly convex, evolute, umbilical side
flat, involute, periphery subangular, marked by an imperforate
band, flush, a small sunken umbilicus, 2.5 to 3 whorls; chambers
strongly crescentic, very narrow, flush, increase in size mainly due
to enlarging of radial length, width nearly constant, 20 chambers
in final whorl; sutures on spiral side slightly depressed, strongly ar-
cuate, quickly obscured, on umbilical side depressed, central half
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straight, then strongly arcuate in posterior direction, spiral suture
ill-defined; aperture umbilical, a small opening; wall finely perfo-
rate, spiral side ornamented by dense covering of very low tubercles.

Remarks. Originally proposed as a genus in the Discorbinae by
Hornibrook, it was reclassified first in the Anomalininae by Loeblich
& Tappan, 1964 (close to Gavelinella), and subsequently (1987) in
the Gyroidinoidinae, but in both cases little was presented in the
way of argument in favour of these decisions. The unusual morpho-
logical features and combination of characteristics pose a difficult
problem for its classification. The aperture seems to be restricted
to the umbilical-most part of the leading face, contradicting Horni-
brook’s description of the aperture: there is no interiomarginal slit
running from periphery into the umbilicus and the basal! suture
has no aperture. The two paratypes studied show that both spec-
imens underwent reproduction, and from the features of the test,
this seems to have been plastogamic reproduction. In conjunction
with the overall test shape, this seems to indicate a glabratellid
affinity.

Nomen Inquaerendum

GENUS Gavelinonion HOFKER, 1957

1951b Gavelinonion Hofker: 17, nomen nudum.
1952 Gavelinonion Bermudez: 150, nomen nudum.
1953 Gawelinonion Thalmann: 876, nomen nudum.
1956a Gavelinonion Hofker: 116, nomen nudum.
1857 Gavelinonion Hofker: 368.
1964 Melonis de Moutfort; Loeblich & Tappan: 761, partim.
1987 Gavelinonion Hofker; Loeblich & Tappan: 701.
Type species. Nautilus umbtlicatulus Walker & Jacob, 1798,

original designation.

Govelinonion umbilicatulus {Walker & Jacob, 1798)

1798 Nautilus umbilicetulus Walker & Jacob, in Kanmacher: 641,

pl. 14, fig. 34.

1957 Gavelinonton umbilicatulus (Walker & Jacob); Hofker: 368.
1964 Melonts umbilicatulus (Walker & Jacob); Loeblich & Tappan:

761.

Type specimen.
sands.

Remarks. The genus Gavelinonion is a nemen dubium as the
type species is unrecognisable. Two oplions are available to rescue
the name. The first is to try and retrieve specimens identified by
Hofker as . umbilicatulus from the Virgin Islands and use those
10 neotypify the species, solving the problem. Alternatively, since
the type species is unrecognisable, the ICZN could be asked to set
aside the original designation of a type species and to designate
the other species mentioned in the original description of the genus
Gavelinonion, as the new type species, i.e., Anomalinoides nobilis
Brotzen, 1948.

Unavailable; from Sandwich, Kent; Shore
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S. A. REVETS

PLaTe 1

Anomalina ariminensis d’Orbigny, 1902. Rimini, Adriatic Sea, Italy; Recent. BMNH ZF5059.
1 Spiral side {250 pm).

2 Umbilical side (250 pm).

3 Side view {230 pm).

4 Close-up of the aperture (100 pm).

Anomalinoides pinguis (Jennings, 1936). Onion Creek, Jones’ Crossing, Travis County, Texas, USA; Maastrichtian.
BMNH FP 53086.

5 Spiral side (125 pm).

6 Umbilical side (125 pm).

7 Side view (125 pum).

8 Close-up of the aperture (50 pm).

Cibicidoides mundulus (Brady, Parker & Jones, 1888). Abrohlos Bank, Brazil; Recent. BMNH ZF3585, lectotype.
9 Spiral side (100 pm).

10 Umbilical side (100 pm).

11 Side view (100 ).

12 Close-up of the aperture (50 pm), BMNH ZF3584, paralectotype.
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S. A. REVETS

PLATE 2

Cibicidoides natlandi (Beck, 1943). Cowlitz River, Lewis County, Washington, USA; Upper Eocene. (CC39850,
Paratype.

1 Spiral side {200 pum}.

2 Umbilical side (200 ym).

3 Side view (200 pm).

4 Close-up of the foramen (50 pm).

Hanzaweaia nipponica Asano, 1944. Kochi Prefecture, Japan; Ananai Formation, Pliocene. BMNH FP 53087.
5 Spiral side (200 pm).

6 Umbilical side (200 pm).

7 Side view {200 um).

8 Close-up of the aperture {50 pym).

Heterolepa dutemplei (d’Orbigny, 1846). Nulldorf, Vienna, Austria; Tortonian. BMNH FP 53088.
9 Spiral side (200 pm).

10 Umbilical side (200 pm).

11 Side view (200 pm).

12 Close-up of the aperture {50 pm).
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5. A. REVETS

PrLaTE 3

Loisthostomata exiguum Loeblich & Tappan, 1986. Shubuta, Clarke County, Mississippi, USA; Yazoo Formation,
Upper Eocene.

1 Spiral side (100 pm), USNM383482, holotype.

2 Umbilical side (100 pm).

3 Side view (100 pm).

4 Section from the umbilical side (100 pm), USNM383483, paratype.

Orithostella viriola Eicher & Worstell, 1970. Bull Creek, Crook County, Wyoming, USA; Greenhorn Formation,
Upper Cenomanian. BMNH FP53089.

5 Spiral side (125 pm).

6 Umbilical side (125 pm).

7 Side view (125 pm).

8 Close-up of the aperture (25 pem).

Parrelloides hyalinus (Hofker, 1951). off Southwest Sumatra, Indonesia; Recent. Lectotype.
9 Spiral side (100 gm).

10 Umbilical side (100 pm).

11 Side view (100 pm).

12 Close-up of the aperture (40 pm).
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S. A. REVETS

PLATE 4

Alabamina westraliensis (Parr, 1938). King’s Park Bore No. 1, -728 feet, Western Australia; Palaeocene. BMNH
FP53090.

1 Spiral side {100 pm).

2 Umbilical side (100 pm).

3 Side view (100 pm).

4 Close-up of the aperture (50 um),

Alabamina dorsoplana {Brotzen, 1940). Kjelby Gard, Denmark; Maastrichtian. BMNH FP33091.
5 Spiral side (100 pm),

6 Umbilical side (100 pm).

7 Side view (100 pm).

8 Close-up of the aperture (50 pum).

Charltonina madrugaeensis (Cushman & Bermidez, 1948). Central San Antonio Highway, Madruga, Cuba; Madruga
Formation, Palaeocene.

9 Spiral side (100 um), CC57974, holotype.

10 Umbilical side (100 um}, CC57975, paratype.

11 Side view (100 pm}.

12 Close-up of the aperture (40 um).

92



THE ANOMALINIDAE, ALABAMINIDAE, CANCRISIDAE & GAVELINELLIDAE

93



S. A. REVETS

PLATE 5

Cribroparrella regadana ten Dam, 1948. Ain Regadana, West Algeria; Upper Miocene. CC57994.
1 Spiral side (250 pm).

2 Umbilical side (250 pm).

3 Side view (250 pm).

4 Close-up of the aperture (100 pum).

Cribroparrella bengalensis (Schwager, 1866). Kar Nicobar; Upper Miocene. BMNH P48592.
5 Spiral side (250 pm).

6 Close-up of the aperture (100 ym).

7 Section through the last few chambers (250 pm).

8 Oblique view of the umbilical region in a section {100 pm).

Conorotalites aptiensis Bettenstaedt, 1952. Georgsdorf Well 81, -564 m, Lingen, Germany; lowermost Aptian. SMF
XXVII 3968, paratype.

9 Spiral side (100 pm).

10 Umbilical side (100 pm).

11 Side view (100 pm).

12 Close-up of a foramen (100 um).

94



THE ANOMALINIDAE, ALABAMINIDAE, CANCRISIDAE & (G AVELINELLIDAE

95



S. A. REVETS

PLATE 6

Goupillauding daguini Marie, 1958. Pyrenees, Spain; Campanian. BMNH FP53092.
1 Spiral side (250 pm).

2 Umbilical side (250 pm).

3 Side view {250 pm).

4 Close-up of a foramen (100 pm]).

Oridorsalis westi Andersen, 1961. Mississippi Mudlumps, Mississippi Delta, USA; Recent. BMNH ZF5060.
5 Spiral side (100 pm).

6 Umbilical side (100 pm).

7 Side view (100 pm).

8 Close-up of the aperture (50 pm).

Osangularia lens Brotzen, 1940. Kjplby Gard, Denmark; Maastrichtian

9 Spiral side (125 pm), BMNH FP53093.

10 Umbilical side (125 pm).

11 Side view (125 pm).

12 Side view of a broken specimen, with the foramen clearly visible (125 pm), BMNH FP530%4.
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S. A. REVETS

PraTte 7

Gavelinella pertusa (Marsson, 1878). Riigen, Germany; Maastrichtian. USNM, lectotype.
1 Spiral side {200 pm).

2 Umbilical side (200 um).

3 Side view (200 pm).

4 Close-up of a foramen (50 pm).

Gavelinella lorneiana (d’Orbigny, 1840). Gravesend, England; Campanian. CC6981.
5 Spiral side (200 pm).

6 Umbilical side (200 pm).

7 Side view (200 pm).

8 Close-up of a foramen (50 pm).

Angulogavelinella gracilis {Marsson, 1878). Riigen, Germany; Maastrichtian. USNM, lectotype.
9 Spiral side (200 pm).

10 Umbilical side (200 pm).

11 Side view (200 pm).

12 Close-up of the aperture (50 pm).
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S. A. REVETS

PLATE 8

Berthelina intermedio (Berthelin, 1880). Fresnoy-le-Chateau, Aube, France; Middle Albian. BMNH FP33085.
1 Spiral side (150 pm).

2 Umbilical side (150 um).

3 Side view (150 pm).

4 Close-up of the aperture {50 um).

Boldia lobata {Terquem, 1882). Septeuil, Paris, France; Calcaire Grossier, Middle Eocene. USNM 433604.
5 Spiral side {100 gm).

6 Umbilical side {100 jum).

7 Side view (100 pm).

8 Close-up of the aperture {50 pm).

Cocoarota cocoaensis (Cushman, 1928). Cocoa Post Office, Alabama, USA; Upper Eocene.
9 Spiral side (200 pm), CC10410, holotype.

10 Umbilical side (200 gm).

11 Side view (200 pm).

12 Section from the umbilical side (150 pum), topotype.
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S. A. REVETS

PLaTeE 9

Hansenisca soldanii (d’Orbigny, 1826). Rimini, Adriatic Sea, Italy; Recent. BMNH ZF 5061.
1 Spiral side (100 pum).

2 Umbilical side (100 gm).

3 Side view (100 pum).

4 Close-up of the central umbilicus (33 um).

Lingulogavelinella albiensis Malapris, 1965. Villemoyenne, Aube, France; Lower Albian. BMNH FP 53096.
5 Spiral side (100 pm).

6 Umbilical side (100 um).

7 Side view (100 pm).

8 Close-up of the aperture (25 pm).

Pseudogavelinella clementiana (d’Orbigny, 1840). Pinswanger Graben, Neubeuern, Bavaria, Germany; Campanian.
USNM.

9 Spiral side (200 pm).

10 Umbilical side (200 pm).

11 Side view (200 pm).

12 Close-up of the aperture {50 pm).
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S. A. REVETS

PraTe 10

Notoplanulina rakauvroans (Finlay, 1939). Mid Waipara, North Canterbury, New Zealand; Piripauan Beds, Campa-
nian. NZGS.

1 Spiral side (250 pm).

2 Umbilical side (250 pm).

3 Side view {250 pm).

4 Close-up of the central umbilical region (100 pm).

Cancris auriculus (von Fichtel & von Moll, 1798). Nufldorff, Vienna, Austria; Tortonian. BMNH FP 53097.
5 Spiral side (250 pm).

6 Umbilical side (250 pm).

7 Side view (250 um).

8 Close-up of the aperture (100 pm).

Cibicorbis herricki Hadley, 1934. Yumuri River Gorge, Matanzas, Dominican Republic; Upper Oligocene. USNM
P3315, paratype.

9 Spiral side (200 pm).

10 Umbilical side (200 pm).

11 Side view (200 pm).

12 Close-up of the aperture {50 pm).
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S. A. REVETS

PrLaTE 11

Brotzenella monterelensis (Marie, 1941). Le Caillaud, Talmont, France; Campanian. BMNH FP53098.
1 Spiral side (100 pm).

2 Umbilical side (100 pm).

3 Side view (100 pm).

4 Close-up of the aperture (50 pm).

Gyroidinoides nitidus (Reuss, 1844). Kystra, Ohre, Czech Republic; Middle Turonian. BMNH FP53099.
5 Spiral side (100 pm).

6 Umbilical side (100 pm).

7 Side view (100 pm).

8 Close-up of the aperture (50 pum).

Gyroidinoides lenticulus (Reuss, 1845). Kystra, Ohre, Czech Republic; Middle Turonian. BMNH FP53100.
9 Spiral side (100 pm).

10 Umbilical side (100 pm).

11 Side view (100 pm).

12 Close-up of the central umbilical region (25 pm).
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S. A. REVETS

PLATE 12

Scheibnerova protindica Quilty, 1984. Exmouth Plateau, ODP766, Australia; Lower Cenomanian. BMNH FP53101.
1 Spiral side (100 pm).

2 Umbilical side (100 pm).

3 Side view {100 gm).

4 Close-up of the central umbilical region (50 pm).

Stensioeina exsculpta (Reuss, 1860). Mersch bei Hamm, Westphalia, Germany; Campanian. CC35142.
5 Spiral side (100 pm).

6 Umbilical side (100 pm).

7 Side view (100 pm).

8 Close-up of the aperture (40 ym).

Valvulineria celifornica Cushman, 1926. San Luis Obispo County, California, USA; Monterey Formation, Miocene.
CC5H798, holotype.

9 Spiral side (200 pm).

10 Umbilical side (200 gm).

11 Side view (200 pym).
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S. A. REVETS

PraTE 13

Globorotalites multiseptus (Brotzen, 1936). Eriksdal, Sweden; Maastrichtian.
1 Spiral side (150 pum), NRS 58, holotype.

2 Umbilical side (150 pum).

3 Side view (150 pm).

4 Close-up of a foramen with the bipartitor (50 pm), topotype.

Gyroidina orbicularis Parker, Jones & Brady, 1865. Rimini, Adriatic Sea, Italy; Recent. BMNH ZF5062.
5§ Spiral side (150 pm).

6 Umbilical side (150 pm).

7 Side view (150 pm).

8 Close-up of a foramen with the bipartitor (50 pm).

Gyroidina orbicelle Bandy, 1951. Letterbox Canyon, Carlsbad, San Diego County, California, USA; Panoche Group,
Campanian. USNM231417, holotype.

9 Spiral side (50 pm}.

10 Umbilical side (50 pum).

11 Side view {b0 um).

12 Close-up of a foramen with the bipartitor {40 pm).
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S. A. REVETS

PraTE 14

Holmanella valmonteensis (Kleinpell, 1938). Woodring, Bramlette, California, USA; Valmonte Diatomite, Upper
Miocene.

1 Spiral side (200 pm), USNM497214, holotype.

2 Umbilical side (200 pum).

3 Side view (200 pm).

4 Close-up of a section from the umbilical side (50 pm), CC42316.

Nummodiscorbis novozealandicn Hornibrook, 1961. Weka Pass Stream, North Canterbury, New Zealand; Altonian,
Lower Miocene. NZGS, paratype.

5 Spiral side (150 pm).

6 Umbilical side (150 pm).

7 Side view {150 pm).

8 Close-up of the apertural region (50 um).

Hollandina pegwellensis Haynes, 1956. Pegwell Bay, Kent, England; Thanet Formation, Thanetian. BMNH P42607.
9 Spiral side (100 pm).

10 Umbilical side (100 gm).

11 Side view (100 pm).

12 Section from the umbilical side, showing the simple foramina (100 pm).
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