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SUMMARY
One hundred and fifty-six species of Foraminifera, referred to 58 genera, are recorded and

illustrated; 35 species have been described as new. Where possible, species have been given their
attribution as recorded in the collection of the Australasian Petroleum Company, Port Moresby,
and the known stra!igraphical range within Papua and New Guinea is indicated.

The genera Bolivinoides and Afrobolivina are considered to be synonyms of Bolivina, based
on a comparison of the internal structure of the type species. The generic name Brizalina is used
for species having the biserial chamber arrangement bf Bolivina, but lacking the basal chamber
lobes. Species with a biserial to uniserial growth and lacking basal chamber lobes are referred
to the genus Rectobolivina. In the genus Bulimina the 'second foramen' recorded in several species
is considered to be formed by the toothplate 'cutting off' part of the septal foramen; it does not
occur on the final chamber.

The dividing partition of the genus Asterigerina is shown by thin sections to have two layers
of shell material, and it appears to be formed by a tight fold in the wall of the test. The synonymy
of the genus Nuttallides with Asterigerina is not accepted; Parvicarinina and Parrelloides are recog
nized as valid genera.

The structure in the genus Ammonia which has been called the axial plate has not been observed.
The internal structure is considered to be formed by a fold of the septal flap, which is secondarily
doubled. Specimens of A. beccarii (Linn.) are radiate throughout. The genus Pseudorotalia has
an internal structure similar to that of Ammonia. The apertural face of species of Pseudorotalia
has a double layer of shell material.

The genus Cibicides is bilamellid, and the type species, C. refulgens Montfort, is considered
to be granular in texture, although a radiate texture has also been recorded in published papers.
Species such as Rotalina ungeriana d'Orbigny, usually referred to Cibicides, are here placed in the
radiate bilamellid genus Planulina. The radiate genus Hyalinea has been found to have a bilamellid
and not rotaliid structure.

All the species here referred to Cassidulina and Cassidulinoides are granular in texture. The
genus Favocassidulina is here considered to have a radiate wall, although a granular texture has
also been recorded in the type species, F. favus (Brady). The granular genera Alabamina and
Gyroidina are shown to have a bilamellid structure. Gyroidina has an infundibulum similar to
that of Alabamina, but less strongly developed; these two genera are closely related, and Alabamina
is considered to be derived from Gyroidina. Gyroidinoides is placed in the synonymy of Gyroidina.
The genus Oridorsalis is also bilamellid, and related to Alabamina and Gyroidina, but may be
separated by its distinctive apertural characteristics. The genera Anomalina, Anomalinella, and
Anomalinoides are bilamellid and granular in texture. The aperture of Anomalinoides is now
considered to be dorsal and not ventral. The generic name Melonis is used for bilamellid species
previously referred to Nonion or Gavelinonion; Florilus is used for species previously referred to
Nonion. Both Quadrimorphina and Rotamorphina are recognised; the apertural difference is con
sidered to be more important in distinguishing between these genera than the number of chambers
per whorl.

The aragonitic genera Ceratobulimina, Hoeglundina, and Robertinoides are shown to have a
bilamellid structure, and the toothplate is formed by folds in the wall of the test. The genera
Lamarckina and Geminospira have also been examined, but no bilamellid structure has been ob
served; by analogy, it is reasonable to regard these genera as also bilamellid. The toothplate of
Lamarckina forms the umbilical wall of all except the last chamber. It can be shown that when
a new chamber is formed the ventral wall of the previous chamber is largely resorbed, exposing
the previous toothplate.

The texture of the test wall has been investigated petrologically, and. also by X-ray diffraction
and Laue photographs. Perforation of the test has been studied, and the value of the pores as
a specific feature is confirmed. Determination of the dorsal and ventral sides of the test is con
sidered, and criteria suggested for distinguishing them. Correct homology of the dorsal and ventral
sides is essential for accurate description of apertural characteristics and for comparison of the
internal structure of different genera. The dorsal surface is taken to be that surface nearest to
the proloculus, or the apex of the spire. The dorsal surface is often the only perforate surface,
or is the more coarsely perforate.
95044-(2)
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INTRODUCTION

Geological investigations in Papua and New Guinea have largely been carried
out by, or on behalf of, companies engaged in the search for oil. Condon, Fisher,
& Terpstra (1959) and the Bureau of Mineral Resources, Geology and Geophysics
(BMR, 1960) have summarized the oil-search activities. The geology of different
areas has been given in several publications, such as those of Stanley (1923), the
Anglo-Persian Oil Company (1930), Glaessner, Osborne, & Montgomery (in David,
1950), Glaessner (1952), Rickwood (1955), Paterson & Kicinski (1956), McMillan
& Malone (1960), and the Australasian Petroleum Company (APC, 1961). Bio
stratigraphical problems and correlation within the Indo-Pacific region were dis
cussed by Glaessner (1943; 1959a, b), van Bemmelen (1949), Crespin (1950), and
Cloud (1956). A paper by van der Vlerk (1955) also discussed the difficulties of
inter-regional correlation. In these papers age determinations were made almost
wholly by means of the Foraminifera, with the so-called 'larger' Foraminifera pro
viding the basis for attempts at regional and inter-regional correlations.

Foraminifera have been studied in Papua and New Guinea more than any
other fossil group, but most of the. information gathered is unpublished, and very
little descriptive work has been done. Crespin (1956) listed unpublished work
~arried out on samples from Papua and New Guinea; in addition to this work
there are the unpublished reports of palaeontologists attached to the Australasian
Petroleum Company Pty Ltd. Chapman (1914), Crespin (1938a, b; 1962), and
Belford (1962) published papers illustrating Foraminifera from the Tertiary of
Papua and New Guinea. The papers of Koch (1923; 1925; 1926), Cushman
(1934), Boomgaart & Vroman (1936), Yabe & Asano (1937), LeRoy (1941a, b, c;
1944a, b; 1964), van der Sluis & de Vletter (1942), Boomgaart (1949), Kleinpell
(1954), Daleon & Samaniego (1957), and Samaniego & Gonzales (1957) described
faunas from the Indo-Pacific region which are similar to those known from Papua
and New Guinea; other references to Indo-Pacific faunas may be found in these
papers.

Although some species can be expected to be localized, assemblages of smaller
Foraminifera from all parts of the Indo-Pacific region resemble each other, and
enough species should be found in common to make possible long-distance corre
lation. Glaessner (1943, p. 65) stated that the Indo-Pacific smaller foraminifera
'will be found not less useful for stratigraphic purposes than larger foraminifera,
when more detailed descriptive work is done'; and also (p. 69) 'Much further work
on the stratigraphy of the Pacific Islands is required before the stratigraphic classi
fication of the Tertiary sediments developed in the key areas of the East Indies can
be extended over the whole Indo-Pacific region'. The necessity for detailed faunal
description was again emphasized by Glaessner (1954b, p. 38): 'if properly col
lected, identified and described, and interpreted the fossils provide a framework
of time data which is indispensible for the study of Tertiary geology. Much work
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on our own collections ... remains to be done ... .'; and also (1959a, p. 306)
'diese Arbeiten erfordern mikropaliiontologische Studien, die hier friihzeitig begonnen
wurden, aber mangels monogtaphischer Faunenbeschreibungen, wie sie in Europa
im vorigen Jahrhundert und in Amerika vor 30 Jahren ausgefuhrt wurden, noch
nicht zu einer kliiren Zonengliederung gefiihrt haben'.

Although faunal description is essential, a knowledge of the faunas cannot
in itself lead to detailed biostratigraphical conclusions. Concerning the Indo
Pacific region, Kleinpell (1954, p. 20) stated: 'an adequate stratigraphic control
on species ranges for the province alone (teilzones) still remains to be established.
Even within the province regional correlation on the basis of the smaller foraminifera
alone is at this time possible only in the sense or" a still very crude geoloiic time
scale'. Addi~ional stratigraphical information is available from some of the Pacific
Islands, from the work of Todd & Post (1954), Cole (1954; 1957), Todd (1957),
Todd & Low (1960), and LeRoy (1964). However, there is still no basis for relating
this information to the stratigraphy of Papua and New Guinea.

Allan (1956) discussed the geological history of the Pacific region, including
. comments on the principles of inter-regional correlation and an outline of the appli

cation of several invertebrate groups to· biostratigraphical proble1TIs. I agree with
Allan that planktonic organisms are preferable to benthonic in establishing inter
regional correlations and that the value of the Tertiary benthonic smaller Fora
minifera for such correlations is not yet demonstrated: but I do not agree that
benthonic organisms should be rejected. In my opinion, the statement by Glaessner
(1945, p. 224), quoted by Allan, is valid at the inter-regional level. Allan stated
(pp. 337, 338) that the fallacy in this method lies in confusing teilchrons with bio
chrons (these terms are synonymous with the local range zone and range zone
respectively of the American Code of Stratigraphic Nomenclature, 1961). As
pointed out in this Code, since all local range zones can never be known, the true
range zone cannot be determined; Allan (p. 335) noted that the teilchron is only
a portion of the biochron. Although care is required in the use of overlapping
ranges (concurrent range zone of the American Code), and it is essential to con
sider environmental factors, in my opinion the method is not invalid. The main
precautions to be taken, at least in Papua and New Guinea, are that only sections
free from structural complications should be used in establishing the range zones of
any area, and that the possibility of a derived fauna, or of mixed faunas, should
be considered.

The endemism of benthonic faunas referred to by Allan (pp. 336, 337) may,
in the case ofthe Foraminifera at least, be more apparent than real, and due to the
same species receiving different names in different areas from different workers
(see Boltovstoy, 1958, 1963). Endemic faunas related to, and controlled in their
distribution by, local environments are to be expected. An obvious example is the
Notorotalia group, occurring in New Zealand and Victoria, but not known from
the Indo-Pacific region. However, other species which have been given different
names are in my opinion common to Papua-New Guinea and New Zealand. The
·species recorded in Papua-New Guinea as Cibicides pseudoungerianus Cushman is
here considered to be synonymous with Heterolepa mediocris (Finlay), described
Jrom New Zealand; Cassidu,lina cuneata Finlay from New Zealand to be synonymous
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with C. murrhyna Schwager, occurring in Papua-New Guinea; and specimens
identified in Papua-New Guinea as Laticarinina pauperata (Parker & lones) as
probably identical with those previously called L. halophora (Stache) in New Zealand.
The species Bulimina senta Finlay is recorded for the first time from Papua-New
Guinea, where it has probably been included in the records of B. aculeata d'Orbigny.
Another aspect of this problem is shown by the specimens recorded by authors as
Cassidulina laevigata d'Orbigny and C. neocarinata Thalmann. Following the
observation of N0rvang (1958), I regard them as two forms of the same species,
C. laevigata. These and other conflicting interpretations which obscure any potential
inter-regional biostratigraphical value of the benthonic smaller Foraminifera must
be considered and resolved.

This paper is intended primarily to begin the necessary task of describing the
smaller Foraminifera of Papua and New Guinea, as a basis for future biostrati
graphical work. The specimens are excellently preserved, and morphology has been
studied in detail by dissection and thin sectioning; the perforation of the test has
also been examined. New morphological information has been obtained for some
genera.

The species described are only a small part of the total fauna recorded in the
unpublished reports of the Australasian Petroleum Company Proprietary Limited,
and incorporated in its collections. The samples in which the specimens have been
found are generally isolated, and their relative stratigraphical position is not known.
The sediments sampled lie within the structural units named by Glaessner (1950)
the Northern Geosyncline, the Aure Trough, the Folded Sedimentary Zone, and
the Finisterre Mountains. A list of the sample localities· is given in Appendix A,
and their position shown on maps 1 to 8. It is not possible at this time to attempt
the recognition and formal definition of local or regional zones, or even to give
an account of the stratigraphical distribution of the species in anyone area. The
most obvious, and in fact the only, source of detailed information is the Australasian
Petroleum Company collection, at present in Port Moresby. This collection,
together with the unpublished geological reports, would give a great deal of infor
mation, and would at least make available the complete recorded fauna, description
of which must be the basis for any real progress in the Tertiary biostratigraphy of
Papua-New Guinea. The Bureau of Mineral Resources has now been offered
some of the Australasian Petroleum Company's early sample collections; 'it should
be possible to obtain from them samples collected over measured sections, which
will give information on the stratigraphical distribution of the species, and form
the basis for detailed biostratigraphical studies. The collections made by the
Australasian Petroleum Company are likely to remain the only source of detailed
biostratigraphical work: the unpublished information was obtained over a long
period at high cost, and it is unlikely that any future exploratory work will be carried
out on this scale.

The vertical range given for each species recorded in this Bulletin is taken from
unpublished reports of the Australasian Petroleum Company Pty Ltd. This infor
mation was accumulated throughout the period of the Company's operations in
Papua and New Guinea and incorporated by the palaeontological staff into a card
index file, listing the sa!Jlples in which each species was found, together with the age
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of each sample. In addition a comparison collection was built up for each species.
Because of the pressure of routine examination of samples, and lack of literature,
no descriptive work was undertaken by micropalaeontologists on the staff; new or
unidentified species were distinguished only by a number. Wherever possible each
new species described in this paper has also been given the species number under
which it was recorded in the unpublished reports. It has not always been possible
to do this, and some species are not known to have been recorded previously from
Papua and New Guinea.

The Parr Collection of Foraminifera, now at the Bureau of Mineral Resources,
Canberra, A.C.T., has been a valuable source of much comparative material. All
specimens examined from other areas are, unless otherwise stated, taken from this
collection. -

The synonymies given are not exhaustive; for the original reference to many
species reliance has been placed on the Catalogue of Forarninifera (Ellis & Messina,
1940 et seq.).

All figured specimens and thin sections are deposited in the Commonwealth
Palaeontological Collection at the Bureau of Mineral Resources, Canberra, A.C.T.
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SYSTEMATIC DESCRIPTIONS

INTRODUCTION

Emphasis in classification has moved from the method of fo~mation and the
perforation of the foraminiferal test to its petrological and mineralogical nature,
its lamination or non-lamination, and the nature of the septal wall (see, for example,
Wood, 1949; Smout, 1954; Bandy, 1954; Troelsen, 1955a; Todd & Blackmon,
1956; Reiss, 1957, 1958, 1959, 1963a; Blackmon & Todd, 1959). These studies
indicate that the composition, texture, and structure of the foraminiferal test wall
are fundamental characters, subject to genetic control and not greatly affected by
environment.

In recent years considerable progress has been made in knowledge of the finer
morphological details of the foraminiferal test, but there is still much to be learned.
Glaessner (1963) reviewed the progress of knowledge of major evolutionary trends
in the Foraminifera. Several cases in which present knowledge is inadequate were
pointed out, and it is clear that much more work is required, particularly on early
representatives of the Order. In the absence of functional morphological studies
the attainment of a stable taxonomy must depend solely on observational morphology.
The development of soundly-based phylogenetic (or more properly phylomorpho
genetic) theories also depends on accurate and detailed morphological studies.
As Drooger (1954) said 'In itself, phylogenetic systematics is an ideal that may be
achieved only when all morphological and other data concerning some group of
fossils have been assembled, and even then its components must be expressed in
morphologic terms'. Recently proposed classifications of the Foraminifera have
emphasized one morphological feature in preference to others, and differing classi
fications have resulted. For instance, Hofker (1951b) emphasized the internal
structure ('toothplate'), Loeblich & Tappan (1961; 1964a) the texture of the wall,
and Reiss (1958; 1963b) the lamination of the test. The term 'texture' is used
here as defined by Glaessner (1963), and as used by Reiss (1963b), for the granular
and radiate divisions recognized by Wood (1949).

The emphasis to be given to wall texture and structure in the classification
of the Foraminifera is a matter on which there is no agreement. Superfamilies
have been proposed on these features, and they have been used down to the level
of generic separation. Cifelli (1962) criticized the practice of referring species to
different genera only on the basis of a radiate or a granular wall texture; Smout
(1956, p. 337) stated 'In many instances it would be impractical to separate the
granulate from the fibrous forms'. Hofker (1962) has criticized the observations
on, and interpretation of, the test wall given by Smout (1954) and Reiss (1957;
1958). Reiss (1963a) has replied to this criticism, and I agree with all the comments
he has made.

There are reports of species showing both radiate and granular areas of the
wall in the same specimen, for example Cifelli (1962) in Ammonia beccarii (Linn.)
and Glaessner (1963, p. 16) in species of Cibicides and Anomalinoides. If species
of this type exist, wall texture would be of no value in classification; however, I
do not believe that their existence has been conclusively demonstrated. On the
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other hand, the existence of two morphological groups, one showing a radiate and
the other a granular wall texture, appears to be well established. Whether or not
these are 'natural' groupings in that they developed along wholly separate lines of
evolution, or whether members of each group evolved from the other at different
times, is not known.

Conflicting reports on the wall texture of some species are to be found in the
literature. Wood (1949) determined the wall of Cibicides refulgens Montfort to
be granular, but later Wood & Haynes (1957) corrected this, and gave the texture
as radiate in thin section, with the grains apparently larger than usual. Loeblich
& Tappan (1962c) also recorded a radiate wall. I have examined Recent specimens
of C. refulgens from 'Goldseeker' hauls, and consider that the wall should be regarded
as granular. Thin sections suggest that some grains have a radiate arrangement.
but that smaller grains with a random orientation occur between them. Wood
(1949) recorded a radiate texture for Favocassidulina favus (Brady), but Loeblich
& Tappan (1957a) considered that the wall is granular, from a re-examination of
'Challenger' specimens. All Papua-New Guinea specimens of F. favus are radiate,
the texture being clearly shown by both fragments of the shell wall and by thin
sections. '

These conflicting determinations of a feature regarded as a diagnostic character
of the foraminiferal test wall cannot but reduce confidence in its taxonomic value;
It seems that some agreement must be reached on the petrological characteristics
of radiate and granular wall texture. The original distinction was established
mainly on fragments of the wall, with radiate species giving a pseudo-uniaxial inter
ference figure under crossed nicols. Provided that a truly radiate texture exists,:
irrespective of grain size, an interference figure should be obtained, if necessary
with conoscopic light, although Wood (1963) has warned against the use of con
vergent light. A comparison between the appearance of a fragment of the wall
of Cibicides refulgens, and of an undoubted radiate species, indicates that they have~

different petrological characteristics. It seems that although some grains in the:
wall of C. refulgens have a radiate arrangement, smaller grains with a random'
orientation prevent the observation of any interference figure.

In addition to petrological examination of the test wall, its characteristics have
been investigated by X-ray diffraction (see Chart 1). Undoubted radiate species:
such as Orbulina universa d'Orbigny and Globorotalia cultrata d'Orbigny have been
examined, and also granular species such as Oridorsalis variapertura sp.nov. and,
Globocassidulina subglobosa (Brady), and a porcellaneous species, Marginopora
vertebralis Blainville. A characteristic X-ray diffraction chart has been obtained'
for each of these three types of wall texture. Wall thickness and grain size have
no effect on the relative intensity of the main peaks recorded, at least for the species
investigated: the thin-walled and fine-grained radiate species Globorotalia cultrata:
and Pulleniatina obliquiloculata (Parker & Jones) give the same type of chart as the:
thick-walled Neoeponides subornatus (Cushman); the thick-walIed, coarse-grained ~

granular species Oridorsalis variapertura sp.nov. gives the same chart as Globo·:
cassidulina subglobosa. It can be seen from Chart 1 that entire tests of Orbulina
universa, give a chart similar to that of granular species; this is to be expected, as
the entire spherical test contains grains occupying all orientations with respect to
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the X-ray beam. The effect is not as noticeable with complete tests of Globorotalia
cultrata, and this may be explained by the compressed shape of the test, resulting
in a smaller range of random grain orientation. For granular species, the charts
from both fragments and complete tests are the same. The porcellaneous species
Marginopora vertebralis gives a chart similar to that of a granular species, but with
more clearly defined smaller peaks in the middle of the chart. This species appears
to have a preferred orientation of the crystals parallel to the surface of the chambers;
an identical chart was obtained from a species of the genus Peneroplis.

The chart obtained from fragments of Cibicides refulgens shows differences
from those of both radiate and granular species. C. sp.cf. C. refulgens from the
Wreck Island· Bore, Queensland, and Gyroidina torulus sp.nov. give a chart similar
to that of refulgens. These three species may also show indistinct smaller peaks
in the middle of the chart, as do the granular and porcellaneous species.

The difference between the charts given by Cibicides refulgens and by true
radiate species at least supports the observed petrological difference in their wall
texture. The conclusion reached here is that Cibicides refulgens does not have a
radiate wall; its wall texture also seems to differ from that of a wholly random
granular species.

Laue photographs of the test wall (see Plate 38) also support the view that
the wall texture of Cibicides refulgens differs from that of a true radiate species.
A photograph of a fragment of the wall of Orbulina universa from 'Goldseeker'
haul 211 shows less strongly developed lines than that of a fragment of Cibicides
refulgens from the same locality. The Laue photographs were taken only to support
the petrological and diffractometer results. The present work suggests that if a
clear indication of the wall texture cannot be obtained by petrological examination,
a diffractometer chart will settle the question; these charts are more easily and
quickly produced than is a Laue photograph.

A disadvantage in carrying out X-ray diffraction work on Foraminifera is that
it is impossible to obtain a large continuous surface of the wall; nor is it possible
to compare exactly the same surface area of different species. These factors may
influence the relative intensity of the peaks recorded. However, it does appear

CHART 1: X-ray diffractometer charts obtained from foraminiferal tests

1 Orbulina universa d'Orbigny, locality 9c; heavy line, fragments of the test; dotted line, whole
tests.

2 Globorotalia cultrata d'Orbigny, locality 21; heavy line, fragments of the test; dotted line,
whole tests.

3 Pulleniatina obliquiloculata (parker & Jones), locality 21.
4 Neoeponides subornatus (Cushman), locality 41.
5 Cibicides refulgens Montfort, 'Goldseeker' haul 135, 61° 34' N., or 04' E., at 370 metres.
6 Cibicides sp.cf. C. refulgens Montfort, Wreck Island Bore, Queensland, at 614-625 feet.
7 Gyroidina torulus, sp.nov., locality 21. ,
8 Oridorsalis variapertura, sp.nov., locality 39; heavy line, fragments of the test; dotted line,

whole tests.
9 Globocassidulina subglobosa (Brady), locality 21.

10 Marginopora vertebralis Blainville, Recent, from the lagoon, Lord Howe Island.
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to be a suitable technique for the examination of wall texture. Fragments of the
wall should be used, rather than whole tests, which in the case of a radiate species
may give a chart characteristic of a granular species.

The internal structure of the foraminiferal test, now generally referred to as
a toothplate, was first described by Hoglund (1947), who used the terms diaphragm,
tongue, internal tube, or internal trough.. Brotzen (1948) referred to the internal
structure as a partition, septum inferior, or infundibulum, according to the genus
in which it occurred. Hofker (l951a) introduced the term toothplate, defining it
as a 'more or less· developed, often contorted plate, running from a former, now
septal foramen to the next one, through a chamber'. This term has come to be
used for internal structures formed in a number of ways, and is obviously applied
in a much wider sense than originally defined. Thus the peripheral keel of Lati
carinina, incompletely dividing the following chamber, the umbilical wall dividing
the chambers of Pseudorotalia into two parts, and the dividing partition of Asteri
gerina, are all called toothplates. The broad application of the term toothplate
obscures possible generic relationships in that structural similarities which may
.enable homologous features to be~recognized in different genera are not considered.
Glaessner (1954a) stated that a new descriptive term is needed for the internal
structure. With the recognition of the finer details of the test as important morpho
logical features it seems to me necessary to distinguish between features formed in
different ways, or differently situated, and to give them different names. In my
opinion, the term 'infundibulum' defined by Brotzen (1948) for Alabamina should
be retained. Reiss (1960) proposed the term 'murus reflectus' for a structure formed
in essentially the same way as the infundibulum, by infolding of the chamber wall,
but situated at the umbilical apertural margin. The internal structure of several
genera, such as Bulimina, Globobulimina, Cassidulina (s. 1), Virgulina, Ceratobulimina,
Hoeglundina, and Robertinoides, is also formed by infolding of the apertural face,
but is connected with the septal foramen. The infundibulum does not reach to
the septal foramen, and although there are genera (for example Osangularis) in
which the murusreflectus reaches to the previous apertural face, at least in geo
logically younger species, it is not closely connected with the septal foramen. The
'internal structure of Ceratobulimina, Hoeglundina, and Robertinoides, and probably
of all aragonitic genera, is bilamellid; the term 'partition' as used by Hoglund
(1947) is available for this structure, although it does riot in all cases completely
divide the chambers. Asterigerina is a calcitic genus which has a bilamellar par
tition, but it is clear from thin sections that it is a structurally different feature from
the partition in the aragonitic genera; it is here referred to as the 'dividing septum'.
In Ceratobulimina the bilamellid structure is caused by an inner lining to the chamber
wall, and in Robertinoides the partition may be wholly formed by the inner lining,
although this is not certain. In Asterigerina both layers of the dividing 'partition
are formed by the chamber wall, the partition resulting from a tight fold in the
wall. Another type of internal structure is shown byCassidulina laevigata d'Orbigny
and some other species referred to Cassidulina. This takes the form of a small
internal ledge above the aperture, also resulting from inward folding of the apertural
face; this ledge has no conn~xion with the septal foramen. 'In species such as
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c. murrhyna Schwager it is very strongly developed. This type of internal structure
can be distinguished from the infundibulum and murus reflectus in that it is not
attached to the previous whorl, and from the toothplate in that it does not reach
to the septal foramen.

Hofker has in several papers suggested that apertural lips are structures
homologous with toothplates, or that part of the apertural face is formed by the
toothplate. Many genera have both a toothplate and an apertural lip; I do not
believe that a good case has been made for the homology of these structures. In
the genus Bulimina, for example, the apertural collar is continuous with one margin
of the toothplate; although both are connected, each is merely a different expression
of the one feature, namely the outer chamber wall.

Hofker's claim that part of the apertural face is formed by the toothplate seems
to be based to some extent on such genera as Lamarckina and Asterigerina. I do
not agree with Hofker that the umbilical plate of Lamarckiniz, or the perforate face
of Asterigerina, are in fact the toothplates of the succeeding chamber; this is dis
cussed more fully under the genera concerned. The only genus I have observed
in which the internal division of the chamber is formed before the chamber is built
is Laticarinina, and here the structure is not a toothplate as originally defined.
Hofker considers the fact that part of the apertural face is imperforate as indicative
of its formation by the toothplate; this is demonstrated in a paper (Hofker, 1956a)
with regard to the genus Buliminella. In this genus, the toothplate is again a con
tinuation of the lamina forming the chamber, and it is not possible to distinguish
structurally between the toothplate and the apertural face. Texturally, there is a
difference: the toothplate and the upper part of the apertural face are imperforate,
and the remainder of the chamber wall finely perforate. The fact that the tooth
plate 'is imperforate is the basis of attempts by Hofker to recognize other imperforate
parts of the test as homologous with the toothplate. In my opinion, this has not
yet been satisfactorily demonstrated in any genus; one objection, already pointed
out by other workers, is that all ornamentation of the foraminiferal test, whether
striae, costae, or keels, is also imperforate.

Although I consider that the internal structure is an important morphological
character, to be considered in foraminiferal classification, it must be emphasized
that it alone does not necessarily indicate generic relationships. For instance, an
infundibulum occurs in the granular genera Gyroidina and Alabamina, but also in
Neoeponides, which has a radiate wall. The function of the internal structure is
not known, and its development has not been observed; these are fundamental
gaps in knowledge which must be filled before the significance of the different
features distinguished on a structural basis can be accurately assessed.

Correct. homology of the dorsal and ventral sides of the foraminiferal test is
essential for comparison of apertural characteristics, and also for the comparison
of the internal structure of different genera and consideration of their ,possible
phylogenetic derivation. Published papers make it clear that there is no general
agreement on the features characterizing dorsal and ventral sides. Brown & Bronni
mann (1957) stated that Palmer (1934) confused the dorsal and ventral sidesof her
Camerina? dickersoni, the type species of the genus Sulcoperculina: they did not
indicate any method to be used in determining the dorsal and ventral side. Hofker
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(1955) stated that Bermudez (1952) had confused the dorsal and ventral sides of
Hanzawaia. Earlier (1951b, p. 343), discussing the genus Cibicidoides, Hofker
stated that only transverse sections would indicate the ventral side, but did not
give any criteria to be applied.

Glaessner (1945, p. 69) gave two criteria for distinguishing between the dorsal
and ventral side of trochospiral tests. Often there is no difficulty in deciding on
the correct orientation of the test; the most difficult cases are low-spired tests,
and wholly or strongly involute, only slightly asymmetric tests, such as those of
species of Anomalinoides. As either side of the test may be evolute or involute,
and this feature has a large intra-specific variability, the convention given by Glaessner
of regarding the evolute side of low-spired tests as dorsal is not wholly satisfactory.
Bolli, Loeblich, & Tappan (1957) have outlined the different criteria used and indi
cated some of the inconsistencies in determining dorsal and ventral sides; they
used the terms 'spiral' and 'umbilical', which were introduced by Brotzen (1942),
rather than dorsal and ventral. Previously (1960) I also used these terms, but
would now agree with Drooger (1960, p. 319), who considered that spiral and
umbilical were scarcely better terms than dorsal and ventral. The main objection
to these terms is that as either side of the test may be involute or evolute they describe
the appearance of the test rather than determine the dorsal and ventral sides.

Drooger (1960, p. 319) gave, as one possible method of distinguishing the
ventral side, of the Rotaliidea at least, '. . . the preference of the intercameral
foramen to be situated at this side'. This is true of the Rotaliidea, but does not
necessarily apply to all groups and may give incorrect results. I consider that the
second criterion given by Glaessner, that of regarding the apical surface as dorsal,
is the most useful. For involute slightly asymmetric species vertical sections are
essential, and they are also desirable in the case of low-spired species. In this paper,
the surface nearest to the proloculus is regarded as dorsal, and the greater part
of the test therefore lies on the ventral side of the plane passing through the periphery
and the centre of the proloculus. Reiss (1963b, p. 43) also used this method, but
retained the terms 'spiral' and 'umbilical' rather than 'dorsal' and 'ventral'. The
application of this criterion is shown later in the discussion of Discorbinella bertheloti
(d'Orbigny). Comments given in an earlier paper (Belford, 1960, p. 101 ff.) are
now regarded as incorrect: the flatter side of specimens in vertical section was
regarded as the base of the spire and called ventral; by analogy, the flat surface
of species such as Cibicides voltziana d'Orbigny was also regarded as ventral. This
comparison should have been made the opposite way, from species such as C. voltziana
to thin sections, and would have given a dorsal aperture for Anomalinoides. The
criterion of regarding the surface nearest the proloculus as dorsal gives the same
result. This correction also applies to the species of Anomalinoides described from
the Upper Cretaceous of Western Australia.

Another feature which is of assistance in indicating the dorsal and ventral
sides is the perforation of the test. It is notable that in many trochospiral species
the preference is for the dorsal side to be perforate, or at least to be more coarsely
perforate than the ventral side. Examples of species in which the perforation is
usually confined to the dorsal side are Planulina ariminensis d'Orbigny, Parrelloides
bradyi (Trauth), and Heterolepa mediocris (Finlay). Cibicides refulgens Montfort
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is one species which has pores on the ventral side, but they are much finer than
the dorsal pores. There are also species in which no apparent difference in pore
size on the dorsal and ventral sides can be detected, such as Asterigerina carinata
d'Orbigny, or species of Neoeponides. However, in these cases there is no difficulty
in determining the dorsal and ventral sides by other methods. In the case of a
species for which determination of dorsal and ventral sides is difficult I believe that
the perforation of the test is a feature worthy of consideration.

Bolli, Loeblich, & Tappan (1957, pp. 9-10) have outlined the different interpre
tations of the dorsal and ventral sides of attached forms depending on the feature
used. This group constitutes a special case, as an attached form would assume
different positions depending on the position of the material to which it is attached.
In the fossil state specimens are only rarely found still adhering to other material.
I consider that in this case it is necessary to agree on a convention for recognizing
the dorsal and ventral sides. It is suggested that the criterion of regarding the
surface nearest the proloculus as dorsal be applied, although this may be the attached
side, and from this point of view considered as ventral. McKnight (1962) apparently
used this criterion for species of Cibicides. Such a convention if adopted would
avoid the confusion resulting from the use of several different methods, not all of
which give the same result. It may be noted that in the case of Cibicides refulgens
the attached flattened surface, here regarded as dorsal, is the more coarsely perforate,
as in free-living forms.

The suprageneric classification used in this paper is that of Loeblich & Tappan
(1964a) but some genera are interpreted differently.

Subphylum SARCODINA Schmarda, 1871

Class RHIZOPODEA von Siebold, 1845

Subclass GRANULORETICULOSIA de Saedeleer, 1934

Order FORAMINIFERIDA Eichwald, 1830

Suborder ROTALIINA Delage & Herouard, 1896

Superfamily BULIMINACEA Jones, 1875

Family TURRILINIDAE Cushman, 1927

Subfamily TURRILININAE Cushman, 1927

Genus BULIMINELLA Cushman, 1911

The toothplate of Buliminella is similar to that of the genus Stainforthia Hofker,
and the close relationship of these two genera has been noted by Hofker (1956b).
In Buliminella the toothplate extends to the septal foramen, but in Stainforthia is
attached to the upper part of the apertural depression.

Hoglund (1947) described the aperture and toothplate of 'Bulimina fusiformis'
Williamson. From his own work and an examination of the literature, Hoglund
believed the aperture of the young stage of this species to be without parallel. I
have examined specimens of fusiformis from 'Goldseeker' hauls 125 and 135, and
have found that the aperture of the young stages is a rounded interiomarginal
opening behind a small lip, lying in a deep apertural depression, as in Buliminella
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~jegantissima. The wall of fusiformis is radiate in texture. The toothplate dt
fusiformis is similar to that of B. elegantissima, but is attached to the upper surface
of the previous charnber and does not reach to the septal foramen.

Hoglund stated that obviously 'Bo' fusiformis could hardly belong to Bulimina,
and suggested a relationship with Virgulina (= Fursenkoina (Loeblich & Tappan)).
Cushman & Parker (1947) also referred fusiformis to Virgulina. However, Fursen
koina is a granular genus with quite different apertural characteristics. It is here
suggested that fusiformis is developed from or related to the genus Buliminella,
possibly through species such as B. exilis and B. tenuata. In these species the
number of chambers in each whorl is reduced to three, and a further reduction
could result in the twisted biserial test of fusiformis. Species referable to the genus
Stainforthia resemble fusiformis in that the toothplate does not reach to the septal
foramen, and in the twisted biserial younger chambers, but the apertural character
istics of Stainforthia are different. 'Bulimina' fusiformis may be referable' to the
genus Buliminellita. However, Hofker (1956a, p. 924) stated that the toothplate
bf Buliminellita indicates a close relationship to Uvigerina, although the coiling of
the. test shows a resemblance to' Buliminella.

BULIMINELLA sp.cf. B. TENUATA Cushman, 1927

(PI. 6, figs 22-24; text-fig. 6: 9-10)

cl 1927d Buli~inella subfusiformis Cushman var. tenuata Cushman, p. 149, pI. 2, fig. 9.

Material examined: 96 specimens.

Abundant specimens from several samples in the Papua-New Guinea material
are tentatively referred to B. tenuata. They resemble tenuata in lacking a spine
on the proloculus, but are not as slender and elongate as the specimen figured by
Cushman & Parker (1947) and identified as Bulimina exilis Brady var. tenuata
(Cushman); the range of variation shown by tenuata is not known. Walton (1955)
referred tenuata to the genus Bulimina as a subspecies of B. exilis, but Bandy (1953)
raised it to specific level and placed it in the genus Buliminella.

I have examined specimens of Buliminella exilis (Brady) from 'Albatross' station
2262, 39° 54' 45" N., 69° 29' 45" W., from a depth of 250 fathoms; most of these
specimens are elongate, but some shorter specimens have an outline similar to that
of specimens from Papua-New Guinea. All the specimens have an initial spine,
but Cushman & Parker (1947) noted that the spine is sometimes absent from
megalospheric forms. The aperture of B. exilis (Brady) was described by Cushman
& Parker as 'broad, loop-shaped, placed at the apex of the test, pointing directly
<lownwards to meet the jpnction of the second and third chambers'. Specimens
from' 'Albatross' Station 2262 have a broad apertural hollow, formed by infolding
of the apertural face; the' aperture is a small rounded to oval interiomarginal
opening under a"thin semicircular lip, . The inner part of the apertural face forms
a narrowly folded toothplate in each chamber, extending into the previous apertural .
hollow and reachirlg to the margin of the septal foramen. The same aperture aDd
toothplate are shown by Papua-New Guinea specimens.



All specimens observed have three chambers to a whorl, the chamber series
following regularly on each other, or the whole test twisted, the twisting being
against the direction of coiling. The test is very finely perforate, the pore pattern
of the Papua-New Guinea specimens and Recent specimens of Buliminella exilis
being very similar; both groups have a pore diameter of 0·4 to 0·6 microns, and
the wall is radiate in texture.

The two species B. exilis (Brady) and B. tenuata Cushman may be separated
on the presence or absence of an initial spine; on this feature the present specimens
are closer to B. tenuata than to B. exilis. However, the similarity of Papua-New
Guinea specimens to B. exilis in apertural characters, toothplate pores, and wall
texture suggests that the initial spine is a feature due to geographic subspeciation.
The Papua-New Guinea populations apparently inClude a much greater proportion
of short broad individuals than do Recent populations of B. exilis and B. tenuata,
and subspecific distinction may be justified. At present, lack of information on
the full variation of both exilis and tenuata prevents this.

Dimensions of figured specimens:* Length Maximum
. Width

CPC 6149 O· 56 0·18
CPC 6150 0·47 0·16
CPC 6151 O· 56 0·18

Occurrence: Figured specimens (CPC 6149 and 6150) from below the cliff at
Maprik, Screw River, Sepik district, New Guinea (upper Miocene); figured specimen
(CPC 6151) from Pagansop village, north-north-east of Josefstaal, Lower Ramu
Atitau area, New Guinea (upper Miocene); other localities: 23, 27, 30, 35.

Buliminella exilis (Brady) has been recorded as Bulimina exilis, occurring only
in the Pliocene. It has been noted that specimens comparable to B. exilis occur
in older beds and these may be specimens of the type here cOIJ1pared to Buliminella
jenuata.

Remarks: The apertural characters and toothplate of B. tenuata and B. exilis
indicate that they cannot be referred to the genus Bulimina. The description of
the toothplate of Buliminella elegantissima (d'Orbigny) given by Hofker (1951b)
~uggested that it may be of the same form as that of B. tenuata and B. exilis, par
ticularly description of the shape of the toothplate as a 'cornet'. This was confirmed
by examination of a specimen of B. elegantissima from 'Challenger' station 219A,
Nares Harbour, Admiralty Islands, at a depth of 17 fathoms; the aperture was
also found to be the same. The toothplate of B. elegantissima is broader at the
base, where it is attached to the margin of the septal foramen.

Specimens from the Pico Formation, Los Angeles Basin, California, very
similar to Buliminella curta Cushman, have the same type of aperture and tooth
plate as elegantissima; the toothplate is narrow, and similar in shape to that of
tenuata and exilis. The two species tenuata and exilis differ from elegantissima
only in having fewer chambers to each whorl, a difference which is not considered
to be of generic significance. For this reason the present specimens, which are
compared to tenuata, are referred· to the genus Buliminella.

* Dimensions throughout this Bulletin are in millimetres unless otherwise stated.



Family BOLIVINITIDAE Cushman, 1927

Genus BOLIVINITA Cushman, 1927

BOLIVINITA QUADRILATERA (Schwager, 1866)
(PI. 4, figs 4-7; text-fig. 1: 4)

1866 Textilaria quadrilatera Schwager, p. 253, pI. 7, fig. 103.
1884 Textilaria quadrilatera Schwager; Brady, p. 358, pI. 42, figs. 8a-b, 9-12.
1911 Textilaria quadrilatera Schwager; Cushman, p. 24, text-fig. 42a-e, 43-44.
1921 Textilaria quadrilatera Schwager; Cushman, p. 125, pI. 23, figs. 2a-b.
1927a Bolivinita quadrilatera (Schwager); Cushman, p. 90.
1941a Bolivinita quadrilatera (Schwager); LeRoy, p. 31, pI. 1, figs 99-101; pt. 2, p. 79, pI. 2,

figs 3-4.
1941b Bolivinita quadrilatera (Schwager); LeRoy, p. 79, pI. 2, figs 3-4.
1942 Bolivinita quadrilatera (Schwager); Cushman, p. 2, pI. 1, figs 1, 2a-e, 3a-b, 4a-e. (Syn-

onymy).
1944b Bolivinita quadrilatera (Schwager); LeRoy, p. 83, pI. 2, figs 13-14.
1949 Bolivinita quadrilatera (Schwager); Boomgaart, p. 95, pI. 8, figs 3a-b.
1951b Bolivina quadrilatera (Schwager); Hofker, p. 102, figs 59, 60a--e, 61a, b, d, e, 62.
1952 Bolivinita quadrilatera (Schwager); Asano, p. 14, figs 76-77.
1957 Bolivinita quadrilatera (Schwager); Montanaro GaIlitelli, .p. 146, pI. 33, figs 17a-b, 18a-b,

19-20.
1957 Bolivinita quadrilatera (Schwager); Samaniego & Gonzales, p. 199, pI. 22, fig. 9.
1957 Bolivinita quadrilatera (Schwager); Daleon & Samaniego, p. 40, pI. I, fig. 32.
1960 Bolivinita quadrilatera (Schwager); Barker, p. 86, pI. 42, figs 8a-b, 9-12.
1963 Bolivinita quadrilatera (Schwager); Decima, p. 88, pI. 1, figs 11a-b.
1964 Bolivinita quadrilatera (Schwager); Huang, tab. I, pI. 2, fig. 23.
1964 Bolivinita quadrilatera (Schwager); LeRoy, p. 29, pI. 2, figs 37-38.

Maximum
Thickness

0·20
0·22

Maximum
Width
0·31
0·35

0·82
0·76

Length

CPC 6153
CPC 6154

Material examined: 5~ specimens.

B. quadrilatera occurs abundantly in a number of samples. The tests are
usually narrow and elongate, but some relatively broader specimens occur, with
concave chamber surfaces, closely resembling the specimens described by Asano
(1938) as Bolivinita quadrilatera cuneata and by LeRoy (1944a) as Bolivinita quadril
atera vaT. sumatrensis. These specimens are here considered to represent only normal
intra-specific variation (see also Montanaro Gallitelli, 1957, pI. 33, figs 17a-b).
The specimens figured by Vella (1957) as Bolivinitacf. grant-taylori also seem to
be referable to B. quadrilatera.

The test wall of Bolivinita quadrilatera is finely and densely perforate over the
entire chamber surface, the pore diameter being 2-3 microns, and is radiate in
texture. Each chamber has a well developed toothplate with a broad flaring base,
the folded portion confined to the upper part and forming a narrow tooth in the
aperture.

Dimensions of figured specimens:

Occurrence: Figured specimen (CPC 6153) from the Nuru Valley, New Guinea,
between Diduella and Old Bauri, on hill with garden plot (upper Miocene); figured
specimen (CPC 6154) from the road cutting south of Moab, Bogia district, New
Guinea (upper Miocene); other localities: 3, Ba, 18, 25, 27, 38, 39.

Bolivinita quadrilatera is recorded from the lower Miocene (Burdigalian) to the
Pliocene. It also occurs in Recent deposits.
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BOLIVINITA COMPRESSA Finlay, 1939

(PI. 4, figs 1-3; text-fig. 1: 3)

1939 Bolivinita compressa Finlay, p. 319, pI. 27, figs 101-102.

Material examined: 11 specimens.

The description of B. compressa published by Finlay (1939) is very brief, but
gives the characteristic feature of the species, namely the longitudinal keel in the
centre of the test. This appearance is caused by the rhomboid and not rectangular
outline in end-view. The two outer keels are strongly developed, but those towards
the centre of the test are not always distinct, particularly on the later chambers.
The test wall is finely perforate, the pore diameter being 2-3 microns, and is radiate
in texture. Each chamber has a well developed toothplate with a broad flaring
base and a broadly folded upper part, the free edge forming a narrow tooth in
the aperture.

Maximum
Dimensions of figured specimens: Length Width Thickness

(incI. keel)
CPC 6156 0·98 0·45 0·18
CPC 6157 0·70 0·35 0·16

Occurrence: Figured specimens (CPC 6156 and 6157) from a sample east of
Karova Creek, Kerema-Karova Creek area, Papua (middle Miocene); other
locality: 7b.

This species has been recorded both as Bolivina compressa (Finlay) and as
B. sp. 10, occurring in the middle and upper Miocene.

BOLIVINITA SUBANGULARIS (Brady, 1881)

(PI. 3, figs 8-11)

1881 Bolivina subangularis Brady, p. 59.
1884 Bolivina subangularis Brady; Brady, p. 427, pI. 53, figs 32-33.
1937 Bolivina subangularis Brady; Cushrnan, p. 133, pI. 17, figs 5a-b, (i-8, 9a-b, 10. (Synonymy).
1942 Bolivina subangularis Brady; Cushrnan, p. 19, pI. 6, figs 3a---<:, 4.
1957 Bolivina subangularis Brady; Samaniego & Gonzales, pI. 22, fig. 11.
1957 Bolivina subangularis Brady; Daleon & Samaniego, p. 45, pI. 1, fig. 44.
1959 Bolivina subangularis Brady; Graham & Militante, p. 79, pI. 12, figs 15a-b. (Synonymy).
1960 Bolivinita subangularis (Brady); Barker, p. 109, pI. 53, figs 32-33.

0·84
0·79

CPC 6159
CPC 6160

Material examined: 6 specimens.

This distinctive species has been found only rarely in the present material.
The deep wide longitudinal central depression bordered by thin keels gives an
appearance similar to that of B. quadrilatera. Cushman (1933a) referred angularis
to Bolivinita when he described a new variety as Bolivinita subangularis (Brady) var.
lineata. The test wall of B. subangularis is finely and densely perforate, the pore
diameter being 2 to 3 microns, and is radiate in texture. All specimens found have
the chambers infilled and the toothplate has not been observed.

Dimensions of figured specimens: Length Maximum Maximum
Width Thickness
0·41 0·36
0·40 0·34
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Occurrence: Figured specimens (CPC 6159 and 6160) from a sample below
the cliff at Maprik, Screw River, Sepik district, New Guinea (upper Miocene);
other localities: 30, 32.

B. subangularis is recorded from the upper Miocene and the Pliocene, and
occurs also in Recent deposits.

Genus BOLIVINA d'Orbigny, 1839

Loeblich & Tappan (1964a) restricted the genus Bolivina to include only those
species characterized by retral processes and overlapping chamber margins, species
without retral processes being placed in the genus Brizalina Costa. The retral
processes were observed in specimens of Bolivina robusta Brady from Papua--New
Guinea, and led to an investigation of other species of Bolivina, and also species
referred to the genera Bolivinoides Cushman and Afrobolivina Reyment. I agree
with Loeblich & Tappan in placing Afrobolivina in the synonymy of Bolivina; how
ever, I also regard Bolivinoides as a synonym of Bolivina. Hofker has in a number
of papers (1952a, 1956a, 1957) stressed the close relationship between Bolivina and
Bolivinoides, and Reyment (1959) also regarded Bolivinoides as a synonym of Bolivina.

B. robusta has short limbate projections at right angles to the sutures, which
were described by Brady (1884) as 'crenulate'. Cushman (1937) also used this
term, and considered the appearance to result from 'the basal margin of the chamber
having a series of alternating lobes and reentrants'. Dissection of the chambers
shows that the limbate projections are the external indications of low narrow tri
angular internal ridges at the base of each chamber. The surface of the chambers
is usually slightly depressed above the pillars, and it seems thatthey are first formed
by an infolding of the chamber wall, later developing into solid pillars through
secondary deposition of shell material. Hofker (1951b) referred to the internal
structure of B. robusta as 'retral processes', stating that they were formed by
'... outgrowths of the chambers and not only by a thickening of the walls'. This
is taken to mean that the internal structure is in fact part of the chamber wall, and
my observations support this interpretation. The type species of Bolivina, B. plicata
d'Orbigny, has a lobate suture with overlaps of the lower chamber margins. Speci
mens of B. plicata, of the type figured by Cushman (1937), from a sample of the
Pico Formation (upper Pliocene), Los Angeles Basin, California, have been examined;
they have, at least in the later chambers, rounded internal ridges on the lower part
of the chamber wall. The ridges are broader than those in B. robusta, but this
difference is due only to a tighter fold of the wall forming the ridges in B. robusta.
B. sinuata Galloway & Wissler, from a sample of the Repetto Formation (lower
Pliocene), Malaga Cove, Los Angeles Basin, California, also has similar internal
ridges. Both B. plicata and B. sinuata were, together w~th'other species, referred
by Hofker (1952a) to the genus Bolivinoides; later (1956a), Hofker referred robusta
to Bolivinoides. Glaessner (1945, p. 13.9) stated that Bolivinoides was distinguished
only by the heavily costate surface, and regarded this as a feature of hardly more

'than subgeneric significance. Hiltermann & Koch (1950) discussed' Bolivinoides in
some detail and observed the bolivinid toothplate, but retained a generic distinction
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between Bolivinoides and Bolivina on the basis of difference in structure and orna
ment. Montanaro Gallitelli (1957) also recognized Bolivinoides as a valid genus.

Specimens of Bolivinoides draco draco (Marsson) from upper Maestrichtian
beds, Starzmuhl, Teisendorf, Bavaria, have internal ridges of the type shown by
Bolivina plicata, B. sinuata, and B. robusta. Montanaro Gallitelli (1957) regarded
the septal surface as flat and stated that 'the marginal undulation is simulated by
the septa encountering an internally tuberculate wall'. My observations indicate
that the internal ridges of Bolivinoides draco draco result from a lobate chamber
margin, the lobations also being continuous with the characteristic raised ornament
at right angles to the sutures. The species Bolivinoides miocenicus Gianotti, described
from the type area of the Tortonian stage in Italy, has very distinct lobations along
the base of each chamber, almost as strongly developed as those of B. draco draco.

Reyment (1959) also erected a new genus Afrobolivina, with type species A. afra
Reyment; a feature of this genus is a series of internal partitions, termed by Reyment
'subsepta', which are formed in the lower part of the chamber. In appearance,
these are the same as the internal ridges of some species referred to Bolivina, but
they are regarded by Reyment as being formed by outgrowths of the toothplate,
which is typically bolivinid. Reyment did not observe vertical partitions in Boli
vinoides draco draco and considered that the tuberculated wall seen by Montanaro
Gallitelli was derived from the overlaps, also stating 'besides the overlaps, other
tubercular formations do occur that appear as bulges on the inner wall'. The
'bulges' in B. draco draco are caused by the lobate lower margin of the chambers,
and are here regarded as similar to those in Afrobolivina. They are broad and
low in B. draco draco, and in Afrobolivina afra narrow and relatively higher, re
sembling those of Bolivina robusta.

Through the courtesy of Dr G. R. J. Terpstra of the Bureau of Mineral Re
sources I have been able to examine specimens of Afrobolivina afra; none of the
specimens examined have any indication of a roof over the internal partitions. I
have not been able to observe any connexion between the partitions and the tooth
plate; each partition is below a narrow depression between successive overlaps and
an alternative suggestion is that they are formed by a fold of the chamber wall.
There is no essential difference between the structure of A. afra and that of Bolivina
plicata, and I consider that Afrobolivina is also a synonym of Bolivina.

BOLIVINA ROBUSTA Brady, 1881

(PI. 1, figs 5-7; text-fig. 4: 10)

1881 Bolivina robusta Brady, p. 57.
1884 Bolivina robusta Brady; Brady, p. 421, pI. 53, figs 7-9.
1937 Bolivina robusta Brady part; Cushman, p. 131, pI. 17, figs 1 ?3, (not fig. 4).
1941a Bolivina robusta Brady; LeRoy, p. 33, pI. 1, figs 75-76.
1941b Bolivina robusta Brady (non-spinose var.); LeRoy, p. 80, pI. 1, fig. 2; pI. 2, figs 9-10.
1949 Bolivina robusta Brady; Boomgaart, p. Ill, pI. 12, fig. 1 (not fig. 2).
1951b Bolivina robusta Brady; Hofker, p. 76, figs 41a-g, 42a~.

1957 Bolivina robusta Brady; Samaniego & Gonzales, p. 201, pI. 23, figs la-b.
1963 Bolivina robusta Brady; Pezzani, p. 626, pI. 37, fig. 1l.
1964 Bolivina robusta Brady; Huang, tab. 1, pI. 2, fig. 10.
1964 Bolivina robusta (Brady); LeRoy, p. 31, pI. 2, fig. 13.
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Material examined: 55 specimens.

B. robusta occurs commonly in a number of samples. Two forms of this
species are known, one with a distinct basal spine and one without; both forms
have the same chamber shape, the same outline in side and top views, the same
type of toothplate, and the same characteristic lobate appearance of the sutures in
external view. In the present study, non-spinose specimens have been found in
only one sample, from the Tubu area, Papua. The compressed non-spinose speci
mens figured by Cushman (1937, pI. 17, figs 4a-b; 1942, pI. 6, figs 2a-b) are con
sidered to be referable to B. robusta var. pacifica Boomgaart (renamed B. robusta
var. indonesiensis by Boomgaart in Thalmann, 1950). The specimen figured by
Boomgaart (1949, pI. 12, fig. 2) as B. robusta is also thought to be closer to this
variety than to the typical form of the species as originally figured by Brady.

Comments on the internal ridges of B. robusta have already been given. Each
chamber also has a well developed toothplate attached at the base of the full width
of the septal foramen, with a small folded free edge extending throughout its length
and forming a small tooth in the aperture. The test is perforate, the pores in the
later chambers at least extending over more of the chamber wall than in the specimens
figured by Hofker (1951b), and continuing to the apertural margin; the pore
diameter has not been determined. The wall is radiate in texture.

Dimensions of figured specimens:

CPC 6161
CPC 6162

Length

0·95
0·87

Maximum
Width
0·52
0·48

Maximum
Thickness

0·19
0·19

Occurrence: Figured specimens (CPC 6161 and 6162) from the Num Valley,
New Guinea, between Diduella and Old Bauri, on hill with garden plot (upper
Miocene); other localities: Id, 18, 21, 23, 25, 31, 36.

B. robusta is recorded from the lower Miocene (Burdigalian) to the P1iocene,
and occurs also in Recent deposits.

TEXT-FIGURE 1

1 CPC 6170 Brizalina plicatella (Cushman), locality 27. Toothplate.
2 CPC 6218 Laterostomella voluta sp.nov., locality 12c. Toothplate.
3 CPC 6158 Bolivinita compressa Finlay, locality 7b. Toothplate.
4 CPC 6155 Bolivinita quadrilatera (Schwager), locality 27. Toothplate.
5-6 CPC 6213 Bolivina plicata d'Orbigny, Pico Formation, Los Angeles Basin, California.

Two views of the toothplate, figure 6 also showing a small ridge in the chamber wall.
7 CPC 6214 Bolivina sinuata Galloway & Wissler, Repetto Formation, Los Angeles Basin,

California. Showing the toothplate and internal ridges in the chamber wall.
8 CPC 6215 Bolivina draco draco Marsson, Upper Maestrichtian, Starzmuhl, Bavaria. Show

ing toothplate and ridges in the chamber wall associated with external lobations.
9 CPC 6518 Sigmavirgulina tortuosa (Brady), locality 12c. Toothplate.

10 CPC 6163 Bolivina robusta (Brady), locality 21, showing toothplate and internal ridges.

Each scale represents O· 25 mm.

Figures 3--4, 7 to scale A.
Figures 5-6, 8-10 to scale B.
Figures 1-2 to scale C. -
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Genus BRIZALINA Costa, 1856

Loeblich & Tappan (1964a) defined the genus Brizalina as including species
'commonly compressed and laterally carinate', but it is used here for biserial radiate
species, neither compressed nor carinate, which lack the basal chamber lobes of
Bolivina.

BRIZALINA ALATA (Seguenza, 1862)

(PI. 1, figs 1-2; text-fig. 2: 1-3)

1862 Vulvulina alata Seguenza-, p. 115, pI. 2, figs 5, 5a.
1884 Bolivina beyrichi var. alata Seguenza; Brady, p. 442, pI. 53, figs 2-4.
1937 Bolivina alata (Seguenza); Cushman, p. 106, pI. 13, figs 3-11.
1941a Bolivina alata (Seguenza); LeRoy, p. 34, pI. 2, figs 45-46.
1944a Bolivina alata (Seguenza); LeRoy, p. 28, pI. 1, fig. 33.
1945 Bolivina alata' (Seguenza); Cushman & Todd, p. 42, pI. 6, fig. 25. (Synonymy).
1949 Bolivina alata (Seguenza); Bermudez, p. 187, pI. 12, fig. 25.
19510 Bolivina alata Seguenza; Hofker, p. 96, figs 54a-b.
1957 Bolivina alata (Seguenza); Samaniego & Gonzales, p. 200, pI. 22, fig. 10.
1959 Loxostomum alatum (Seguenza); Parker, p. 262, pI. 2, figs 30-32.
1959 Bolivina alata (Seguenza); Dieci, p. 66, pI. 5, fig. 25.
1964 Bolivina alata (Seguenza); LeRoy, p. 31, pI. 2, fig. 12.

Material examined: 31 specimens.

Specimens of B. alata from the present material are not as slender and elongate
as is the holotype; they are of the type figured by Brady (1884, pI. 53, fig. 4) and
fall within the range of variation illustrated by Cushman (1937, pI. 13, figs 4-7, 9,
10).

Only megalospheric specimens of B. alata have been found; the proloculus
ranges in diameter from 25 to 35 microns, and is imperforate. Some specimens
also lack pores on the first pair of biserial chambers, but pores are usually present
on the basal part of the chambers, often in only one row. The perforate area of
the chamber wall then gradually increases, but most specimens have a small im- .
perforate area near the aperture. The wall of the last pair of biserial chambers
is wholly perforate in some specimens, and one with 8 pairs of biserial chambers
has a completely perforate wall after the third pair of chambers; the pore diameter
ranges from 3 to 4 microns, the pores being oval in outline; the wall is radiate in
texture.

The peripheral margin of some chambers is drawn out as an elongate tube
extending into the imperforate keel, at times reaching the outer margin of the keel;
this is not a constant feature, even on the one specimen. Each chamber has a well
developed toothplate beginning within the septal foramen, but not extending the
full. width of the foramen. The free edge is narrowly folded; the fold begins some
distance above the base of the toothplate, and forms a narrow tooth in the aperture.
There is no indication of the serrated edge on the free part of the toothplate observed
by Hofker (1951b).

Dimensions of figured specimens:

CPC 6164
CPC 6165

Length

0·86
0·67

24

Maximum
Width

(incI. keel)
0·53
-0'45

Thickness

0·10
0·09
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TEXT-FIGURE 2

1-3 Brizalina alata (Seguenza), locality Id.

4-0 Brizalina pseudobeyrichi (Cushman), locality Id. Showing difference in outline of the test
and in the development of the peripheral keel.

The scale represents O· 2S mm.
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Occurrence: Figured specimens (CPC 6164 and 6165) from the 'Tubu Siltstone',
Tubu area, Papua (upper Miocene), locality Id); other localities: 7a, 14b, 30, 31.

B. alata is recorded from the lower Miocene (Burdigalian) to the top of the
Miocene; it is also known from Recent deposits.

BRIZALINA CAPITATA (Cushman, 1933)

(PI. 1, figs 3-4)

1933a Bolivina capitata Cushman, p. 80, pI. 8, figs 12a-b.
1937 Bolivina capitata Cushman; Cushman, p. 146, pI. 19, figs 29a-b.
1942a Bolivina capitata Cushman; Cushman, p. 28, pI. 8, figs 1a-b, 2, 3a-b.
1959 Bolivina capitataCushman; Graham & Militante, p. 79, pI. 12, figs Ba-b.
1964 Bolivina capitata Cushman; LeRoy, p. 31, pI. 2, fig. 9.

Material examined: 21 specimens.

Papua-New Guinea specimens of B. capitata are identical in all respects with
specimens in slides from 'Challenger' stations 218A and 219A, Nares Harbour,
Admiralty Islands, and from a dredged sample, Peper Bay, west coast of Java, at
a depth of 31 metres, except that they have secondary deposits of shell material
which on the early chambers in particular form a reticulate or sometimes slightly
striate ornament. Some Recent specimens have thickened sutures and shell wall
on the early chambers, but not to the extent shown by the fossil forms.

Specimens of this kind were not figured by Brady (1884), but they agree well
with the description of B. capitata given by Cushman (1933a). They are identical
with the specimen figured by Graham & Militante (1959), which shows the large
curved oval aperture and also faint striations on the early chambers. The tooth
plate of both Recent and fossil specimens is broad, extending at the base across
the septal foramen; the free edge has only a small fold, which forms a narrow
tooth in the aperture. The pore diameter ranges from 4 to 6 microns for both
Recent and fossil specimens, the pores being irregularly circular in outline; the
early chambers on some specimens are more coarsely perforate than the later
chambers. The wall is radiate in texture.

Dimensions of figured specimens: Length Maximum Thickness
Width

CPC 6166 0·61 0·20 0,13
CPC 6167 0·60 0·19 0' 12

Occurrence: Figured specimens (CPC 6166 and 6167) from the road cutting
at the new residence, north of the aerodrome, Madang, New Guinea (Pliocene);
found only in this sample.

B. capitata has not been recorded previously from Papua-New Guinea; it
has previously been known only from Recent deposits.

BRIZALINA PLICATELLA (Cushman, 1930)

(PI. 1, figs 8-9; text~fig. 1: 1)

1930 Bolivina plicatella Cushman p. 46, pI. 8, figs lOa-b.
1933 Bolivina plicatella Cushman Cushman, p. 89, pI. 11, figs 3a-b, 4. (Synonymy).
1963 Bolivina plicatella Cushman Pezzani, p. 625, pI. 37, fig. 8.
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0·70
0·48

CPC 6168
CPC 6169

Material examined: 7 specimens.

B. plicatella occurs only rarely, in one sample. The specimens have a longi
tudinal central depression with the early chambers and sutures largely obscured by
an irregular raised ornament. Small re-entrants occur along the sutures, but no
associated internal ridges, as in B. robusta, have been observed. The largest speci
men found (pI. 1, fig. 8) has three distinct pairs of smooth biserial chambers, with
deeply depressed sutures; the early chambers of this specimen are identical with
those of more typical specimens, and it is obviously to be referred to B. plicatella.
The outline of the specimens in end view ranges from rounded to angulate. The
entire wall of the test is coarsely perforate, but as specimens are rare none have
been broken to determine the pore diameter. Each chamber has a well developed
broadly rounded toothplate, beginning within and extending the full width of the
septal foramen; the free edge is smooth and forms a small tooth in the aperture.

Dimensions of figured specimens: Length Maximum Maximum
Width Thickness
0·28 0·10
0·27 0·10

Occurrence: Figured specimens (CPC 6168 and 6169) from the Nagam River,
west of Periama village, Wewak subdistrict, Sepik district, New Guinea (uppermost
Miocene or Pliocene); found only in this sample.

B. plicatella is recorded from the lower Miocene (Burdigalian) to the Pliocene,
and is also known from Recent deposits.

BRIZALINA sp.cf. B. VARIABILIS (Williamson, 1858)

(PI. 1, figs 10-12)

cl. 1858 Textularia variabilis Williamson, p. 76, pI. 6, figs 162-163.

Material examined: 54 specimens.

Specimens occurring commonly at one locality in Papua show no marked
external difference in chamber shape or outline of test from specimens of B. variabilis
from the area of the Shetland Islands; the last chambers of the Papuan specimens
are slightly more inflated. The original figure of B. variabilis given by Williamson
(1858) shows a very low aperture, but Cushman (1937) figured other specimens
with a narrow and elongate aperture, as in the Papuan specimens. Cushman (1942)
figured a carinate form under this name, but no specimens of this type have been
found in the present samples. Insufficient Recent specimens are available to permit
a comparison with the internal structure and the pore pattern of the Papuan speci
mens. These features may permit some differentiation, but specimens from the
two areas are obviously closely related.

In the Papuan specimens the entire surface of the chambers is perforate, but
the pore diameter has not been determined; the wall is radiate in texture. The
toothplate is small, with a narrowly folded free edge forming a small tooth in the
aperture.
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Dimensions of figured specimens:

CPC 6171
CPC 6172

Length

0·33
0·33

Maximum
Width
0'12
0·13

Maximum
Thickness

0·08
0·09

Occurrence: Figured specimens (CPC 6171 and 6172) from the south-eastern
flank of the Wira Anticline, Puri-Purari River area, Papua (upper Miocene, locality
14d); also found in other samples from this area.

Specimens of the type here compared to B. variabilis have been included in
the records of B. seminuda (Cushman); their range in Papua-New Guinea is not
known.

BRIZALINA PSEUDOBEYRICHI (Cushman, 1926)

(PI. 1, figs 13-16; text-figs 2: 4-6)

1926a Bolivina pseudobeyrichi Cushman, p. 45. (Synonymy).
1937 Bolivina pseudobeyrichi Cushman; Cushman, p. 139, pI. 19, figs 4, Sa-b. (Synonymy).
1953 Bolivina pseudobeyrichi Cushman; Drooger, p. 131, pI. 21, figs 9-10.
1955 Loxostoma pseudobeyrichi (Cushman); Walton, p. 1010, pI. 102, fig. 20.
1961 Loxostomum pseudobeyrichi (Cushman); Bandy, p. 21, pI. 4, figs Ba-b.
1963 Bolivina (Bolivina) pseudobeyrichi Cushman; Smith, p.22, pI. 31, figs 3-8.
1964 Bolivina pseudobeyrichi Cushman; Ishiwada, pI. 4, fig. 62.

Material examined: 16 specimens.

Several specific names have been proposed for slender elongate species charac
terized by narrow peripheral keels or sharp backwardly projecting chamber margins.
These include B. beyrichi Reuss from the Oligocene of Germany, B. bramletti Klein
pell from the Miocene of California, B. pseudobeyrichi from the Pliocene of Cali
fornia and the Recent of the' eastern Pacific, and B. bradyi Asano from the Recent
of the eastern Pacific. All these species should be referred to the genus Brizalina.
Cuspman (1911) included the specimen figured by Brady (1884, pI. 53, fig. 1) in
the synonymy of Bolivina beyrichi, hut did not refer to it in later papers. Asano
(1938) named this specimen Bolivina bradyi; it differs from the holotype of Brizalina
pseudobeyrichi mainly in its greater length/breadth ratio. Smith (1963) considered
that bradyi is probably an ecologic variant ofpseudobeyrichi, but did not find enough
specimens to confirm this relationship. Martin (1952) recorded Bolivina beyrichi
from the Pliocene of the Los Angeles Basin, and retained Brady's specimen in this
species.

Specimens occurring in samples from the Tubu area, Papua, are indistinguishable
from specimens occurring in the upper Pliocene of the Los Angeles Basin, Cali
fornia. Cushman (1926a, 1937) noted that Brizalina pseudobeyrichi occurs in the
Californian upper Pliocene. In the description of this species it was stated that
the length was It to 2 times the breadth. The present specimens are 21' to 3 times
as long as broad and in this respect are closer to B. bramletti and B. bradyi; the
Californian upper Pliocene specimens observed are also about 3 times as long as
broad. Professor J. J. Graham examined the specimens from the Tubu area, and
agrees that they are B. pseudobeyrichi; it therefore seems that Cushman did not
observe the full variations shown by pseudobeyrichi.
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In some samples from the Tubu area, Papua, B. alata and B. pseudobeyrichi
occur together. The possibility that the two forms represent different generations
of the same species is not supported by measurements of the proloculus. The
toothplate of specimens referred to B. pseudobeyrichi is similar to that of B. alata,
not extending the full width of the septal foramen, and with a narrowly folded free
edge. Apart from the narrower keel, specimens of B. pseudobeyrichi differ from
B. alata in having coarser pores, oval in outline, the pore diameter being 6 to 7
microns. The entire wall of the later chambers of all observed specimens of B.
pseudobeyrichi is perforate, but some specimens have on the early chambers a small
imperforate area near the aperture. The same feature is shown by the. Californian.
specimens observed, and is another difference from B. alata, in which the imperforate
upper part of the chambers is a normal feature. The wall of B. pseudobeyrichi
is radiate in texture. Outline drawings of specimens referred to B. alata and B.
pseudobeyrichi are given in text-figure 1, to show the difference in the length/breadth
ratio and in the development of the peripheral keel.

Dimensions of figured specimens: Length Maximum Maximum
Width Thickness

CPC 6173 0·72 0·23 0'11
CPC 6174 0·62 0·21 0'12
CPC 6175 0·66 O· 30 O· 10

Occurrence:-Figured specimens (CPC 6173 and 6175) from the 'Tubu Siltstone',
Tubu area, Papua (upper Miocene, locality Id); figured specimen (CPC 6174)
from east of Yekimbolje village, Maprik subdistrict, Sepik district, New Guinea
(upper Miocene); other localities: 23, 28.

B. pseudobeyrichi has not been recorded previously from Papua-New Guinea;
it is possible that records of B. alata may include specimens here referred to B.
pseudobeyrichi.

BRIZALINA SUBRETICULATA (Parr, 1932)

(PI. 1, figs 17-18; text-figs 3: 1-3)
1884 Bolivina reticlIlata Brady, p. 426, pI. 53, figs 30-31 (not of Hantken).
1932 Bolivina slIbreticlIlata Parr, p. 12, pI. 1, figs 21a-b.
1937 Bolivina slIbreticlIlata Parr; Cushman, p. 148, pI. 19, figs 24a-b, 25-26. (Synonymy).
1942a Bolivina slIbreticlIlata Parr; Cushman, p. 31, pI. 9, fig. 2. (Synonymy).
1944a Bolivina slIbreticlIlata Parr; LeRoy, p. 29, pI. 8, figs 21-22.
1964 Bolivina slIbreticlIlata Parr; Huang, tab. 1, pI. 2, fig. 14.
1964 Bolivina slIbreticlIlata Parr; LeRoy, p. 31, pI. 2, fig. 16.

Material examined: 17 specimens.

The ornament of our specimens of B. subreticulata varies considerably, but in
all specimens observed the last pair of biserial chambers is smooth. On some
specimens the irregular reticulate ornament covers the remainder of the test, ob
scuring the sutures; on others the reticulation is restricted to the central part of the
test, with the peripheral areas smooth or with only short irregular projections from
the sutures across the lower part of the chambers. The pores are difficult to observe,
but where they have been seen they are confined to a row at the base of the chamber
and an irregular scattering at the outer peripheral margin. The wall of the test
is radiate in texture; the toothplate has not been clearly observed.
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Dimensions of figured specimens:

CPC 6176
CPC 6177

Length

0·39
0·33

Maximum
Width
0·25
0·24

Maximum
Thickness

0·12
O' I I

Occurrence: Figured specimens (CPC 6176 and 6177) from the 'Tubu Siltstone',
Tubu area, Papua (upper Miocene, locality Id); other localities: 3, 27, 32, 36.

B. subreticulata is recorded from the lower Miocene (Burdigalian) to the Plio
cene; it occurs also in Recent deposits.

Remarks: Parr did not figure the holotype of B. subreticulata, which is from
'Challenger' station 185, off Raine Island, Torres Strait, at a depth of 155 fathoms,
and it seems that no specimen was designated as the holotype. The National
Museum of Victoria has the types of only the fossil species of Foraminifera erected
by Parr, and it is thought that types of Recent species were in that part of the Parr
Collection forwarded to the Bureau of Mineral Resources (E. D. Gill, pers comm.,
9th October, 1964). No specimen designated as the holotype of subreticulata is
in the Bureau collection; seven specimens have been found in a slide from 'Challen
ger' Station 185, and are here regarded as syntypes. A Iectotype has been selected
and is illustrated in Text-figure 3, together with a paralectotype.

TEXT-FIG RE 3

Brizalilla subreliculala (parr), 'Challenger' station 185. 1-2, Lectotype, CPC 6178, opposite sides;
3, paralectotype, CPC 6179, side view; aU X 135.
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BRIZALlNA sp.cf. B. PYGMAEA (Brady, 1881)

(PI. 1, figs 19-22)

ef 1881 Bolivilla pygmaea Brady, p. 57.
1884 Bolivilla pygmaea Brady; Brady, p. 421, pI. 53, figs 5-6.

Material examined: 7 specimens.

Rare very small specimens resembling B. pygmaea Brady, but not as strongly
compressed, have been found in two samples. The test of the Papua-New Guinea
specimens is also more elongate than those figured by Brady (1884). A specific
distinction may be possible, but more specimens are required before this is done,
and a comparison with specimens of B. pygmaea would be desirable. Cushman
& Moyer (1930) figured a specimen referred to B. pygmaea from Recent deposits near
San Pedro, California; the Papua-New Guinea specimens are very similar to this.

Because of the scarcity of specimens in the present material, the pores and
toothplate have not been investigated.

Dimensions of figured specimens: Length Maximum Maximum
Width Thickness

CPC 6180 0·36 0·15 0·09
CPC 6181 0·18 0·12 0·08
CPC 6182 0·18 0·11 0·06

Occurrence: Figured specimen (CPC 6180) from near the culmination of the
Popo Anticline, 3-t miles south-south-east of Popo village, Papua (upper Miocene);
figured specimens (CPC 6181 and 6182) from the south-east flank of the Wira Anti
cline, Puri-Purari River area, Papua, at top of section (upper Miocene, locality 14d).

Specimens recorded as Bolivina sp. 14, ranging from the lower Miocene (Burdi
galian) to the Pliocene, are very similar to the specimens here compared with B.
pygmaea.

BRIZALINA MULTILlNEATA sp.nov.

(PI. 2, figs 1-6)

Material examined: 75 specimens.

Three forms of B. multilineata may be recognized on external appearance;
the grouping is related to the size of the proloculus and on available information
the groups are limited to their lateral extent.

The three groups are:

(a) Abundant specimens occurring in the Tubu area, Papua, with some very
rare specimens from samples on the Wira Anticline, Papua. The test is
broadly triangular in outline with a wide peripheral keel; the proloculus
usually ranges in diameter from 50 to 64 microns, one specimen having
a proloculus about 70 microns in diameter.
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(b) Small, more slender and elongate specimens with a narrow peripheral
k~el, occurring only in the Tubu area, in association with specimens from
group (a). The proloculus ranges in diameter from 20 to 26.microns.

(c) Specimens similar to those in group (a), but not as broad, and with only
a narrow peripheral keel; known only in samples from the Wira Anti
cline, Papua. The proloculus ranges in diameter from 38 to 50 microns.

Diagnosis: A compressed species ranging from broadly triangular with wide
peripheral keel to slender and elongate with very narrow keel; ornamented by
fine continuous striations, on some specimens replaced by thin short ridges on
proloculus and early biserial chambers; sutures oblique; aperture large, oval,
toothplate large with broad flaring base.

Description: (a) Test compressed, broadly triangular in outline, broadening
gradually from proloculus to greatest width at last pair of chambers. .Length/
breadth ratio usually between I· 4 to I· 5, with one specimen having ratio of I .7.
Periphery with wide, thin, fragile imperforate keel, sometimes spinose on early
chambers. Proloculus globular, followed by 4 to 5 pairs of biserial chambers,
broader than high, increasing slowly in size as added. Proloculus and peripheral
margin of early biserial chambers ornamented by strong backwardly directed spines.
Surface of test ornamented by low fin,e costae, continuous across sutures, 12 to 20
on last chambers, with shorter costae confined to one chamber, on lower or upper
part of test. .Sutures narrow, distinct, straight or slightly curved, at first smooth,
depressed on later chambers; strongly oblique, forming angle of 30 to 35 degrees
with horizontal, meeting at centre of test in thickened and raised areas of clear
shell material. Test wall radiat~ in texture, very finely and densely perforate, pore
diameter 2 microns. Aperture large, oval, with raised imperforate rim, reaching
to basal suture of chamber. Each chamber with well-developed toothplate extending
across septalforamen, base broad and flaring, upper part narrowly folded, with
smooth free edge forming narrow tooth in aperture. ' .

(b) Test small, slender, elongate, relatively less compressed than specimens in
groups (a) and (c), periphery with very narrow keel, scarcely developed on some
specimens. Length/breadth ratio ranging from I· 7 to 2·2. Proloculus small,
globular, followed by 4 to 6 pairs of biserial chambers, increasing slowly in size as
added. Proloculus and early biserial chambers ornamented by thin short ridges
passing into fine continuous striations on later chambers, 6 to 10 in number. Sutures
narrow, distinct, strongly oblique, at first smooth, later depressed, meeting at centre
of test in small imperforate raised areas of shell material. Aperture, perforation
of test, and toothplate as for specimens in group (a).

(c) Test more slender than that of specimens in group (a), length/breadth ratio
ranging from 1·7 to 2'2; peripheral keel narrow. Proloculus globular, followed
by 5 to 6 pairs of biserial chambers. Ornament of test similar to that of specimens
in group (a), but heavier on proloculus and early biserial chambers, striations re
placed by. thin short ridges. Sutures narrow, straight or slightly curved, at first
smooth, later depressed, on early chambers sometimes obscured by ornament.
Aperture, perforation of test, and toothplate as for specimens in group (a).
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Length Maximum Maximum
Dimensions: Width Thickness

(incl. keel)
Holotype (Group a) 0·79 0·50 0·18
Paratype A (Group a) 0·72 0·48 0·18
Paratype B (Group c) 0·70 0·31 0·13
Paratype C (Group b) 0·43 0·20 0·12
Paraiype D (Group b) 0·48 0·21 0·12

Occurrence: Holotype (CPC 6183) and paratypes A, C, and D (CPC 6184,
6186,6187) from the 'Tubu Siltstone', Tubu area, Papua (upper Miocene); holotype
and paratype A from locality Id, paratypes C and D from locality Ig. Paratype
B (CPC 6115) from the north-west flank of the Wira Anticline, Puri-Purari River
area, Papua (upper Miocene, locality Ba); other localities: If, Bb.

B. multilineata sp.nov. has been recorded as B. sp. 15, ranging from the lower
Miocene (Burdigalian) to the upper Miocene.

Remarks: A superficial examination would suggest that specimens in group
(b) are sufficiently different from specimens in groups (a) and (c) to warrant their
being recognized as a distinct species. However, the differences are of degree only,
and, as specimens of groups (a) and (b) occur in the same samples from the Tubu
area, are more probably due to normal intra-specific variation.

It is not possible in this species to recognize the normal trimorphic forms, that
is, two megalospheric generations and one microspheric. The smallest observed
range in the size of the proloculus, 20 to 26 microns, is considerably larger than
that usually found in the microspheric generation. Groups (a) and (c) may repre
sent one megalospheric generation and group (b) another, but this is not borne
out by the difference in outline and degree of development of ornament between
groups (a) and (c).

B. multilineata is distinct from other described species. The specific name
refers to the ornament of the test.

BRIZALINA MACELLA sp.nov.

(pI. 2, figs 7-10)

Material examined: 30 specimens.

Diagnosis: A slender elongate species with rounded periphery; usually smooth,
rare specimens with faint striae on the lower part; sutures oblique, slightly de
pressed; aperture broad oval, toothplate well developed.

Description: Test slender, elongate, gradually broadening from initial end to
greatest width at last pair of biserial chambers, very rare specimens slightly twisted.
Periphery broadly rounded, test oval in end view. Proloculus globular, followed
by 5 to 8 pairs of biserial chambers, increasing gradually in size as added. Early
chambers wider than high, later chambers increasing in height more rapidly than
in width, becoming higher than wide. Sutures narrow, distinct, very slightly de
pressed, strongly oblique, making an angle of about 45 degrees with horizontal.
9S044-(3)
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Length Maximum Maximum
Width Thickness

Holotype 0·92 0'19 0·14
Paratype A 0·89 0·23 0·15
Paratype B 0·63 0·23 O· 15

Occurrence: Holotype (CPC 6188) and paratypes A and B (CPC 6189 and
6190) from a sam~le of the 'Tubu Siltstone'. Tubu area, Papua (upper Miocene,
locality Id) other localities: 1b, 19, 27.

The name under which Brizalina macella sp.nov. has been recorded is not
known; it may be included in the records of Bolivina sp. 9.

Remarks: The length/breadth ratio of specimens of B. macella increases rapidly
with the addition of biserial chambers and reflects the rapid increase in height of
the chambers as against the slow increase in width. The holotype, with 8 pairs
of biserial chambers, has a length/breadth ratio of 4·8; paratype A, with 7 pairs
of biserial chambers, has a ratio of 3· 8, and paratype B, with 5 pairs of biserial
chambers, has a ratio of 2'7. The rare specimens which are faintly striate on the
early chambers do not differ in any other feature from the more usual form, and
no separation at specific or subspecific level is justified.

Brizalina macella does not resemble closely any other described species. The
specimens figured by Brady (1884) as Bolivina punctata d'Orbigny are similar, and
are possibly referable to Brizalina macella. Barker (1960) referred Brady's speci~

mens to Bolivina earlandi Parr, but this species has a very narrow elongate aperture,
chambers higher than wide throughout, and the last 3 pairs of biserial chambers
form about two-thirds of the test.

The aperture of some specimens of Brizalina macella resembles that of the
genus Laterostomella de Klasz & Rerat, 1962, particularly as shown by the species
L. striata. However, most specimens of Brizalina macella have a median aperture.

The specific name is from the Latin macellus, lean, thin, referring to the outline
of the test.

Surface of test usually smooth throughout, rare specimens ornamented on lower
part by numerous very faint continuous striae. Test wall radiate in texture, finely
and densely perforate, pores oval in outline, diameter 2 to 3 microns. Aperture
broad, oval, with an imperforate margin, in some specimens directed to one side
of test, reaching basal suture of chamber. Each chamber with well developed
toothplate, a~ base extending across septal foramen, folded in upper part, free edge
forming narrow tooth in aperture.

Dimensions:

BRIZALINA VESCISTRIATA sp.nov.

(PI. 2, figs 11-12)

Material examined: 47 specimens.

Diagnosis: A slender elongate species with rounded periphery; ornamented
by low thin faint costae varying in extent; sutures oblique, slightly depressed;
aperture narrow, elongate, toothplate small, narrowly folded.
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Description: Test slender, elongate, both microspheric and megalospheric
specimens usually reaching greatest width at fifth or sixth pair of biserial chambers,
sides of test then parallel; rare specimens broadening throughout. Periphery
rounded, test oval in end view, in both microspheric and megalospheric forms with
narrow margin of clear shell material on proloculus and early biserial chambers,
visible only on moistened specimens. Proloculus in megalospheric: forms globular,
followed by 8 or 9 pairs of biserial chambers, increasing gradually in size as added,
microspheric specimens with 10 or 11 pairs of biserial chambers. Early chambers
wider than high, later chambers increasing in height more quickly than in width,
last 3 or 4 pairs of chambers higher than wide. Sutures narrow, distinct, slightly
depressed, straight and oblique, forming angle of about 45 degrees to horizontal.
Surface of test ornamented by 12 to 14 low, fine, often faint continuous striations
which vary in extent, being confined to lower one-third or one-half of test, or ex
tending over all but the last two chambers. Test wall radiate in texture, finely
perforate, pore diameter 3 to 4 microns. Aperture narrow, elongate, with im
perforate margin, reaching basal suture of chamber. Toothplate present in each
chamber, small and narrowly folded, attached to margin of septal foramen, free
edge forming small tooth in aperture.

Dimensions: Length Maximum Maximum
Width Thickness

Holotype 0·72 0·16 0·10
Pflratype 0·65 0·17 0·13

Occurrence: Holotype (CPC 6191) and paratype (CPC 6192) from the road
cutting at the new residence, north of the aerodrome, Madang, New Guinea (Plio
cene); found only in this sample.

Brizalina vescistriata sp.nov. is not known to have been recorded previously
from Papua-New Guinea.

Remarks: Eighteen megalospheric and six microspheric specimens of B. vesci
striata have been found. The holotype is a microspheric form with 11 pairs of
biserial chambers, and the paratype is megalospheric, with 8 pairs ofbiserial chambers.

B. vescistriata is similar to Bolivina acerosa Cushman from the Miocene of
the Dominican Republic. However, in Bolivina acerosa the chambers are wider
than high for all except the last pair of chambers, and the striations are not as strongly
developed as in Brizalina vescistriata.

The specific name refers to the ornament of the test.

BRIZALINA SEMILINEATA sp.nov.
(PI. 2, figs 13-16)

Material examined: 25 specimens.

Diagnosis: A slender elongate species with rounded periphery on later chambers;
early chambers sometimes with a narrow keel; ornamented on early chambers by
few continuous low costae; sutures oblique; aperture broad oval, toothplate well
developed.
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Description: Test elongate, microspheric forms broadening more rapidly than
megalospheric, greatest width at last two chambers. Periphery of early part of
test narrowly rounded or angular, sometimes with narrow keel of clear shell material,
later rounded. Proloculus in megalospheric forms large, globular, followed by
4 or 5 pairs of biserial chambers, increasing very gradually in size as added, micro
spheric forms with 6 to 8 pairs of chambers. Early chambers wider than high,
later chambers increasing in height more rapidly than in width, becoming higher
than wide. Sutures narrow, distinct, slightly depressed, meeting at centre of test
in small, smooth triangular areas of clear shell material, strongly oblique, forming
angle of 45 to 50 degrees with horizontal. Lower part of test ornamented by 4
to 8 irregularly spaced distinct low costae.

Test wall radiate in texture, finely and densely perforate over entire chamber,
pore diameter about 2 microns. Aperture broad oval, reaching to basal suture
of chamber. Each chamber with well developed broad toothplate, extending full
width of septal foramen, with small fold extending almost full length of free margin,
forming small narrow tooth in aperture.

Dimensions: Length Maximum Maximum
Width Thickness

Holotype 0·65 0·24 0·13
Paratype A 0·47 0·18 0·12
Paratype B 0·68 0·24 0·14

Occurrence: Holotype (CPC 6193) and paratypes A and B (CPC 6194 and
6195) from west of the wharf at the Roman Catholic Mission, Yule Island, Papua
(lower Miocene, Burdigalian); other locality: 5.

Brizalina semilineata sp.nov. has been recorded as Bolivina sp. 9, ranging from
the lower Miocene (Burdigalian) to the upper Miocene.

Remarks: Some megalospheric specimens of B. semilineata resemble shorter
specimens of B. macella sp.nov. in the shape of the test and in chamber shape,but
differ in being strongly costate on the lower part of the test. No specimens of
B. macella observed resemble the microspheric specimens of B. semilineata. Bolivina
arta Macfadyen from the Miocene of Egypt is similar in the general shape of the
test and in chamber shape to Brizalina semilineata, but is a smooth form. The
specimens figured by Cushman (1937, pI. 21, figs 7a-b, 8) as Loxostomum hentyanum
(Chapman) are also similar; Cushman's illustrations show the apertur~ reaching to
the basal suture and it is considered that the specimens should be referred to Bolivina.
However, Jenkins (1958) demonstrated that the holotype of hentyanum is in fact
an echinoid spine, and the correct allocation of Cushman's specimens is uncertain.

Brizalina semilineata is distinct from other striate species originally referred to
the genus Bolivina. The holotype is megalospheric and the two paratypes are
microspheric.

The specific name refers to the ornament of the test.
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BRIZALINA PATULA sp.nov.

(pI. 2, figs 17-19)

Material examined: 21 specimens.

Diagnosis: A broadly triangular species with narrow peripheral keel and
longitudinal central depression; ornamented by two parallel central longitudinal
costae and smaller irregular lateral costae; aperture large oval, toothplate large,
with broad flaring base.

Description: Test broadly triangular in outline, with longitudinal central
depression, most specimens with proloculus 32 to 40 microns in diameter, very
rare specimens with proloculus 16-24 microns in diameter, possibly representing
A 2 and Al generations respectively. Both forms broadening throughout to greatest
width at last pair of chambers; periphery with distinct narrow fragile keel. Pro
loculus globular in ?A2 forms, followed by 5 to 7 pairs of biserial chambers in
creasing rapidly in width but slowly in height as added; ?A1 forms with 8 or 9
pairs of, biserial chambers, increasing only slowly in size as added. Sutures wide,
smooth, limbate, strongly oblique and curved, meeting in centre of test, in raised
triangular areas of imperforate shell material, more strongly developed on ?A2

specimens.. Surface of test ornamented by two parallel central longitudinal costae,
at either side of central groove, also more strongly developed on ?A2 forms; and
by irregularly distributed finer lateral costae extending over several chambers or
confined to individual chambers. Test wall radiate in texture, finely and densely
perforate over entire chamber surface, pore diameter 2 microns. Aperture large,
oval, with thickened imperforate margin, reaching to basal suture of chamber.
Each chamber with well-developed toothplate, beginning within septal foramen,
with broad flaring base; folded portion confined to upper part, increasing in width
towards aperture, and forming elongate tooth within aperture.

Dimensions: Length Maximum Maximum
Width Thickness

Holotype 0·64 0·46 0·23
Paratype A 0·65 0·43 0·20
Paratype B 0·76 0·45 0·19

Occurrence: Holotype (CPC 6196) and paratypes A and B (CPC 6197 and
6198) from the 'Tubu Siltstone',' Tubu area, Papua (upper Miocene, locality Id);
other localities: If, 15g.

Brizalina patula sp.nov. has been recorded as Bolivina sp. 7 and Bolivina sp. 17,
occurring doubtfully in the lower Miocene (Burdigalian) and from the middle
Miocene to the Pliocene.

Remarks: Specimens of Brizalina patula of the ?A 2 generation are much more
abundant than ?A l forms, and the latter have been found in only one sample, with
a ratio of 14 ?A2 specimens to one ?A1 specimen. The more abundant ?A2 speci
mens are generally shorter and broader than the ?A1 specimens and have a more
strongly developed ornament. In other features, such as the marginal keel, tooth
plate and perforation of the test the two forms are identical.
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The holotype and paratype A are ?A2 forms and paratype B is an ?A1 specimen.
Described species originally referred to the genus Bolivina, such as B. hantkeniana

Brady, and B. schwageriana Brady, are similar in outline and chamber shape to
Brizalina patula. Bolivina hantkeniana has a striate ornament but lacks the strong
central longitudinal costae and the raised areas at the junction of the sutures of
Brizalina patula; Bolivina schwageriana has the raised central areas but is otherwise
smooth.

The specific name is from the Latin patulus, spread out, broad, referring to
the broad test.

BRIZALINA HASTULA sp.nov.
(PI. 2, figs 20-22)

Material examined: 9 specimens.
Diagnosis: A slender elongate species with narrowly rounded periphery;

ornamented on early chambers by faint continuous striae; sutures oblique with
small re-entrants on later chambers; aperture narrow elongate, toothplate small.

Description: Test slender, elongate, gradually broadening throughout to
greatest width at last pair of chambers. Periphery narrowly rounded, test diamond
shaped to sharply elliptical in end view. Proloculus small, globular, followed by
10 to 12 pairs of biserial chambers, wider than high, increasing very slowly in size
as added. Surface of lower one-third or one-half o~ test ornamented by very faint
continuous striae. Sutures narrow, distinct, smooth, curved and strongly oblique,
forming angle of about 45 degrees with horizontal, sometimes with small re-entrants
near centre of test, particularly on later chambers. Test wall radiate in texture,
coarsely perforate, pore diameter not determined. Aperture narrow, elongate,
with imperforate margin, reaching to basal suture of chamber. Each chamber

/ with small folded toothplate, not clearly observed.

Dimensions: Length Maximum Maximum
Width Thickness

Holotype 0'46 0'18 0·10
Paratype 0·48 0'17 0·10

Occurrence: Holotype (CPC 6199) and paratype (CPC 6200) from the 'Tubu
Siltstone', Tubu area, Papua (upper Miocene); holotype from locality Ig, paratype
from locality If; other locality: Id.

B. hastula sp.nov. has been recorded as B. sp. 23, from the lower Miocene
(Burdigalian) and middle Miocene on Yule Island, Papua.

Remarks: The small re-entrants along the sutures of B. hastula are similar to
those of B. robusta, but are not as strongly developed, and no indication of associated
internal ridges has been observed. All specimens found are infilled and this has
prevented detailed observation of the toothplate and the pores.

Brizalina hastula is distinct from other described species originally referred to
the genus Bolivina in the very slender elongate test and faint striate ornament on
the early chambers.

The specific name is the Latin hastula, a small spear, referring to the outline
of the test.
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BRIZALINA KARRERIANA (Brady, 1881)

(PI. 2, figs 23-25)

Length Maximum Maximum
Width Thickness

CPC 6201 0·50 0·20 0·14
CPC 6202 0·43 0·19 0·13

Occurrence: Figured specimens (CPC 6201 and 6202) from the creek west of
Winge, Maprik subdistrict, Sepik district, New Guinea (upper Miocene); other
localities: 5, Bd, 16j, 21, 25, 27, 32, 34, 36.

Brizalina karreriana has been recorded as Loxostomum karrerianum, ranging
from the upper Miocene to the Pliocene, with a similar form in the middle Miocene;
it occurs also in Recent deposits.

1881 Bolivioo karreriaoo Brady, p. 28.
1884 Bolivioo karreriana Brady; Brady, p. 424, pi. 53, figs 19a-b, 20-21.
1911 Bolivioo karreriana Brady; Cushman, p. 40, text-figs 65a-b.
1941c Loxostomum karrerianum (Brady); LeRoy, p. 115, pi. 2, figs 38-39.
1950 Loxostoma karreriaoo (Brady); Asano, pt 2, p. 11, figs 44-45.
1951b Loxostoma karrerianum (Brady); Hofker, p. 72, figs 37, 38a-d.
1954 Loxostomum karrerianum (Brady); Cushman, Todd, & Post, p. 353, pi. 88, fig. 7 (not

fig. 6 as indicated).
1957 Loxostomum karrerianum (Brady); Agip Mineraria, pi. 31, fig. 10.
1957 Loxostoma karrerianum (Brady); Samaniego & Gonzales, p. 201, pi. 23, figs 2a-b.
1957 Loxostoma karrerianum (Brady); Daleon & Samaniego, p. 46, pi. 1, fig. 45.
1960 Loxostomum karrerianum (Brady); Barker, p. 110, pi. 53, figs 19a-b, 20-21.
1963 Loxostoma karrerianum (Brady); Decima, p. 88, pi. 1, figs 9a-b.
1994 Loxostomum karrerianum (Brady); LeRoy, p. 33, pi. 2, figs 26-27.

Material examined: 31 specimens.
B. karreriana occurs at numerous localities, but is never abundant in anyone

sample; most specimens observed have ~ distinct basal spine. The aperture is
large and rounded, and although not reaching to the basal suture of the chamber
does not become truly terminal. The toothplate begins within the septal foramen,
with the fixed edge attached throughout its length to the chamber wall. The free
edge has a narrow fold forming a small tqoth in the aperture. Hofker (1951b)
referred to the toothplate as straight, but figured (p. 46, fig. 18w) a toothplate with
a small fold at the free edge. Hofker also stated that the toothplate never reaches
the neck of the aperture, but in the present specimens the free edge continues to
the outer apertural margin.

A discussion of the criteria which lead me to refer this species to Brizalina is
given later under the genus Rectobolivina.

The erroneous plate reference given by Cushman, Todd, & Post (1954) was
corrected by Todd & Low (1960).
Dimensions of figured specimens:

BRIZALINA CATENULA sp.nov.
(PI. 3, figs 1-2)

Material examined: 22 specimens.

Diagnosis: A small compressed elongate species with narrow keel on periphery
of early chambers; ornamented by raised central ridge, irregular reticulate orna
ment on early chambers and rows of small reticulations along sutures; aperture
small, narrow.
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Description: Test small, usually broadening throughout from rounded initial
end to greatest width at last pair of chambers, some specimens with sides of upper
part of test parallel. Narrowly diamond-shaped in end view, periphery sharply
angular on all except last one or two pairs of chambers, with narrow thin clear
imperforate keel. Proloculus globular, followed by 6 to 8 pairs of biserial chambers,
much wider than high, increasing very slowly in size as added. Surface of test with
complex ornament consisting of a raised ridge at ~ntre of test along junction of
chambers and also along line of sutures, with coarse raised reticulations at centre of
lower part of test and fine reticulations along base ofchambers, extending from ridges
along sutures. Last one or two pairs of chambers smooth. Sutures on early
chambers marked by raised ornament, on last one or two pairs of chambers smooth,
straight, strongly oblique, forming angle of 45 to 50 degrees to horizontal. Test
wall radiate in texture, perforate, details of pores not observed. Aperture small,
narrowly oval, with imperforate margin, reaching to basal suture of chamber. Each
chamber with small toothplate, not clearly observed, extending about one-half
width of septal foramen.

Dimensions: Length Maximum Maximum
Width Thickness

Holotype 0·41 0·22 0·12
Paratype 0·42 0·21 0·13

Occurrence: Holotype (CPC 6203) and paratype (CPC 6204) from near the
culmination of the Popo Anticline, 3-!- miles south-south-east of Popo village, Papua
(upper Miocene); found only in this sample.

Previous references to B. catenula from Pap~a-New Guinea are not known.

Remarks: Available specimens of B. catenula are not sufficiently well preserved
to enable details of the toothplate and the pores to be observed.

B. catenula most closely resembles B. subreticulata (Parr) in the nature of the
ornament, but differs in having the large reticulations at the centre of the test, with
a row of fine reticulations at the base of each chamber and also in having a keel
at the periphery of the early chambers.

The specific name is the Latin catenula, a small chain, referring to the rows
of small reticulations along the sutures.

BRlZALINA MASSULA sp.nov.

(pI. 3, figs 3-4)

Material examined: 28 specimens.

Diagnosis: A compressed broadly triangular species with wide peripheral keel;
ornamented by few irregular striations, very rarely smooth; aperture large, oval;
toothplate large, with broad flaring base.

Description: Test large, triangular in outline, broadening from initial end to
greatest width at last pair of chambers, with shallow central longitudinal depression;
periphery with wide strong keel. Only megalospheric forms known; proloculus
globular, ranging from 56 to 72 microns in diameter, followed by 4 to 5 pairs of
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biserial chambers, increasing slowly in size as added. Chambers inflated, with
lobate outline, caused by basal margin of each chamber overlapping upper edge
of earlier chamber. Sutures narrow, distinct, oblique, forming angle of about
30 degrees with horizontal, at first smooth or only slightly depressed, later deeply
depressed, meeting at centre of test in large raised areas of imperforate shell material.
Surface of test very rarely smooth, usually with irregularly distributed and. variable
striate ornament. Proloculus smooth or with 2 to 6 low rounded ridges, sometimes
extending on to early biserial chambers; upper part of test with short discontinuous
ridges crossing raised areas of shell material, occurring also along basal margin of
some chambers and at times completely across chamber surface. Short low ridges
may also occur around inner margin of aperture. Test wall radiate in texture,
finely and densely perforate, pore diameter about 2 microns. Aperture large, oval,
with thickened imperforate margin, reaching to basal suture of chamber. Each
'chamber with well-developed toothplate, beginning within and extending full width
of septal foramen, broad and flaring at base, broadly folded in upper part, free
margin forming elongate tooth in aperture.

Dimensions: Length Maximum Maximum
Width Thickness

Holotype 0·98 0·70 0·23
Paratype 0·81 O' 58 0·18

Occurrence: Holotype (CPC 6205) and paratype (CPC 6206) from Forsayth
Plantation, Mushu Island, Sepik district, New Guinea (Pliocene); found only in
this sample.

B. massula sp.nov. has not been recorded previously from Papua-New Guinea.

Remarks: The holotype shows the maximum observed ornamentation for this
species, with short striae around the apertural margins and on the raised areas at
the junction of the sutures, on the chamber walls and on the proloculus. The para
type represents the other extreme, with low rounded ridges on the proloculus and
extending on to the first pair of biserial chambers, and occasionally on the raised
areas of shell material.

Brizalina massula is distinct from other described species with a broad peri
pheral keel, originally referred to the genus Bolivina, such as B. hantkeniana Brady
and B. schwageriana Brady. The specific name is the Latin massula, a small lump,
referring to the raised imperforate shell material at the junction of the sutures.

BRIZALINA TUBEROSA sp.nov.

(pI. 3, figs 5-7)

Material examined: 14 specimens.

Diagnosis: A compressed, elongate species with rounded periphery; orna
mented by tubular projections forming openings for coarse pores; sutures oblique,
margins of younger chambers often depressed, forming broad grooves; aperture
narrow, oval, toothplate small.
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Description: Test compressed, elongate, broadening gradually from rounded
initial end to greatest width at last two chambers; periphery rounded. Proloculus
globular, followed by 5 to 7 pairs of biserial chambers, increasing very slowly in
size as added. Early biserial chambers indistinct, later chambers elongate, wider
than high. Surface of test, except for last one or two pairs of biserial chambers,
ornamented by raised rounded or tubular projections forming opening for coarse
pores in wall, developed mainly along peripheral margins, also occurring irregularly
on surface of chambers. Last one or two pairs of biserial chambers coarsely per
forate, with one row of pores formed at distal chamber margin and others irregularly
developed over chamber surface. Pore diameter ranging from 10 microns on early
chambers to 6 microns on later chambers. Sutures indistinct on early chambers.
on later chambers narrow, straight or slightly curved, strongly oblique, forming
angle of about 45 degrees to horizontal. Inner margins of younger chambers often
depressed, forming broad groove along line of sutures. Wall radiate in texture.
Aperture narrowly oval, with slightly raised imperforate margin, reaching basal
suture of chamber; each chamber with small toothplate having narrow folded free
edge extending throughout its length and forming small tooth in aperture.

Dimensions: Length Maximum Maximum
Width Thickness

Holotype 0·47 0·22 0·10
Paratype 0·33 0·19 0·09

Occurrence: Holotype (CPC 6207) and paratype (CPC 6208) from the Nagam
River, west of Periama village, Wewak subdistrict, Sepik district, New Guinea
(uppermost Miocene or Pliocene); other localities: 3. 4.

B. tuberosa sp.nov. has been recorded as Bolivina sp. 18, ranging from the
lower Miocene (Burdigalian) to the Pliocene. One specimen is present in a slide
from shore sand at Apia, Samoa, collected by the late Mr W. G. Parr.

Remarks: Brizalina tuberosa is distinct from described species originally re
ferred to the genus Bolivina in the ornament of raised tubules forming external
openings for the pores. The· pores of B. tuberosa are the largest observed in the
species of Brizalina occurring in the present material.

The specific name is from the Latin tuberosus, full of lumps, referring to the
tubular projections of the test.

BRIZALINA SEMICARIN~TA sp.nov.

(PI. 3, figs 12-13)

Material examined: 11 specimens.

Diagnosis: A slender, elongate species with narrow keel on lower part of
test; ornamented on early chambers by 10 to 15 continuous low costae; early
sutures obscured, later narrow, oblique; aperture small, oval, toothplate not
observed.

Description: Test slender, elongate, some specimens broadening very slowly
throughout to greatest width at last pair of chambers, others reaching maximum
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width after first 3 or 4 pairs of biserial chambers, sides of test then parallel. Peri
phery of lower part of test with narrow distinct keel, rounded in upper part. Pro
loculus globular, followed by 7 to 10 pairs of biserial chambers, increasing very
slowly in size as added. Early part of test ornamented by 10 to IS continuous
low narrow longitudinal costae, surface of later chambers smooth. Sutures of early
chambers obscured by ornament, later narrow, distinct, smooth, strongly oblique,
forming angle of about 45 degrees with horizontal. Test wall radiate in texture,
coarsely and densely perforate, pore diameter not determined. Aperture small,
oval, with low rounded imperforate rim, reaching to basal suture of chamber, with
narrow tooth; toothplate not observed.

Dimensions: Length Maximum Maximum
Width Thickness

Holotype 0·72 0·26 0·16
Paratype 0·64 0·22 O· 13

Occurrence: Holotype (CPC 6209) from the base of a section through the
'Murua Mudstone', Yamuiti Creek, Malalaua-Saw Mountains area, Papua (upper
Miocene, locality l2f); paratype (CPC 6210) from Poison Creek, t mile west of
the Kapau River, Malalaua-Saw Mountains area, Papua (middle Miocene); found
only in these two samples.

Brizalina semicarinata sp.nov. has been recorded as Bolivina sp. 22, only from
the middle Miocene, mainly in the Yule Island area, Papua.

Remarks: Insufficient well-preserved specimens of B. semicarinata are available
to permit detailed investigation of the pore pattern and internal structure; most
specimens found have the chambers completely infilled.

Brizalina semicarinata does not closely resemble any other described species.
The specific name refers to the narrow keel occurring only on the lower part of
the test.

BRIZALINA sp. A

(PI. 4, figs 8-9)

Maximum
Thickness

0·21
0·19

Maximum
Width
0·46
0·44

0·93
0·89

Length

CPC 6211
CPC 6212

Three specimens only of this species have been found, in one sample from
New Guinea. They resemble in some features Brizalina patula sp.nov., but it is
doubtful if they fall within the range of variation of patula. The test is ornamented
by two strong central longitudinal costae, and raised areas of shell material at the
junction of the sutures, as in B. patula, but lacks the irregular lateral costae. In
outline they are more slender and elongate than patula, with a different chamber
shape. The test is also more finely and densely perforate, with a pore diameter
ranging from about I· 5 to 2 microns. The three specimens probably represent
a new species.

Dimensions of figured specimens:
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Occurrence: Figured specimens (CPC 6211 and 6212) from a sample in the
creek north of Ibab village, Wewak subdistrict, Sepik district, New Guinea (upper
Miocene); found only in this sample.

It is not known if specimens of this type have been recorded previously from
Papua-New Guinea.

Genus LATEROSTOMELLA de Klasz & Rerat, 1962

LATEROSTOMELLA VOLUTA sp.nov.

(PI. 3, figs 14-16; text-fig. I: 2)

Material examined: 37 specimens. I

Diagnosis: A small, slender species with test twisted, sometimes through angle
of 90 degrees; ornamented by 10 to 12 low thin continuous costae except for last
pair of chambers; early sutures indistinct, later slightly depressed, almost hori
zontal; aperture large, rounded, to one side of test, reaching basal suture of
chamber; toothplate small, narrowly folded.

Description: Test small, slender, oval to rounded in end view, broadening
very gradually from proloculus to greatest width at last pair of chambers; test
twisted to· different degrees, sometimes through angle of 90 degrees from first to
last pair of biserial chambers. Proloculus globular, followed by 5 to 6 pairs of bi
serial chambers, increasing slowly in size as added. Surface of test ornamented
by 10 to 12 low thin continuous costae on all except last pair of biserial chambers.
Sutures on early chambers indistinct, or obscured by Qrnament, later narrow, dis
tinct, depressed, forming only low angle with horizontal. Test wall finely and
densely perforate, pore diameter 2 microns, radiate in texture. Aperture· large, .
rounded, directed to one side of test, reaching basal suture of chamber. Each
chamber with small toothplate, extending at base across septal foramen, upper
part narrowly folded, smooth free edge forming small tooth in aperture.

Dimensions: Length Maxiinum
Width

Holotype 0·32 O· 13
Paratype O· 31 0·13

Occurrence: Holotype (CPC 6216) and paratype (CPC 6217) from the 'Murua
Mudstone', Yamuiti Creek, Malalaua-Saw Mountains area, Papua, 400 feet below
the top of the section (upper Miocene, locality 12c); other localities: 7a, 12b, 26.

L. voluta sp.nov. has been recorded as Bolivina sp. 11, ranging from the lower
Miocene (Burdigalian) to the Pliocene.

Remarks: The twisting of the test of L. vo/uta results from the chambers being
added at an angle of slightly more than 180 degrees. Except for this feature, not
covered in the generic definition, the morphology of the new species vo/uta enables
it to be referred to the genus Laterostomella.

In external appearance, L. vo/uta differs from the species Laterostomella striata
de Klasz & Rerat, described from the lower Miocene of Gabon, in being twisted,

44



less heavily ornamented and more compressed, with an oval rather than rounded
outline in end view. It also resembles Bolivina yabei Takayanagi, but is more
strongly twisted and more strongly costate.

The specific name is the Latin voluta, spiral, referring to the twisting of the test.

Genus 'RECTOBOLIVINA Cushman, 1927

The definition of Rectobolivina given by Loeblich & Tappan (1964a) is followed
here, with species biserial to uniserial in the microspheric generation included in
this genus. Siphogenerina is restricted to include only those species triserial to
uniserial in the microspheric generation. Previously, Rectobolivina and Sipho
generina were separated mainly on the shape of the adult stage of the test in cross
section, compressed species being placed in Rectobolivina and rounded species in
Siphogenerina. The toothplate of the two genera is similar, and each has a radiate
wall texture.

The discussion given by Hofker (1951b, 1956b, 1957) concerning the distinction
between Bolivina and Loxostomum (=Loxostomoides, part) may equally well be
applied to the distinction between Brizalina and Rectobolivina. Several species in
the Papua-New Guinea material show apertures which do not reach the basal suture
of the chamber but are not truly terminal Of these, the species karreriana Brady,
which has usually been referred to Loxostomum (=Loxostomoides, part) does not
develop uniserial chambers and the fixed edge of the toothplate remains attached
to the chamber wall throughout. This species has here been referred to the genus
Brizalina. In other species investigated; Rectobolivina limbata (Brady), R. sp.cf.
R. carinata (Millett), R. papula sp.nov., R.fasciata sp.nov., and R. tenuicostata sp.nov.,
the toothplate develops a fold at each edge before full uniserial growth is developed.
Hoglund (1947) illustrated a similar development of the toothplate in R. porrecta
(Brady), in which the chamber arrangement in adult stages is not fully uniserial.
Hofker (1956b, p. 62), discussing the species Bolivina barbata Phleger & Parker,
referred it to Loxostomum, since microspheric specimens 'have the toothplate of a
Loxostoma but the aperture of a Bolivina'. The figures given by Hofker show that
the specimens do not develop uniserial growth and that the aperture is at one side
of the test, in one case seeming to reach the basal suture. In the present specimens
the position of the aperture is in some cases no different from that of Brizalina
karreriana, but the difference in form of the toothplate is easily observed. The
feature here taken to distinguish Rectobolivina from Brizalina is the development
of a toothplate folded at each edge, not dependent on uniserial growth.

'RECTOBOLIVINA BIFRONS (Brady, 1881)

(PI. 9, figs 13-14)

1881 Sagrina bi/rons Brady, p. 64.
1884 Sagrina bi/rons Brady; Brady, p. 582, pI. 75, figs 18-20.
1950 Rectobolivina bi/rons (Brady); Asano, pt 2, p. 11, figs 46-47.
1951b Rectobolivina bi/rons (Brady); Hofker, p. 60, figs 27a-c.
1958 Rectobolivina bi/rons (Brady); Asano, p. 28, pI. 5, figs 10-11. (Synonymy).
1960 Rectobolivina bi/rons (Brady); Barker, p. 156, pI. 75, figs 18-20.
1964 Rectobolivina bi/rons (Brady); Huang, tab. 1, pI. 2, fig. 28.
1964 Rectobolivina bi/rons (Brady); Ishiwada, pI. 4, fig. 68.
1964 Rectobolivina bi/rons (Brady); LeRoy, p. 34, pt 3, figs 1-2.
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Material examined: 22 specimens.

Specimens of R. bi/rons occur commonly in two samples from the Madang
area, New Guinea, for which an exact locality is not known. Megalospheric forms
predominate, with 2 to 4 pairs of biserial chambers; only one microspheric specimen
has been found, with 6 pairs of biserial chambers. The test is compressed and
oval in section, and has a longitudinal central depression, or a small central depres
sion at the base of each chamber. The test is perforate and the wall is radiate in
texture. Each chamber has a broad toothplate, which is identical with that figured
by Rofker (1951b) for Recent specimens.

Dimensions of figured specimens:

CPC 6219
CPC 6220

Length

0·65
0·68

Maximum
Width
0·20
0·19

Maximum
Thickness

0·15
0·15

Occurrence: Figured specimens (CPC 6219 and 6220) from sample JT21,
Madang area, New Guinea, exact locality not known; also occurring in sample
JT6 from the same area.

R. bi/rons is recorded from the upper Miocene and the Pliocene; it also occurs
in Recent deposits.

RECTOBOLIVINA INDICA (LeRoy, 1941)

(pI. 9, figs 5-6)

1~84 Sagrina raphanus, part, Brady, p. 585, pI. 75, fig. 23 (not figs 21-22, 24). (Not of Parker
& Jones).

1941a Siphogenerina indica LeRoy, p. 37, pI. 2, figs 64-65.
1960 Siphogenerina raphanus, part, Barker, p. 156, pI. 75, fig. 23 (not figs. 21-22, 24). (Not of

Parker & Jones).

Material examined: 46 specimens.

R. indica occurs abundantly in several samples. The test is cylindrical, broad
ening only very gradually in width towards the apertural end; the chamber arrange
ment is biserial to uniserial in all specimens observed. The toothplate is a broad
plate with a small fold at each margin, twisted through an angle of 180 degrees in
successive chambers. The test is finely perforate and the wall is radiate in texture.

Dimensions of figured specimens:

CPC 6221
CPC 6222

Length

0·83
0·55

Maximum
Width
0·22
0·19

Occurrence: Figured specimens (CPC 6221 and 6222) from the 'Tubu Silt,;,
stone', Tubu area, Papua (upper Miocene, locality la); other localities: Ib, Id,
If, Ig, 36.

R. indica is recorded from the middle Miocene to the Pliocene; it occurs also
in Recent deposits.
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RECTOBOLIVINA DL.\10RPHA (Parker & Jones, 1865)
(pI. 9, figs 7-8)

1865 Uvigerina (Sagrina) dimorpha Parker & Jones, p. 364, pt 18, fig. 18.
1884 Sagrina dimorpha Parker & Jones; Brady, p. 582, pt 76, figs 1-3.
1947 Siphogenerina dimorpha (parker & Jones) Hoglund, p. 284, pt 23, figs 5, 6a-b, 7a-b.

(Synonymy).
1951b Rectobolivina dimorpha (parker & Jones); Hofker, p. 116, figs 69a-d, 70a-b, 71a-c.
1954 Rectobolivina dimorpha (parker & Jones); Parker, p. 519, pt 7, fig. 37.
1964 Rectobolivina dimorpha (parker & Jones); LeRoy, p. 34, pt 3, figs··3-4.

Maximum
Width
0·16
0·17

0·44
0'38

Length

CPC 6223
CPC 6224

Material examined: 59 specimens.

The prominent depressions at the base of the chambers, a feature given by
Cushman (1926e) as typical of R. dimorpha var. pacifica, are not well shown by the
Papua-New Guinea specimens, and this variety is not recognized from the present
samples. The surface of the test is covered by an irregular reticulate ornament,
more strongly developed on the early chambers. The internal structure is as figured

. by Rofker (l95Ib) for Recent specimens. The pores have not been seen, but the
wall is radiate in texture. All specimens observed have a biserial arrangement of
the early chambers.

Dimensions of figured specimens:

Occurrence: Figured specimens (CPC 6223 and 6224) from the Nagam River,
west of Periama village, Wewak subdistrict, Sepik district, New Guinea (uppermost
Miocene or Pliocene); other localities: l2c, 25, 29.

R. dimorpha is recorded from the lower Miocene (Burdigalian) to the Pliocene;
it occurs also in Recent deposits.

RECTOBOLIVINA COLUMELLARIS (Brady, 1881)
(pI. 9, figs 9-12)

1881 Sagrina columellaris Brady, p. 64.
1884 Sagrina collllmellaris Brady; Brady, p. 581, pt 75, figs 15-17.
1941a Rectobolivina colllmellaris (Brady); LeRoy, p. 35, pt 1, figs 57-58.
1950 Siphogenerina columellaris (Brady); Asano, pt 2, p. 13, figs 54-55.
1951b Rectobolivina colllmellaris (Brady); Hofker, p. 68, figs 33a-c, 34a-e, 35a-b.
1958 Siphogenerina colllmellaris (Brady); Asano, p. 30, pt 7, figs 14-15. (Synonymy).
1960 Rectobolivina colllmellaris (Brady); Barker, p. 156, pt 75, figs 15-17.

Material examined: 38 specimens.

Specimens of R. columellaris from localities Id, 18, and 21 are as described
by Rofker (195lb) for Recent specimens, with the megalospheric forms smooth and
the microspheric forms ornamented. The costae on the microspheric specimens
are fine and not strongly developed. At locality 27, rare megalospheric specimens
are costate and some microspheric specimens smooth. Both the megalospheric and
microspheric specimens have a toothplate identical with that illustrated by Rofker.
The test is finely perforate and the wall is radiate in texture. The biserial chambers
of microspheric specimens are compressed, but the adult stages of both microspheric
and megalospheric specimens are rounded.
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Dimensions of figured specimens:

CPC 6225
CPC 6226
CPC 6227
CPC 6228

Length

0·83
0·70
1·28
0·93

Maximum
Width
0·20
0·24
0·26
0·23

Occurrence: Figured specimens (CPC 6225 to 6228) from the Nagam River.
west of Periama village, Wewak subdistrict, Sepik district, New Guinea (uppermost
Miocene or Pliocene); other localities: Id, 18, 21.

Specimens here referred to R. columellaris have been recorded as Siphogenerina
zitteli Karrer, occurring in the upper Miocene and the Pliocene.

RECTOBOLIVINA TENUICOSTATA sp.nov.
(pI. 4, figs 10-11; text-fig. 4: 2)

Length Maximum
Width

Holotype 0·77 - 0·15
Paratype 0·63 0·15

Occurrence: Holotype (CPC 6229) and paratype (CPC 6230) from the road
cutting at the new residence, north of the aerodrome, Madang, New Guinea (Plio
cene); other locality: 32.

. Rectobolivina tenuicostata sp.nov. has not been recorded previously from Papua
New Guinea.

Material examined: 51 specimens.

Diagnosis: A slender elongate species, biserial to uniserial; early chambers
compressed, later inflated; ornamented by low wavy costae; sutures at first smooth,
later depressed; aperture terminal, oval; toothplate narrowly folded, both margins
free.

Description: Test slender, elongate, biserial to uniserial in chamber arrange
ment; maximum width quickly reached, sides of test then parallel. Biserial
chambers compressed, uniserial chambers inflated, oval to almost circular in end
view. Proloculus small, globular, followed by 4 to 5 pairs of biserial chambers,
then one or two chambers transitional to uniserial growth, with a maximum of
4 uniserial chambers observed; biserial chambers increasing slowly in size as added, ,
uniserial chambers uniform in size. Sutures onbiserial chambers smooth, oblique,
making angle of about 45 degrees with horizontal; on uniserial chambers narrow,
distinct, depressed, horizontal. Surface of test ornamented by numerous low,
narrow, distinct, wavy costae, on early chambers, becoming faint on last one or two
chambers, sometimes bifurcating and with smaller costae intercalated. Test wall
radiate in texture, perforate, pore diameter not determined. Aperture on uniserial
chambers terminal, elongate oval, with slightly raised lip. Each chamber with
narrowly folded toothplate, alternating in direction, with both margins free before
uniserial growth attained.

Dimensions:
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Remarks: R. tenuicostata is distinct from other described species of Recto
bolivina, or of species previously placed under Loxostomum, in its compressed biserial·
and inflated uniserial chambers, and in the wavy ornament, more strongly developed
on the early chambers.

The specific name is from the Latin tenuis, thin, and costatus, ribbed, referring
to the ornament.

RECTOBOLIVINA LIMBATA (Brady, 1881)

(PI. 4, figs 12-15; text-fig. 4: 1)

1881 Bolivina limbata Brady, p. 27.
1884 Bolivina limbata Brady; Brady, p. 419, pI. 52, figs 26-28.
1937 Loxostomum limbatum (Brady); Cushman, p. 186, pI. 21, figs 26a-'-b, 27-28, 29a-b. (Syn-

onymy).
1942 Loxostoma limbatum (Brady); Cushman, p. 35, pI. 10, figs la-b. (Synonymy).
1958 Loxostomum limbatum (Brady); Tinoco, p. 38, pI. 6, figs 15a-e.
1959 Loxostomum limbatum (Brady); Graham & Militante, p. 84, pI. 12, figs 30a-b, 31a-b,

32a-b. (Synonymy).
1960 Loxostomum limbatum (Brady); Barker, p. 108, pI. 52, figs 26-28.

Material examined: 9 specimens.

Specimens of R. limbata have been found only rarely in the present material.
Included under this name are smooth forms and also striate forms similar to the
specimen described by Cushman (1922b) as Bolivina limbata var. costulata. Cushman
(1937) noted that this variety is 'much more common than the typical form wherever
the species occur', and repeated this observation in 1942. This is possibly a case
similar to that of Cassidulina laevigata d'Orbigny, which occurs as both carinate
and non-carinate types, the former being the more common. Detailed investi
gations should be made of such features as the toothplate and pores of both striate
and smooth forms occurring together. The smooth forms from the present material
appear to be more densely perforate than the striate types, but there are not sufficient
specimens available for a detailed comparison to be made.

Dimensions of figured specimens: Length Maximum Maximum
Width Thickness

CPC 6232 0·80 0·25 0·17
CPC 6233 0·66 0·24 0·14
CPC 6234 0·69 0·24 0·13

Occurrence: Figured specimens (CPC 6232 and 6233) from the road cutting
at the new residence, north of the aerodrome, Madang, New Guinea (Pliocene);
figured specimen (CPC 6234) from the Nagam River, west ofPeriama village, Wewak
SUbdistrict, Sepik district, New Guinea (uppermost Miocene or Pliocene); found
only in these two samples.

Rectobolivina limbata has been recorded as Loxostomum limbatum, ranging
from the middle Miocene to the Pliocene; it occurs also in Recent deposits.
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RECTOBOLIYINA PAPULA sp.noY.

(PI. 4, figs 16-19; text-fig. 4: 3)

Material examined: 33 specimens.

Diagnosis: A narrow elongate species with rounded periphery; ornamented by
14 to 20 strong costae, usually continuous; aperture terminal, large oval, tooth
plate well developed with two free margins in uniserial chambers.

Description: Test narrow, elongate, oval in end view, with broadly rounded
periphery. Megalospheric form with broadly rounded initial chambers, microspheric
form pointed, both forms broadening to maximum· width at middle of test, sides
then parallel; periphery lobate in side view on later chambers. Proloculus in
megalospheric forms large and globular, followed by 3 to 4 pairs of biserial chambers
before uniserial chambers begin; microspheric forms with 7 to 8 pairs of biserial
chambers preceding uniserial chambers. Surface of test ornamented by 14 to 20
strong costae, usually continuous, extending on to base of last chamber, those in
centre of test passing through raised areas of shell material formed at junction of
sutures; other costae restricted to lower or upper part of test or even very rarely
to surface of one chamber. Megalospheric forms more strongly ornamented on
early chambers than microspheric specimens. Sutures on early chambers often
obscured by ornament, straight, smooth, oblique, forming angle of 30 to 45 degrees
with horizontal; on uniserial chambers narrow, depressed, only slightly inclined,
sometimes sigmoidal. Test wall finely perforate, radiate in texture, pore diameter
about 2 microns. Aperture terminal, large, oval, with raised imperforate _rim..
Each chamber with well developed toothplate beginning within and extending full
width of septal foramen; base broad and flaring, in uniserial chambers both margins
free, one margin (previously fixed margin) with small fold, other margin broadly
folded and forming tooth in aperture.

Dimensions: Length Maximum Maximum
Width Thickness

Holotype 0·96 0·39 0·24
Paratype A 0·93 0·40 0·23
Paratype B 1·08 0·35 0·24

Occurrence: Holotype (CPC 6236) and paratypes A and B (CPC 6237 and
6238) from the sea cliff 250 yards north of the L.M.S. Mission, Delena, Papua
(lower Miocene, Burdigalian); found only in this sample.

Rectobolivina papula has been recorded as Loxostomum sp. 3, ranging from
the lower Miocene (Burdigalian) to the middle Miocene.

Remarks: Seventeen megalospheric and five microspheric specimens of R. papula
have been found. No specimen observed has more than two uniserial chambers.
R. papula is clearly distinguished from other strongly ornamented species previously
referred to Loxostomum, such as L. amygdalaeforme (Brady) by the longitudinal
rather than oblique costate ornament, which does not bifurcate, and the raised
areas of shell material at the junction of the sutures.
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The holotype and paratype A are megalospheric specimens; paratype B is
microspheric.

The specific name is the Latin papula, pustule, pimple, referring to the raised
shell material at the junction of the sutures.

RECTOBOLIVINA sp.cf. R. CARINATA (Millett, 1900)
(PI. 4, figs 20-21; text-fig. 4: 4)

cl. 1900 Bolivina karreriana Brady var. carinata MilIett, p. 546, pI. 4, figs 8a-b.

Material examined: 25 specimens.
Specimens occurring in several samples from Papua-New Guinea are tenta

tively referred to R. carinata. They are more slender than the holotype and the
specimens figured by Cushman (1937), and are also less heavily costate. However,
they are close to R. carinata, and a comparison with topotypic material showingthe full range of variation is necessary to determine whether or not a new specific
name is needed for the Papua-New Guinea specimens.

3

4 5

.A .""-------'
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TEXT-FIGURE 4
1 CPC 6235 Rectobolivina limbata (Brady), locality 27. Toothplate.
2 CPC 6231 Rectobolivina tenuicostata sp.nov., locality 17. Toothplate.
3 CPC 6239 Rectobolivina papula sp.nov., locality 3. Toothplate.
4 CPC 6242 Rectobolivina sp.c/. R. 'carinata (Millett), locality Id. Toothplate.5 CPC 6245 Rectobolivina fasciata sp. nov., locality 27. Toothplate.

Each scale represents O· 25 mm.
Figures 1-2, 4-5, to scale A.
Figure 3 to scale B.
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The toothplate of the .present specimens has two free margins, unlike that of
the species karreriana Brady, which in this paper has been referred to the genus
Brizalina. For this reason the variety described by Millett has been given specific
rank, although the nature of the toothplate in topotype specimens is not known.
Dimensions of figured specimens: Length Maximum Maximum

Width Thickness ,
CPC 6240 0·63 0·24 0·12
CPC 6241 0·59 0·24 0·12

Occurrence: Figured specimen (CPC 6240) from the Nagam River, west of
, Periama village, Wewak subdistrict, Sepik district, New Guinea (uppermost Miocene

or Pliocene); figured specimen (CPC 6241) from a sample of the 'Tubu Siltstone',
Tubu area, Papua (upper Miocene, locality Ig); other localities: Id,' 7a, 29.

Specimens here tentatively referred to Rectobolivina carinata have been recorded
as Loxostomum sp. 6, ranging from the lower Miocene (Burdigalian) to the Pliocene.

RECTOBOLIVINA FASCIATA sp.nov.
(PI. 4, figs 22-23; text-fig. 4: 5)

Maximum
Thickness

0·13
0·13

Maximum
Width
0·24
0·24

0·84
0·74

Length

Holotype
Paratype

Material examined: 26 specimens.

Diagnosis: An elongate, compressed, somewhat twisted species with narrow
peripheral keel; sutures narrow; ornamented by low often faint costae; aperture
narrow, elongate; toothplate well-developed, both margins free, often tightly
folded, appearing tubular.

Description: Test elongate, compressed, somewhat twisted, broadening rapidly
to greatest width at fourth or fifth pair ofbiserial chambers, sides oftest then parallel;
periphery with narrow thin keel. Proloculus globular, followed by four to six pairs
of biserial chambers before transition to uniserial chambers. Chambers at first
wider than high, increasing only slowly in size as added, later chambers increasing
rapidly in height and becoming higher than wide. Surface of test except for last
one or two chambers ornamented by low and often faint costae, in centre of test
extending for full length, at periphery becoming oblique with new costae appearing
on successive chambers. Sutures on early biserial chambers narrow, smooth,
strongly oblique, forming angle of about 35 degrees to horizontal, meeting at centre
of test in smooth or slightly raised areas of shell material; on later chambers,
transitional to uniserial stage, depressed, wavy or sigmoidal. Test wall finely per
forate, pore diameter 4 microns, radiate in texture. Aperture narrow, elongate,
with raised imperforate margin, in larger specimens terminal, in others towards
one side of test but not reaching basal suture of chamber. Each chamber with well
developed toothplate becoming free at each margin before full uniserial growth
developed; folded at each edge, in some specimens margins almost touching, .
giving toothplate tubular appearance.
Dimensions:

52



Occurrence: Holotype (CPC 6243) and paratype (CPC 6244) from the Nagam
River, west of Periama village, Wewak subdistrict, Sepik district, New Guinea
(uppermost Miocene or Pliocene); other locality: 32.

Rectobolivina fasciata has been recorded as Loxostomum sp. 4, ranging from the
lower Miocene (Burdigalian) to the upper Miocene.

Remarks: Very few specimens of R.fasciata showing full uniserial development
have been found; available specimens generally show only the transitional stage
to uniserial growth. The toothplate at this stage already has both margins free,
and according to the criterion given previously, fasciata is referred to the genus
Rectobolivina.

R. fasciata resembles R. digitalis (d'Orbigny), but this species is less strongly
costate and is also more rounded, lacking the keel at the periphery. R. mayori
(Cushman) is also similar, but is a more elongate form and again is more rounded,
with no peripheral keel.

The specific name is the Latin fasciatus, banded, striped, referring to the orna
ment of the test.

Family ISLANDIELLIDAE Loeblich & Tappan, 1964

Genus CASSIDULINOIDES Cushman, 1927

The type species of Cassidulinoides, Cassidulina parkeriana Brady, is stated to
have a radiate wall (Wood, 1949). The three species here placed in Cassidulinoides
are granular, but in view of the uncertainty regarding the wall texture of the genus
Favocassidulina (see p. 145) I consider it undesirable to erect a new generic name
for them at this time. There is in fact no defined generic name for granular uncoiled
biserial species of this type, now that Loeblich & Tappan (1964a) have restricted the
genus Cassidulinoides to radiate forms. Nevertheless, I feel that a full re-examination
of the wall texture and internal structure of uncoiled species should be made before
proposing any further generic names.

CASSIDULINOIDES BRADYI (Norman, 1881)

(pI. 26, figs 22-27; text-figs 17: 17-18)

1881 CassiduJina bradyi Norman; Brady, p. 59.
1884 Cassidulina bradyi Norman (part); Brady, p. 431, pI. 54, figs 6-9 (not figs lOa-b).
1925 Cassidulina bradyi Norman; Cushrnan, p. 52, pI. 8, figs 3-5.
1930 Cassidulinoides bradyi (Norman); Cushman, p. 58, pI. 11, figs Ba-b.
1933 Cassidulinoides bradyi (Norman); Cushman & Cahill, p. 33, pI. 12, figs 4a-b.
1945 Cassidulinoides bradyi (Norman); Cushman & Stainforth, p. 65, pI. 12, figs 6a-b.
1949 Cassidulinoides bradyi (Norman); Bermudez, p. 270, pI. 20, figs 29-31.
1959 Cassidulinoides bradyi (Norman); Dieci, p. 86, pI. 7, figs 15a-b.
1960 Cassidulinoides bradyi (Norman); Barker, p. 112, pI. 54, figs 6-9.
1964 Cassidulinoides bradyi (Norman); Ishiwada, pI. 7, fig. 107.
1964 Cassidulinoides bradyi (Norman); LeRoy, p. 41, pI. 12, figs 5-6.

Material examined: 18 specimens.

C. bradyi occurs rarely in several samples. The test is strongly uncoiled, with
an elongate oval aperture in a depression in the apertural face, reaching to the basal
suture and not truly terminal; a small apertural flap is developed. Each chamber
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0·33
0·31

CPC 6246
CPC 6247

has a narrow internal ledge around the apertural margin, formed by inward folding
of the apertural face and extending as a low ridge to the upper margin of the depres
sion containing the septal foramen. The test is finely perforate and the wall is
granular in texture; the pore diameter has not been determined.

Dimensions of figured specimens: Length Maximum Maximum
Breadth Width

0·15 0·13
0·16 0·13

Occurrence: Figured specimens (CPC 6246 and 6247) from the creek north of
Ibab village, Wewak subdistrict, Sepik district, New Guinea CPliocene); other
localities: 13b, 18, 27, 31, 32, 36, 39.

C. bradyi has been recordered from the lower Miocene (Burdigalian) to the
Pliocene; it also occurs in Recent deposits.

CASSIDVLINOIDES INFLATUS (LeRoy, 1944)

(PI. 26, figs 14-17; text-fig. 17: 13-14)

1944a Cassidulina inflata LeRoy, p. 37, pI. 4, figs 30-31.

Material examined: 35 specimens.

C. inflatus occurs frequently to abundantly in several samples from New Guinea,
but has been found only very rarely in Papua. A broad flap attached to the previous
chamber covers the large apertural opening, leaving only a narrow curved slit along
its outer margin. The test is tightly coiled and does not show any tendency for the
later chambers to become erect and move away from the earlier chambers. Each
chamber has a narrow "internal ledge above the aperture, formed by infoldingof
the apertural face and not reaching to the septal foramen. The test is finely and
densely perforate and the wall is granular in texture; the pore diameter has not been
determined.

Dimensions of figured specimens:

CPC 6250
CPC 6251

-Maximum
Diameter

0·54
0·50

Minimum
Diameter

0·41
0·41

Width

0·33
0·34

Occurrence: Figured specimen (CPC 6250) from the Num Valley, New Guinea,
between Diduella and Old Bauri, on hill with garden plot (upper Miocene); figured
specimen (CPC 6251) from Pagansop village, north-north-east of Josefstaal, Lower
Ramu-Atitau area, New Guinea (upper Miocene); other localities: 7a, 18,27,30,
31, 38.

C. inflatus has not been recorded previously from Papua-New Guinea.

Remarks: No specimens of Cassidulinoides parkerianus (Brady), the type species
of Cassidulinoides, are available for examination, but the apertural characteristics
and internal structure of inflatus are similar to those of C. bradyi. Obviously,
inflatus should not now be referred to Cassidulina and is here placed in Cassiduli
noides although it differs from most species of that genus in not being uncoiled.
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CASSIDULINOIDES SERANENSIS Germeraad, 1946
(PI. 26, figs 18-21; text-figs 17: 15-16)

WidthMaximum Minimum
Diameter Diameter

CPC 6253 0·44 0·25 0·21
CPC 6254 0·53 0·33 0·27

Occurrence: Figured specimens (CPC 6253 and 6254) from east of Yekimbolje
village, Maprik subdistrict, Sepik district, New Guinea (upper Miocene); other
locality: 27.

C. seranensis has not been recorded previously from Papua-New Guinea.

1946 Cassidu/inoides seranensis Germeraad, p. 72, pI. 5, figs 5-6.

Material examined: '14 specimens.

C. seranensis has been found only rarely in samples from New Guinea. The
later chambers are erect and do not envelop the earlier whorls, but the test is not
as strongly uncoiled as that of Cassidulinoides parkerianus (Brady), or of other species
referred to Cassidulinoides. The species seranensis is undoubtedly congeneric with
C. in/latus (LeRoy) and is retained in Cassidulinoides.

Well preserved specimens of seranensis have a large triangular apertural flap
attached to the previous chamber, with a narrow elongate curved opening along
its outer margin. The flap may be broken away, giving the appearance of a very
large apertural opening. Each chamber has a small internal ledge above the aper
ture, formed by inward folding of the apertural face and not connected to the septal
foramen, but reaching a point near the peripheral margin of the foramen. The
test is finely and densely perforate and is granular in texture; the pore diameter
has not been determined.

Dimensions of figured specimens:

Family BULIMINIDAE Jones, 1875

Subfamily BULIMININAE Jones, 1875

Genus BULIMINA d'Orbigny, 1826

BULIMINA MARGINATA d'Orbigny, 1826
(pI. 5, figs 4-5; text-figs 5: 4-5; text-figs 7: 2-3)

1826 Bulimina marginata d'Orbigny, p. 269, pI. 12, figs 10-12.
1884 Bulimina marginata ,d'Orbigny; Brady, p. 405, pI. 51, figs 3-5.
1927a Bulimina marginata d'Orbigny; Galloway & Wissler, p. 73, pI. 11, fig. 17.
1939 Bulimina marginata (d'Orbigny); Phleger, p. 1403, pI. 3, fig. 23.
1945 Bulimina marginata d'Orbigny; Cushman & Todd, p. 39, pI. 6, fig. 8.
1947 Bulimina marginata d'Orbigny; Cushman & Parker, p. 119, pI. 28, figs Sa-b, 6a-b. (Syn-

onymy).
1949 Bulimina marginata d'Orbigny; Cushman, p. 30, pI. 6, fig. 6.
1949 Bulimina marginata d'Orbigny; Said, p. 26, pI. 3, fig. 4.
1950 Bulimina marginata d'Orbigny; Asano, pt 2, p. 4, figs 13-14.
1951b Bulimina marginata d'Orbigny; Hofker, p. 154, figs 95, 96a-b.
1951 Bulimina marginata d'Orbigny; Phleger & Parker, p. 16, pI. 7, figs 27-28.
1954 Bulimina marginata d'Orbigny; Parker, p. 510, pI. 6, fig. 20.
1957 Bulimina marginata d'Orbigny; Samaniego & Gonzales, p. 200, pI. 22, fig. 7.
1957 Bu/imina marginata d'Orbigny; Daleon & Samaniego, p. 43, pI. 1, fig. 38.
1957 Bulimina marginata d'Orbigny; Todd & Bronnimann, p. 32, pI. 8, figs 4-5.
1959 Bulimina marginata d'Orbigny; Parker, p. 262, pI. 2, fig. 23.
1960 Bulimina marginata d'Orbigny; Barker, p. 104, pI. 51, figs 3-5.
1964 Bulimina marginata d'Orbigny; Ishiwada, pI. 4, figs 52-53.
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Material examined: 18 specimens.

B. marginata occurs only rarely in the present material. The specimens have
a broad toothplate similar in shape to that of B. aculeata, with a narrowly folded
free edge forming a small tooth in the aperture. The free edge does not show the
striations figured by both Hoglund (1947) and Hofker (1951b), probably because
of.wear during preservation; it continues around the apertural margin as a thin
high rim. The base of the toothplate is attached not only to the previous chamber
but also to the wall of still earlier chambers, in this respect differing from that of
B. aculeata. As in B. aculeata the basal margin of the toothplate cuts across the
inner part of the septal foramen, resulting in the 'distinct second foramen' of Hofker
(1951b). This 'second foramen' is not found in association with the final aperture
but occurs only at a septal foramen. The inner basal margin of each toothplate
extends down into the trough of the previous toothplate, attached to its free edge
and rear and lateral walls, just above the base. Hoglund (1947) figured a narrower
toothplate than I have observed on either Papua-New Guinea specimens or Recent
specimens from the north Atlantic, but showed the base ?f the toothplate extending
down into the trough of the previous toothplate.

The test is very finely perforate, the pore diameter ranging from about 0·4 to
0·6 microns, and the wall is radiate in texture. Contrary to the observations of
Hofker (1951b), I have found aculeata to be more coarsely perforate than marginata.
The pores in Papua-New Guinea specimens of marginata are usually about 0·4
microns in diameter. Hoglund (1947) recorded 0·2 microns for his specimens,
but from the illustrations given some pores have a diameter of O· 5 microns. The
pores in the present specimens range from 1 to 2 microns apart, as was recorded
by Hoglund.

TEXT-FIGURE 5

1-3 Bulimina aculeata d'Orbigny, locality 23. 1-2, CPC 6264; 1, aperture; 2, tooth-
plate; 3, CPC 6265 showing toothpIate crossing base of septal foramen to
form a 'second foramen'.

4-S CPC 6259 Bulimina marginata d'Orbigny, from a sample in the Madang area, New Guinea.
4, aperture; 5, toothplate.

6 CPC 6273 Bulimina alazanensis Cushman, locality 16f. Toothplate.
7-8 CPC 6269 Bulimina striata d'Orbigny, locality 39. 7, aperture; 8, toothplate.
9 CPC 6277 Bulimina subacuminata Cushman & R. E. Stewart, locality 40. ToothpIate.
10 CPC 6285 Bulimina ampliapertura, sp.nov., locality 13b. Toothplate.
11 CPC 6280 Bulimina subornata Brady, locality 27. Toothplate.
12 CPC 6288 Bulimina senta Finlay, locality 5. Toothplate.
13-14 CPC 6294 Protoglobobulimina pupoides (d'Orbigny), locality 18. 13, aperture; 14, tooth

plate.
15-16 Protoglobobulimina ovata (d'Orbigny), locality 28. 15, CPC 6300 aperture;

16, CPC 6301 Toothplate.
Each scale represents O· 25 mm.
Fignres 1-3, 7-8, 12-14 to scale A.
Fignres 4-6, 9-11 to scale B.
Fignres 15--16 to scale C.
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Dimensions of figured specimens:

CPC 6257
CPC 6258

Length

0·27
0·25

Maximum
Width
0·15
0·17

Occurrence: Figured specimens (CPC 6257 and 6258) from east of Atemble,
Lower Ramu-Atitau area, New Guinea (Pliocene); other locality: 36, and also
in samples from the Madang area, New Guinea, for which an exact locality is not
known.

B. marginata is recorded from the upper Miocene and the Pliocene; it occurs
also in Recent deposits.

Remarks: All specimens of B. marginata from Papua-New Guinea have sharply
'undercut' lower chamber margins, with a spinose rim; Rofker (195lb) noted that
all specimens seen by him were of this type. Roglund (1947) gave a wide inter
pretation of B. marginata, including specimens of the type referred to B. aculeata.
I have examined Recent specimens of B. marginata from two 'Goldseeker' stations,
one in the North Minch, west of Scotland, at 108 metres and the second at 61 0 34' N.,
020 04' E., at 330 metres. Some specimens, particularly those from the second
locality, are strongly spinose, with distinctly 'undercut' chambers; some specimens!
from the North Minch are quite smooth on the later chambers, with no indication
of overlapping chamber margins, but the earlier chambers of all specimens are
spinose and 'undercut'. The pores of these Recent specimens are indentical with
those of the Papua-New Guinea specimens (see text-figure 7), and the toothplate
is the same for each group. The development of smooth chambers in later growth
stages seems to be a feature restricted to specimens from the North Atlantic, but
this does not give any basis for separation of the two forms, even at subspecific
level.

B. marginata and B. aculeata are closely related species, but in the present
samples at least ther.e is no difficulty in distinguishing between them on external
appearance. Some Recent specimens of marginata from the North Atlantic have
later chambers similar to those of aculeata, but the early chambers are invariably
'undercut', and a clear distinction may be made by examination of the finer details
of the test.

BULIMINA ACULEATA d'Orbigny, 1826

(PI. 5, figs 1-3; text-fig. 5: 1-3; text-fig. 7: 1)

1826 Bulimina aculeata d'Orbigny, p. 269, no. 7.
1884 Bulimina aculeata d'Orbigny; Brady, p. 406, pI. 51, figs 7-9.
1939 Bulimina aculeata (d'Orbigny); Phleger, p. 1403, pI. 3, fig. 24.
1945 Bulimina aculeata d'Orbigny; Cushman & Todd, p. 39, pI. 6, fig. 11.
1947 Bulimina aculeata d'Orbigny; Cushman & Parker, p. 120, pI. 28, figs 8a-b, 9a-b, 10a-b,

11. (Synonymy).
1950 Bulimina aculeata d'Orbigny; Asano, pt 2, p. 3, figs 8-9.
1951b Bulimina aculeata d'Orbigny; Hofker, p. 151, figs 92, 93a-b, 94a-d.
1954 Bulimilla aculeata d'Orbigny; Todd & Post, p. 350, pI. 87, fig. 21.
1954 Bulimina aculeata d'Orbigny; Parker, p. 510, pI. 6, fig. 19.
1957 Bulimina aculeata d'Orbigny; Samaniego & Gonzales, p. 199, pI. 22, figs 3a-b.
1957 Bulimina aculeata d'Orbigny; Daleon & Samaniego, p. 43, pI. 1, fig. 39.
1959 Bulimilla aculeata d'Orbigny; Parker, p. 261, pI. 2, figs 17-18.
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1960 Bulimina aculeata d'Orbigny Subbotina, Pischvanova & Ivanova, p. 87, pI. 6, figs 1a-o.
1960 Bulimina aculeata d'Orbigny Barker, p. 104, pI. 51, figs 7-9.
1962 Bulimina aculeata d'Orbigny McKnight, p. 119, pI. 18, fig. 104.
1963 Bulimina aCllleata d'Orbigny Pezzani, p. 618, pI. 36, fig. 11. (Synonymy).
1964 Blllimina aculeata d'Orbigny Ishiwada, pI. 4, fig. 51.
1964 Bulimina aculeata d'Orbigny LeRoy, p. 30, pI. 11, fig. 7.

Material examined: 125 specimens.

B. aculeata is very abundant and widespread in the Papua-New Guinea material.
Hoglund (1947) placed aculeata in the synonymy of marginata, but from a com
parison of the two forms and an examination of the toothplate and pores, I regard
aculeata as a distinct species. All specimens of B. aculeata in the present material
have thick-walled inflated chambers, spinose at the lower border, the spines varying
in number and length on specimens from different localities; the proloculus usually
has a single strong spine. The toothplate is a broad structure attached largely to
the surface of the previous chamber, and extending across the base of the septal
foramen to form the 'distinct second foramen' mentioned by Hofker (195Ib). This
'second foramen' occurs only at a septal foramen and is not associated with the
aperture of the final chamber, as described and figured by Hofker. The base of
each toothplate continues down into the trough of the previous toothplate, attached
to the free edge and the rear and lateral walls some distance below the upper margin.
The inner border of the toothplate is broadly rounded, with a short fold, the free
edge somewhat irregular but not as strongly dentate as in the specimens figured
by Hofker (195Ib), and not forming as large a tooth in the aperture. These minor
differences are probably due to the breaking or smoo\illng of the toothplate of the
Papua-New Guinea specimens during preservation. The free edge of the toothplate
continues around the apertural margin as a thin high collar. The test is finely
perforate, the pore diameter being about O· 5 microns, with a maximum of 1 micron;
the wall is radiate in texture.

Dimensions of figured specimens: Length Maximum
Width

CPC 6262 0·67 0·49
CPC 6263 0·64 .0·50

Occurrence: Figured specimens (CPC 6262 and 6263) from 2 miles east of
Josefstaal, Lower Ramu-Atitau area, New Guinea (upper Miocene); other locali
ties: 18, 21, 23, 25, 27, 35, 40.

B. aculeata is recorded from the lower Miocene (Burdigalian) to the Pliocene,
although it has been noted that more than one species may be represented; it occurs
also in Recent deposits.

BULIMINA STRIATA d'Orbigny, 1826

(PI. 5, figs 6-8; text-fig. 5: 7-8; text-fig. 7: 11)

1826 Butimina striata d'Orbigny, p. 269, No. 2.
1947 Bulimina striata d'Orbigny; Cushman & Parker, p. 119, pI. 28, figs 1a-b, 2-3.
1949 Butimina striata d'Orbigny; Boomgaart, p. 106, pI. 11, fig. 6.
1941a Butimina inftata LeRoy, p. 32, pI. 2, figs 71-72 (not of Seguenza).
1941b Butimina inftata LeRoy, p. 79, pI. 1, fig. 5 (not of Seguenza).
1944b Butimina inftata var. LeRoy, p. 85, pI. 7, fig. 21 (not of Seguenza).
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0·57
0·49

CPC 6267
CPC 6268

Material examined: 55 specimens.

Specimens from Papua-New Guinea referred to B. striata have more strongly
spinose lower margins than the figure given by Fornasini, which was reproduced
by Cushman & Parker (1947); they are of the form figured by these authors on
plate 28, figure 2. Included here in B. striata are specimens which develop short
blunt spines at the lower margin of the costae, approaching the form of specimens
described by Cushman (19220) as Bulimina inflata Seguenza var. mexicana, and
referred by Cushman & Parker (1940; 1947) and Cushman & Todd (1945) to
B. striata d'Orbigny var. mexicana Cushman. The specimen figured by LeRoy
(1944b) is also of this type.

The test is finely perforate, the pores being circular in outline and the diameter
1 to 1· 2 microns; the wall is radiate in texture. Each chamber has a strongly
developed toothplate, the base extending the full width of the septal foramen. The
free edge is curved at the base and becomes folded towards the upper part, extending
as a narrow tooth into the aperture and continuing as a thin high collar around the
apertural margin. At the base the toothplate is attached to the full length of the
upper margin of the previous toothplate, and does not cut across the septal foramen
at the inner border as in B. aculeata; no small 'second foramen' occurs in B. striata.

Dimensions of figured specimens: Length Maximum
Width
0·42
0·41

Occurrence: Figured specimens (CPC 6267 and 6268) from the Nuru Valley,
New Guinea, between Diduella and Old Bauri, on hill with garden plot (upper
Miocene); other localities: 9c, 12f, 13a,23, 25, 38, 39, 40.

Specimens here referred to B. striata have been recorded as B. infiata Seguenza,
ranging from the lower Miocene (Burdigalian) to the Pliocene; the specimens
figured by Brady (1884) were taken to be typical of B. inflata. Cushman & Parker
(1947) referred Brady's figures to B. costata d'Orbigny, but Barker (1960), while
doubtfully referring them to this species, noted that they appear to be more closely

TEXT-FIGURE 6

7-8 CPC 6320
9-10 CPC 6152

12-19

1-2 CPC 6316 Protoglobobulimina sp. A, locality. 39 1. aperture; 2, toothplate.
3-4 Protoglobobulimina affinis (d'Orbigny), locality 39. 3, CPC 6305 aperture;

4, CPC 6306 toothplate.
5-6 CPC 6310 Protoglobobulimina microlongistriata (LeRoy), locality Id. 5, aperture; 6, tooth-

plate.
Praeglobobulimina spinescens (Brady), locality 30. 7, aperture; 8, tootbplate.
Buliminella sp.cf. B. tenuata Cusbman, locality 40. 10, aperture; 11, tootbplate.
Bulimina marginata d'Orbigny, showing variations in the outline of the test.

12-16, from 'Goldseeker' haul 125, in the North Mincb, west of Scotland,
at 108 metres. 17-19, 'Goldseeker' fry net baul 8209, station 9, 6JO 34' N.,
02° 04' E., at 330 metres.

Scales A and B represent 0·25 mm; scale C represents 0·5 mm.
Figures 2, 3-4, 7-9 to scale A.
Figures 1, 5-6, 10-11 to scale B.
Figures 12-19 to scale C.
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allied to B. striata. Cushman& Parker also noted (p. 119) that Brady's figures
10 to 13 are somewhat similar to B. striata d'Orbigny var. mexicana Cushman, and
Barker doubtfully referred Brady's figures 10 to 12 to this variety. In the discussion
of striata var. mexicana, Cushman & Parker noted that a somewhat similar form
occurs in the PIiocene of Kar Nicobar (B. inflata Schwager, not Seguenza). These
specimens are possibly conspecific with those from Papua-New Guinea.

BULIMINA ALAZANENSIS Cushman, 1927

(PI. 5, figs 9-11; text-fig. 5: 6; text-fig. 7: 6)

1927d Bulimina alazanensis Cushman, p. 161, pI. 25, fig. 4.
1947 Bulimina alazanensis Cushman; Cushman & Parker, p. 103, pI. 24, figs 14a--c, 15-16.
1951 Bulimina alazanensis Cushman; Phleger & Parker, p. 16, pI. 7, figs 24, 29.
1954 Bulimina alazanensis Cushman; Parker, p. 510, pI. 6, fig. 21.
1956b Bulimina alazanensis Cushman; Hofker, p. 75, pI. 8, figs 21-25.
1964 Bulimina alazanensis Cushman; Parker, p. 624, pI. 98, fig. 19.

Material examined: 22 specimens.

Specimens from Papua-New Guinea here referred to B. alazanensis are of the
type placed by Brady (1884) in B. buchiana d'Orbigny and referred to by Barker
(1960) as B. sp.nov. In numerous papers specimens of this type have been identi
fied as B. rastrata Brady, but do not resemble the holotype of rastrata (Brady, 1884,
pI. 51, figs 14-15), which is a specimen narrowing at each end and ornamented by
strong continuous longitudinal costae. None of these ·papers mention the speci
mens referred by Brady to B. buchiana (see Cushman, 1942; Cushman & Parker,
1947; Hofker, 1951b; Cushman, Todd, & Post, 1954; Bandy, 1953, 1961; Pierce,
1956).

According to Hofker (1956b) the costae of B. rastrata show a rupture at the
basal suture of the chambers, while in B. alazanensis they coptinue on to the basal
spine; the costae on the present specimens do not show any interruption at the
sutures. However, the illustration of the holotype of rastrata does not indicate
that the costae are broken at the base of each chamber. Cushman (1911, p. 88)
stated that rastrata has continuous costae of sufficient strength to obscure the sutures
of the test. Concerning the perforation of the test, Hofker (195Ib) stated that
in rastrata only the sides of the test are perforate, the upper part not showing pores;
later (1956b) the pores of rastrata were said to occur on the 'end-face' of the test,
while in alazanensis the end of the test is poreless. All specimens that I have ob
served from Papua-New Guinea have the pores confined to the lower part of each
chamber, indicating that on Hofker's (1956b) diagnosis they are to be referred to
alazanensis. However, the conclusions reached by Hofker cannot be fully accepted,
as he also stated 'the species may be different from B. alazanensis Cushman, as the
specimens described here are smaller'.

The test of the Papua-New Guinea specimens is finely and sparsely perforate,
the pore diameter being 1·6 to 2 microns; the wall is radiate in texture. The
toothplate is a broad narrowly folded structure with a smooth free edge forming
a small tooth in the aperture. The inner basal margin of the toothplate cuts off
part of the septal foramen to form a small 'second foramen'.
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Dimensions of figured specimens: Length Maximum
Width

CPC 6271 0'50 0·35
CPC 6272 0·48 0·29

Occurrence: Figured specimens (CPC 6271 and 6272) from a sample in the
Aipa Hills, east of the Ekiere fault, Kerema-Karova Creek area, Papua (middle
Miocene); other localities: 3, 5, 16f, 21, 27, 31.

Specimens of the type here referred to B. alazanensis have been recorded as
B. rostrata, ranging from the lower Miocene (Burdigalian) to the Pliocene; similar
specimens also occur in Recent deposits.

Remarks: B. alazanensis was originally described from the Eocene of Mexico.
Cushman & Parker (1947) stated that it also occurs in the Eocene of Cuba, and the
Cipero Formation of Trinidad; and ~hat similar forms occur in the Pliocene of
California, and in Recent deposits in the South Pacific and North Atlantic. B. ros
trata is recorded mainly from Recent deposits in the North and South Pacific, but
also from the Pliocene of California; Hofker (1956b) stated that rostrata is known
to occur in the Pacific as well as in the West Indian region.

I am not able to separate the Papua-New Guinea specimens from specimens
occurring in the Repetto Formation, Malaga Cove, Los Angeles Basin, California.
The Papua-New Guinea specimens are generally larger, but do not differ in any
other observable feature. Specimens from 'Atlantis' station 2993, 23° 24' N.,
08° 44' W., at 580 fathoms, and V.S.S. 'Hydrographer' station 37, 29° 25' N.,
86° 53' W., at 1602 feet, are also identical with the present specimens.

Finlay (1940) described as Buliminaforticosta specimens very similar in outline
and ornament to those here referred to alazanensis. Finlay compared forticosta to
B. jacksonensis Cushman, with no mention of alazanensis. Other specimens des
cribed by Finlay as B. bremneri were compared by him to B. truncana Giimbel;
Cushman & Parker (1947) compared alazanensis to truncana. Samaniego & Gon
zales (1957) recorded costate specimens similar to those from Papua-New Guinea
as Bulimina cf. alazanensis; they mentioned that the specimens may also be related
to B. bremneri Finlay and B. truncana GiimbeI. Daleon & Samaniego (1957) identi
fied specimens of the same type as B. cf. bremneri Finlay. It seems possible that
some New Zealand specimens are referable to B. alazanensis, or at least are con
specific with specimens from Papua-New Guinea here referred to alazanensis.

The uncertainty in the identification of these conical costate species, which
in the case of rostrata and alazanensis apparently overlap geographically, cannot
be overcome without a comparison of topotype specimens and an investigation of
intraspecific variability. Meanwhile, specimens from Papua-New Guinea, of a
type often referred previously to Bulimina rostrata, are placed in B. alazanensis.

BULIMINA SUBACUMINATA Cushman & R. E. Stewart, 1930

(PI. 5, figs 12-14; text-fig. 5: 9)

1930 Butimina subacuminata Cushman & R. E. Stewart, p. 65, pi. 5, figs 2, 3a-b.
1947 Butimina subacuminata Cushman & R. E. Stewart; Cushman & Parker, p. 116, pI. 27,

figs 8a-c.
1955 Butimina subacuminata Cushman & R. E. Stewart; Walton, p. 1004, pi. 102, fig. 10.

63



Maximum
Width
0·29
0·29

0·44
0·43

Length

CPC 6275
CPC 6276

Material examined: 25 specimens.

B. subacuminata has been found in only two samples, and is very rare in one
of these. B. rinconensis Cushman & Laiming is a similar species, but according to
Cushman & Parker (1947) rinconensis has more rounded costae and lacks an initial
spine. As figured by Cushman & Parker, subacuminata tapers towards the apertural
end, whereas rinconensis is broadly rounded.

The test is finely and densely perforate, with the pores decreasing in number
on the upper part of the chambers; the pore diameter has not been determined.
The wall is radiate in texture. Each toothplate is attached to the upper margin
of the previous toothplate, at the base extending the width of the septal foramen;
the free edge becomes tightly folded in the upper part, forming a narrow tooth in
the aperture, close to the fixed apertural margin. The base of the toothplate does
not cut off part of the septal foramen to form a 'second foramen'. A thin high
collar is developed around the apertural border.

Dimensions of figured specimens:

Occurrence: Figured specimens (CPC 6275 and 6276) from Pagansop village,
north-north-east of 10sefstaal, Lower Ramu-Atitau area, New Guinea (upper
Miocene); other locality: 38.

B. subacuminata has been recorded as B. sp. 2, ranging from the middle Miocene
to the Pliocene.

BULIMINA SUBORNATA Brady, 1884

(PI. 5, figs 15-17; text-fig. 5: 11; text-fig. 7: 4-5)

1884 Bulimina subornata Brady, p. 402, pI. 51, figs 6a-b.
1900 Bulimina subornata Brady; Millett, p. 276, pI. 2, fig. 3.
1947 Bulimina subornata Brady; Cushman & Parker, p. 124, pI. 28, figs 32-33.
1960 Bulimina subornata Brady; Barker, p. 104, pI. 51, figs 6a-b.

Material exandned: 6 specimens.

Rare specimens of B. subornata have been found in one sample. The test is
densely perforate, the pores ranging from irregularly circular to elongate oval in
outline; the pore diameter for the early chambers is 2 to 4 microns and for the
younger chambers 1 to 2 microns. The toothplate is typically buliminid, at the
base extending the full width of the septal foramen, and attached to the upper margin
of the previous toothplate. The free edge is narrowly folded in the upper part,
forming a small tooth in the aperture.

Dimensions of figured specimens:

CPC 6278
CPC 6279

Length

0·56
0·49

Maximum
Width
0·20
0·21
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Occurrence: Figured specimens (CPC 6278 and 6279) from the Nagam River,
west of Periama village, Wewak subdistrict, Sepik district, New Guinea (uppermost
Miocene or Pliocene); found only in this sample.

B. subornata is recorded only from the Pliocene; it also occurs in Recent
deposits.

BULIMINA AMPLIAPERTURA sp.nov.
(PI. 5, figs 18-21; text-fig. 5: 10)

Material examined: 21 specimens.
Diagnosis: A slender, elongate species with inflated chambers; ornamented on

lower part of test by thin continuous costae; sutures narrow; aperture large,
rounded, each chamber with large toothplate.

Description: Test slender, elongate, 2t to 3 times as long as wide, increasing
very gradually in width from sharply rounded initial end to greatest width at aper
tural end. Chambers inflated, increasing rapidly in height as added, last whorl
forming about one-half of test. Lower part of test ornamented by numerous thin
high continuous costae. Sutures on early chambers obscured by ornament, later
narrow, distinct, depressed. Test wall radiate in texture, finely perforate, pore
diameter not determined. Aperture large, rounded, reaching to base of chamber.
Toothplate large, well-developed, extending across septal foramen, free edge smooth
and broadly folded, forming small tooth in aperture.
Dimensions: Length Maximum

Width
Holotype O· 35 0·14
ParatypeA 0·34 0·15
Paratype B 0·30 0·13

Occurrence: Holotype (CPC 6282) and paratypes A and B (CPC 6283 and
6284) from the north-west flank of the Wira Anticline, Puri-Purari River area, Papua,
near base of the section (upper Miocene, locality 13b); also in other samples from
this area.

B. ampliapertura sp.nov. has been recorded as B.spA, occurring in the upper
Miocene and the Pliocene.

Remarks: B. ampliapertura resembles B. subornata Brady in the ornament of
the test, but differs in the very broad aperture and the more strongly developed
and heavily built toothplate, with a broad base.

The specific name is from the Latin ampIus, large; and apertura, an opening,
referring to the large aperture.

BULIMINA SENTA Finlay, 1940
(PI. 6, figs 1-3; text-fig. 5: 12; text-fig. 7: 7)

1940 Dulimina senta Finlay, p. 454, pI. 64, figs 73-74.

Material examined: 30 specimens.
Dr N. de B. Hornibrook of the New Zealand Geological Survey identified

and forwarded specimens of B. senta from locality N134j530, Hawkes Bay, New
Zealand; other specimens of B. senta examined occur in a slide from sample 3021,
95044-(4)
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collected by H. J. Finlay, Mata River, Tutamoe Survey District, and also from
a sample between Whangara Beach and Tohaga Bay, of Awamoan age. Papua
New Guinea specimens are identical with these.

B. senta is similar to B. aculeata d'Orbigny, but aculeata has more rounded and
inflated chambers, while the spines of senta are fewer, shorter, and stronger, and
the sutures more oblique. The toothplate of senta is narrower at the base than
that of aculeata and does not cut off part of the septal foramen to give a 'second
foramen'. The folded portion of the toothplate of senta is also much broader
than that of aculeata and forms a more elongate tooth in the aperture.

Dimensions of figured specimens: Length (incl. Maximum
basal spine) Width

CPC 6286 0·50 0·39
CPC 6287 0·53 0·39

Occurrence: Figured specimens (CPC 6286 and 6287) from 21 miles north
north-west of the Olipai River-Lakekamu River junction. Papua (upper Miocene);
other localities: 4, 10, 13a.

B. senta has not previously been recorded from Papua-New Guinea; references
to B. aculeata may well include specimens of the type here identified as B. senta.

Genus GLOBOBULIMINA Cushman, 1927

GLOBOBULIMINA sp. A
(PI. 7, figs 1-2)

Length Maximum
Width

CPC 6290 0·73 0·59
CPC 6291 0·65 0·60

Occurrence: Figured specimens (CPC 6290 and 6291) from the north-west
flank of the Wira Anticline, Puri-Purari River area, Papua, at base of the section
(upper Miocene, locality Ba); known from other samples in this area.

Material examined: 35 specimens.

Specimens of a species of Globobulimina in samples from the Wira Anticline,
Papua, are short and wide, with an oval to almost circular outline, and strongly
overlapping chambers; only in rare specimens do the chambers of the last whorl
completely cover the previous whorls. The aperture is elongate, and in the term
inology of H6glund (1947) is either open, or closed with suture. Specimens with
a closed aperture on the last chamber show an open aperture on earlier chambers;
in one such specimen the aperture of the penultimate chamber is open. The tooth
plate is narrow, attached at the base to the upper margin of the previous toothplate,
with a small fold at the free edge and with the upper part expanded into a fan-shaped
flap with a smooth edge extending towards the outer apertural border. The free
apertural border is smooth, with no indication of a collar. The test is finely and
densely perforate, .the pores being oval in outline with a diameter of about 2 microns;
the wall is radiate in texture.

Dimensions of figured specimens:
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The only species of Globobulimina recorded from Papua-New Guinea is G.
pacifica Cushman, ranging from lower Miocene (Burdigalian) to Pliocene; these
records may include specimens of the type figured in this paper.

Remarks: Lack of detailed information on the aperture and toothplate of
undoubted specimens of G. pacifica makes it impossible to say whether or not the
present specimens are referable to this species; the same applies to G. globosa
LeRoy (1944a), which in its short broad test resembles the present specimens.
Rofker (1951b) described G. pacifica as having an open aperture, with an apertural
collar, and his specimens are therefore clearly different from those from Papua
New Guinea.

Genus PROTOGLOBOBULIMINA Rofker, 1951

Loeblich & Tappan (1964a) placed Protoglobobulimina in the synonymy of the
genus Praeglobobulimina Hofker, as they considered that pore shape is not valid
for generic distinction and that the proportions of the toothplate are specific rather
than generic in importance. I agree with the first of these statements, but consider
that the difference of the toothplates justifies the recognition of two genera.
Praeglobobulimina has a broad toothplate, attached partly to the wall of the pre
ceding chamber, whereas Protoglobobulimina has a narrower toothplate running
directly to the upper margin of the previous toothplate, giving the appearance of
a narrow tube extending through the chambers.

PROTOGLOBOBULIMINA PUPOIDES (d'Orbigny, 1846)

(PI. 6, figs. 4-5; text-fig. 5: 13-14; text-fig 7: 8)

1846 Bulimina pupaides d'Orbigny, p. 185, pI. 11, figs 11-12.
1884 Bulimina pupaides d'Orbigny; Brady, p. 400, pI. 50, figs 15a-b.
1947 Bulimina pupaides d'Orbigny; Cushman & Parker, p. 105, pI. 25, figs 3a-c, 4a-c, 5a-c,

6a-e, 7a-e.
1951b Prataglababulimina pupaides (d'Orbigny); Hofker, p. 252, figs 168a-c.
1952 Bulimina pupaides d'Orbigny; Asano, p. 11, figs 59-60.
1960 Bulimina pupaides d'Orbigny; Barker, p. 102, pI. 50, figs. 15a-b.
1964 Buliminapupaides d'Orbigny; LeRoy, p. 30, pI. 11, figs 4-5.,

Material 'examined: 14 specimens.

Rare very large specimens referred to P. pupoides have been found in one
sample. In external appearance the specimens most closely resemble that figured
from the Eocene of Cuba by Cushman & Parker (1947, pI. 25, fig. 6); the last
whorl forms a greater proportion of the test than in the specimen figured by these
authors from the Miocene of the Vienna Basin.

Rofker (1951b) described the toothplate of pupoides as a thick straight plate.
In the present specimens the free edge is curved at the base and becomes folded in
the upper part, extending as a small tooth into the aperture, and continuing as a
thin high collar around the free apertural border. Most specimens have an open
aperture, with the apertriral collar extending across the basal apertural margin,
but two have a closed aperture with suture. Successive apertures approach the .
relative position described by Cushman & Parker (1947) for Desinobulimina, that
is with the lower part of one aperture joining the upper part of the previous aperture.
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The toothplate has a broad base, partly attached to the wall of the previous chamber;
the free edge runs directly to the upper margin of the previous toothplate, attached
just below its protruding border, giving the appearance of a continuous narrow
trough extending through the chambers. The test is very finely perforate, the pore
diameter generally being slightly less than 2 microns, with the pores circular in
outline; no finer pores have been observed between the larger series as figured by
Hofker (195Ib). The wall is radiate in texture.

Dimensions of figured specimens:

CPC 6292
CPC 6293

Length

1·14
1·11

Maximum
Width
0·58
0·61

Occurrence: Figured specimens (CPC 6292 and 6293) from east of Amaimon,
between the Gogol River and Amaimon, New Guinea (upper Miocene); found
only in this sample.

P. pupoides has been recorded as Bulimina pupoides, ranging from lower Miocene
(doubtfully in the Aquitanian, definitely in the Burdigalian). to upper Miocene;
it also occurs in Recent deposits.

Remarks: Brady (1884) questioned the value of B. pupoides, B. ovata d'Orbigny,
and B. ajJinis d'Orbigny as separate species, and it is apparent from the literature
that it is diffcult to draw a sharp line between these species on external appearance
only. Cushman & Parker (1947) stated that pupoides differs from ovata in the shape
of the test, which is tapering and not oval, and also in the nature of the sutures,
which in ovata curve downward rather than extending at right angles to the vertical
axis. The sutures of ovata, according to Haynes (1954), are 'considerably oblique
to the vertical axis, or relatively rather more than at right angles to it, towards the
type of B. pupoides d'Orbigny'. B. pupoides was also said to be distinguished by
its greater size and number of whorls, and more inflated chambers. Haynes des
cribed the toothplate ofovata and referred this species to the genus Praeglobobulimina;
from the description and illustrations given by Haynes; the toothplate of ovata is
similar in form to that of pupoides, and the test is more nearly biserial in the later
chambers. The recognition of the three species pupoides, ovata, and affinis is here
based not only on the form of the toothplate; but also on its position in relation
to the septal foramen, and the attachment of each toothplate to the previous tooth
plate. The relative position of the toothplate and the septal foramen is affected
by the rate of coiling of the test. The pores show distinct, anq. for the several speci
mens of each species examined constant, differences which are useful for specific
definition.

·PROTOGLOBOBULIMINA OVATA (d~Orbigny, 1846)

(pI. 6, figs 6-9; text-fig. 5: 15-16; text-fig. 7: 9)

1846 Bulimina ovata d'Orbigny, p. 185, pI. 11, figs 13-14. .
1947 Bulimina ovata d'Orbigny; Cushman & Parker, p. 106, pI. 25, figs 8a-<:, 9a-<:. (Synonymy).
1952 Bulimina ovata d'Orgigny; Asano, p. 11, figs 57-58.
1954 Praeglobobulimina ovata (d'Orbigny); Haynes, p. 190, text-figs 9-12, 17-19; pI. 35, figs 2-3.
1961 Bulimina ovata d'Orbigny; Kaasschieter, p. 191, pI. 9, figs 6a-b.
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Maximum
Width
0·28
0·27
0·25
0·22

0·53
0·56
0·50
0·46

Length

CPC 6296
CPC 6297
CPC 6298
CPC 6299

Material examined: 26 specimens.

Haynes (1954) redescribed ovata and referred it to the genus Praeglobobulimina;.
the toothplate was also described, but it is not clear if the figured toothplate is that
of a topotype from the Vienna Basin or of a specimen from the Thanet sands. The
toothplate of Papua-New Guinea specimens is as described by Haynes, beginning
within the trough of the previous toothplate. The later chambers have a higher
rate of coiling than do specimens referred here to P. pupoides, and each toothplate
runs directly to the upper margin of the previous toothplate, with no attachment
to the wall of the previous chamber. The position of the toothplate in relation
to the septal foramen is quite different from that of Praeglobobulimina spinescens
(Brady). In addition, the aperture of spinescens is more elongate and narrow than
that of ovata, and the toothplate is more tightly folded, the free edge not protruding
and extending for the full length ofthe aperture close to the fixed apertural border.
In my opinion, ovata is to be referred to Protoglobobulimina rather than Praeglobo
bulimina. The apertural characters and toothplate of P. ovata are similar to those
of P. pupoides, and are more highly developed in that there is no attachment of the
toothplate to the wall of the previous chamber. Specimens of P. ovata are more
finely and densely perforate than those referred to pupoides, the pore diameter being
1 to 1· 6 microns, with the pores circular in outline. No finer pores have been
detected between the larger series.

Dimensions of figured specimens:

Occurrence: Figured specimens (CPC 6296 to 6299) from the 'Tubu Siltstone',
Tubu area, Papua (upper Miocene, locality 19); other localities: Id, 28.

Previous records of P. ovata are uncertain. The species is recorded as ranging
from lower Miocene (Burdigalian) to Pliocene, but the specimens figured by Brady
(1884, pI. 50, figs 13a-b) were regarded as typical. These specimens were named
Bulimina notovata by Chapman (1941).

PROTOGLOBOBULIMINA AFFINIS (d'Orbigny, 1839)
(pI. 6, figs 14-16; text-fig. 6: 3-4; text-fig. 7: 12)

1839a Bulimina affinis d'Orbigny, p. 105, pI. 2, figs 25-26.
1947 Bulimina affinis d'Orbigny; Cushman & Parker, p. 122, pi. 28, figs 23a-b, 24-25. (Syn-

onymy).
1954 Bulimina affinis d'Orbigny; Cushman, Todd, & Post, p. 350, pi. 87, fig. 22.
1963 Bulimina affinis d'Orbigny; Pezzani, p. 619, pi. 36, fig. 13.
1964 Globobulimina affinis (d'Orbigny); Parker, p. 625, pi. 98, fig. 22.

Material examined: 10 specimens.

Rare specimens referred to P. affinis have been found in the Papua-New Guinea
material. The test of all specimens is broadest at the base of the last whorl, with
a sharply pointed initial end and tapering towards the aperture. Cushman & Parker
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Maximum
Width
0·53
0·47

0·79
0'72

Length

CPC 6303
CPC 6304

(1947) referred the specimen figured by Brady (1884, pI. 50, figs 14a-b) doubtfully to
pupoides and were followed in this by Barker (1960); the present specimens are
very similar in outline to Brady's specimen. They differ from pupoides in the aper
ture, the toothplate, and the perforation of the test, and I do not consider them to
be only microspheric forms of that species. The aperture of the specimens referred
to affinis, in the terminology of Hoglund (1947), is closed with suture, whereas in
all except two specimens ofpupoides it is open. The toothplate of affinis is a narrow,
tightly folded pillar-like structure Qeginning within the trough of the previous tooth
plate and attached to its upper margin. At the base the free edge of the toothplate
is «lose to the wall of the chamber but is never attached to it. Haynes (1954) stated
that Globobulimina and its allies (which would include Protoglobobulimina) differ
from Bulimina in possessing a tongue (i.e. toothplate) in which both shanks are fixed.
Neither Hoglund (1947) nor Hofker (1951b) described this feature of the globobu
liminid toothplate and I have not observed it in ap.y species examined during this
study. The strongly fold~d upper margin of the toothplate, if preserved, extends
well above the apertural margin. An apertural collar is present, but there is no
indication of a fan-shaped extension of the toothplate, although this may be broken
from all specimens observed. Compared with P. pupoides the toothplate in affinis
is much narrower and more tightly folded, and is not attached to the wall of the
previous chamber owing to the relative position of successive apertures; it is similar
to that of some species referred to Globobulimina. The pore pattern of affinis
differs from that of pupoides, the pores being oval in outline with a diameter of 2
to 3 microns, and there are indications of smaller pores between the larger series.
The wall is thick and is radiate in texture.

Dimensions of figured specimens:

Occurrence: Figured specimens (CPC 6303 and 6304) from east of Karova
Creek, Kerema-Karova Creek area, Papua (middle Miocene); otherlocalities: 9c,39.

P. affinis has not previously been recorded from Papua-New Guinea.

PROTOGLOBOBULIMINA MICROLONGISTRIATA (LeRoy, 1941)
(PI. 6, figs 17-18; text-fig. 6: 5-6; text-fig. 7: 13-15)

1941a Bulimina microlongistriata LeRoy, p. 32, pI. 1, figs 97-98.
1947 Bulimina microlongistriata LeRoy; Cushman & Parker, p. 114, pI. 30, figs 14a-b.
1964 Bulimina microlongistriata LeRoy; LeRoy, p. 30, pI. 11, fig. 9.

Material examined: 33 specimens.

From the brief description given by LeRoy (194Ia), specimens occurring com
monly in the Tubu area, Papua, seem to be referable to P. microlongistriata. The
tests are oval in outline with a pointed or sharply rounded initial end and the greatest
width at the base of the last whorl, tapering towards the aperture. The surface
of the test is ornamented by numerous low continuous longitudinal striations, more
strongly developed on the early chambers. The striated appearance is accentuated.
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0·56

CPC 6308
CPC 6309

at least on the early chambers, by a linear arrangement of the pores, which are
large and oval in outline with the longer axis parallel to the axis of the test. The
pore diameter 011 early chambers is usually 7 to 8 microns, on the longer axis: one
pore observed had a diameter of 12 microns; on the shorter axis the diameter is
5 to 6 microns. On younger chambers the pores are more circular, with a diameter
of 5 to 6 microns, and on the last chambers the diameter is 3 to 4 microns, with the
pores still showing a preferred linear arrangement. The pores become fewer on the
upper part of the chambers, particularly in the apertural region; the wall is radiate
in texture.

The aperture of P. microlongistriata is open; successive apertures are in contact.
The toothplate is narrow and pillar-like in appearance, running directly to the previous
toothplate and attached to its upper margin. The upper part of the free edge is
expanded outwards into a small fan-shaped extension which does not cover the
outer margin of the aperture; there is no indication of an apertural collar.

Dimensions of figured specimens: Length Maximum
Width
0·36
0·32

Occurrence: Figured specimens (CPC 6308 and 6309) from the 'Tubu Silstone',
Tubu area, Papua (upper Miocene, locality Id); other localities: Id, If, Ig.

P. microlongistriata has not previously been recorded from Papua-New Guinea.
Glaessner (1943) regarded it as a Miocene index fossil.

PROTOGLOBOBULIMINA sp. A.

(PI. 6, figs 10-13; text-fig. 6: 1-2; text-fig. 7: 10)

Material examined: 65 specimens.

Specimens here referred to as Protoglobobulimina sp. A are very similar to those
figured by Brady (1884) as Bulimina ovata d'Orbigny, and named by Chapman
(1941) Bulimina notovata. As stated by Ellis & Messina (1940 et. seq., footnote
to B. notovata Chapman), neither Brady nor Chapman gave a description; the specific
name notovata is therefore unavailable.

As may be seen from the illustrations, some specimens referred to P. sp. A are
in external view very similar to P. pupoides (d'Orbigny). These externally similar
specimens may be distinguished by an examination of the finer details of the test.
P. sp. A has more strongly overlapping chambers than does pupoides and more
nearly approaches a biserial arrangement of the later chambers; successive apertures
are in contact and each toothplate runs directly to the upper margin of the previous
toothplate, not being attached to the wall of the previous chamber as inpupoides.
The toothplate of P. sp. A is not as broad at the base as that ofpupoides and is more
narrowly folded. The upper margin of the free edge is developed into a small fan
shaped extension over the outer apertural border; this feature was not seen in
pupoides, although it may have been broken from the specimens examined. The
aperture ofP. sp. A is open and has a thin apertural collar, similar to that ofpupoides,
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0·52
0·56
0·71
0·68

CPC 6312
CPC 6313
CPC 6314
CPC 6315

extending across the basal margin of the aperture but not observed on all specimens.
P. sp. A also has a different pore pattern from that of pupoides, the pore diameter
ranging from 1·6 to 2 microns; very fine pores occur between the larger series.

Dimensions of figured specimens: Length Maximum
Width
0·35
0·38
0·36
0·37

Occurrence: Figured specimen (CPC 6312) from the 'Tubu Siltstone', Tubu
area, Papua (upper Miocene, locality Id); figured specimens (CPC 6313 to 6315)
from Kisila village, east of Josefstaal, Lower Ramu-Atitau area, New Guinea (upper
Miocene); other localities: 17, 30, 33.

Specimens of the type figured by Brady (1884) have been recorded as Bulimina
ova/a, ranging from lower Miocene (Burdigalian) to Pliocene.

Genus PRAEGLOBOBULIMINA Hofker, 1951

PRAEGLOBOBULIMINA SPINESCENS (Brady, 1884)

(PI. 6, figs 19-21; text-fig. 6: 7-8)

1884 Bulimina pyrula d'Orbigny var. spinescens Brady, p. 400, pt SO, figs 11-12.
1947 Bulimina pyrula d'Orbigny var. spinescens Brady; Cushman & Parker, p. 124, pt 28, figs

30-31. (Synonymy). .
1951b Praeglobobulimina spinescens (Brady); Hofker, p. 249, figs 165a-b, 166a-b, 167a~.

1960 Bulimina pyrula d'Orbigny var. spinescens Brady; Barker, p. 102, pI-. SO, figs 11-12.

1 CPC 6266
2 CPC 6260

3 CPC 6261

4-5 CPC 6281

6 CPC 6274

7 CPC 6289

8 CPC 6295

9 CPC 6302

10 CPC 6317

11 CPC 6270

12 CPC 6307

13-15 CPC 6311

TEXT-FIGURE 7: Pores, all figures X 500

Bulimina aculeata d'Orbigny, locality 40.
Bulimina marginata d'Orbigny, locality 37.

Bulimina marginata d'Orbigny, 'Flying Falcon' Log 3, 51° 02' N., 11° 27' W.,
otT south-west Ireland, at 345 fathoms.

Bulimina subornata Brady, locality 27. 4, early chambers; 5, later chambers,
showing absence of pores from the apertural area.

Bulimina alazanensis Cushman, locality 16f.
Bulimina senta Finlay, locality 5.

Protoglobobulimina pupoides (d'Orbigny), locality 18.

Protoglobobulimina ovata (d'Orbigny), locality Ig.

Protoglobobulimina sp. A, locality 39.

Bulimina striata d'Orbigny, locality 39.
Protoglobobulimina affinis (d'Orbigny), locality 39.

Protoglobobulimina microlongistriata (LeRoy), locality Id, showing decrease in
pore size from oldest to youngest chambers, linear arrangement of pores, par
ticularly in 13 and 15, and elongation of pores along lengtli of test in 13.
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Material examined: 6 specimens.

P. spinescens is distinguished in external view by strongly overlapping chambers
omamented at the lower margin by numerous small spinose projections. Barker
(1960) noted that spinescens is the type species of the genus Praeglobobulimina, but
did not definitely accept the validity of the genus. P. spinescens is distinctly different
from the type species of the genera Bulimina, Protoglobobulimina, aQ.d Globobulimina
in its apertural characteristics and: in the nature and position of the toothplate;
these constant differences are here considered to justify the recognition of Prae
globobulimina as a valid genus. Rofker (l951b) also regarded the pores as features
of generic significance, but no observations made on the present material support
this view. Haynes (1954) considered the pores to be of only specific value; he
also redefined the genus Praeglobobulimina to include some characters shown by
the species Bulimina ovata d'Orbigny, which is here considered to be referable to
Protoglobobulimina. The aperture of P. spinescens is narrow and elongate, with a
curve at the base where it extends for a short distance along the basal suture.

The rate of coiling of P., spinescens is not as high as in Protoglobobulimina
pupoides and Globobulimina pacifica Cushman; in addition, the aperture is inclined
away from the septal foramen rather than towards it. Because of this, the relation
ship between the toothplate and the septal foramen is quite different from that in
Protoglobobulimina and many species referred to Globobulimina, where each toothplate
begins within the trough of the previous toothplate. The toothplate of Prae
globobulimina is a broad murowly folded structure attached at the base to the aper
tural face of the previous chamber, with only the inner basal margin attached to
the previous tootq.plate, about midway along its length.

,The free edge of thetoothplate in the Papua-New Guinea specimens forms a
narrow tooth extending the full length of the aperture close to the fixed apertural
margin. This observation conflicts with that of Rofker (1951b) who stated, con
cerning the toothplate of spinescens, 'its attached part runs along one of the borders
of the mouth, whereas the free folded part forms' only a narrow band along the other
side of the aperture'. The 'free edge of the toothplate is continued around the aper
tural margin as a thin high collar, as figured by Rofker. The test is very finely
perforate,the pore diameter being about 1 micron, with the pores generally oval
in outline, some 'appearing circular; the wall is radiate in texture. '

Dimensions of figured specimens:

CPC 6318
CPC 6319

Length

0·81
0·55

Maximum
Width
0·56
0·36

Occurrence: Figured specimens (CPC 6318 and, 6319) from the Nagam River,
west of Periama village, Wewak subdistrict, Sepik district, New Guinea (uppermost
Miocene or Pliocene); other localities: 30, 39.

P. spinescens has been recorded as Bulimina pyrula var. spinescens, ranging from
upper MiQcene to Pliocene; it also occurs in Recent deposits
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Subfamily PAVONININAE Eimer & Fickert, 1899

Genus REUSSELLA Galloway, 1933

REUSSELLA ACULEATA Cushman, 1945

(PI. 9, fig. 15)

1884 Verneuilina spinulosa Brady (part), p. 384, pI. 47, figs 2(2), 3, (not fig. 1). (Not of Reuss).
1945 Reussella aculeata Cushman, p. 41, pI. 7, figs lQ-ll.
1949 Reussella aculeata Cushman; Said, p. 30, pI. 3, fig. 18.
1950 Reussella aculeata Cushman; Asano, pt 2, p. 12, fig. 50.
1958 Reussella aculeata Cushman; Asano, p. 16, pI. 1, figs 16a-b, 17a-b.
1959 Reussella aculeata Cushman; Graham & Militante, p. 85, pI. 13, figs 2a-b.
1964 Reussella aculeata Cushman; Ishiwada, pI. 4, fig. 69.

Material examined: 32 specimens.

Specimens of ReusseJ/a occurring in one sample are referred to the species
aculeata. In outline, the specimens range from short and triangular to slender and
elongate, the length/breadth ratio ranging from 1·3 to 1· 8. Some specimens are
distinctly spinose, but none have spines as long as those on the specimen figured
by Brady (pI. 47, fig. 3); others have weak spines or a smooth periphery, the absence
of spines obviously being due to abrasion.

R. aculeata was stated by Asano (1958) to differ from R. spinulosa in the more
tapering form and the long curved spines from each chamber, but these criteria
cannot be applied to the present specimens. In my opinion, only one species is
represented in the Papua-New Guinea specimens, which are here referred to aculeata.

Dimensions of figured specimen: Length Maximum
Width

CPC 6321 0·54 0·29

Occurrence: Figured specimen (CPC 6321) from the road cutting at the new
residence, north of the aerodrome, Madang, New Guinea (Pliocene); found only
in this sample.

Specimens here referred to R.aculeata have been recorded as R.spinulosa, ranging
from lower Miocene (Burdigalian) to Pliocene. R.aculeata also occurs in Recent
deposits.

Family UVIGERINIDAE Haeckel, 1894

Genus EUUVIGERINA Thalmann, 1952

EUUVIGERINA PEREGRINA (Cushman, 1923)
(PI. 7, figs 3-7;)

1923 Uvigerina peregrina Cushman, p. 166, pI. 42, figs 7-10.
1927a Uvigerina peregrina Cushman; Galloway & Wissler, p. 76, pI. 12, figs 1, 2a-b.
1927d Uvigerina peregrina Cushman; Cushman, p. 158, pI. 3, fig. 13.
1939 Uvigerina peregrina Cushman; Phleger, p. 1404, pI. 3, figs 5--6.
1951b Euuvigerina peregrina (Cushman); Hofker, p. 219, figs 148a-b, 149.
1953 Uvigerina peregrina Cushman; Redmond, p. 723, pI. 75, figs 27a-b.
1954 Uvigerina peregrina Cushman; Parker, p. 521, pI. 8, fig. 5.
1955 Uvigerina peregrina Cushman; Walton, p. 1016, pI. 102, figs 22-23.
1956 Uvigerina peregrina Cushman; White, p. 259, pI. 32, figs 7a-b.

Material examined: 175 specimens.
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Species of the group of costate and hispido-costate forms, which includes
E.peregrina, are obviously to be separated only after detailed examination. An
illustration of this is given by the specimens identified by Hoglund (1947) as Uvigerina
peregrina; the toothplate was described as having a wing. Hoglund also believed
that the species Uvigerina mediterranea Hofker is a synonym of peregrina. Hofker
(1951b) retained mediterranea (referred to as mediterranensis) as a distinct species,
although it is apparently very similar to peregrina, differing-only in having thicker
costae, and with the last ~hambers either costate or smooth, never granular. As
pointed out by Hofker, the toothplate of the specimen referred by Hoglund to
peregrina places it in the genus Neouvigerina; Hofker also indicated that the tooth
plate of mediterranea has the same structure as in peregrina, and in 1960 he referred
mediterranea to the genus Euuvigerina.

I

As originally described by Cushman (1923), and as interpreted by Hofker
(1951b), the costae ofperegrina are broken up into irregular short portions or replaced
by spines towards the basal and apertural ends of the test. One specimen figured
by Cushman (1923, fig. 10) appears to be wholly costate. In the definition of the
variety parvula Cushman, no reference was made to ornament, and it was said to
be smaller, shorter, and stouter than the typical form, with a more inflated last cham
ber. Hofker (1956b) observed that on peregrina the costae are never broken up
into pustules; the development of pustules on the later chambers was said to be a
characteristic of parvula,except for typical A2 forms. Phleger & Parker' (1951)
figured both peregrina and peregrina var. parvula from Recent sediments in the
Gulf of Mexico; in each of these categories were included specimens either wholly
costate or with spinose later chambers. These authors believed that on the basis
of the Gulf of Mexico specimens the variety parvula should be given specific rank.
Parker (1954,p.521) noted that more than one species may have been included in
her population counts of U.parvula. However, it was stated that all the specimens
are distinct from peregrina, which is usually larger, with higher plate-like costae,
broken into spines on the upper part of the test.

Other varieties and subspecies of peregrina have been proposed, established on
the differing degree of development of costae or spines. Some examples are E.pere
grina (Cushman) vaT. dirupta (Todd)~ which was placed by Uchio (1960) in the syno
nymy of U.curticosta Cushman, and E.peregrina (Cushman) shiwoensis (Asano).
Species such as E.hispido-costata (Cushman & Todd) are also similar to peregrina;
the ornament of this species was said to be variable, and it was distinguished from .
the variety parvula by the larger size and more compact form. .

Uchio (1960) compared topotype and other specimens of E.peregrina with
specimens from the Pacific identified as peregrina and considered the two forms to
be distinct. No topotype specimens of peregrina are available to me, but ina slide
labelled 'Albatross' station 2584, 39° 05' 30" N., 72° 23' 20" W., are 17 specimens
which I consider to be referable to peregrina. Some specimens are wholly costate,
others have the costae broken into spines on the last chambers. These Recent
specimens from the Atlantic are larger than those from Papua-New Guinea, and
the costae are higher, but considering the distribution of the costae, the shape of
the chambers, and the outline of the test I am not able to separate specimens from
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0·57
0·60
0·66
0·71

CPC 6322
CPC 6323
CPC 6324
CPC 6325

the two areas. Hofker (1951b) regarded Recent specimens from the Pacific as true
peregrina, differing from specimens of peregrina in the Caribbean area only in the
smaller size.

The variation in specimens from Papua-New Guinea referred to peregrina is
illustrated in text figure 13. In the same sample there occur specimens which are
either wholly costate or become spinose on the last chamber; the costae on earlier
chambers may also be continuous or broken up into smaller parts. The height
of the costae varies on specimens from different areas, but there is no difference in
number of costae, which are always interrupted at the sutures. At one locality,
strongly costate specimens with a pointed initial end occur; these specimens differ
in outline from those at other localities, but occur together with specimens having
rounded costate or hispid initial chambers, and probably represent the microspheric
form. I do not consider them to be separable from other specimens here referred
to peregrina. .

The toothplate of specimens from all areas in Papua-New Guinea is the same,
a narrow folded structure attached to the lip of the septal foramen by the full length
of the base, the free edge forming a small tooth in the aperture. The test is finely
perforate, but the pores have not been clearly observed, owing either to unsuitable
preservation or to the thickness of the wall, which is radiate in texture.

Dimensions of figured specimens: Length Maximum
Width
0·34
0'32
0·34
0·35

Occurrence: Figured specimens (CPC 6322 to 6325) from Kisila village, east
of Jose(staal, Lower Ramu-Atitau area, New Guinea (upper Miocene); other locali
ties: 7a, 23, 25, 35, 38, 40.

Specimens referred to Uvigerina peregrina and U. peregrina var. are recorded
from lower Miocene (Burdigalian) to Pliocene.

Remarks: In unpublished reports it has been noted, concerning the specimens
referred to Uvigerina peregrina and U. peregrina var., that they are most probably
the variety parvula Cushman; they have also been compared to U. hispido-costata
Cushman & Todd. The specimen figured by Brady (1884, pI. 74, fig. 26) was regarded
as typical; this specimen was referred by Fornasini (1900) to U. bradyana. Barker
(1960), in the absence of comparative material, also used the name bradyana, but
referred to the possibility that more than one species may be represented in Brady's
figures. Some specimens from the present material are as spinose on the last chamber
as that illustrated by Brady, but do not develop spines on the earlier chambers.

In view of the confusion and uncertainty which already exists, and in the absence
of adequate comparative material, no subspecific identification or further differenti
ation is attempted in this very variable group. To overcome the confusion, popula
tion studies accurately documenting the variation of specimens in different areas
are necessary.
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EUUVIGERINA ACULEATA (d'Orbigny, 1846)
(PI. 7, figs 8-13)

1846 Uvigerina aculeata d'Orbigny, p. 191, pI. II, figs 27-28.
1884 Uvigerina aculeata d'Orbigny; Beady, p. 578, pI. 75, figs 1-3.
1950 Uvigerina aculeata d'Orbigny; Asano, pt 2, p. 14, figs 58-59.
1951b Euuvigerina aculeata (d'Orbigny), part; Hofker, p. 226, figs 150a-f, 151a-b, 152a-e (not

figs 153a-b, 154a-e).
1958 Uvigerina aculeata d'Orbigny; Asano, p. 33, pI. 6, figs 3--4. (Synonymy).
1960 Euuvigerina aculeata (d'Orbigny); Barker, p. 156, pI. 75, figs 1-3.
1964 Uvigerina aculeata d'Orbigny; LeRoy, p. 34, pI. 3, figs 40--41.

Maximum
Width
0·38
0·37
0·45
0·40

0·74
0·73
0·79
0·66

Length

CPC 6326
CPC 6327
CPC 6328
CPC 6329

Material examined: 105 specimens.

Abundant specimens of E. aculeata occur in the Papua-New Guinea samples.
The variation recorded by Bofker (1951b) is also shown by the present specimens.
Microspheric specimens have a strong initial spine, and the spinose ornament is
sharp and narrow. Megalospheric specimens with an initial spine are very rare,
but the early chambers are ornamented by sharp spines as in the microspheric speci
mens. Two types of ornament occur on the later chambers, one essentially spinose
but with the spines broader than those of microspheric specimens, the second having
the spines replaced by short thin high ridges with a pointed lower margin. These
two types have not been related to variation in size of the proloculus, but correspond
to the forms referred by Bofker (1951b) to Al and A2 generations respectively.
The variation observed in the outline and ornament of the test is shown in Text
figure 14. The test is finely perforate, but the pore diameter has not been determined;
the wall is radiate in texture. Each chamber has a toothplate, which is as described
by Hofker (1951b).

Dimensions of figured specimens:

Occurrence: Figured specimen (CPC 6326) from Kisila village, east of Josefstaal,
Lower Ramu-Atitau area, New Guinea (upper Miocene); figured specimens (CPC
6327 to 6329) the Nagam River, west of Periama village, Wewak subdistrict, Sepik
district, New Guinea (uppermost Miocene or Pliocene); other localities: 18, 21.

E. aculeata has been recorded as Uvigerina aculeata, only from the Pliocene;
it occurs also in Recent deposits.

EUUVlGERINA HISPIDA (Schwager, 1866)

(PI. 7, figs 14-16)

1866 Uvigerina hispida Schwager, p .. 249, pI. 7, fig. 95.
1929a Uvigerina hispida Schwager; Cushman, p. 95, pI. 13, fig. 35.
1941a Uvigerina hispida Schwager; LeRoy, p. 36, pI. I, figs 102-103.
1941b Uvigerina hispida Schwager; LeRoy, p. 82, pI. 2, fig. 15.
1956 Uvigerina hispida Schwager; White, p. 258, pI. 32, figs 2a-b.
1959 Uvigerina hisjJida Schwager; Chiji, p. 25, pI. 7, fig. 2.
1961 Uvigerina hispida Schwager; Bandy, p. 21, pI. 5, fig. 7.
1964· Uvigerina hispida Schwager; LeRoy, p. 34, pI. 4, figs 2-3.
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1·20
0·95

CPC 6330
CPC 6331

Material examined: 49 specimens.

E. hispida is abundant in the Papua-New Guinea material. All specimens
observed show the characteristic heavy hispid ornament; rare specimens have a
spine on the proloculus, but usually the base of the test is broadly rounded. Speci
mens range from short and broad to elongate and slender, and the observed variation
includes specimens of the type figured by LeRoy (1941b, pI. 15, fig. 16) as Uvigerina
asperula Czjzek; LeRoy noted that his specimens were questionably assigned to
this species.

The specimens are usually covered and largely infilled with matrix, and this
together with the thick wall and hispid ornament, has prevented close observation
of the pores; the wall is radiate in texture. Each chamber has a broadly folded
toothplate attached by the full length of the base to the lip of the septal foramen,
with the smooth free edge forming a curved narrow tooth in the aperture. The
nature of the toothplate places hispida in the genus Euuvigerina.

Dimensions of figured specimens: Length Maximum
Width
0·70
0·45

Occurrence: Figured specimens (CPC 6330 and 6331) from Upper Maipora
Creek, west of the Saw Mountains, Malalaua-Saw Mountains area, Papua (middle
Miocene); other localities: 5, 7a, 12f, 21, 38, 39.

E. hispida has been recorded as Uvigerina hispida, ranging from lower Miocene
(Burdigalian) to upper Miocene. The specimen figured by Brady (1884, pI. 75,
fig. 9) as Uvigerina asperula Czjzek var. auberiana d'Orbigny was referred to U.
hispida. Thalmann (1932, p. 307) referred this specimen to U. asperula Czjzek,
and was followed in this by Barker (1960). None of the present specimens have
spines as long as those on Brady's figured specimen.

Hispid specimens similar to those here referred to E. hispida are recorded from
New Zealand as Uvigerina notohispida Finlay, and from the Caribbean area as U.
rustica Cushman & Edwards.

EUUVIGERINA CRASSICOSTATA (Schwager, 1866)
(pI. 7, figs 17-20)

1866 Uvigerina crassicostata Schwager, p. 248, pI. 7, fig. 94.
1944b Uvigerina crassicostata Schwager; LeRoy, p. 86, pi. 2, fig. 7.
1949 Uvigerina crassicostata Schwager; Boomgaart, p. 117, pi. 12, fig. 8.
1950 Uvigerina crassicostata Schwager; Asano, pt 2, p. 15, figs 63-64.
1964 Uvigerina crassicostata Schwager; LeRoy, p. 35, pi. 4, fig. 1.

Material examined: 85 specimens.

E. crassicostata is abundant in several samples from Papua-New Guinea. The
specimens are ornamented by thin high costae, continuous over the sutures, with
the upper part of the last chamber smooth. The toothplate is typically euuvigerinid,
attached by the whole of the base to the lip of the septal foramen, with a curved
free edge forming a small tooth in the aperture. The test is finely perforate, but
the pore diameter has not been determined; the wall is radiate in texture.
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Dimensions of figured specimens:

CPC 6332
CPC 6333
CPC 6334

Length

1·01
0·68
0·96

Maximum
Width
0·68
0·50
0·58

Occurrence: Figured specimens (CPC 6332 and 6333) from 2t miles north~

north-west of the Olipai River-Lakekamu River junction, Papua (upper Miocene);
figured specimen (CPC 6334) from west of the wharf at the Roman Catholic Mission,
Island, Papua (lower Miocene, Burdigalian); other localities: 9c, 12f, 41.

E. crassicostata has been recorded as Uvigerina crassicostata, ranging from lower
Miocene (Burdigalian) to upper Miocene.

EUUVIGERINA FLINTI (Cushman, 1923)

(PI. 7, fig. 21-23)

1923 Uvigerina flintii Cushman, p. 165, pI. 42, fig. 13.
1949 Uvigerina flintii Cushman; Bermudez, p. 204, pI. 13, figs 31-32.
1951 Uvigerina flintii Cushman; Phleger & Parker, p. 18, pI. 8, figs 15-16.
1954 Uvigerina flintii Cushman; Parker, p. 520, pI. 8, fig. 2.
1956b Euuvigerina flintii (Cushman); Hofker, p. 80, pI. 9, figs 4-9.

0·49
0·49

CPC 6335
CPC 6336

Material examined: 83 specimens.

E. flinti was described from Recent material at 'Albatross' station D. 2641.
Specimens from this station are available and I am not able to distinguish between
them and specimens occurring abundantly in one area in Papua, The outline of
the test, the ornament, the chamber shape, the nature of sutures, and the thickened
rings around the apertural neck are identical in specimens from both areas. The
only feature that I have not observed in the Papuan specimens is the winglike exten
sion at the base of the toothplate, recorded by Hofker (1956b) in E. flinti from the
West Indies. This feature may not have survived in the fossil specimens, and at
this time its apparent absence is not taken to indicate the necessity for a new specific
name. Most Papuan specimens are costate throughout, but some specimens are
only faintly costate or smooth on the last one or two chambers; the same variation
is shown by Recent specimens from the Atlantic.

The similarity between the Papuan specimens and the Recent Atlantic specimens
may be due to homeomorphism. However, I cannot see any feature to separate
forms from the two areas, and at present refer the Papuan specimens to E. flinti.

Dimensions of figured specimens: Length Maximum
Width
0,32
0·31

Occurrence: Figured specimens (CPC 6335 and 6336) from the 'Tubu Silstone',
Tubu area, Papua (upper Miocene, locality 19); other locality: 'If.

Specimens here referred to E.flinti have been recorded as Uvigerina sp. 9, ranging
from lower Miocene (Burdigalian) to Pliocene.
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Remarks: LeRoy (1941a) figured as Uvigerina hantkeni Cushman & Edwards
specimens very similar to those here placed in jiinti. The holotype of hantkeni as
figured by Cushman & Edwards (1937) is more" coarsely costate than the present
specimens. Other species which resemble E. jiinti are Uvigerina finelineata Keijzer
(particularly as figured by Bermudez, 1949), U. laviculata Coryell & River, and
U. gemmaeformis Schwager. These species all lack the distinctive apertural rims
ofjiinti. Samaniego & Gonzales (1957) recorded Uvigerina hantkeni, the illustrations
showing what appear to be apertural rims. Specimens identical with those frotn
Papua-New Guinea occur also in a slide from 'Challenger' station 185, Raine Island,
Torres Strait, at 155 fathoms; the apertural rims are very strongly developed.

EUUVIGERINA SCHWAGERI (Brady, 1884)

(PI. 8, figs 1-;-5)

1884 Uvigerina schwageri Brady, p. 575, pi. 74, figs 8-10.
1941a Uvigerina schwageri Brady; LeRoy, p. 36, pi. 2, figs 73-74.
1941b Uvigerina schwageri Brady; LeRoy, p. 82, pI. I, figs 12,
1944b Uvigerina schwageri Brady; LeRoy, p. 86, pI. 2, fig. 6.
1949 Uvigerina schwageri Brady; Boomgaart, p. 120,pI. 12, fig. 11.
1950 Uvigerina schwageri Brady; Asano, pt 2, p. 17, figs 76-77.
1951b Euuvigerina aculeata (d'Orbigny), part; Hofker, p. 226, figs 153a-b, 154a-c (not figs 150-152).
1958 Uvigerina schwageri Brady; Asano, p. 38, pI. 6, figs 1-2.
1959 Uvigerina schwageri Brady; Chiji, p. 27, pi. 7, fig. 6.
1960 Uvigerina schwageri Brady; Barker, p. 154, pI. 74, figs 8-10.
1964 Uvigerina schwageri Brady; Ishiwada, pi. 5, fig. 80.

Maximum
Width
0·39
0·39

0·61
0·66

CPC 6337
CPC 6338

Material examined: 9 specimens.

E. schwageri occurs rarely in one sample. The costae are few, low, and rounded,
either extending the full length of the test, interrupted at the sutures, or occurring
on only one chamber. The toothplate is a curved structure attached to the lip of
the septal foramen by the full length of the base, and the free edge forms a small
tooth in the aperture. The pores have not been observed; the wall is radiate in
texture.

Most specimens have sharply pointed initial chambers, the proloculus in a
sectioned specimen being 33 microns in diameter. Three specimens have been
found with a larger globular proloculus, which in a sectioned specimen is 92 microns
in diameter. These two forms of the species probably represent the Al and A2

generations respectively. The shape of the test is the only difference between the
two forms, the ornament and toothplate being identical.

Dimensions of figured specimens: Length

Occurrence: Figured specimens (CPC 6337 and 6338) from a sample on the
sea-cliff, 250 yards north of the L.M.S. Mission, Delena, Papu~ (lower Miocene,
Burdigalian); found only in this sample.

E. schwageri has been recorded as Uvigerina schwageri, ranging from lower
Miocene (Burdigalian) to Pliocene; it also occurs in Recent deposits.
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Remarks: Hofker (1951b) regarded E. schwageri as the megalospheric generation
of E. aculeata, basing this conclusion on the similarity of the internal structure and
the fact that the two forms occurred together at many stations. He also stated
'types of aculeata are always microspheric, and those of typical schwageri always are
megalospheric'. However, there are some inconsistencies in Hofker's observations,
as three generations were recognized in essentially spinose specimens referred to
aculeata. In my opinion the differences between the A2 specimens referred by Hofker
to aculeata are too great to be attributed to intra-specific variation, and I consider
that the name schwageri should be retained for those specimens with strong low
rounded costae. There is no resemblance between the low strong costae of schwageri
and the thin high ridges occurring on some megalospheric specimens of aculeata.
Barker (1960) considered the association of aculeata and schwageri in the same sample
to be due to environment, and retained as a valid species. As can be seen from the
thin section of schwageri illustrated, at least two generations are present in the Papua
New Guinea material and there is no differepce in the ornament of the test.

EUUVIGERINA NITIDULA (Schwager, 1866)
(PI. 8, figs 6-8)

Length Maximum
Width

CPC 6341 0·87 0·46
CPC 6342 0·80 0'42

Occurrence: Figured specimens (CPC 6341 and 6342) from east of Karova
Creek, Kerema-Karova Creek area, Papua (middle Miocene); found only in this
sample.

E. nitidula has been recorded as Uvigerina nitidula, ranging from lower Miocene
(Burdigalian) to· upper Miocene.

1866 Uvigerina nitidula Schwager, p. 248, pI. 7, fig. 93.
1950 Uvigerina nitidula Schwager; Asano, pt 2, p. 16, figs 69-70.
1957 Uvigerina nitidula Schwager; Todd, p. 273 (tab.), pI. 73, fig. 6.

Material examined: 10 specimens.
Rare specimens from one sample are referred to nitidula: they have numerous

low rounded costae and agree well with the original description and figure and other
published figures. The toothplate has not been clearly observed, due to infilling
of the chambers, and the species is only tentatively referred to Euuvigerina; nitidula
appears to be related to species such as crassicostata and schwageri, which have typical
euuvigerinid toothplates. The wall of the test is radiate in texture; the pores have
not been observed.
Dimensions of figured specimens:

EUUVIGERINA REINERI sp.nov.
(PI. 8, figs 22-24)

Material examined: 24 specimens.
Diagnosis: An elongate species, megalospheric forms at first loosely triserial,

microspheric twisted triserial, both forms later approaching uniserial arrangement;
sutures narrow, distinct; ornamented by low fine costae; aperture central, with
neck and lip; each chamber with narrow curved toothplate.

82



Description: Test elongate, irregularly oval in end view; broadly rounded and
lobate in side view. Megalospheric forms common, with large globular proloculus,
test broadening only very slightly with growth. Microspheric forms very rare,
with sharply pointed initial chambers, broadening rapidly to greatest width about
midway along length, sides of test then parallel. Early chambers of megalospheric
forms arranged in loosely triserial coil, rate of coiling increasing in later growth
stages, last chambers of some specimens transitional to uniserial growth. Micro
spheric specimens with twisted triserial initial stage, chambers at first increasing only
slowly in size as added, then increasing rapidly in size and approaching uniserial
arrangement. Surface of test ornamented by numerous low fine costae only rarely
crossing sutures. Sutures narrow, distinct, depressed, curved, often sinuous. Test
wall finely and densely perforate, pore diameter not determined, radiate in texture.
Aperture central, with long neck and lip. Each chamber with narrow curved tooth
plate, partly attached at base to lip of septal foramen; free edge extending across
septal foramen, attached to previous toothplate and forming narrow curved tooth
in aperture.

Dimensions: Length Maximum
Width

Holotype 0·95 0·33
Paratype 0·73 0·31

Occurrence: Holotype (CPC 6343) and paratype (CPC 6344) from the Nagam
River, west of Periama village, Wewak subdistrict, Sepik district, New Guinea

. (uppermost Miocene or Pliocene); other locality: 23. Also found in a sample
from the Madang area, New Guinea, for which an exact locality is not known.

E. reineri sp.nov. has been recorded as Uvigerina sp. 12, occurring only in the
Pliocene.

Remarks: Both the holotype and paratype of E. reineri sp. novo are megalo
spheric specimens. It resembles Uvigerina schencki Asano, but does not have the
deeply incised sutures of this species, is more finely striate, and has larger initial
chambers, particularly in the megalospheric form. No specimens of Euuvigerina
reineri have been observed to develop fully uniserial chambers, as does the holotype
of Uvigerina schencki.

The toothplate of E. reineri differs from the normal euuvigerinid toothplate
in that part of the base extends across the septal foramen and is attached to the
previous toothplate. In its general form, a simple curved plate, it is nearer to the
euuvigerinid type than to any other described toothplate, and the generic name
Euuvigerina is therefore used. Although some specimens show a transitional stage
towards uniserial growth, no true uniserial chambers with transverse sutures have
been observed, and the species is therefore not referred to Rectuvigerina Mathews,
1945. However, some species such as Siphogenerina cos!SJstriata Galloway &
Heminway, and S. smithi Kleinpell, which have inclined sutures in the adult stages,
were placed by Mathews in Rectuvigerina. One distinction between Uvigerina and
Rectuvigerina given by Mathews, namely that Rectuvigerina has an internal siphon,
whereas Uvigerina does not, can no longer be maintained.
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This species is named for Dr E. Reiner, formerly of the Division of Land Re
search and Regional Survey, C.S.I.R.O., Canberra, Australia, who collected many of
the samples used in this study.

Genus RECTUVIGERINA Mathews, 1945

RECTUVIGERINA STRIATA (Schwager, 1866)

(PI. 9, figs 1-2)

1866 Dimorphina striata Schwager, p. 251, pI. 7, figs 2, 99.
1941a Siphogenerina striata (Schwager); LeRoy, p. 37, pI. 3, figs 88-89.
1945 Rectuvigerina striata (Schwager); Mathews, p. 597, pI. 81, figs 3-4.
1964 Rectuvigerina striata (Schwager); LeRoy, p. 35, pI. 3, fig. 8.

0·76
0·57

CPC 6345
CPC 6346

Material examined: 23 specimens.

Following Mathews (1945) the species striata Schwager is referred to the genus
Rectuvigerina. Microspheric specimens have a small triserial neanic stage, followed
by a brief biserial stage before the uniserial chambers; megalospheric specimens
have a large globular proloculus followed by one oblique chamber or one pair of
biserial chambers before the development of uniserial chambers. The test is finely
perforate and the wall is radiate in texture. The aperture has a distinct neck and
lip, and each chamber has a narrow toothplate similar to that of the genus Euavigerina.

Dimensions of figured specimens: Length Maximum
Width
0·22
0'18

Occurrence: Figured specimens (CPC 6345 and 6346) from the 'Murua Mud
stone', Yamuiti Creek, Malalaua-Saw Mountains area, Papua (upper Miocene,
locality 12c); other localities: 9c, 27, 30.

R. striata has been recorded as Siphogenerina striata, ranging from lower Miocene
(Burdigalian) to upper Miocene and occurring doubtfully in the Pliocene.

RECTUVIGERINA sp. A
(pI. 8, fig. 25)

Maximum
Width
0·351·16

Length

CPC 6347

Only two specimens of this form have been found.. The larger specimen (illus
trated) has a small apparently triserial initial stage followed by two biserial chambers
and four uniserial chambers. The smaller specimen has a large globular proloculus
followed by three biserial and three uniserial chambers. The early chambers have
a spinose ornament, which becomes costate on the later chambers, the costae broken
at the sutures and with spinose projections at the base. The sutures are deeply
depressed and the aperture has a long neck, broken in both specimens. The pores
and toothplate have not been examined.

Dimensions of figured specimen:
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Occurrence: Figured specimen (CPC 6347) from east of Karova Creek, Kerema
Karova Creek area, Papua (middle Miocene); other locality: 8a.

Rectuvigerina sp. A has been recorded as Uvigerina? sp. 13, ranging from lower
Miocene (Burdigalian) to upper Miocene.

Remarks: Rectuvigerina sp. A is very similar to Siphogenerina spinea Bermudez,
but from the illustration of the holotype of spinea given by Bermudez (1949) differs
in having fewer and stronger costae, and stronger spines on the early chambers.

Genus SIPHOGENERINA Schlumberger, 1883

S. costata Schlumberger is here accepted as the type species of the genus Sipho
generina, following Loeblich & Tappan· (1964a). Cushman (1913) designated
S. raphana (parker & Jones) as the type species, but later (1927c) noted that as this
species had not been included by Schlumberger at the time oferection ofSiphogenerina,
the type species should be designated as S. costata Schlumberger. However, it
was also noted that S. costata is apparently a synonym of S. raphana; this synonymy
was also proposed by Galloway (1933, p. 374). Mathews (1945) regarded S. costata
as a valid species and gave three criteria distinguishing between S. costata and S.
raphana. Bandy & Burnside (1951) considered S. glabra Schlumberger to be the
type species, on the grounds that this was the first species mentioned by Schlum
berger; however, Bandy (1952) recognized the validity of Cushman's designation of
S. costata as the type. In the same paper, Bandy discussed the features cited by
Mathews (1945) as distinguishing between S. costata and S. raphana and concluded
that they were not valid, placing S. costata in the synonymy of S. raphana.

Cushman (1927b, p. 69) described the chambers of Siphogenerina as typically
triserial in the early stages, then uniserial. Plummer (1931) and Hofker (1951b)
also considered that the initial chambers of Siphogenerina are triserial. Mathews
(1945) stated that the early chamber arrangement is biserial. Bandy & Burnside
(1951) reported a biserial to uniserial chamber arrangement in S. glabra, which
they then regarded as the type species,· but recognized that dimorphism occurred,
with some microspheric specimens having a small triserial early stage. Later,
Bandy (1952) observed both biserial and triserial initial chambers in specimens of
S. costata from Tahiti. Sigal (1952) regarded Siphogenerina as biserial to uniserial,
with the triserial stage brief ('rapide') or absent. Loeblich & Tappan (1964a) recog
nized both costata Schlumberger and raphana (parker & Jones) as valid species;
costata was stated to be triserial to uniserial in the microspheric form and was desig
nated the type species of Siphogenerina, but raphana was observed to be biserial to
uniserial in microspheric specimens, and was transferred to the genus Rectobolivina.

Most specimens of S. costata from Papua-New Guinea have a small triserial
initial stage; there are no true biserial chambers, but before uniserial chambers
are developed the coiling becomes looser and a biserial chamber arrangement is
approached. The same feature is shown by the specimen figured by Bandy (1952)
as S. raphana.
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SIPHOGENERINA COSTATA Schlumberger, 1883
(PI. 9, figs 3-4)

1883 Siphogenerina costata Schlumberger, p. 118, fig. B.

Material examined: 47 specimens.

S. costata has been found in two samples. Most specimens have a small triserial
initial stage, followed by uniserial adult chambers, but rare specimens are biserial
to uniseriaI. The ornament on both forms consists of low rounded continuous
costae, ranging from 8 to 14 in number. Loeblich & Tappan (I 964a p. C553) stated
that S. costata has 5 or 6 costae; however, the apertural view of the microspheric
specimen figured by Cushman (l942a) as S. raphana, reproduced by Loeblich &
Tappan (figure 449: 2b) as S. costata, shows at least 11 costae. The toothplate
is also the same for both microspheric and megalospheric specimens, a broad curved
plate with a small fold at each edge, successive toothplates in the uniserial chambers
twisted through an angle of 180 degrees. The test is finely perforate and the wall
is radiate in texture.

Dimensions of figured specimens:

CPC 6348
CPC 6349

Length

1·00
0·88

Maximum
Width
0·28
0·28

Occurrence: Figured specimens (CPC 6348 and 6349) from Forsayth Plantation,
Mushu Island, Sepik district, New Guinea (Pliocene); found also in a sample from
the Madang area, New Guinea, for which an exact locality is not known.

S. costata has been recorded as S. raphana, ranging from lower Miocene (Burdi
galian) to Pliocene; it also occurs in Recent deposits.

Genus SIPHOUVIGERINA Parr, 1950

SIPHOUVIGERINA INTERRUPTA (Brady, 1879)
(PI. 8, figs 9-11)

1879 Uvigerina interrupta Brady, p. 60, pI. 8, figs 17-18.
1884 Uvigerina interrupta Brady; Brady, p. 580, pI. 75, figs 12-14.
1951b Neouvigerina interrupta (Brady); Rofker, p. 213, figs 139a-d.
1960 Neouvigerina interrupta (Brady); Barker, p. 156, pI. 75, figs 12-14.

Material examined: 25 specimens.

Specimens of S. interrupta occur in two samples. The specimens are small,
with a fine hispid ornament, and do not develop completely separated chambers
as in the specimens figured by Brady (1884); they closely resemble the specimens
figured by Hofker (195Ib). Hofker noted that interruption of the chambers is not
very prominent in the A-forms. The test is finely perforate, but the pore diameter
has not been determined; the wall is radiate in texture. The toothplate is difficult
to observe, as the lip of the septal foramen extends almost to the base of the aperture.
It is a narrow plate with a small part of the base not attached to the septal forame.n.
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Dimensions 0/ figured specimens:

CPC 6350
CPC 6351
CPC 6352

Length

0·47
0·43
0·39

Maximum
Width
0·18
0'16
0·15

Occurrence: Figured specimens (CPC 6350 to 6352) from the 'Tubu Siltstone',
Tubu area, Papua (upper Miocene); figured specimen 1 from locality Id, figured
specimens 2 and 3 from locality la. Found only in these two samples.

S. interrupta has been recorded as Uvigerina interrupta, from the middle and
upper Miocene, with a similar form recorded from the lower Miocene (Burdigalian);
it also occurs in Recent deposits.

SIPHOUVIGERINA PROBOSCIDEA (Schwager, 1866)

(PI. 8, figs 12-18)

1866 Uvigerina proboscidea Schwager, p. 250, pI. 7, fig. 96.
1942a Uvigerina proboscidea Schwager; Cushman, p. 49, pI. 14, figs la-b, 2a-b, 3a-b, 4. (Syn-

onymy).
1944b Uvigerina proboscidea Schwager; LeRoy, p. 86, pI. 2, fig. 5.
1945 Uvigerina proboscidea Schwager; Cushman & Todd, p. 50, pI. 7, figs 28a-b.
1949 Uvigerina proboscidea Schwager; Bermudez, p.' 209, pI. 13, fig. 45.
1950 Uvigerina proboscidea Schwager; Asano, pt 2, p. 16, fig. 73.
1953 Uvigerina proboscidea Schwager; Drooger, p. 136, pl. 21, fig. 28.
1953 Uvigerina proboscidea Schwager; Bandy, p. 177, pl. 25, figs lla-b.
1954 Uvigerina proboscidea Schwager; Cushman, Todd, & Post, p. 355, pl. 88, fig. 18.
1957 Uvigerina proboscidea Schwager; Todd, p. 278 (tab.), pI. 76, fig. 1.
1958 Uvigerina proboscidea Schwager; Asano, p. 25, pI. 6, figs 14-16.
1959 Uvigerina proboscidea Schwager; Chiji, p. 26, pl. 7, fig. 5.

Material examined: 142 specimens.

S. proboscidea is abundant in the Papua-New Guinea samples. The initial
chambers range from rounded to sharply pointed and many specimens of both
types have a single basal spine. Some specimens are also attenuated in later growth
stages, the coiling becoming loose and the last chambers smaller than previous
chambers. The ornament of specimens referred to proboscidea varies widely, from
strongly hispid to weakly hispid, with smooth last chambers; the variation is shown
by the figured specimens. The full variation has not been observed on specimens
from the same sample. However, it does occur on specimens from different samples
in the same general area, and may reflect some unknown environmental influence.
Considering the variation attributed to Uvigerinajuncea Cushman & Todd by Dchio
(1960), no attempt is made here to separate the present specimens on the basis of
ornamental difference. The test is finely perforate, but the pore diameter has not
been determined. The toothplate is the same in both strongly hispid and weakly
hispid specimens, and is of t1?-e form described by Hofker (1951b) for the genus
Neouvigerina, with part of the base free from the upper edge of the septal foramen.
The attachment of the toothplate extends below the lip of the septal foramen. Loe
blich & Tappan (1964a) placed Neouvigerina in the synonymy of Siphouvigerina.
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Dimensions of figured specimens:

CPC 6353
CPC 6354
CPC 6355
CPC 6356
CPC 6357

Length

0·84
0·70
0·64
0·60
0·52

Maximum
Width
0·32
0·28
0·24
0·29
0·29

Occurrence: Figured specimens (CPC 6353 to 6355) from Kisila village, east
of Josefstaal, Lower Ramu-Atitau area, New Guinea (upper Miocene); figured
specimens (CPC 6356 and 6357) from 2t miles north-north-west of the Olipai-Lake
kamu river junction, Papua (upper Miocene); other localities: 4, 72, '9c, 12f, 21,
23, 25, 32, 38, 40.

S. proboscidea has been recorded as Uvigerina proboscidea, ranging from lower
Miocene (Burdigalian) to Pliocene; it occurs also in Recent deposits.

SIPHOUVIGERINA (?) sp. cf. S. (?) UNISERIALIS (LeRoy, 1944)
(PI. 8, figs 19-21)

cl 19440 Uvigerina uniseria/is LeRoy, p. 32, pI. 8, fig. 43.

Maximum
Width
O' 18
0·17

0·52
0·43

CPC 6358
CPC 6359

Material examined: 3 specimens.

Very rare specimens tentatively referred to S.? uniserialis occur in one sample.
They are costateon the lower part of the test, with the upper chambers smooth and
tending to become uniseriaI. The figure given by LeRoy shows a somewhat 'under
cut' margin to the early chambers, not shown by the present specimens, which also
have higher chambers than the holotype of S.? uniserialis. Insufficient specimens
are available to permit investigation of the pores or toothplate, and the generic name
Siphouvigerina is therefore used only provisionally.

Dimensions of figured specimens: Length

Occurrence: Figured specimens (CPC 6358 and 6359) from the Nagam River,
west of Periama village, Wewak subdistrict, Sepik district, New Guinea (uppermost
Miocene or Pliocene); found only in this sample.

Specimens of the type here provisionally referred to the species uniserialis have
not been recorded previously from Papua-New Guinea.

Genus TRIFARINA Cushman, 1923

TRIFARINA BRADYI Cushman, 1923
(PI. 9, figs 16-17)

1884 Rhahdogonium tricarinatum Brady, p. 525, pI. 67, figs 1-3 (not of d'Orbigny).
1923 Trifarina bradyi Cushrnan, p. 99, pI. 22, figs 3a-b, 4a-b, 5-8, 9a-b.
1929a Trifarina bradyi Cushrnan; Cushrnan, p. 96, pI. 13, fig. 39.
1941a Trifarina bradyi Cushman; LeRoy, p. 82, pI. 2, fig. 24.
1941b Trifarina bradyi Cushrnan; LeRoy, p. 82, pI. 2, fig. 24.
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1942 Tri/arina bradyi Cushman; Cushman, p. 59, pI. 15, figs Ba-b. (Synonymy).
1945 Tri/arina bradyi Cushman; Cushman & Stainforth, p. 50, pI. 8, fig. 4.
1948 Tri/arina bradyi Cushman; Renz, p. 172, pI. 7, fig. 33.
1949 Tri/arina bradyi Cushman; Bermudez, p. 225, pI. 13, fig. 75.
1951 Tri/arina bradyi Cushman; Phleger & Parker, p. 18, pI. 8, figs 10-11.
1951b Angulogerina (Tri/arina) tricarinata Hofker, p. 196, figs 127a-b, 128a-b, 129a-c, 130a-k.

(Not of d'Orbigny).
1954 Tri/arina bradyi Cushman; Cushman, Todd, & Post, p. 356, pI. 88, fig. 21.
1954 Tri/arina bradyi Cushman; Parker, p. 522, pI. 8, fig. 9.
1958 Tri/arina bradyi Cushman; Batjes, p. 136, pI. 5, figs 18a-b.
1958 Tri/arina bradyi Cushman; Asano, p. 40, pI. 7, figs 7-8. (Synonymy).
1959 Tri/arina bradyi Cushman; Graham & Militante, p. 88, pI. 13, figs lOa-b.

. 1959 Tri/arina bradyi Cushman; Dieci, p. 75, pI. 6, fig. 16.
1964 Tri/arina bradyi Cushman; LeRoy, p. 35, pI. 3, figs 17-18.

Material examined: 48 specimens.

T. bradyi occurs at several localities. The only variation noted is in the number
of uniserial chambers developed. Most specimens have only one or two uniserial
chambers, but some elongate specimens have as many as five.

Dimensions of figured specimens: Length Maximum
Width

CPC 6360 0·44 0·14
CPC 6361 0,38 0·15

Occurrence: Figured specimens (CPC 6360 and 6361) from Karova Creek,
Kerema-Karova Creek area, Papua (middle Miocene); other localities: If, Ig, 9c,
12f, l3a, 21, 27, 29, 36,40.

T. bradyi is recorded from lower Miocene (Burdigalian) to Pliocene; it also
occurs in Recent deposits.

Superfamily DISCORBACEA Ehrenberg, 1838

Family DISCORBIDAE Ehrenberg, 1838

Subfamily DISCORBINAE Ehrenberg, 1838

Genus DISCORBINELLA Cushman & Martin, 1935

The species Rosalina bertheloti d'Orbigny, here referred to Discorbinella, has
also been placed in the genera Discorbina, Discorbis, Discopulvinulina, and Hanzawaia.
Rosalina bertheloti was designated the type species of the genus Discopulvinulina by
Hofker (1951a, b); this genus has been regarded as a synonym of Rosalina by many
authors, as HOfker also referred species of Rosalina to Discopulvinulina, including
the type species Rosalina globularis d'Orbigny (see Hofker, (1951b, 1956b). How
ever, the group of species for which Rosalina bertheloti is the type is morphologically
distinct from species of Rosalina. A strong case for the suppression of Discopulvinul
ina in favour of Hanzawaia was given by Hofker (1955), who discussed the signifi
cance of the degree of overlap of the chambers for generic determination, and
suggested that genera be established without regard to the degree of overlap. This
seems reasonable in view of the observed specific variation of this feature. Sections
through two species referred to Discopulvinulina were figured by Hofker (1951a),
one with involute and one with evolute chambers; it is obvious from these that differ
ing chamber overlap has no effect on the organization of the test.
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Loeblich & Tappan (l964a) have now defined Hanzawaia as a granular genus,
thus excluding from it radiate species such as Rosalina bertheloti. Discopulvinulina
is placed by these authors in the synonymy of Discorbinella. Hanzawaia and Dis
corbinella are very similar in external morphology, and examination of the wall
texture would be necessary to assign species definitely to one or the other genus.

DISCORBINELLA BERTHELOTI (d'Orbigny, 1839)
(PI. 12, figs 15-22; text-fig. 8: 1-2; text-fig 9: 1-2)

1839a Rosalilla bertheloti d'Orbigny, p. 135, pI. I, figs 28-30.
1884 Discorbina bertheloti d'Orbigny, sp. (part); Brady, p. 650, pI. 89, figs 11-12 (not figs 10a--c).
1931 Discorbis bertheloti (d'Orbigny); Cushman, p. 16, pI. 3, figs 2a--c. (Synonymy).
1951 Discorbis bertheloti (d'Orbigny); Phleger & Parker, p. 20, pI. 10, figs 1a-b, 2a-b.
1954 Rosalina bertheloti d'Orbigny; Parker, p. 523, pI. 8, figs 22-23.
1956b Discopulvillulina bertheloti (d'Orbigny); Hofker, p. 184, pI. 27, figs 22-25; pI. 28, fig. l.
1957 Discorbis bertheloti (d'Orbigny); Agip Mineraria, pI. 38, fig. 7.
1960 Discopulvillulilla bertheloti (d'Orbigny); Barker, p. 184, pI. 89, figs 11-12.
1961 Discopulvillulilla bertheloti (d'Orbigny); Hornibrook, p. 106, pI. 14, fig. 286.
1961 Hallzawaia bertheloti (d'Orbigny); Bandy, p. 21, pI. 3, figs 10a--c.

Material examined: 51 specimens.

Specimens of D. bertheloti occur abundantly in one sample. The dorsal and
ventral chamber walls are finely and densely perforate, the pore diameter being
1.6 to 2 microns. All chambers on the dorsal side are perforate, but on the ventral
side there is considerable variation in pore distribution. Pores may occur on all
the ventral chambers, or the early chambers of the last whorl may be imperforate,
pores then appearing at the umbilical area and on later chambers spreading over the
entire ventral wall. Recent specimens examined show the same variation in pore
distribution, but some also have a small imperforate area near the aperture, a feature
not shown by the Papua-New Guinea specimens.

Published figures of specimens referred to D. bertheloti show considerable
variation in the involution of the chambers on the more convex surface, here regarded
as ventral. The holotype, as figured by d'Orbigny (l839c) and reproduced by Cush
man (1931), is strongly involute on both sides of the test. Phleger & Parker (1951)
figured two specimens, one strongly involute ventrallY' the other with the later cham
bers becoming evolute. Hornibrook (1961) figured a specimen with involute ventral
chambers. The specimens figured by Cushman (l948a, 1949) and by Hofker (l956b;
1960) are strongly evolute on the ventral side (regarded by both those authors as
the dorsal side). Brady (1884), discussing D. bertheloti, stated' ... the more distinctly
spiral face is flat or nearly so; the reverse side convex'. This is borne out by the
present specimens, in which the chambers on the convex ventral side are wholly
involute and on the flat to slightly concave dorsal side strongly involute. They
are identical with Recent specimens of bertheloti from 'Goldseeker' haul 135, station
9, 61 0 34' N., 02 0 04' E., at 370 metres. The aperturallips on the dorsal side of the
Papua"New Guinea specimens are well developed on younger chambers, with the
aperture along their inner margin. A sharp angle occurs at the proximal margin
of each lip, at the point where it meets the suture, but no open protoforamen such
as is figured by Hofker (l956b, pI. 28, fig. 1) has been observed. The wall is radiate
in texture and the septal walls are single. Hofker (l956b, pI. 27, fig. 23) illustrated
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0·24
0·25
0·18

HeightMaximum
Diameter

0·70
0·62
0·55

CPC 6362
CPC 6363
CPC 6364

a reduced toothplate in D. bertheloti, but this feature has not been observed. The
chamber wall is slightly indented at the proximal margin of the aperture but it has
no connexion with the septal foramen.

The aperture of D. bertheloti is here considered to be dorsal. Text-figure 8
shows camera-lucida drawings of two of the the vertical sections used in determining
the apex of the coil.

Dimensions of figured specimens:

Occurrence: Figured specimens (CPC 6362 to 6364) from the Nagam River,
west of Periama village, Wewak subdistrict, Sepik district, New Guinea (uppermost
Miocene or Pliocene); found only in this sample.

D. bertheloti has been recorded as Cibicides bertheloti, occurring doubtfully
in the middle Miocene and in the upper Miocene; it also occurs in Recent deposits.

1
2

TEXT-FIGURE 8
Discorbinella bertheloti (d'Orbigny), 'vertical sections to determine the dorsal side of the text.

1. 'Goldseeker' haul 135, station 9, 61° 34' N., or 04' E., at 370 metres. 2. Locality 27.

DISCORBlNELLA SUBBERTHELOTI (Cushman, 1924)
(PI. 13, figs 1-5)

1884 Discorbina bertheloti d'Orbigny, sp. (part); Brady, p. 650, pI. 89, figs 10a--<: (not figs 11-12).
1915 Discorbis bertheloti Cushman, p. 20, pI. 7, figs 3a--<: (not of d'Orbigny).
1921 Discorbis bertheloti Cushman, p. 305, pI. 59, figs 1a--<: (not of d'Orbigny).
1924 Discorbis sllbbertheloti Cushman, p. 33, pI. 10, fig. 1.
1960 Discoplllvinlllina sllbbertheloti (Cushman); Barker, p. 184, pI. 89, figs 10a--<:.

Material examined: 13 specimens.
.As stated by Barker (1960), D. subbertheloti is very close to D. bertheloti (d'Or

bigny). Specimens here referred to D. subbertheloti occur in only one sample;
they are more compressed than specimens of bertheloti, are more evolute on the ventral
side, and have 5 to 6 chambers in the last whorl. The pores are fine, the pore
diameter being 2 to 3 microns on the dorsal side and about 2 microns on the ventral
side. The ventral chamber wall is more densely perforate than that of D. bertheloti,
but on the dorsal side bertheloti is the more densely perforate. The wall is radiate
in texture and the septal walls are single; no indication of an internal structure has
been observed.
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Dimensions of figured specimens:

CPC 6367
CPC 6368

Maximum
Diameter

0·44
0·36

Height

0'13
0'10

Occurrence: Figured specimens (CPC 6367 and 6368) from a creek north of
Ibab village, Wewak subdistrict, Sepik district, New Guinea (Pliocene); found
only in this sample.

D. subbertheloti is not known to have been recorded previously from Papua
New Guinea.

Genus LATICARININA Galloway & Wissle~, 1927

LATICARININA PAUPERATA (parker & Jones, 1865)

(pI. 14, figs 9-13)

1865 Pulvinulina repanda, var. menardii, subvar. pauperata Parker & Jones, p. 395, pI. 16, figs
50-51.

1884 Pulvinulina pauperata Parker and Jones; Brady, p. 696, pI. 104, figs 3-11.
1915 Pulvinulina pauperata Parker and Jones; Cushman, p. 61, text-figs 58a-b; pI. 23, figs 2-3.
1921 Pulvinulina pauperata Parker and Jones; Cushman, p. 340, pI. 68, fig. 2.
1927d Pellatispira pauperata (parker and Jones); Cushman, p. 176, pI. 6, fig. 13. .
1931 Laticarininapauperata (parker and Jones); Cushman, p. 114, pI. 20, figs 4a--<:; pI. 21, figs

1a--<:. (Synonymy). .
1940 Laticarinina pauperata (Parker and Jones); Coryell & Rivero, p. 333, pI. 42, fig. 33.
1941 Laticarinina pauperata (parker and Jones); Cushman & Todd, p. 103, pI. 24, figs lOa-b,

lla-b, 12a-b.
1941a Laticarinina pauperata(parker and Jones); LeRoy, p. 46, pI. 2, figs 18-19.
1941b Laticarinina pauperata (Parker and Jones); LeRoy, p. 88, pI. 6, figs 30-31.
1942a Laticarinina pauperata (parker and Jones); Cushman & Todd, p. 15, pI. 4, figs 1-3, 4a--<:,

5-6. (Synonymy).
1951b Laticarinina pauperata (parker and Jones); Hofker, p. 408, figs 283a--<:, 284a--<:, 285b.
1951 Laticarinina pauperata (parker and Jones); Phleger & Parker, p. 32, pI. 18, fig. 3.
1952 Laticarinina pauperata (Parker and Jones); Bermudez, p. 93, pI. 16, figs 7a--<:.
1954 Laticarinina pauperata (Parker and Jones); Parker, p. 540, pI. 12, fig. 3.
1957 Laticarinina pauperata (parker and Jones); Todd, p. 279 (tab.)" pI. 80, fig. 5.
1964 Laticarinina pauperata (Parker and Jones); LeRoy, p. 44, pI. 9, fig. 25.
1964 Laticarinina pauperata (Parker & Jones); Parker, p. 262, pI. 100, fig. 30.

Material examined: 34 specimens.

L. pauperata, a widely distributed species, occurs rarely in numerous samples.
Finlay (1940), from an examination of topotype and other material, concluded that
pauperata is a synonym of halophora Stache (see Cristellaria (Robulina) halophora
Stache, 1865). Bandy (1963) believed that the species of Stache and of Parker &
Jones belong to different genera, as Stache's original figure shows a robuline aperture;
this has been confirmed by Hornibrook (1963), who from a study of the original
material referred halophora Stache to the genus Planularia.

The chambers of Laticarinina are divided into two unequal lobes by the broad
thin keel which extends through the proximal part of each chamber. As pointed
out by Hofker, this keel is formed before the chamber in which it occurs; on complete
specimens the marginal keel extends forward beyond the distal margin of the final
chamber. Thin sections show that the keel has two layers of shell material, and it
is here regarded as a tightly folded part of the lamina forming each chamber. I
believe Cushman & Todd (1941) to have been correct in regarding the plate as a
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(including

keel)
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0·80

CPC 6369
CPC 6370

continuation of the keel, rather than Hofker (l951b), who interpreted it as a tooth
plate forming a keel at the margin. Each chamber is built around the marginal
keel, and at the same time the forward extension of the keel, which will divide the
next chamber, is formed. The keel itself sometimes shows the line of junction be
tween successive laminae; this feature is well shown on the specimen illustrated by
Phleger & Parker (l951).

All specimens of L. pauperata from Papua-New Guinea have a small rounded
peripheral aperture on the dorsal side of the keel, which forms the septal foramen.
An elongate narrow aperture also occurs on the ventral side, along the inner and
proXimal borders of the chambers. The ventral aperture is not always clearly
visible and has not been observed on some specimens. Subsequent shell laminae
cover the ventral apertures, which are then visible as elongate backwardly directed
extensions of the inner ventral margins of the chambers. The test is very finely
perforate, but the pore diameter has not been determined; the wall is radiate in
texture. The septal walls appear to be single.

Dimensions of figured specimens:

Occurrence: Figured specimen (CPC 6369) from two miles east of Josefstaa1,
Lower Ramu-Atitau area, New Guinea (upper Miocene); figured specimen (CPC
6370) from west of Yangoru, Maprik subdistrict, Sepik district, New Guinea (upper
Miocene); other localities: 7a, 18, 21, 40, 42.

, L. pauperata is recorded from lower Miocene (Burdigalian) to Pliocene; it
also occurs in Recent deposits.

Genus PARVICARININA Finlay, 1940

Loeblich & Tappan (l964a) placed Parvicarinina in the synonymy of Lati
carinina, but it is here recognized as a distinct genus. The apertural characteristics of
Laticarinina and Parvicarinina are the same, but Laticarinina is more loosely coiled,
with a much more strongly developed peripheral keel, which divides each chamber.
In Parvicarinina altocamerata from Papua-New Guinea, the narrow peripheral keel
is curved toward the dorsal side, forming a distinct channel.

PARVICARININA ALTOCAMERATA (Heron-Allen & Earland, 1922)

(pI. 14, figs 14-16)

1884 Truncatulina tenuimargo Brady, part, p. 662, pt 93, figs 2a-c (not fig. 3).
1922 Truncatulina tenuimargo var. altocamerata Heron-Allen & Earland, p. 209, pt 7, figs 24-27.
1940 Parvicarinina altocamerata (Heron-Allen and Earland); Finlay, p. 467, pt 62, figs 30-34.
1960 Parvicarinina altocamerata (Heron-Allen and Earland); Barker, p. 192, pI. 93, figs 2a-c,
1961 Parvicarinina altocamerata (Heron-Allen and Earland); Hornibrook, p. 118, pt 14, figs 296.

299, 301-302, 305.
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Material examined: 15 specimens.

P. altocamerata occurs rarely in several samples. The apertural characteristics
are the same as those of Laticarinina pauperata, with a small rounded interiomarginal
aperture at the periphery or slightly toward the dorsal side, and ventral apertures
at the inner and proximal margins of the chambers. As noted by Hornibrook (1961),
the size of the peripheral flange of altocamerata varies considerably, but it is very
much reduced compared to the keel in Laticarinina. In altocamerata the keel is
curved toward the dorsal side, forming a distinct channel around the periphery
of the test. The ventral surface varies from flat to concave; the height of the
chambers on the dorsal side is variable, with the upper surface usually rounded.
Specimens from one locality (30) have very high pointed dorsal chambers. The
test is very finely perforate, but the pore diameter has not been determined. The
wall is radiate in texture and the septal walls are single.

Dimensions of figured specimen: Maximum Height
Diameter

CPC 6372 0·41 0·15

Occurrence: Figured specimen (CPC 6372) from the Nagam River, west of
Periama village, Wewak subdistrict, Sepik district, New Guinea (uppermost Miocene
or Pliocene); other localities: 7a, 21, 30, 40.

P. altocamerata is recorded from the middle and upper Miocene; it also occurs
in Recent deposits.

Genus ROSALINA d'Orbigny, 1826

ROSALINA PONTICULUS sp.nov.

(PI. 13, figs 12-16; text fig. 9:3)

Material examined: 33 specimens.

Diagnosis: A trochoid species with rounded periphery; dorsal surface convex,
ventral surface flat or concave; umbilicus wide, open; chambers in 2 to 2-!- whorls,
last chamber forming one-half of test; three chambers visible from ventral side;
aperture interiomarginal; well-developed toothplate.

Description: Test trochoid, oval in outline, periphery slightly lobate in side
view, rounded in edge view; dorsal surface convex, ventral surface flat or concave.
Umbilicus wide and open, umbilical margin of early chambers often thickened and
ornamented with pustules of imperforate shell material. Chambers arranged in
2 to 2-!- whorls, at first increasing slowly in size, in last whorl increasing very rapidly
in size and strongly overlapping, last chamber forming one-half of test; all chambers
visible from dorsal side, three from ventral side. Dorsal surface densely perforate,
pore diameter 3 to 4 microns, no pores observed on ventral surface. Wall radiate
in texture, septal walls single. Aperture interiomarginal, opening into umbilicus,
with distinct indentation (protoforamen) at proximal margin, associated with well
developed toothplate attached to previous whorl, at distal margin with small extension
over septal foramen.
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Dimensions: Maximum Height
Diameter

Holotype 0·44 0·18
Paratype O· 36 0·16

Occurrence: Holotype (CPC 6373) and paratype (CPC 6374) from the road
cutting at the new residence, north of the aerodrome, Madang, New Guinea (Plio
cene); known only from this sample.

Rosalina ponticulus sp.nov. has been recorded as Discorbis globularis (d'Orbigny),
ranging from lower Miocene (Burdigalian) to Pliocene~

Remarks: The indentation at the proximal margin of the aperture of R. ponti
culus sp.nov. is caused by infolding of the apertural face. This fold is attached
to the ventral surface of the previous chamber and forms a wall closing off the proxi
mal half of the chamber from the umbilicus. The toothplate appears to be formed
by two distinct units. A small thin fragile plate extending from the distal margin
of the internal fold forms a bridge across the septal foramen; it appears to be attached'
to the main toothplate rather than forming part of it.

R.ponticulus sp.nov. is similar to the Recent Pacific species R. bradyi (Cushman)
in the outline of the test and the apertural characteristics; ponticulus has only three
chambers visible from the ventral side as against four to five for bradyi. R. bradyi

1 2

3 4

1-2 CPC 6366

3 CPC 6375

4 CPC 6376

TEXT-FIGURE 9

Discorbinella bertheloti (d'Orbigny), locality 27. 1, dorsal view showing apertural
lips; 2, internal view.

Rosalina ponticulus, sp.nov., locality 17. Internal structure, showing the small
extension over the septal foramen.

Rosalina bradyi (Cushman), Recent, Lord Howe Island. Internal structure.
The scale represents O· 25 mm.
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lacks the thin plate forming the bridge across the septal foramen, is more coarsely
perforate on the dorsal side, with a pore diameter of 6 microns, and develops fine
pores on the ventral side, at least on the last chamber. .

The specific name is the Latin ponticulus, diminutive of pons, pontis, bridge,
referring to the extension of the internal structure over the septal foramen.

• Subfamily BAGGININAE Cushman, 1927

Genus BAGGINA Cushman, 1926

BAGGINA INDICA (Cushman, 1921)

(PI. 15, figs 10-14)

1884 Pulvinulina hauerii, part Brady, p. 690, pI. 106, figs 6a--<: (not fig. 7). (Not of d'Orbigny).
1921 Pulvinulina indica Cushman, p. 332. (Synonymy).
1942b Cancris indicus (Cushman); Cushman & Todd, p. 91, pI. 23, figs 7a--<:; pI. 24, figs la--<:,

2a--<:.
1951 Cancris indicus (Cushman); Asano, pt 14, cp. 20, figs 146-147.
1959 Baggina indica (Cushman); Graham & Mihtante, p. 91, pI. 13, figs 17a--<:. (Synonymy).
1960 Cancris indicus (Cushman); Barker, p. 218, pI. 106, figs 6a--<:.

perforate,
The wall

0·31
0·35

Height

CPC 6377
CPC 6378

Material examined: 23 specimens.

B. indica occurs frequently in several samples. The test is densely
the pore diameter being 2 microns on both the dorsal and ventral sides.
is radiate in texture and the septal walls are single.

Dimensions of figured specimens: Maximum
Diameter

0·54
0·52

Occurrence: Figured specimens (CPC 6377 and 6378) from the sea cliff, 250
yards north of the L.M.S. Mission, Delena, Papua (lower Miocene, Burdigalian);
otherlocalities: Id, 27, 28, 36.

B. indica is recorded from high in the lower Miocene (Burdigalian) to the Plio
cene; it also occurs in Recent deposits.

Genus CANCRIS de Montfort, 1808

CANCRIS AURICULUS (Fichtel & Moll, 1798)

(PI. 15, figs 1-5)

1798 Nautilus auricula Fiehtel & Moll, var. 2, p. 108, pI. 20, figs a--<:; var. 3, p. 110, pt 20, figs d-f.
1921 Pulvinulina auricula (Fiehtel and Moll); Cushman, p. 329, pI. 69, figs 3a--<:.
1927d Cancris auricula (Fiehtel and Moll); Cushman, p. 164, pt 5, fig. 10,
1941c Cancris auriculus (Fiehtel and Moll); LeRoy, p. 117, pI. 3, 'figs. 7-9, 16-18.
1942b Cancris auriculus (Fiehtel and Moll); Cushman & Todd, p. 74, pI. 18, figs la-b, 2a-b,

3a--<:, 4a--<:, 5a--<:, 6a--<:, 7a--<:, 8a--<:, 9a-b, 10a--<:, l1a--<:; pI. 23, figs 6a--<:.
19440 Cancris auriculus (Fiehtel and Moll); LeRoy, p. 36, pI. 3, figs 4-9.
1956 Cancris auricula (Fiehtel and Moll); Bhatia, p. 23, pI. 5, figs 5a-b.
1957 Cancris auriculus (Fiehtel and Moll); Agip Mineraria, pI. 42, fig. 4.
1958 Cancris auriculus (Fiehtel and Moll); Batjes, p. 148, pI. 10, figs 3a--<:.
1959 Cancris auriculus (Fiehtel and Moll); Graham & Militante, p. 91, pI. 13, figs 18a-b.

(Synonymy).
1961 Cancris auricula (Fichtel and Moll); Bandy, p. 21, pI. 3, figs 6a--<:.
1964 Cancris auriculus (Fiehtel and Moll); LeRoy, p. 39, pI. 6, figs 23-24.
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Material examined: 29 specimens.

There has been some confusion between C. auriculus and C. oblongus (William
son) but the references given in the synonymy show the variation of the form which
has come to be accepted as true C. auriculus. Cushman (1931) placed oblongus
in the synonymy of auriculus, but Cushman & Todd (1942b) recognized oblongus
as a valid species and placed auriculus of Cushman (1931) in synonymy. C.oblongus
as figured by Cushman & Todd (1942b) has a narrow, elongate, somewhat oblong
outline in side view, but in edge view resembles figures of C. auriculus. Barker
(1960) considered that there is a possibility that the two forms figured by Brady
(1884) represent two species rather than extremes in variability of C. oblongus.

The test of C. auriculus is densely perforate on both the dorsal and ventral
sides. On the dorsal side the pores appear to be irregular in outline, and the diameter
ranges from 2 to 6 microns; on the ventral side they are circular with a diameter
of about 2 microns. The wall is radiate in texture and the septal walls are single.

Dimensions of figured specimens:

CPC 6379
CPC 6380

Maximum
Diameter

0·52
0·49

Height

0·18
0·17

Occurrence: Figured specimens (CPC 6379 and 6380) from the road cutting
at the new residence, north of aerodrome, Madang, New Guinea (pliocene); other
locality: Id.

C. auriculus has been recorded from lower Miocene (Burdigalian) to Pliocene;
it also occurs in Recent deposits.

CANCRIS BODJONGENSIS (LeRoy, 1941)

(PI. 15, figs 6-9)

1921 Pulvinulina scabra Cushman, p. 330, pI. 58, figs 3a-b (not of Brady).
1941c Discorbis bodjongensis LeRoy, p. 116, pI. 1, figs 9-11.
1941b Discorbis bodjongensis LeRoy; LeRoy, p. 82, pI. 3, figs 13-15.

Material examined: 26 specimens.

The present specimens agree well with the description given by LeRoy (1941c);
a distinct, clear imperforate area is present on the lower part of the apertural face,
the test is compressed, and the periphery is marked by an imperforate keel. A
small lip extends over the umbilicus. This species cannot be referred to Discorbis,
but shows the characteristic features of Cancris and is therefore placed in that genus.

The test, except for the imperforate area of the apertural face, is densely per
forate, the pore diameter on the dorsal side ranging from 4 to 7 microns, and on the
ventral side from 2 to 4 microns. The wall is radiate in texture and the septal walls
are single. LeRoy (1941c) noted the resemblance between C. bodjongensis and the
specimen figured by Cushman (1921) as Pulvinulina scabra Brady, which is here
placed in the synonymy of bodjongensis.
9S044-{S)
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Dimensions of figured specimens:

CPC 6381
CPC 6382

Maximum
Diameter

0·47
0·43

Height

0·18
0·18

Occurrence: Figured specimens (CPC 6381 and 6382) from the 'Vaiviri Forma~
tion', Ipowoloe Creek, Hohoro area, Papua (pliocene, locality 15b); other localities:
lSe, 15f.

C. bodjongensis has been recorded as Discorbis bodjongensis, ranging from middle
Miocene to Pliocene; it also occurs in Recent deposits. '

Genus VALVULINERIA Cushman, 1926

VALVULINERIA JAVANA LeRoy, 1944

(pI. 37, figs 16-20)

1944b Va/vulineria javana LeRoy, p. 88, pI. 7, figs 4-6.

Material examined: 26 specimens.

Specimens figured by LeRoy (1941b) as Valvulineria aff. araucana var. malagaensis
Kleinpell, and later (1944a) definitely as this species, are probably to be referred to
V. javana, but were not mentioned by LeRoy (1944b). V. malagaensis Kleinpell
(described by KleinpeIl, 1938, as V. araucana var. malagaensis, but here considered'
to warrant specific rank) is a more inflated form with broad chambers on the dorsal
side, and with the dorsal sutures less reflexed than injavana. The present specimens'
have a clear imperforate area around the umbilical margin; this feature was not
mentioned by LeRoy in the description of javana, but the illustration of the holotype
shows that it is present, and it also occurs on the specimens referred by LeRoy to
V. malagaensis.

V. javana occurs frequently in a number of samples from Papua-New Guinea ..
Six or seven chambers are visible from the ventral side. The entire test is perforate,l
except near the umbilicus, the pore diameter being 3 to 4 microns; the wall is radiate
in texture and the septal walls are single.

Dimensions of figured specimens:

CPC 6383
CPC 6384

Maximum
Diameter

0·48
0·42

Height

0·24
0·21

Occurrence: Figured specimen (CPC 6383) from the 'Tubu Siltstone', Tubu
area, Papua (upper Miocene, locality Id); figured specimen (CPC 6384) from the
sea-cliff below the L.M.S. Mission, Delena, Papua (lower Miocene Burdigalian);
other localities: 12a, 12c, 14d.

I am not certain of the previous records of the specimens here referred to V.
javana. They may have been recorded as Valvulineria sp. 3, occurring in the middle
and upper Miocene, but comparison of the specimens is necessary to confirm this.'
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Family GLABRATELLIDAE Loeblich & Tappan, 1964

Genus BUENINGIA Finlay, 1939

BUENINGIA CREEKI Finlay, 1939
(PI. 13, figs 6-11)

1939a Bueningia creeki Finlay, p. 122, pI. 14, figs 82-84.
1953 Ruttenella butonensis Keyzer, p. 280, pI. 4, figs 11-16 (not Ruttenella van den Bold, see

Lamarckinita, nom.nov., Keyzer, 1955, p. 119).

HeightMaximum
Diameter

0·66
0·51

CPC 6385
CPC 6386

Material examined: 50 specimens.

B. creeki occurs abundantly in one sample. The ventral surface is convex
and the dorsal surface concave, with the chambers wholly involute on the ventral
side and strongly involute on the dorsal. The aperture is dorsal, open on several
chambers, with broad aperturallips. The test is finely perforate on both the dorsal
and ventral sides, the pores being oval in outline with a diameter of 4 to 5 microns.
The wall is radiate in texture and the septal walls are single; no internal structure
is developed. Horizontal sections suggest that Bueningia is non-lamellar, the spiral
wall being of constant thickness throughout. Successive chambers are separated
by a distinct dark line, and it appears that each chamber is simply added on to the
previous chambers, as in a non-lamellar form.

Dimensions of figured specimens:

Occurrence: Figured specimens (CPC 6385 and 6386) from the Nagani River,
west of Periama village, Wewak subdistrict, Sepik district, New Guinea (upper
most Miocene or Pliocene); found only in this sample.

No information is available on the stratigraphic range of B. creeki in Papua-New
Guinea.

Genus PARRELLOIDES Hofker, 1956

Loeblich & Tappan (1964a) placed Parrelloides in the synonymy of Cibicidoides
Thalmann, but this is not followed here. The wall texture of the type species of
Cibicidoides was not determined, but it was stated that the similar species C. proprius
has a granular wall. Reiss (1963) also noted a similarity between Cibicidoides
and Parrelloides, again without reference to the wall texture of Cibicidoides, but
indicating that this genus is bilamellid. Specimens of Parrelloides hyalina Hofker
(here considered a synonym of P. bradyi, (Trauth)) obtained from 'Challenger'
material have been examined; they have a radiate texture and are monolamellid.
Parrelloides is therefore recognized as a valid genus, and is placed in the Planulininae.

Parrelloides was stated by Hofker to be closely related to Planulina; species
referred by Hofker to Parrelloides included Cibicides ungerianus (d'Orbigny) and C.
wuellerstorfi (Schwager). This does not take into account the difference in the nature
of the septal wall between ungerianus and wuellerstorfi on one hand and Parrelloides
bradyi on the other, a difference which in my opinion is sufficient to indicate that these
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species are not congeneric. In addition, the generic description of Parrelloides given
by Hofker stated that the aperture is 'never extending back into the spiral suture'.
However, the aperture of bradyi does extend over to the dorsal side, although it
does not continue along the spiral suture; the aperture of Cibicides cookei Cushman
& Garrett, which was also placed in Parrelloides by Hofker, extends along the spiral
suture for about one-half the length of the last chamber. The aperture of both
ungerianus and wuellerstorfi extends much further along the spiral suture.

The genus Planulina differs from Parrelloides in the nature of the septal wall,
which is clearly double in Planulina and single in Parrelloides. In this respect,
ungerianus and wuellerstorfi are closer to Planulina than to Parrelloides.

PARRELLOIDES BRADYI (Trauth, 1918)
(PI.,11, figs 10-19)

1884 Truncatulina dutemplei Brady, p. 662, pI. 95, figs 5a~ (not of d'Orbigny).
1918 Truncatulina bradyi Trauth, p. 235.
1951b Cibicides hyalina Hofker, p. 359, figs 244, 245.
1960 Cibicides bradyi (Trauth); Barker, p. 196, pI. 95, figs 5a-e.
1964 Eponides hyalinus (Hofker); LeRoy, p. 37, pI. 7, figs 24-26.
1964 Cibicidoides bradyi (Trauth); Parker, p. 624, pI. 100, figs 19, 21-23.

Material examined: 161 specimens.

P. bradyi occurs abundantly in numerous samples from Papua-New Guinea.
In addition to the fossil specimens, Recent specimens from the following localities
have been examined:

1. 'Goldseeker' haul 228, 57° 59' N., 10° 34' W., west of St Kilda, at 1600
metres.

2. 'Atlantis' station 2993, 23° 24' N., 80° 44' W., at 580 fathoms.
3. 'Challenger' station 120, 80° 37' S., 34° 28' W., off Pernambuco, Brazil,

at 675 fathoms.

Hofker (1951b) in proposing the species Cibicides hyalina stated that it may
previously have been confused with bradyi and that his specimens showed a much
higher spiral side. From an examination of the Recent specimens I consider that
hyalina is a synonym of bradyi and that the present specimens from Papua-New
Guinea are also to be referred to this species.

.In the material from Papua-New Guinea, three groups of specimens (not neces
sarily to be interpreted as different generations) may be distinguished on the basis
of external form of the test. The proloculus of the specimens has been measured
and again three groups may be recognized, although there is some overlap in the
proloculus size of two groups. Each group is here considered separately:

1. Proloculus generally ranging from 37 to 50 microns in diameter, one
specimen with proloculus diameter of 58 microns. Test biconvex, circular
in outline, periphery broadly rounded and slightly lobate over last cham
bers; ventral surface strongly convex, dorsal surface moderately to strongly
convex. Chambers arranged in 3 to 3t whorls, all visible from dorsal
side, 5 to 7 visible from ventral side. Chambers on dorsal side long and
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narrow, on ventral side triangular, increasing gradually in size as added.
Sutures on dorsal side narrow, distinct, smooth, slightly curved and re
flexed; on ventral side slightly depressed, straight, meeting at centre of
test: test coarsely and densely perforate on dorsal side, except for prolo·
culus; most specimens perforate on ventral side, pores occurring on outer
part of wall, with central area imperforate: wall radiate in texture, septal
walls single; no internal structure present. Aperture interiomarginal,
peripheral, reaching to dorsal side but not extending along spiral suture.

2. Most commonly occurring type, proloculus ranging from 33 to 46 microns
in diameter. Chambers arranged in 3 to 3t whorls, dorsal surface fiat
or only slightly convex, ventral surface strongly convex. Shape of cham
bers and nature of sutures as described for specimens in group 1, 6 to 8
chambers visible from ventral side. Test coarsely perforate on dorsal
side, only very rare specimens with pores on ventral side, confined to peri
pheral area of chambers. Aperture extending on to dorsal side and along
spiral suture for up to one-half length of last chamber.

The specimen figured by Brady (1884) is probably of this type. Rofker
(1951b) figured specimens with a strongly convex dorsal side, referred
to the Al and A2 generations. In edge view these resemble the specimens
here placed in Group 1, but the recorded proloculus diameters are not the
same. Barker (1960) noted that Rofker's figures did not bring out the
resemblance between hyalina and bradyi referred to in the description
of hyalina.

The size ranges of the proloculus of the specimens in groups 1 and 2
have a large overlap and it is difficult to assign some specimens with
certainty to one or the other group. No clear distinction can 'be made
on proloculus size alone and the difference of outline in edge view must
also be considered:

3. Proloculus ranging from 12 to 25 microns in diameter, chambers arranged
in 3t to 4t whorls. Test much larger than that of specimens in groups
1 and 2. Dorsal surface usually flat or slightly convex, two speCImens
observed with strongly convex dorsal surface. Chamber shape and
nature of sutures as previously described, 7 to 9 chambers visible from
ventral side. Later chambers becoming slightly evolute on ventral side,
forming umbilical hollow. Test coarsely perforate on dorsal side, no
specimens observed with pores on ventral side.

The proloculus diameter of these specimens is the same as that given by
Rofker (1951b) for the Al generation, but except for the two specimens
with a strongly convex dorsal side the present specimens differ in outline
in edge view. Larger specimens from this group are similar in outline
to Cibicides robertsonianus (Brady), but this species has longer, narrower
chambers and many more chambers to a whorl. From the few specimens
of robertsonianus that I have seen it appears different groups may be
recognized similar to those for bradyi; robertsonianus is identical with
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bradyi in apertural cq.aracteristics, pore distribution, and wall texture,
and in my opinion should also be referred to Parrelloides.

The pore diameter on the dorsal side of specimens from all three groups
ranges from 4 to 8 microns; specimens of group 1 have a pore diameter
of 3 to 4 microns on the ventral side.

Dimensions of figured specimens:

CPC 6388
CPC 6389
CPC 6390

Maximum
Diameter

0·47
0·45
0'46

Height

0·27
0·28
0·23

Occurrence: Figured specimens (CPC 6388 and 6389) from east of Amaimon,
between the Gogol River and Amaimon, New Guinea (upper Miocene); figured
specimen (CPC 6390) from the Nagam River, west of Periama village, Wewak sub
district, Sepik district, New Guinea (uppermost Miocene or Pliocene); other locali
ties: 7a, 21, 30, 31, 38, 40.

P. bradyi seems to have been recorded under two generic names, specimens
from group 3 being identified as Cibicides sp. 6 and those from groups 1 and 2 as
Eponides sp. 1. Several of these records have been made from the same area, and
the recorded stratigraphical ranges overlap. Eponides sp. 1 is recorded from middle
Miocene to Pliocene and Cibicides sp. 6 from lower Miocene (Burdigalian) to upper
Miocene. P. bradyi also occurs in Recent deposits.

Remarks: Bermudez (1949, pI. 17, figs 28-30) figured as Eponides umbonatus
(Reuss) var. multisepta (Koch) a biconvex specimen which closely resembles speci
mens of P. bradyi from groups 1 and 2. Bermudez gave the recorded range of
E. umbonatus var. multisepta in Cuba as upper Eocene to upper Oligocene, and
recorded it from the middle Oligocene Sombrerito Formation of the Dominican
Republic. On the formational equivalents given by Bermudez, this would now
be regarded as Miocene.

Cushman (1934, pI. 17, figs 4a-c) figured as Eponides umbonatus var. multisepta
(Koch) a strongly biconvex specimen which I consider to be referable to Parrelloides
bradyi. However, it is not clear from Koch's (1926) original description and figures
if his variety multisepta is a synonym of bradyi.

PARRELLOIDES SOENDAENSIS (LeRoy, 1941)
(PI. 12, figs 1-7)

1941c Cibicides soendaensis LeRoy, p. 119, pI. 2, figs 1-3.

Material examined: 29 specimens.

P. soendaensis has been found in only one sample, but occurs abundantly. The
number of chambers visible from the ventral side is usually 7, with rare specimens
showing 8 chambers. The pore patterns of the dorsal and ventral surfaces are
similar, the diameter generally ranging from 4 to 6 microns; the dorsal surface has.
a greater proportion of larger pores, rarely as large as 10 microns. The wall is
radiate in texture and the septal walls are single; no internal structure is present.
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HeightMaximum
Diameter

CPC 6393 0·42 O' 19
CPC 6394 O· 32 0·13
CPC 6395 0·40 0·15

Occurrence: Figured specimens (CPC 6393 to 6395) from the road cutting at
new residence north of aerodrome, Madang, New Guinea (Pliocene); known only
from this sample.

P. soendaensis has not been recorded previously from Papua-New Guinea.
Remarks: LeRoy's species is here referred to Parrelloides, again because of the

radiate wall texture and single septa. Pores are more strongly developed on the
ventral side than are those of other specimens here referred to Parrelloides. The
aperture is similar to that of P. depressus sp.nov., but extends farther along the spiral
suture than in P. bradyi.

The aperture is interiomarginal, a narrow slit beginning near the periphery on the
ventral side and extending along the spiral suture, usually open on the last chamber
only.
Dimensions of figured specimens:

PARRELLOIDES OKINAWAENSIS (LeRoy, 1964)
(PI. 12, figs 8-14)

1964 Cibicides okinawaensis LeRoy, p. 44, pI. 9, figs r-3.

Material examined: 27 specimens.
The present specimens agree well with the description given by LeRoy (1964)

for the species okinawaensis, except for the number of chambers in the last whorl';
7 to 9 as against 9 to 10 given by LeRoy. Specimens from Papua-New Guinea
have a radiate wall texture, and the septal walls are single; they are therefore here'
referred to Parrelloides rather than to Cibicides. The entire dorsal surface of the
chambers is perforate, the pores rounded or irregularly oval, 3 to 6 microns in dia~

meter. On the ventral side the early chambers of the last whorl lack pores, which
later appear at the umbilical area, then spread over the entire chamber wall, the pore
djameter being 3 to 4 microns. The aperture of P. okinawaensis extends farther
along the spiral suture than does that of P. bradyi, the type species, but the apertural
characteristics given in the original generic description would require little modifica
tion in order to accommodate species such as P. okinawaensis.

Dimensions: Maximum Height
Diameter

CPC 6397 0·45 0·16
CPC 6398 0·60 0·21
CPC 6399 0·40 0·16

Occurrence: Figured specimens (CPC 6397 to 6399) from the Nagam River,
west of Periama village, Wewak subdistrict, Sepik district, New Guinea (upper,
most Miocene or Pliocene); other locality: 29.

P. okinawaensis is not known to have been recorded previously from Papua
New Guinea.
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Family ASTERIGERINIDAE d'Orbigny, 1839

Genus ASTERIGERINA d'Orbigny, 1839

Ten Dam (1947) seems to have been the first to examine the internal structure
of an asterigerinid foraminifer, working on species now placed in Asterigerinoides.
Re observed the aperture between the stellate and dorsal chambers, and discussed
the relationship of the two chamber parts, stating that 'there is no communication
between two of the dorsal chambers, except by way of a stellar chamber'. Brotzen
(1948), presumably referring to Asterigerina n0rvangi, reached the same conclusion.
Rofker (1948) described the division into two chamber parts in Asterigerinoides
gurichi (Franke), observed the opening between the two chamber parts, and first
applied the term 'toothplate' to the dividing septum in each chamber.

In specimens of Asterigerina carinata from Cuba, the dividing septum is attached
to the apertural face at the point where there is an abrupt change in direction. The
septum then extends obliquely across the chamber, attached to the previous whorl
and to the apertural face of the previous chamber above and about midway along
the septal foramen. The opening between the dorsal and stellate chambers is formed
immediately above the septal foramen, which remains open and could also function
as a connexion between the two chamber parts. A narrow extension at the base
of the dividing septum runs toward the marginal prolongation of the previous cham
ber; there is a small space between this extension of the septum and the floor of the
chamber. A direct connexion exists between successive dorsal chambers and also
between dorsal and stellate chambers, but none between successive stellate chambers.
Whether or not there is direct connexion between the dorsal chambers depends on
the position of the dividing septum. In both Asterigerinoides lutetiana (Ten Dam)
and Asterigerina n0rvangi Brotzen the dividing septum reaches the periphery and
does not join the chamber septum, thus forming large stellate chambers and preventing
any direct connexion between the dorsal chambers. In A. carinata the dividing
septum reaches the chamber septum and direct connexion between the dorsal cham
bers is possible (see also Troelsen, 1954).

In A. tentoria from Papua the general structure of the dividing septum is the
same as that in A. carinata; the basal extension of the septum is not as strongly devel
oped in A. tentoria and does not reach to the marginal prolongation of the previous
chamber. There is again a small space between the basal extension of the dividing
septum and the floor of the chamber. Thin sections across the septum of A. tentoria
show that it consists of two layers of shell material; this feature has not previously
been reported in any species of Asterigerina.

Specimens of Amphistegina from 'Challenger' stations 172 and l87A, of the
type referred by Barker (1960) to A. lessonii, also have a dividing septum similar
to that of Asterigerina carinata. The basal extension of the septum does not reach
the marginal prolongation of the previous chamber, and there is a large space between
the extension and the chamber floor. The dividing septum again has two layers
of shell material, and the opening between the dorsal and stellate chambers is im
mediately above the septal foramen. In specimens doubtfully referred to Amphi-
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TEXT-FIGURE 10
Amphistegina lessonii d'Orbigny; 'Challenger' station 187A, showing a bilamellid structure of the

dividing septum, X122.

stegina quayi the features have not been clearly observed; the chambers are narrow
and the dividing septum crosses the periphery of the test. I have not been able to
observe the bilamellid structure of Amphistegina reported by Reiss (1958; 1963b).

Hofker (I956b) referred to a plate often covering the aperture, with large ir
regularly placed openings. This plate was stated to form the dividing septum be
tween the normal and supplementary chambers, the latter being subsequently formed.
In Hofker's view the toothplate therefore forms the distal wall of the protoforamen
and the ventral wall of the supplementary chamber. Later (l959b) in a paper dealing
with asterigerinid foraminifera Hofker recorded specimens in which the septum
between the two chamber parts was not developed. In my opinion, the coarsely
perforated plate, regarded by Hofker as a toothplate, and stated by him to close the
aperture and form the septum between the two chamber parts, is in fact the apertural
face with an interiomarginal aperture (see Hofker, 1959b, fig. 5). The two chamber
parts are here considered to be formed at the same time; the double layer of shell
material in the dividing septum may be explained by its being formed by a tight
fold of the test wall.

Hofker (1959a, b) placed the genus Nuttallides Finlay in the synonymy of Asteri
gerina, but this is not followed here. I have not observed the secondary chambers
reported by Hofker in any specimen of Nuttallides trumpyi. The internal partition
of Nuttallides does not 'cut off' the ventral part of the chamber to form two chamber
parts and the interpretation of the partition previously given (Belford, 1958) is main
tained (see Text-fig. 11). The presence of two layers of shell material in the par
tition of Nuttallides has not been demonstrated, and the partition has a different
position in the chamber from that of the dividing septum in Asterigerina. The
aperture of Nuttallides is also different from that of Asterigerina, extending from the
periphery to the umbilical boss, and lacking depressions at the peripheral and um
bilical borders. Both Asterigerina and Nuttallides have a marginal prolongation of
the chamber, but this feature is developed in several unrelated genera. Hofker
(l959b) stated that I did not compare the internal partition of Nuttallides to that of
Asterigerina. However, referring to the species described by Cushman & Siegfus
(1935) as Asterigerina crassaformis, placed by Bermudez (1952) in Nuttallides and
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by Hofker (1956a) in Asterigerinoides, I stated 'vertical sections of Nuttallides trumpyi
are very similar to the vertical section shown by Hofker (1956, text-fig. 66d), but
the toothplate of Nuttallides does not extend completely across the chamber to
fonn supplementary chambers'.

1 2 3
4

TEXT-FIGURE 11

Nuttalfides frumpyi (Nuttall), Aragon Formation, Mexico.
1-3, CPC 6402--6404, showing internal partition, in figure 1 extending almost completely across
chamber at point of origin; in figures 2 and 3, extending only partly across chamber, XlOO.
4, CPC 6405, section along partition, no bilamellid structure evident, X152.

Although I do not believe that Nuttallides is a synonym of Asterigerina it may
well be that its relationships are with the asterigerinid foraminifera, as stated by Reiss
(1958; 1960). In a previous paper (Belford, 1958) the taxonomic position of Nuttal
!ides was suggested as being between Alabamina and Epistomina. From a considera
tion of wall texture, I now believe this opinion to be incorrect; Alabamina is a granular
bilamellid, and Epistomina has an aragonitic test.

ASTERIGERlNA TENTORIA Todd & Post, 1954

(PI. 15, figs 15-21; text-fig. 12: 1-2, 8-11)

1954 Asferigerina tentoria Todd & Post, p. 562, pI. 201, figs 2a-c.

Material Examined: 35 specimens.

Abundant specimens referred to A. tentoria occur in one sample from Delena,
Papua. The specimens also show some resemblance to that figured by Todd (1957,
pI. 83, figs 7a-c) as A. carinata, particularly in side view.

Eight specimens of A. carinata, in a slide labelled 'Bennudez Station 1, La
Chorrera, Havana, Cuba' have been measured; the ratio of maximum diameter
to height is about 2. For Papuan specimens the same ratio has a value of about
1· 5, and this value is also shown by A. tentoria on the measurements given by Todd
& Post (1954). The Papuan specimens also differ from A. carinata in having a heav
ier test, smaller stellate chambers, and a less well-developed dividing septum. Both
species have a perforate radiate test wall, with a similar pore pattern, the pore diameter
ranging from 2 to 3 microns.
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TEXT-FIGURE 12

1-2, 8---11, Asterigerina tentoria Todd & Post, locality 3. 1, CPC 6410, showing dividing septum,
opening between two chamber parts, and extension at base of internal structure. 2, CPC 6410, showing
attachment of dividing septum across septal foramen, small marginal prolongation of chamber and
small depressions at peripheral and umbilical apertural margins. 8---11, outline drawings, edge view.
3-7, Asterigerina carinata d'Orbigny, Recent. Cuba. 3, CPC 6411, dividing septum. 4-7, outline
drawings, edge view.

Each scale represents 0·25 mm.
Figures 1-3 to scale A.
Figures 4-11 to scale B.

Dimensions of figured specimens:

CPC 6406
CPC 6407

Maximum
Diameter

0·76
0·60

Height

0·51
0·43

Occurrence: Figured specimens (CPC 6406 and 6407) from the sea-cliff, 250
yards north of the L.M.S. Mission, Delena, Papua (lower Miocene, Burdigalian);
found only in this sample.

Specimens here referred to A. tentoria have been recorded as A. carinata, occurring
in the lower and middle Miocene.
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Superfamily ROTALIACEA Ehrenberg, 1839

Family ROTALIIDAE Ehrenberg, 1839

Subfamily ROTALIINAE Ehrenberg, 1839

Genus AMMONIA Briinnich, 1772

The morphology of Ammonia beccarii has been investigated by Reiss & Merting
(1958) and Cifelli (1962); my observations on the nature of the internal structure
agree WIth those of Reiss & Merting. Cifelli recorded a structure which he termed
the axial plate, occurring in all except the final chamber and separating the main
part of the chamber from the umbilical area. There is no indication of such a struc
ture in the present specimens. Cifelli noted that the axial plate corresponds to the
'toothplate' of Reiss & Merling, but did not consider this term to be appropriate;
the internal structure is not a 'toothplate' as this term was originally defined. The
internal structure of A. beccarii as I have seen it has the same form as that ofPs-eudoro
talia, and has the same position in the chamber. In my opinion, it is formed in the
s~me manner in both genera, that is, by a fold of the septal flap, and is here referred
to as the 'septal siphon'.

Cifelli also stated that the septa of A. beccarii are single, but I do not agree with"
this. The septal flap of beccarii is difficult to detect, and is clearly developed only
near the septal siphon: it wedges out rapidly toward the dorsal and ventral chamber
margins. The dark line at the periphery marking the position of the septal flap
is visible in illustrations given by Reiss & Merting, by Cifelli, and in this paper.
Because of the single septa, Cifelli considered. that Ammonia should not be placed
in the Rotaliidae, but is more like genera referred to the Disl;orbidae; however, I
prefer to include it in the Rotaliidae. The basic morphology of Ammonia is the same
as that of Pseudorotalia, but is less complex. No canal systems are developed in
Ammonia, and no indications of a double layer of shell material along the apertural
face have been observed. Cifelli also recorded both radiate and granular wall struc
tures in different parts of the test of the same specimen of A. beccarii. This does
not hold for the present specimens, in which all parts of the test are radiate. Wood,
Haynes, &Adams (1963) considered A. beccarii to be wholly radiate, and also detected
two layers of shell material in the septa.

AMMONIA BECCARII (Linn., 1758)
(pI. 19, figs 2-8)

1758 Nau~ilus beccarii Linnaeus, p. 710 (figured Plancus, p. 1, figs la-c; Gaultieri, pi. 19, figs
h-h; i-i; fide Catalogue of Foraminifera, Ellis & Messina, 1940 et.seq.).

1928 Rotalia beccarii (Linne}; Cushrnan, p. 104, pi. 15, figs 1, 2, 3a-c, 4a-c, 5a-c, 6a-c, 7a-c.
(Synonymy).

1931 Rotalia beccarii (Linnaeus); Cushrnan, p. 58, pi. 12, figs 1, 2, 3a-c, 4a-c, 5a-c, 6a-c, 7a-c;
pi. 13; figs la-c, 2a-c. (Synonymy).

1949 Rotalia beccarii (Linnaeus); Cushman, p. 47, pi. 9, figs 4a-c.
1952 Streblus beccarii (Linneo); Bermudez, p. 71, pi. 12, figs 2a-c.
1953 Rotalia beccarii (Linnaeus); Redmond, p. 726, pI. 76, figs 10a-c.
1957 Streblus beccarii (Linne); Todd, p. 278 (tab.), 283, 290 (tab.), 294, pI. 91, figs 3a-c.
1958 Rotalia beccarii (Linne); Batjes, p. 167, pI. 12, figs lOa-c.
1958 Ammonia beccarji (Linne); Reiss & Merling, pI. 1, figs 8-12; pI. 5, figs 8-9, 14.
1960 Streblus beccarii (Linne); Hafker, p.255, pI. E, figs 134a-c. .
1961 Streblus beccarii (Linne); Todd & Low, p. 21, pI. 2, figs 18-19.
1962 Streblus beccarii (Linne); Lange, p. 238, pi. 14, figs Ha-b.
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Material examined: 51 specimens.

Cushman (1928) illustrated specimens showing the developmental stages of
A. beccarii. Kaasschieter (1955) noted that specimens of A. beccarii from the Aquit
anian and Burdigalian of south-western France showed the same range of variation
as Cushman's specimens. Specimens from the present material resemble those
illustrated by Cushman in figures 4 and 5; no specimens are as highly ornamented
as those shown by Cushman in figures 6 and 7.

It is apparent from the literature that there is some difficulty in deciding on the
specific limits of A. beccarii and related species. Most references to beccarii include
the specimens figured by Brady (1884, pI. 107, figs 2-3) in synonymy, but Barker
(1960) referred Brady's figure 2 to Streblus beccarii (Linnaeus) var. koeboeensis
LeRoy, and figure 3 to S. cf. catesbyanus (d'OrbignY). The figure given by Graham
& Militante (1959) for beccarii is very similar to the specimen shown in Brady's
figure 2. These authors indicated the variation to be observed in specimens from
the Philippine region with regard to the number of chambers in the last whorl and
the position of the aperture.

Specimens from Papua-New Guinea referred to A. beccarii are biconvex, with
a rounded periphery; the chambers are arranged in 21- to 3t whorls, with 6 to 8
chambers visible from the ventral side. A single umbilical boss is developed, but
has not been observed on all specimens. Very few specimens have the last chamber
intact, and apertural details are difficult to observe owing to adherent material;
any aperture developed on the final chamber must be a very low interiomarginal
opening. A well-developed umbilical aperture, referred to by Reiss & Merling
(1958) as a 'labial aperture', opens along the umbilical margin of the chambers.
In early chambers of the last whorl these apertures open under thickened imperforate
umbilical chamber extensions, called lips by Reiss & Merling (1958), and considered
by Hornibrook (1961) to be modified toothplates. There is no indication of the
'flap' or extension of the aperture referred to by Reiss & Merling, but it is evident
that the septal foramen has been formed by resorption, as it is a large rounded interio
marginal opening midway between the periphery and the umbilicus. The septa
on the ventral side are distinctly double only near the umbilicus, narrowing rapidly
toward the periphery and appearing single. The septal flap in horizontal section
is often marked only by a thin dark line against the apertural face of the previous
chamber. Each chamber has a well developed septal siphon formed by a forward
fold of the septal flap and situated immediately on the umbilical side of the septal
foramen. This structure was regarded by Reiss & Merling (1958) as a toothplate,
but it does not extend completely across the chamber between the septal foramen and
the aperture and is not a toothplate as originally defined (Hofker,1951a). Viewed
from the periphery the septal siphon has the appearance of a tube inside the chamber,
and it enables direct contact between the chamber and the interseptal space. The
test is finely perforate on both dorsal and ventral sides, the pore diameter generally
ranging from 0·6 to 1 micron, with rare pores having a diameter of 1 6 microns;
the wall is radiate in texture.
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Dimensions of figured specimens:

CPC 6412
CPC 6413

Maximum
Diameter

0·34
0·32

Height

0·19
0·18

Occurrence: Figured specimens (CPC 6412 and 6413) from the north-west
flank of the Wira Anticline, Puri-Purari River area, Papua (upper Miocene, locality
13b); common in samples from this area.

A. beccarii has been recorded as Rotalia beccarii, ranging from lower Miocene
(Burdigalian) to Pliocene; it also, occurs in Recent deposits.

AMMONIA MACULOSA sp.nov.

(PI. 19, figs 9-16)

Material examined: 58 specimens.

Diagnosis: A small trochoid species, generally equally biconvex; chambers
arranged in 2t to 3t whorls, 6 to 7 visible from ventral side; dorsal sutures slightly
curved, reflexed, ventral sutures radial or slightly reflexed; umbilicus filled with
small pustules; aperture not observed.

Description: Test small, trochoid, circular in outline, periphery lobate in side
view, broadly rounded in edge view. Usually equally biconvex, rare specimens
with strongly convex dorsal surface and almost flat ventral surface. Chambers
arranged in 2t to 3t whorls, increasing very slowly in size as added, 6 to 7 chambers
visible from ventral side. Sutures on dorsal side broad, distinct, slightly curved,
reflexed, on early whorls covered by secondary shell material, in last whorl slightly
depressed; on ventral side narrow, depressed, radial or slightly reflexed, double
near umbilicus, narrowing rapidly towards periphery and appearing single. Um
bilicus large in relation to size of test, filled with numerous small, irregularly arranged
pustules of shell material. Umbilical chamber margins and septal margins near
umbilicus thickened and beaded with imperforate shell material. Apertural face
of some specimens ornamented by short low ridges, which also occur along umbilical'
and sutural margins of chambers. Aperture not observed, if present a very low
interiomarginal opening; septal foramen a small rounded interiomarginal opening
midway between periphery and umbilicus. Test wall finely and densely perforate,
pore diameter not determined, radiate in texture. Each chamber with small septal
siphon formed by forward fold of septal flap, immediately on umbilical side of septal
foramen., No umbilical or interseptal canal system developed.

Dimensions: Maximum Height
Diameter

Holotype 0·35 0·23
Paratype 0·32 0·20

Occurrence: Holotype (CPC 6416) and paratype (CPC 6417) from the road
cutting at the new residence north of the aerodrome, Madang, New Guinea (Plio
cene); found only in this sample.

A. maculosa sp.nov. has not been recorded previously from Papua-New Guinea.
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Remarks.: The holotype has the dorsal surface more strongly convex than the
ventral and has 6 chambers visible from the ventral side. The paratype is evenly
biconvex, also with 6 chambers visible from the ventral side.

Specimens of A. maculosa are infilled with matrix, making observation of details
such as the aperture and the septal siphon difficult. The low ridges on the apertural
face and on the umbilical and sutural margins of the chambers have been observed
on few specimens. This is a type of ornament common in the Rotaliidae, and is
thought to result from protoplasmic streaming. The septal flap of A. maculosa
has not been clearly observed in any thin sections prepared and is represented only
by a thin dark line against the apertural face of the previous chamber.

The species described by Cushman (1926d) as Rotalia beccarii (Linnaeus) var.
tepida is similar to A. maculosa, but is a relatively more compressed form; A. maculosa
also has a larger umbilicus with small pustules. The specimen figured by Cushman
(1921) from the Recent of the Philippine area as Rotalia beccarii is very similar, par
ticularly in ventral view, and may be referable to A. maculosa. Rosalina inflata
Seguenza, referred by Hofker (1960) to Streblus, is also an inflated form, differing
in the greater number of chambers in the last whorl and in having a larger umbilical
area.

The specific name is from the Latin maculosus, spotted, referring to the umbilical
pustules.

AMMONIA SUPERA sp.nov.

(PI. 19, figs 17-19; PI. 20, figs 1-4)

Material examined: 66 specimens.

Diagnosis: A trochoid species, dorsally slightly convex, ventrally strongly
convex; chambers arranged in 3 to 31 whorls, 7 to 8 visible from ventral side; dorsal
sutures straight, slightly reflexed, ventral sutures radial; umbilicus wide, with several
separate bosses; small murus reflectus formed; aperture interiomarginal.

Description: Test trochoid, circular in outline, periphery lobate in side view,
broadly rounded in edge view. Dorsal surface slightly convex, thickened by deposits
of clear shell material, ventral surface strongly convex. Chambers arranged in
3 to 3-!- whorls, increasing very slowly in size as added, 7 to 8 visible from ventral
side; sutures on dorsal side broad, straight, slightly reflexed, on early whorls covered
by secondary shell material, slightly depressed on last whorl; on ventral side straight,
radial, depressed, distinctly double near umbilicus, narrowing rapidly towards peri
phery, and appearing single. Umbilicus wide, open, with numerous small, irregularly
distributed and separate umbilical bosses; umbilical ends of chambers and septal
margins thickened and beaded with shell material. Apertural face near umbilicus
drawn back towards proximal wall of chamber, attached to previous coil, forming
small murus reflectus. Aperture interiomarginal, midway between periphery and
umbilicus, in some specimens low and difficult to detect, in others clearly shown;
umbilical apertures also developed. Septal foramen in same position as aperture,
a large rounded opening formed partly by resorption. Test wall finely and densely
perforate, pore diameter 0·6 to 1 micron, radiate in texture. Each chamber with
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well developed septal siphon, formed by fold of septal flap, situated immediately
on umbilical side of septal foramen. No umbilical or septal canal system developed.

Dimensions: Maximum Height
Diameter

Holotype O· 57 0·35
Paratype 0·56 0·34

Occurrence: Holotype (CPC 6421) from below the cliff at Maprik, Screw River,
Sepik district, New Guinea (upper Miocene); paratype (CPC 6422) from the Nagam
River, west of Periama village, Wewak subdistrict, Sepik district, New Guinea
(uppermost Miocene or Pliocene); other localities: 34, and also in samples from
the Madang area, New Guinea, for which the exact locality is not known.

A. supera sp.nov. has been recorded as Rotalia sr. 4, ranging from upper Miocene
to Pliocene.

Remarks: The septal flap of A. supera is distinct only near the umbilicus, where
it swings forward to form the septal siphon in the chamber. Towards the periphery
the parting between the septal flap and the apertural face of the previous chamber
is very narrow and the septal flap wedges out approaching the umbilical surface
of the previous whorl. In horizontal sections cut near dorsal side of the test the
septal flap is detected only as a dark line at the periphery and no distinct double
septa are shown.

The new species supera is referred to Ammonia because it lacks an umbilical and
interseptal canal system, but the structure of the test is more complicated than that
of Ammonia beccarii, and some features indicate a relationship with Pseudorotalia.
The indentation of the apertural face is not shown by A. beccarii, but occurs in species
of Pseudorotalia. The chambers of A. supera are not divided into two parts as in
Pseudorotalia, and the occurrence of two layers of shell material in· the apertural
face has not been demonstrated; it also lacks a thickened peripheral margin. The
development of multiple umbilical bosses in A. supera is an initial step towards the
formation of an umbilical canal system, which would result if the umbilical bosses
became fused at points along their margins.

A. supera is distinct from other described species of Ammonia, particularly in
having a small murus reflectus.

The specific name is from Latin superus, over, above, referring to the more
complex morphology, as compared with other species of Ammonia.

Genus PSEUDOROTALIA Reiss & Merling, 1958

The genus Pseudorotalia was described in detail by Reiss & Merling (1958).
My observations generally support those of Reiss & Merling, but I do not agree
with their interpretation of some features, as indicated in the following discussion.

The septal siphon of Pseudorotalia has the appearance of a tube in the chamber.
It is continuous with the septal flap, and is tightly folded in a dorso-ventral direction,
the distal margin being recurved. In thin section it has a very distinctive appearance,
which was referred to by Reiss & Merling (1958) as a 'pinion pattern'. The purpose
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of the septal siphon seems to be to permit communication between the chamber
lumen and the interseptal canal system. When first formed the septal siphon has
a large rounded opening directly to the surface of the chamber; on earlier chambers
of the last whorl the opening is covered by secondary deposits of shell material and
is indistinguishable from the openings of the umbilical canal system. Reiss &
Merling (1958) clearly described the formation of the septal siphon, but regarded
both it and the septal flap as being formed by the 'toothplate'.

In species of Pseudorotalia from Papua-New Guinea, the distal face of each
chamber near the umbilicus is drawn inwards in a manner similar to that of a murus
reflectus. This feature seems to have also been observed by Reiss & Merling (1958,
p. 7) who stated, concerning the Rotaliidea, '.... the distal face of each chamber
(and, therefore, of each septum) being strongly recurved at its innermost margin'.
A morphological feature not previously recorded in Pseudorotalia, but clearly shown
by the present specimens, is the presence of two layers of shell material along the
apertural face, as in a bilamellid foraminifer. This inner layer does not seem to
occur over the peripheral, dorsal, and ventral walls of each chamber, but its absence
is not definitely established. One difficulty in observing this feature is the abrupt
transition from the finely perforate chamber wall to the imperforate suture, cleariy
shown in a thin section illustrated (pI. 22, fig. 11). At the proximal border of the
'murus reflectus' the two layers diverge, the outer layer swinging forward to form
the distal face of the umbilical part of the chamber (,umbilical cavity' of Reiss &
Merling, 1958); the inner layer continues towards the proximal margin of the cham
ber and is apparently continuous with the septal flap. The inner lining which divides
the chamber into a main chamber lumen and an 'umbilical cavity' was called by Reiss
& Merling the toothplate, but is not this structure as originally defined (Hofker,
1951a). The two parts of the chamber are in contact through a small opening in
the dividing wall, at its dorsal margin, and axially from the septal siphon in each
chamber.

According to Reiss & Merling the genus Pseudorotalia has an anterior interio
marginal labial aperture open in the last-formed chamber only. However, they
illustrated (pI. 5, fig. .15) a specimen which has a labial aperture open in the penulti
mate chamber. In the present specimens the labial aperture seems to be open
throughout the test. In addition to the anterior labial aperture the 'umbilical cavity'
of the younger chambers of many specimens also has a narrow interiomarginal opening
against the umbilical bosses.

The 'labial aperture' defined by Reiss (1957) for members of the Globorotaliidae
(Globotruncaninae) were said to 'represent a passage way for the protoplasmic
mass to pass from the main aperture of the respective chambers to the outside'.
They were stated to be any opening formed by free parts of the aperturallips. There
is no resemblance between labial apertures as so defined and the openings in such
genera as Ammonia and Pseudorotalia to which Reiss & Merling (1958) gave this
name. Firstly, the lips are not apertural lips covering the primary aperture, but
umbilical extensions of the chambers; secondly, the openings do not form passage
ways permitting the protoplasmic mass from the primary aperture to reach the
exterior of the test. The openings termed 'labial apertures' in Pseudorotalia are
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the apertures of the 'umbilical cavity', formed at the same time as the main chamber
lumen, but separated from it. Reiss (1963) again used the term 'labial apertures'
in this way, but also stated (p. 28) that the term is used 'to designate any opening
formed beneath lips, within them or between them .. .'. The term 'aperturallips'
was preferred to 'umbilical lips'.

PSEUDOROTALIA SCHROETERIANA (Parker & Jones, 1862)
(PI. 20, figs 12-16; PI. 21, figs 1-3)

1862 Rotalia schroeteriana Parker & Jones, p. 213, pI. 13, figs 7-9.
1884 Rotalia schroeteriana Parker & Jones; Brady, p. 707, pI. 115, figs 7a-<:.
1927 Rotalia schroeteriana Parker et Jones; Hofker, p. 39, pI. 18, figs Ia-<:, 2a-<:, 3a--e, 4;

pI. 19, figs 1-12; pt 21, figs 1, 2, 7, 11, 13.
1958 Pseudorotalia schroeteriana (Parker & Jones); Reiss & Merting, p. 13, pt 1, figs 15-17;

pI. 2, fig. 1; pt 5, fig. 15.
1960 Streblus schroeterianus (Parker & Jones); Barker, p. 238, pI. 115, figs 7a-<:.

Material examined: At least 200 specimens.

P. schroeteriana, which occurs very abundantly in samples from Pliocene beds
in the Hohoro area, Papua, has a flat or only slightly convex dorsal surface and strong
ly convex ventral surface. No specimens with the last chamber intact have been
found, and the apertural details have not been observed. The septal foramen is
an elongate narrow opening extending into the distal wall of each chamber midway
between the periphery and the umbilicus. Each chamber has a well developed septal
siphon situated immediately on the umbilical side of the septal foramen, and formed
by a fold in the septal flap. The test is densely perforate, the pores being irregular
in shape, with a diameter of about 2 microns; the wall is radiate in texture. The
typical feature of the Rotaliidae, the secondarily formed septal flap, is clearly shown
in horizontal section; the apertural face of each chamber has two layers of shell
material.

Dimensions of figured specimens:

CPC 6425
CPC 6426

Maximum
Diameter

1·18
1·06

Height

0·65
0·58

Occurrence: Figured specimens (CPC 6425 and 6426) from the 'Vaiviri Forma
tion', Ipowoloe Creek, Hohoro area, Papua (Pliocene, locality 15c); abundant in
the Pliocene beds of this area.

P. schroeteriana has been recorded as Rotalia schroeteriana, ranging from lower
Miocene (Burdigalian) to Pliocene; it also occurs in Recent deposits.

PSEUDOROTALIA CATILLIFORMIS (Thalmann, 1934)
(PI. 21, figs 4-10)

1934 Rotalia catilliformis Thalmann, p. 437, pI. 11, figs 1-2, 3a-d.
1937 Rotalia catilliformis Thalmann; Yabe & Asano, p. 104, pt 19, fig. 1..

Material examined: At least 150 specimens.

P. catilliformis is a large species distinguished by the convex dorsal surface
and the flat or slightly concave ventral surface. The test is densely perforate, the
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pores being irregular in shape and only slightly larger than those of P. schroeteriana,
with a diameter of 2 to 3 microns; the wall is radiate in texture. Other morphological
details for P. catilliformis are as given for P. schroeteriana.

Dimensions of figured specimens:

CPC 6430
CPC 6431

Maximum
Diameter

2·32
2·05

Height

1·00
0·72

Occurrence: Figured specimens (CPC 6430 and 6431) from the 'Vaiviri Forma
tion', Ipowoloe Creek, Hohore area, Papua (Pliocene, locality 15d); abundant in
the Pliocene beds of this area.

P. catilliformis has been recorded as Rotalia catilliformis, occurring doubtfully
in the upper Miocene and in the Pliocene.

PSEUDOROTALIA GAIMARDI (d'Orbigny, 1906)

(PI. 20, figs 5-11)

1826 Rotalia (Turbinulina) gaimardi d'Orbigny, p. 275, no. 46 (nom.nud).
1884 Rotalia papillosa Brady, p. 708, pI. 106, figs 9a~.

1906 Turbinulina gaimardi d'Orbigny; Fomasini, p. 67, pI. 4, figs 1, la, lb.
1915 Rotalia papillosa Brady; Cushman, p. 70, pI. 31, figs 1a~.

1921 Rotalia papillosa Brady; Cushman, p. 347, pI. 72, figs 3a-b.
1934 Rotalia (Turbinulina) gaimardi d'Orbigny; Thalmann, p. 430, text-figs I, la, lb.
1941a Rotalia papillosa Brady; LeRoy, p. 40, pI. 2, figs 51-53.
1949 Rotalia papillosa Brady; Said, p. 38, pI. 4, figs 8a-b.
1956 Strebllls papilloslls Brady; Bhatia, p. 23, pI. 4, figs la~, 2a~.

1960 Strebllls gaimardi (d'Orbigny); Barker, p. 218, pI. 106, figs 9a~.

Material examined: 40 specimens.

P. gaimardi has the features of Pseudorotalia except that it lacks a well developed
umbilical and interseptal canal system. The umbilical canal system of the present
specimens is weakly developed, but no interseptal canal system has been observed.
The margins of the sutures of early chambers of the last whorl are thickened, but
beads of imperforate calcareous material bridging the sutures are not formed; in
younger chambers the sutural margins are smooth and not thickened. This feature'
is well shown in the specimen figured by Brady (1884). The present specimens are
biconvex, with an imperforate peripheral margin, large bosses in the umbilical area,
and raised bands of imperforate calcareous material marking the spiral and septal
sutures on the dorsal side. The apertural face has two layers of shell material, and
near the umbilicus is drawn back towards the proximal chamber wall. The septal
foramen and the septal siphon formed by the septal flap are similar to those of P.
schroeteriana. The umbilical chamber part has a wide interiomarginal anterior
aperture, and also openings against the umbilical bosses.

Dimensions of figured specimens:

CPC 6434
CPC 6435

115

Maximum
Diameter

1·27
1·10
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Occurrence: Figured specimens (CPC 6434 and 6435) from" the creek near
Wibiti I village, Maprik subdistrict, Sepik district, New Guinea (Pliocene); found
only in this sample.

P. gaimardi has been recorded as Rotalia gaimardi, occurring in the upper Mio
cene and Pliocene; it also occurs in Recent deposits.

PSEUDOROTALIA PAPUANENSIS sp.nov.

(PI. 21, figs 11-13; PI. 22, figs 1-6)

Height

Material examined: 84 specimens.

Diagnosis: A large, biconvex species with narrowly rounded periphery and mar
gin of clear shell material; 13 to 18 chambers visible from ventral side; sutures
straight, radial, beaded; umbilical area large, umbilical and interseptal canal system
well developed; aperture not observed, septal foramen narrow, elongate.

Description: Test large, trochoid biconvex, periphery narrowly rounded, with
distinct margin of clear shell material. Early chambers on spiral side obscured,
later increasing very slowly in size as added, 13 to 18 visible from ventral side.
Sutures on dorsal and ventral sides straight, radial, ornamented by small beads of
clear shell material. Central part of dorsal side with large irregularly arranged
bosses of imperforate shell material; wide umbilical area on ventral side, with large
umbilical bosses, covered by imperforate extensions of umbilical chamber walls.
Interseptal and umbilical canalsystems well developed. Test wall finely and densely
perforate except in umbilical area, pores irregular in outline, diameter 1·5 to 2·5
microns; radiate in texture. Apertural face with two layers of shell material, near
umbilicus drawn back towards proximal chamber wall; outer layer forming distal
wall of umbilical chamber part, inner layer continuing towards proximal margin,
dividing chamber into two parts, apparently continuous with septal flap. Each
chamber with a septal siphon immediately on axial side- of septal foramen, formed
by fold in septal flap; chamber parts connected by small opening at axial border of
septal siphon, main chamber lumen also communicating with interseptal canal system.
Apertural details not observed, septal foramen a long narrow opening into distal
wall of each chamber, midway between periphery and umbilicus. Umbilical chamber
part with wide interiomarginal anterior aperture and also narrow elongate openings
against umbilical bosses.

Dimensions: Maximum
Diameter

Holotype 1· 30 0·68
Paratype 1. 57 0·85

Occurrence: Holotype (CPC 6438) and paratype (CPC 6439) from the 'Vaiviri
Formation', Doabea Creek, Hohoro area, Papua (Pliocene, locality 15a); abundant
in the Pliocene beds of this area.

P. papuanensis has been recorded as Rotalia sp. 1, occurring in the uppermost
Miocene and the Pliocene.
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Remarks: P. papuanensis differs from P. schroeteriana in the convex rather than
fiat dorsal surface, and in having a larger number of chambers in the last whorl; it
differs from P. catilliformis in the convex rather than fiat or concave ventral surface.

PSEUDOROTALIA sp. A
(PI. 22, figs 7-11)

Material examined: 7 specimens.

Rare specimens found in samples from the Madang area, New Guinea, cannot
be referred to any described species. The exact locality of the samples is not known,
and for this reason, and also because of the small number of specimens available,
the species is not described.

The specimens are large and almost spherical in outline, with 15 to 19 chambers
visible from the ventral side. Other morphological details are as given for P. schroe
teriana, but the doubling of the apertural face is very distinct, the laminae often being
widely separated. The interseptal and umbilical canal systems are well developed.

Dimensions of figured specimen: Maximum Height
Diameter

CPC 6444 1·60 1·18

Occurrence: Figured specimen (CPC 6444) from the Madang area, New Guinea,
exact location unknown (upper Miocene).

P. sp. has not been recorded previously from Papua-New Guinea.

Remarks: The present specimens resemble some of those figured by Yabe &
Asano (1937, pI. 19, fig.2) as Rotalia alveiformis, but the original figures of this species
given by Thalmann (1934, pI. 11, figs 4-5) show a much higher dorsal side.

Superfamily ORBITOIDACEA Schwager, 1876

Family EPONIDIDAE Hofker, 1951

Genus NEOEPONIDES Reiss, 1960

NEOEPONIDES BERTHELOTIANUS (d'Orbigny, 1839)
(pI. 17, figs 1-6)

1839c'Rotalina berthelotiana d'Orbigny, p. 130, pI. 1, figs 31-33.
1884 Pulvinulina berthelotiana, d'Orbigny, sp.; Brady, p. 701, pI. 106, figs 1a-<.
196().Eponides berthelotianus (d'OrbifSl:lY); Barker, p. 218, pI. 106, figs 1a-<.

j~laterial examined: 8 specimens.

Specimens referred to N. berthelotianus occur only rarely. The dorsal surface
is much more' strongly convex than the ventral and the sutures on the ventral side
are radial, thickening toward the'centre, and meeting at the centre or with only a
small umbilicus present. The test is finely perforate on both the dorsal and ventral
sides, with a pore diameter of 2 to 3 microns; the wall is radiate in texture and the
septal walls are double. Each chamber has a strong marginal prolongation with a
deep inframarginal sulcus, and a small infundibulum is developed.
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Dimensions of figured specimens:

CPC 6447
CPC 6448

Maximum
Diameter

1·03
0·80

Height

0·65
0·58

Occurrence: Figured specimens (CPC 6447 and 6448) from the 'Tubu Siltstone',
Tubu area, Papua (upper Miocene, locality Id); other localities: 15e, 28.

N. berthelotianus has been recorded as Eponides berthelotianus, ranging from
lower Miocene (Burdigalian) to Pliocene; it also occurs in Recent deposits.

NEoEPONIDES SUBORNATUS (Cushman, 1921)
(PI. 17, figs 7-12)

1921 Pulvinulina berthelotiana d'Orbigny var. subornata' Cushman, p. 333, pI. 70, figs 1a-c.
1941a Eponides berthelotiana (d'Orbigny) var. subornatus (Cushman); LeRoy, p. 39, pI. 2, figs

15-17. '
1944a Eponides berthelotiana (d'Orbigny) var. subornatus (Cushman); LeRoy, p. 34, pI. 8, figs

38-40.
1944b Eponides berthelotiana (d'Orbigny) var. subornatus (Cushman); LeRoy, p. 89, pI. 5, figs

7-9.
1951 Eponides subornatus (Cushman); Asano, pt 14, p. 11, figs 85-87.
1960 Eponides subornatus (Cushman); Chang, p. 73, pI. 15, figs 3a-c.
1964 Eponides subornatus (Cushman); LeRoy, p. 38, pI. 7, figs 27-29.

Material examined: 17 specimens.

Specimens here referred to N. subornatus range from almost equally biconvex
forms to those with a more convex dorsal surface. The sutures on the dorsal side
are thickened and raised and on the ventral side narrow and depressed, but with a
small raised area at the umbilicus. The marginal prolongation of the chambers,
the inframarginal sulcus and the bilameIIid septal walls indicate that this species is
to be referred to the genus Neoeponides. The test is finely perforate, the pore diameter
being 2 to 3 microns on both the dorsal and ventral sides, and the wall is radiate in
texture.

Dimensions of figured specimens: Maximum Height
Diameter

CPC 6450 1·18 0·63
CPC 6451 1·14 O' 59

Occurrence: Figured specimens (CPC 6450 and 6451) from a tributary of
Kaukomba Creek, Lower Ramu-Atitau area, New Guinea (upper Miocene); other
locality: 12a.

, N. subornatus has been recorded as Eponides berthelotianus var. subornatus,
from the Pliocene only; it also occurs in Recent deposits.

NEOEPONIDES PARANTILLARUM (Galloway & Heminway, 1941)

(PI. 17, figs 13-15; PI. 18, figs 1-3)

1941 Eponides parantillarum Galloway & Heminway, p. 374, pt 18, figs 1a-c.
1945 Eponides parantillarum Galloway and Heminway; Cushman & Todd, p. 54, pI. 9, figs

6a-c, 7. ,
1949 Eponides parantillarum Galloway and Heminway; Bermudez, p. 247, pI. 16, figs 49-51.
1953 'Eponides' parantillarum Galloway and Heminway; Redmond, p. 725, pI. 76, figs 7a-c.
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0'70
0·83

HeightMaximum
Diameter

1·15
1'30

CPC 6453
CPC 6454

Material examined: 12 specimens.

Specimens referred to N. parantillarum occur commonly in three samples.
The sutures of parantillarum are greatly thickened towards the centre of the test
and their umbilicaL margins form a heavy wall around the small but distinct open
umbilicus. The test is finely perforate, the pores being 3 to 4 microns in diameter
on both the dorsal and ventral sides. The wall is radiate in texture and the septal
walls are double; a marginal prolongation of the chamber, a deep inframarginal
sulcus and a small infundibulum are developed.

Dimensions of figured specimens:

Occurrence: Figured specimens (CPC 6453 and 6454) from the 'Tubu Siltstone',
Tubu area, Papua (upper Miocene); CPC 6453 from locality 1b, CPC 6454 from
locality la; other locality: 19.

N. parantillarum has been recorded as Eponides parantillarum, occurring in the
middle and upper Miocene.

Subfamily PLAN ULININAE Bermudez, 1952

Genus PLANULINA d'Orbigny, 1826

As the genus Cibicides is here considered to be granular in texture, many species,
such as Rotalina ungeriana d'Orbigny, should, in my opinion, be referred to the radiate
bilamellid genus Planulina. The coiling and apertural characteristics of Planulina
ariminensis d'Orbigny and P. ungeriana appear at first sight to differ greatly, but
these differences are more apparent than real. P. ariminensis is a compressed species,
evolute on both sides of the test to different degrees, and the aperture is on the less
evolute side. In order to compare the apertural characteristics of these two species
it is necessary to determine the dorsal and ventral sides of P. ariminensis. Glaessner
(1945) did not distinguish between the dorsal and ventral sides of Planulina, or of
any other genus placed by him in the Anomalininae. Cushman (1948) figured the
aperture of ariminensis on the ventral side. Loeblich & Tappan (1962c) placed
the aperture on the umbilical side, a term which in other trochoid genera is synony
mous with ventral. The aperture of P. ariminensis is here considered to be on the
dorsal side. Reiss (1958) illustrated a vertical section of ariminensis which shows
that the aperture is on the apical side of the test and also that the opposite side
is the more conical. As figured by Brady (1884) the apertural surface of P. ari
minensis is perforate, and the opposite surface smooth. Parker (1964, p. 624)
recorded coarse pores on both sides of adult specimens of ariminensis, and Loeblich
& Tappan (1964a) figured a specimen perforate on both sides, the apertural surface
being the more densely perforate. The criteria previously given (see pages 13-15)
therefore indicate that the aperture is dorsally situated.

If the chambers on the more conical side of P. ariminensis were involute the
result would be a test identical in development with that of P. ungeriana, with the
aperture on the evolute dorsal side and with an involute ventral surface. It would
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appear that species such as ariminensis and ungeriana are similarly organized, with
the aperture in the same relative position. The apparent differences are caused
by the differing degree of compression of the test and by the extent to which the cham
bers approach the axis ofcoiling. As either side of the test may be involute or evolute
the difference between P. ariminensis and P. ungeriana in the degree of involution
of the ventral side cannot be taken to indicate that they are generically distinct.
The species Anomalina wuellerstorfi Schwager, now generally placed in Planulina,
is identical with P. ungeriana in the coiling of the test and the apertural characteristics.

PLANULINA WUELLERSTORFI (Schwager, 1866)

(PI. 10, figs 1-6)

1866 Anomalina wuellerstorfi Schwager, p. 258, pI. 7, figs 105-107.
1884 Truncatulina wuellerstorfi, Schwager, sp.; Brady, p. 662, pI. 93, figs 9a-c (not fig. 8).
1915 Truncatulina wuellerstorfi (Schwager); Cushman, p. 34, text-figs 36a-c; pI. 12, figs 3a-c.

(Synonymy).
1921 Truncatulina wuellerstorfi (Schwager); Cushman, p. 314, pI. 64, figs la-c.
1926 Truncatulina wuellerstorfi Schwager, mut.; Koch, p. 748, figs 24a-b.
1929b Planulina wuellerstorfi (Schwager); Cushman, p. 104, pI. 15, figs la-c, 2a-c.
1940 Planulina wuellerstorfi (Schwager); Coryell & Rivero, p. 337, pI. 44, figs 3a-c.
1941a Cibicides wuellerstorfi (Schwager); LeRoy, p. 46, pI. 1, figs 27-29.
1941b Cibicides wuellerstorfi (Schwager); LeRoy, p. 89, pI. 3, figs 7-9.
1944b Cibicides wuellerstorfi (Schwager); LeRoy, p. 93, pI. 6, figs 13-15.
1951b Cibicides wuellerstorfi (Schwager); Hofker, p. 350, figs 237a-k.
1951 Planulilla wuellerstorfi (Schwager); Phleger & Parker, p. 33, pI. 18, figs lla-b; pI. 19,

figs la-b, 2a-b, 3a-b.
1951 Planulina wuellerstorfi (Schwager); Asano, pt 13, p. 15, figs 19-20.
1954 Cibicides wuellerstorfi (Schwager); Parker, p. 544, pI. 13, figs 3, 6.
1957 Cibicides wuellerstorfi (Schwager); Samaniego & Gonzales, p. 207, pI. 24, figs 8a-c.
1957 Planulinti wuellerstorfi (Schwager); Todd, p. 279 (tab.), pI. 80, figs 7a-b.
1957 Planulina wiillerstorfi (Schwager); Agip Mineraria, pI. 50, fig. 7.
1960 Planulina wuellerstorfi (Schwager); Barker, p. 192, pI. 93, figs 9a-c.
1964 Planulina wuellerstorfi (Schwager); Ishiwada, pI. 8, figs 112a-b.
1964 Cibicides wuellerstorfi (Schwager); LeRoy, p. 45, pI. 8, figs 25-16.
1964 Cibicidoides wuellerstorfi (Schwager); Parker, p. 625, pI. 100, fig. 29.

0·30
0·28

Height

CPC 6456
CPC 6457

Material examined: 45 specimens.

P. wuellerstorfi is abundant and widespread in the present samples. The test
is pIano-convex, with the chambers evolute on the dorsal side and wholly involute
on the ventral side. The dorsal surface is coarsely perforate, the pore diameter
being about 10 microns; pores do not occur on the ventral side of all specimens,
and are finer than those on the dorsal side, occurring mainly near the umbilical area.
The wall is radiate in texture and the septal walls are double.

Dimensions of figured specimens: Maximum
Diameter

1·00
0·85

Occurrence: Figured specimens (CPC 6456 and 6457) from the Nuru valley,
New Guinea, between Diduella and Old Bauri, on hill with garden plot (upper
Miocene); other localities: II, 18, 27, 40.

P. wuellerstorfi has been recorded from lower Miocene (Burdigalian) to Pliocene;
it also occurs in Recent deposits.
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Remarks: Planulina wuellerstorfi was referred by Hofker (1956a, p. 936) to the
genus Parrelloides, but this is not accepted here. The type species of Parrelloides,
Truncatulina bradyi Trauth, has single septa, whereas Planulina wuellerstorfi is bi
lamellid. Both species have a radiate wall structure, but differ in their apertural
characteristics; the aperture of Planulina wuellerstorfi extends back over several
chambers along the spiral suture, and in Parrelloides bradyi reaches to the spiral
side but does not extend along the spiral suture.

PLANULINA UNGERIANA (d'Orbigny, 1846)

(Pi. 10, figs 7-13)

1846 Rotalina ungeriana d'Orbigny, p. 157, pI. 8, figs 16-18.
1915 Truncatulina ungeriima (d'Orbigny); Cushman, p. 36, text-figs 39a-c; pI. 17, figs 2a-c.

(Synonymy).
1921 Truncatulina ungeriana (d'Orbigny); Cushman, p. 327, text-fig. 12; pI. 65, figs 3a-c.
1939 Cibicides dorsopustulosus LeRoy, p. 268, pI. 11, figs 1-3.
1941a Cibicides dorsopustulosus LeRoy; LeRoy, p. 47, pI. 1, figs 85-87.
1941b Cibicides dorsopustuloSllS LeRoy; LeRoy, p. 88, pI. 3, figs 4-6.
19440 Cibicides dorsopustuloSllS LeRoy; LeRoy, p. 42, pI. 2, figs 1-3; pI. 6, figs 7-9.
1944b Cibicides dorsopustulosus LeRoy; LeRoy, p. 93, pI. 6, figs 7-9.
1958 Cibicides ungerianus (d'Orbigny); Batjes, p. 152, pI. 9, figs 6a-c.
1964 Cibicides dorsopustulosus LeRoy; Huang, tab. 1, pI. 4, fig. 8.

Material examined: 30 specimens.

0·21
0·22

HeightMaximum
Diameter

0·60
0'58

CPC 6459
CPC 6460

P. ungeriana is common in several samples. The distinctive pustules and small
ridges in the central area of the dorsal side are well developed. The dorsal surface
ranges from slightly to distinctly convex; the chambers are arranged in 2 to 2t
whorls, with 10 to 12 visible from the ventral side. Both dorsal and ventral walls
of the test are perforate, the pore diameter on the dorsal side ranging from 10 tQ
12 microns, and on the ventral side from 4 to 5 microns. On the ventral side pores
may be lacking on the early chambers of the last whorl, and if present are confined
to the umbilical part of the chamber; on later chambers they occur over the entire
chamber surface. The wall is radiate in texture and the septal walls are double;
no internal structure is present.

The species described by LeRoy (1939) as Cibicides dorsopustulosus cannot be
separated from ungeriana on any feature of the test. The variety described by Cush
man (1921) as Cibicides ungerianus (d'Orbigny) var. ornatus also scarcely seems to
warrant separate identity.

Dimensions of figured specimens:

Occurrence: Figured specimens (CPC 6459 and 6460) from the Nagam River,
west of Periama village, Wewak subdistrict, Sepik district, New Guinea (uppermost
Miocene or Pliocene); other localities: Id,41.

P. ungeriana has been recorded as Cibicides ungerianus, ranging from lower
Miocene (Burdigalian) to Pliocene; it also occurs in Recent deposits.
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PLANULJNA PLANA sp.nov.
(PI. 10, figs 14-19)

Material examined: 18 specimens.

Diagnosis: A compressed, pIano-convex to concavo-convex species with narrowly
rounded periphery; evolute on both sides of test; chambers arranged in 1-!- to 2-!
whorls, 8 to 9 in last whorl; sutures broad, distinct, curved; aperture interiomarginal,
periphero-dorsal.

Description: Test compressed, oval in outline, pIano-convex to concavo-convex,
dorsal surface fiat to concave, ventral surface convex; periphery with margin of
clear shell material, slightly lobate in side view, narrowly rounded in edge view.
Test evolute on both dorsal and ventral sides, chambers arrangedin 11" to 2-!- whorls,
increasing very slowly in size as added, 8 to 9 chambers in last whorl. Sutures on
both dorsal and ventral sides broad, distinct, curved, usually smooth, depressed
between last 2 or 3 chambers; spiral suture on ventral side slightly depressed. Test
wall coarsely perforate on dorsal side, pore diameter not determined; on ventral
side pores fine, sparse and irregularly distributed, at first usually at periphery, later
over entire ventral chamber wall, but not observed on all specimens; radiate in
texture. Septal walls double, no internal structure present. Aperture interio
marginal, periphero-dorsal, a low slit with narrow lip, extending along spiral suture
on dorsal side.

Dimensions: Maximum Height
Diameter

Holotype 0·45 0·12
Paratype 0·42 0·10

Occurrence: Holotype (CPC 6463) and paratype (CPC 6464) from the Nagam,
River, west ofPeriama village, Wewak subdistrict, Sepik district, New Guinea (upper';
most Miocene or Pliocene); other locality: 30.

P. plana sp.nov. is not known to have been recorded previously from Papua
New Guinea. Several specimens referable to this species are in a slide from 'Chal
lenger' station 185, at 155 fathoms, but the species was not figured by Brady (1884).

Remarks: Only 14 specimens of P. plana have been found, not all complete;
no specimens have been broken for detailed examination of the pores. The inner
lining of the septa in the one specimen section is very thin and visible only at high
magnification.

P. plana is similar to P. ariminensis in the evolute coiling of the test on each side
and in the less strongly perforate, ventral side. These features, together with the
radiate wall texture, bilamellid septal walls, and compressed test indicate that the
new species plana is to be referred to Planulina.

P. plana is similar in dorsal view to Cibicides catillus Finlay; the sutures in Co
catillus are very strongly reflexed and the description does not mention evolute
coiling on both sides. P. plana also resembles Cibicides floridanus (Cushman) var.
eushmani Barbat & Von Estorff in the compressed test and evolute coiling, but this
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variety has 12 to 13 chambers in the last whorl and is described as coarsely perforate,
the figures showing the pores on both sides of the test. Truncatulina depressa d'Or
bigny is also evolute but is a very compressed form perforate on both sides of the
test.

The specific name is from the Latin planus, even flat, level, referring to the
compressed test.

PLANULINA RETIA sp.nov.

(PI. 11, figs 1-9; text-fig. 32: 4-5)

Material examined: 28 specimens.

Diagnosis: A trochoid pIano-convex species with narrowly rounded periphery;
evolute on dorsal side, usually involute on'ventral; chambers in It to 2 whorls,
6 to 7 visible from ventral side; sutures narrow, strongly curved, reflexed; surface
with raised irregularly reticulate ornament; aperture interiomarginal, open on
dorsal side.

HeightMaximum
Diameter

Holotype O· 59 0·17
Paratype A O' 52 0·17
Paratype B O· 81 O' 21

Occurrence: Holotype (CPC 6466) and paratypes A and B (CPC 6467 and 6468)
from east of Karova Creek, Kerema-Karova Creek area, Papua (middle Miocene,
locality 7a); other localities: 21, 29.

Planulina retia sp.nov. has been record as P. sp. 1, ranging from lower Miocene
(Burdigalian) to upper Miocene.

Remarks: Planulina retia sp.nov. resembles Cibicides lobatulus (Walker & Jacob),
but is a more compressed species with narrower chambers and strongly reflexed
sutures. One specimen of C. lobatulus figured by Brady (1884, pI. 93, fig. 4) has

Description: Test trochoid, pIano-convex to concavo-convex, dorsal surface flat
to concave, ventral surface convex, usually circular in outline, sometimes irregularly
oval. Periphery narrowly rounded, with small margin of shell material, often not
present on younger chambers. Test evolute on dorsal side, usually involute on ventral
side, later chambers of some specimens becoming evolute. Chambers arranged in It
to 2 whorls, increasing slowly in size as added, 6 to 7 visible from ventral side of invol
ute specimens. Sutures narrow, strongly curved, reflexed, usually smooth at first,
later slightly to deeply depressed; early sutures on dorsal side raised on rare
specimens. Surface of test, particularly early chambers of last whorl, with raised
irregularly reticulate ornament. Test wall perforate on both dorsal and ventral
sides, pore diameter 8 to 10 microns; radiate in texture. Septal walls double, no inter
nal structure present.

Aperture a narrow interiomarginal slit extending back over several chambers along
spiral suture on dorsal side.

Dimensions:
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a strong reticulate ornament, but P. retia does not have the raised sutures shown by
this specimen. P. retia· differs from P. ariminensis, the type species, in being per
forate on the ventral side, but has the other morphological features of Planulina,
such as the compressed test, radiate wall, bilamellid septa and apertural charactet~

istics.
The specific name is the Latin retia, a net, referring to the ornament of the test.

Genus HYALINEA Hofker, 1951

Hofker (1951b) recorded a spiral canal in H. ba/thica, with the ventral foramina
opening into it to form a simple umbilical canal system. This led Hofker to suggest
that Hyalinea is either an altered Rotalia or an advanced form of Streb/us (=Ammonia
of this paper). Papua-New Guinea specimens of H. balthica, and Recent specimens
from. the Atlantic that have been examined, have the aperture opening towards the
umbilical area in the later chambers, with a narrow lip. The tubular ventral exten
sions of the earlier chambers, regarded by Hofker as a simple umbilical canal system,
appear to be merely the remnants of the ventral umbilical apertures, covered by
later shell laminae. They do not open to the surface, and I cannot detect a spiral
canal. Hofker also recorded interseptal canals in large tests; this is confirmed in
that the septa of both Recent and fossil specimens are double. However, as may
be seen from the thin sections illustrated, the structure is bilamellid, not rotaliid.

.3

TEXT-FIGURE 13
1-3, Hyalinea balthica (Schroeter), 'Goldseeker' Fry et haul 8209, station 9, 61° 34' ., 02° 04' E
at 330 metres, 1, X 68; 2, X 100; 3, X 115. 1, CPC 6471; 2-3, CPC 6472. Showing the bi
lamellid structure.

HYALINEA BALTHICA (Gmelin, 1791)
(pI. 14, figs 1-8; text-fig. 13: 1-3)

1782 'Ammonshomer der Ostsee', Schroeter, p. 120.
1783 'Das platte Ammonshom aus der Ostsee', Schroeter, p. 20, pI. 1, fig. 2.
1791 Nautilus balthicus Gmelin, p. 3370.
1884 Operculina ammofloides Brady, p. 745, pi. 112, figs 1a-b, 2 (not of Gronovius).
1931 Anomalina balthica (Schroeter); Cushman, p. 108, pi. 19, figs 3a~. (Synonymy).
1949 Anomalina balthica (Schroeter); Boomgaart, p. 148, pi. 14, fig. 7.
1950 Operculina balthica (Schroeter); Parr, p. 375, pI. 15, fig. 18.
1951b Hyalina baltica (Schroeter) [sic]; Hofker, p. 508, figs 345 (tab.), 346, 347a-d, 348a---<:.
1951 Anomalina balthica (Schroeter); Asano, pt 13, p. 14, figs 6-7.
1952 Hojkerifle/la balthica (Schroeter); Bermudez, p. 74.
1957 Anomalifla balthica (Schroeter); Agip Mineraria, p. 49, fig. 5.
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/

0·13
0·10

Height

CPC 6473
CPC 6474

1957 Anomalina baIthica Schroeter; Samaniego & Gonzales, p. 206, pI. 24, figs 7a-b.
1959 Anomalina baIthiea (Schroeter); d'Onofrio, p. 179, pI. 2, fig. 11.
1959 Hyalinea baIthica (Schroeter); Parker, p. 275, pI. 4, fig. 39.

,1960 Hyalinea baIthiea (Schroeter); Barker, p. 230, pI. 112, figs la-b, 2.
1960 Ho/kerinella baItiea (Schroeter) [sic]; Hofker, p. 255, pI. F, figs 137a-e. (Synonymy).
1963 Anomalina baIthiea (Schroeter); Decima, p. 89, pI. 1, fig. 17.
1964 Hayalinea baIthiea (Schroeter) [sic]; Huang, tab. 1, pI. 3, fig. 6.
1964 Anomalina baIthiea (Schroeter); Ishiwada, pI. 8, fig. 111.
1964 Hyalinea balthiea (Schroeter); LeRoy, p. 44, pI. 9, figs 34--36.

Material examined: 91 specimens.

H. balthica has been found abundantly in several samples. The test is finely
perforate, the pore diameter being O· 6 to 1 micron; the wall is radiate in texture.
Other morphological details have already been given.

Dimensions of figured specimens: Maximum
Diameter

0'35
0'32

Occurrence: Figured specimens (CPC 6473 and 6474) from the Nagam River,
west of Periama village, Wewak SUbdistrict, Sepik district, New Guinea (uppermost
Miocene or Pliocene); other localities: l3a, l3b, 14d, 30.

Hyalinea balthica has been recorded as Anomalina balthica, occurring in the
upper Miocene and Pliocene; it also occurs in Recent deposits.

Genus EpONIDES de Montfort, 1808

The following six species are referred to generically as 'Eponides', as I do not
at present know of any genus in which they may be satisfactorily placed. Redmond
(1949), Hofker (1950), and Reiss (1960) commented on the status of the genus
Eponides, and Loeblich & Tappan (1962a) selected a neotype; obviously none of
the six species under discussion can be referred to Eponides. Their relationships
are not clear, but because of their radiate texture and bilamellid septa they are here
placed in the Planulininae. The primary aperture is interiomarginal and extends
to the dorsal side; 'Eponides' margaritiferus (Brady) also has additional smaller open
ings on the dorsal side. An umbilical aperture may be developed, but is not a con
stant feature; one species, 'Eponides' subhaidingeri (Parr), has..no indication of such
an aperture, and in other species it occurs on very few specimens. A small murus
reflectus has been observed on all species except 'E.' crassilabrus sp. novo

'EpONIDES' PRAECINCTUS (Karrer, 1868)
(PI. 16, figs 1-6)

1868 Rotalia praecineta Karrer, p. 189, pI. 5, fig. 7.
1884 Truneatulina praecineta Karrer, sp.; Brady, p. 667, pI. 95, figs la-<:, 2a-<:, 3.
1915 Truneatulina praecineta (Karrer); Cushman, p. 39, pI. 26, figs 2a-<:. (Synonymy).
1941a Eponides praecinetus (Karrer); LeRoy, p. 39, pI. 1, figs 66-68.
1941b Eponides praecinetus (Karrer); LeRoy, p. 83, pI. 3, figs 25-27.
1941e Eponides praecinetus (Karrer); LeRoy, p. 116, pI. 2, figs 22-24.
19440 Eponides praecinetus (Karrer); LeRoy, p. 34, pI. 2, figs 31-33.
1944b Eponides praecinetus (Karrer); LeRoy, p. 89, pI. 5, figs 4--6.
1951 Eponides praecinetus (Karrer); Asano, pt 14, p. 11, figs 80-82.
1960 Cibicides praecinetus (Karrer); Barker, p. 196, pI. 95, figs la-<:, 2a-<:, 3.
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Material examined: 28 specimens.

'E.' praecinctus is a distinctive species, common and widespread in the Indo
Pacific region. The early chambers on the dorsal side are obscured by imperforate
shell material, and the spiral suture is thickened. On the ventral side the sutures
are broad and raised, particularly on the early chambers of the last whorl, on the
last one or two chambers becoming narrower and smooth, or even slightly depressed.
The test is perforate on both the dorsal and ventral sides, the pore diameter being
6 to 7 microns, and the wall is radiate in texture; the septal walls are double. The
aperture is a narrow interiomarginal slit extending to the dorsal side, where it is
open on the last chamber only. Very few specimens have an umbilical aperture. A
small but distinct murus reflectus is developed.

Dimensions offigured specimens:

CPC 6477
CPC 6478

Maximum
Diameter

1·00
0·77

Height

0·64
0·60

Occurrence: Figured specimens (CPC 6477 and 6478) from the 'Tubu Siltstone',
Tubu area, Papua (upper Miocene, locality Id); other locality 28.

'E.' praecinctus has been recorded as Eponides praecinctus, ranging from lower
Miocene (Burdigalian) to Pliocene; it also occurs in Recent deposits.

'EpONIDES' MARGARITIFERUS (Brady, 1881)

(PI. 18, figs 11-16)

1881 Truncatulina margaritifera Brady, p. 66.
1884 Truncatulina margaritifera Brady; Brady, p. 667, pI. 96, figs 2a--<:.
1915 Truncatulina margaritifera Brady; Cushman, p. 40, fig. 43; pI. 17, fig. 1.
1921 Truncatulina margaritifera Brady; Cushman, p. 319, pI. 65, figs la--<:; pI. 74, figs 1a--<:.
1941a Eponides margaritiferus (Brady); LeRoy, p. 40, pI. 3, figs 110-112.
1941b Eponides margaritiferus (Brady); LeRoy, p. 83, pI. 3, figs 28-30.
1960 Cibicides margaritiferus (Brady); Barker, p. 198, pI. 96, figs 2a--<:.
1964 Cibicides margaritiferus (Cushman); Ishiwada, pI. 8, figs 117a-b.
1964 Eponides margaritiferus (Brady); LeRoy, p. 37, pI. 7, figs 19-21.

Material examined: 23 specimens.

'E.' margaritiferus is a commonly occurring and widespread species in the younger
Tertiary rocks of Papua-New Guinea and throughout the Indo-Pacific region. The
present specimens show apertural characteristics which do not appear to have been
reported previously for the species. In addition to the normal interiomarginal
aperture there is a small, narrow umbilical aperture with a distinct lip, open on
the last two or three chambers. On the dorsal side narrow apertures occur along
the spiral suture, open at the most on only the last three chambers, the position on
earlier chambers being marked by a narrow spiral groove, which is finally obscured
by the thickened spiral suture. Small openings have also been observed on the dorsal
side along the sutures between the chambers, but are variable, occurring on as many
as the last four chambers, but generally being restricted to the last one or two cham
bers; some specimens do not show these openings. A small distinct depression
occurs in the apertural face immediately on the umbilical side of the interiomarginal
ventral aperture, associated with a small murus reflectus.
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0·66
0·65

CPC 6480
CPC 6481

All specimens show the characteristic ornament of the species, the sutures being
heavily beaded, particularly on the dorsal side and the early chambers on the ventral
side. The test is coarsely perforate, the pore diameter on both dorsal and ventral
sides generally ranging from 8 to 10 microns; in one specimen examined the pore
index is 6 to 8 microns. The wall is radiate in texture and the septal walls are double.

Dimensions of figured specimens: Maximum Height
Diameter

1·55
1·45

Occurrence: Figured specimens (CPC 6480 and 6481) from east of Atemble,
Lower Ramu-Atitau area, New Guinea (Pliocene); other localities: 27, 29, 35.

'E.' margaritiferus has been recorded as Eponides margaritiferus, ranging from
middle Miocene to Pliocene; it also occurs in Recent deposits.

'EpONIDES' LABRICRASSUS sp.nov.

(PI. 18, figs 4-10)

Material examined: 25 specimens.

Diagnosis: A trochoid, biconvex species, with rounded periphery; umbilicus
usually open; early dorsal chambers obscured, 8 to 12 visible from ventral side;
dorsal sutures slightly curved, ventral sutures curved with sharp bend near umbilicus;
no internal structure observed; aperture interiomarginal, extending to spiral suture,
rarely also umbilical.

Description: Test trochoid, biconvex, circular in top view, periphery rounded
in edge view with small margin of imperforate shell material not developed on younger.
chambers. Usually with small umbilical hollow, with very thick margin of imperfor
ate shell material, umbilicus rarely closed, with smooth boss. Early chambers on
dorsal side obscured by large area of imperforate shell material, later chambers,
visible for about last l-!- whorls, increasing only slowly in size as added, 8 to 12
visible from ventral side. Spiral suture on dorsal side thickened, slightly raised,
chamber sutures smooth, slightly curved, at first broad, later narrow; sutures on
ventral side curved, some with sharp bend near umbilicus. Test wall perforate
on both sides, pore diameter on dorsal side 6 to 8 microns, on ventral side 4 to 6
microns; radiate in texture. Septal walls double, no internal structure observed.
Aperture an interiomarginal slit, with narrow lip, extending for short distance along
spiral suture, usually open on last chamber only, sometimes also on penultimate
chamber; very rare specimens with narrow umbilical aperture, open on last chamber
only.

Dimensions:

Holotype
Paratype A
Paratype B

Maximum
Diameter

1·10
1·03
0·96

Height

0·69
0·60
0·67

127



Occurrence: Holotype (CPC 6483) and paratypes A and B (CPC 6484 and
6485) from the 'Tubu Siltstone', Tubu area, Papua (upper Miocene); holotype and
paratype A from locality Ib, paratype B from locality Ig; known only from these
two samples.

'Eponides' labricrassus sp.nov. has been recorded as Eponides sp. 3, occurring
in the middle and upper Miocene.

Remarks: The holotype and paratype B have a small umbilical hollow, in para
type B surrounded by a very thick rim of shell material; paratype A has a closed
umbilicus. The sutures of the paratypes are strongly raised near the umbilicus,
but in the holotype are only slightly raised, or smooth throughout.

'Eponides' labricrassus sp.nov. differs from 'E.' suturicrassus sp.nov. in having
a rounded rather than sharply angled periphery, more elongate, narrow chambers
on the dorsal side, a smaller peripheral margin of shell material, and in generally
lacking an umbilical aperture. 'E.' labricrassus also apparently lacks a murus
reflectus.

The specific name is from the Latin labrum, lip or brim, and crassus, thick,
fat, referring to the thick umbilical border.

'EpONIDES' SUTURICRASSUS sp.nov.

(PI. 18, figs 17-21; PI. 19, fig. 1)

Material examined: 18 specimens.

Diagnosis: A trochoid biconvex species with narrowly rounded periphery;
small umbilical hollow; early dorsalchambers obscured, 11 to 13 visible from ventral
side; dorsal sutures slightly curved, ventral sutures almost radial, curved near um
bilicus; apertures multiple on dorsal and ventral sides; . small murus reflectus
developed.

Description: Test troc,hoid, biconvex, with ventral surface more strongly con-
.vex, circular in outline. Periphery in side view lobate, with small margin of im
perforate shell material, in edge view narrowly rounded. Central part of dorsal
side with boss of imperforate shell material obscuring early chambers; ventral side
with small umbilical hollow, ranging from narrow and shallow to open and deep.
Chambers of about last two whorls visible from dorsal side, 11 to 13 visible from
ventral side, increasing slowly in size as added. Spiral suture on dorsal side thickened,
slightly raised, chamber sutures slightly curved, on earlier chambers raised, later
narrow, smooth. Sutures on ventral side broad, almost radial, with strong curvature
near umbilicus, smooth near periphery, increasingly raised toward centre of test,
meeting to form thickened margin around umbilical hollow. Surface of test, except
for raised sutures, smooth. Test wall coarsely perforate on both dorsal and ventral
sides, pore diameter usually 8 to 10 microns, but showing some variation, falling to
6 microns on some specimens; radiate in texture. Septal walls double. Apertures
multiple, on ventral side interiomarginal, with broad lip, extending over to dorsal
side, and also small narrow umbilical apertures opening into umbilical hollow;
on dorsal side rare specimens with small openings along sutures between chambers,
open for last one or two chambers only. Small murus reflectus developed.
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Dimensions: Maximum Height
Diameter

Holotype 1·12 0·06
Paratype 1'12 0·70

Occurrence: Holotype (CPC 6487) and paratype (CPC 6488) from the 'Tubu
Siltstone', Tubu area, Papua (upper Miocene, locality Ig); other localities: la, Id.

From slides that I have seen it appears that specimens here described as 'Eponides'
suturicrassus sp.nov. have been included in the records of 'E.' margaritiferus; the
total stratigraphical range of 'E.' suturicrassus is not known.

Remarks: 'Eponides' suturicrassus sp.nov. is clearly congeneric with 'E.' margari
tiferus. Specifically suturicrassus differs from margaritiferus in its less compressed
test, lack of pustulose ornament, more open umbilicus and greater thickening of the
sutures around the umbilical margin. These two species have a similar pore pattern
and pore index; the possibilities that suturicrassus is either a smooth form of mar
garitiferus, the lack of ornamentation reflecting some environmental influence,
or is one generation of margaritiferus, have been considered. Horizontal sections
do not support the suggestions that margaritiferus and" suturicrassus are different
generations of the same species, but the effect of environmental influence cannot be
determined. The two forms have not been found together in any of the available
samples. However, the observed differences between them are considered to be
too great to be attributed to intra-specific variation.

The specific name is from the Latin sutura, a seam and crassus, thick, fat, referring
to the thickened sutures.

'EpONIDES' SUBHAIDINGERI (Parr, 1950)

(PI. 16, figs 7-13)

1884 Truncatulina haidingeri Brady, p. 663, pI. 95, figs 7a-<. (not of d'Orbigny).
1950 Cibicides subhaidingeri Parr, p. 364, pI. 15, figs 7a-<..
1957 Eponides haidingeri (Brady, non. d'Orbigny); Agip Mineraria, pI. 40, fig. 6.
1960 Cibicides subhaidingeri Parr; Barker, p. 196, pI. 95, figs 7a-<..
1962 Cibicides subhaidingeti Parr; McKnight, p. 130, pI. 23, figs 151a-b.

Material examined: 32 specimens.

Specimens of 'E.' subhaidingeri from 'Challenger' station 185, and also in
a slide labelled 'Anchor mud, H.M.A.S. Moresby, N.W. of Bathurst Island, 40
fathoms', have been examined. Specimens from one locality in New Guinea (17)
are identical in every way with the Recent forms; at other localities, particularly
in Papua, the specimens are larger and have a slightly heavier ornament, with broader
sutures and deposits of imperforate shell material in the umbilical area. I do not
consider these to be specifically distinct from subhaidingeri. The test is coarsely
perforate, with the pores circular in outline and those on the dorsal side larger than
those on the ventral. One specimen from locality 17 has a pore diameter of 10
microns on the dorsal side, and in another specimen it is 6 to 7 microns; the pore
pattern of the two specimens is identical. The pore diameter on the dorsal side of
specimens from Papua is 8 to 10 microns. On the ventral side the pore diameter is
95044-(6)
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0·42
0·44
0·29

Height

CPC 6490
CPC 6491
CPC 6492

more uniform, being 4 to 6 microns on all specimens. The wall is radiate in texture
and the septal walls are double; a small murus reflectus is developed. No specimen
has been observed to have an umbilical aperture.

Dimensions of figured specimens: Maximum
Diameter

0·76
0·74
0·53

Occurrence: Figured specimens (CPC 6490 and 6491) from the 'Doabea For
mation', Ipowoloe Creek, Hohoro area, Papua (Pliocene, locality 15b); figured
specimen (CPC 6492) from the road cutting at the new residence, north of the aero
drome, Madang, New Guinea (pliocene); other localities: Id, 15e, 27.

'Eo' subhaidingeri has been recorded as Cibicides sp. 3, ranging from middle
Miocene to Pliocene; it also occurs in Recent deposits.

'EpONIDES' sp. cf. 'Eo' SUBHAIDINGERI (Parr, 1950)
(PI. 16, figs 14-22)

Material examined: 11 specimens.

Rare specimens from two samples are similar to 'Eo' subhaidingeri (Parr) but
have a much more convex dorsal surface. They resemble closely in shape of the
test the species Eponides haidingeri (d'Orbigny) var. pacifica (Cushman), a form
which Parr (1950) noted to be close to subhaidingeri. Eponides sp. A of LeRoy
(1941a) is also similar in outline, as are the specimens figured by Cushman (1931)
as E. umbonata (Reuss). Cushman (1915) recorded specimens as Truncatulina
haidingeri (d'Orbigny); the present specimens are very similar to Cushman's text
figure, adapted from d'Orbigny's type figure. However, Cushman also refigured
(pI. 13, figs la-c) the specimens illustrated by Brady, which were referred by Parr
(1950) to subhaidingeri.

The pore diameter on the dorsal side is again variable, in one specimen ranging
from 4 to 6 microns and in another being 8 microns. On the ventral side the pores
are finer, the diameter being 4 microns. The wall is radiate in texture and the septal
walls are double.

Dimensions of figured specimens:

CPC 6494
CPC 6495
CPC 6496

Maximum
Diameter

0·83
0·84
0·51

Height

0·43
0·45
0·28

Occurrence: Figured specimens (CPC 6494 and 6496) from the creek north of
Ibab village, Wewak subdistrict, Sepik district, New Guinea (upper Miocene);
figured specimen (CPC 6495) from Forsayth Plantation, Mushu Island, Sepik district,
New Guinea (Pliocene); found only in the two samples.

No previous records of specimens of this type from Papua-New Guinea are
known.
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Family CIBICIDIDAE Cushman, 1927

Subfamily CIBICIDINAE Cushman, 1927

Genus CIBICIDES de Montfort, 1808

Differing opinions have been expressed concerning the morphology of the
genus Cibicides and also its generic definition and affinities (see Brotzen, 1942, p.21
et seq.; Rofker, 1951b, p. 342 et seq.; 1956a, p. 935; 1956b, p. 114; and comments
by Reiss, 1958, p. 68; 1959; 1963).

In the present study Recent specimens conspecific with those figured by Brady
(1884) as Truncatulina refulgens have been examined from the following localities:

1. 'Goldseeker' haul 97, station 21A, 600 02' N., 03 0 10' W., from 105 metres.
2. 'Goldseeker' haul 118, cold area, Faroe Channel, 600 31' N., 03 0 53' W.,

from 505 metres.
3. 'Goldseeker' haul 211, cold area, Faroe Channel 59 0 59' N., 06 0 38' W.,

from 505 metres.
4. 'Goldseeker' fry net haul 8209, station 9, 61 0 34' N., 020 04' W., from 330

metres.
Papua-New Guinea specimens here referred to as Cibicides sp. cf. C. refulgens

are much smaller than those from these four localities, but are similar in the outline
of the test, the sinuous ventral sutures and the slightly evolute ventral chambers,
to the specimen illustrated by Brady (1884, pI. 92, fig. 7).

In addition, I have examined specimens from a bore on Wreck Island, Queens
land, conspecific with specimens referred by Cushman (1942b) to C. refulgens; these
were provided by Mr A. R. Lloyd of the Bureau of Mineral Resources. The bilamel
lid septal walls and the pore patterns of the Recent 'Goldseeker' specimens and the
Wreck Island specimens are illustrated (Text-figure 14; Text-figure 15, figures 1-2,
8-10).

The wall texture of C. refulgens was investigated by Wood (1949) and stated
to be granular; Wood & Raynes (1957) corrected this and stated that in thin section
the wall is radiate, the individual crystals apparently being larger than usual. Rofker
(1956a) and Reiss (1959) stated that Cibicides is granular, although Rofker also re
ferred to fine arenaceous grains embedded in the shell substance; I have not seen
these. The observations by Reiss were made on species other than C. refulgens,
Loeblich & Tappan (1962c, 1964) recorded a radiate test and bilamellid septa in
C. refulgens; Reiss (1959) also observed a bilamellid structure, but Rofker (1956a,
1957) stated that the septal walls are single.

Examination of small fragments of the wall indicates that all the available
specimens have typical granular texture, with sutured grains: the septa are bilamellid.
In thin section the 'Goldseeker' specimens have a thick spiral suture with a seemingly
radiate texture, caused by the perforation of the test. Petrological examination
suggests that the wall consists of larger grains with an essentially radiate arrange
ment, and small grains between them with other orientations. The result is that
complete extinction does not occur at any point along the wall of the test, although
a slight shadow can be seen to pass along the wall as the stage is rotated. Reiss
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(1959) observed that the size of the granules in species referred by him to Cibicides
was heterogeneous, but considered this to be apparently due to diagenetic processes.
These processes could scarcely have affected Recent specimens.

1

2

1-2 CPC 6498

3 CPC 6499

3
TEXT-FIGURE 14

Cibicides rejufgens Montfort, 'Goldseeker' haul 118, cold area. Faroe Channel,
60° 31' ., 03° 53' W., at 505 metres, showing bilamellid septa and radiate
appearance due to pores. 1, X 49; 2, X 70.

Cibicides sp.cf. C. rejufgens Montfort. from a bore on Wreck Island, Queensland,
at 614-625 feet, showing bilamellid septa. X 191.

Wood's (1949) original division into granular and radiate wall texture was
largely on fragments of the shell wall, and not on thin sections. A radiate wall
texture gives a pseudouniaxial interference figure, and a comparison between the
appearance of fragments of the wall of C. rejulgens and of a true radiate species
shows that there must be a difference in texture. I have not been able to obtain
an interference figure from the wall of C. refulgens, even in conoscopic light. Thin
sections of true radiate specimens show complete extinction of the wall, in contrast
to the appearance of thin section of C. rejulgens. The opinion that the wall of C.
rejulgens is granular in structure, or at least is not truly radiate, is supported by the
difference between the x-ray diffraction charts obtained from C. rejulgens, and also
from undoubted radiate species: this has been discussed previously.

The occurrence of small irregularly arranged grains among larger radiate grains
might suggest that the wall of Cibicides reju/gens is agglutinated. However, the
smaller grains do not appear to be only a cementing medium for the larger grains,
as no definite boundaries between them can be detected in ordinary light. They
can be detected only by their petrological characteristics.

C. rejulgens shows a wall texture similar to that of Gyroidina (compare the
thin sections of C. reju/gens in Text-figure 14 and of Gyroidina torula sp.nov. in
Plate 28, figure 19); both genera are also bilamellid. On these features Gyroidina
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and Cibicides appear to be closely related. However, Cibicidcs is an attached genus
and the two genera differ in their apertural characteristics; Gyroidina also has an
infundibulum.

ClBr IDES sp. cf. C. REFULGENS Montfort, 1808

(PI. 23, figs 1-6; Text-fig. 15: 3-10)

1808 Cibicides refulgens Montfort, p. 123, fig. p. 122.

Material examined: 26 specimens.

Small conical specimens compared with C. refulgens have been found commonly
in one sample. The specimens are very small, with the dorsal surface flat or slightly
concave and the ventral surface strongly convex but varying in height. The peri
pheral margin has a thickened edge of clear shell material, extending into a narrow
keel which never becomes as wide as that on the specimens figured by Brady (1884,
PI. 92, figs 7-9); in this respect the specimens are the same as those figured by Todd
& Low (1960, PI. 262, figs 14a-c). The sutures are smooth, on the dorsal side broad
and slightly curved, on the ventral side narrow and sinuous, as in Brady's specimens.
The test is coarsely perforate on the dorsal surface, but on the ventral surface pore
distribution is irregular; on some specimens no ventral pores can be observed, while
others have fine pores on the later chambers, confined to the the area near the um
bilicus. The interiomarginal aperture has a broad lip and extends along the spiral
suture on the dorsal side. No internal structure is present.

The pore diameter on the dorsal side of Papua-New Guinea specimens is usually
about 4 microns; one fragment from the dorsal surface of one specimen has a group
of several larger pores with a diameter of 10 microns. Pores on the dorsal surface
of the 'Goldseeker' specimens also generally have a diameter of 4 microns, and only
one larger pore with a diameter of 10 microns has been observed. Wreck Island bore
specimens have a pore diameter from 6 to 8 microns. On the ventral surface the
'Goldseeker' specimens are densely perforate, with a pore diameter from 2 to 4
microns. The pore diameter of those specimens from Papua-New Guinea which
develop pores on the ventral side ranged from 2 to 4 microns. Specimens from the
Wreck Island bore are more coarsely perforate, with a pore diameter from 6 to 8
microns.

Dimensions of figured specimens:

CPC 6500
CPC 6501

Maximum
Diameter

0·39
0·37

Height

0·23
0·21

Occurrence: Figured specimens (CPC 6500 and 6501) from the Nagam River,
west of Periama village, Wewak subdistrict, Sepik district, New Guinea (uppermost
Miocene or Pliocene); found only in this sample.

C. refulgens has been recorded from lower Miocene (Burdigalian) to upper Mio
cene; it also occurs in Recent deposits.
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CIBICIDES TENUIMARGO (Brady, 1884)

(PI. 23, figs 7-9; Text-fig. 15: 11-13)

1884 Truncatulina tenuimargo Brady (part), p. 662, pl. 93, figs 3a--c (not figs 2a--c).
1960 Cibicides tenuimargo (Brady); Barker, p. 192, pI. 93, figs 3a--c.
1964 Cibicides tenuimargo (Brady); LeRoy, p. 44, pI. 8, figs 30-32.

Material examined: 6 specimens.

Two species were figured under this name by Brady (1884) and the specific
name tenuimargo was restricted by Finlay (1940) to the specimen illustrated by Brady
in figure 3. Specimens referred to C. tenuimargo occur rarely in only one of the pres
ent samples. A distinct thin peripheral keel is present on all specimens and five
to six chambers are visible from the ventral side. All specimens observed have a
large globular proloculus with the following chambers arranged in It to 2 whorls.
The pore diameter on the dorsal side is 4 to 6 microns; on the ventral side the occur
rence of pores is variable: some specimens do not show pores; others are finely and
densely perforate, particularly on the later chambers. The pore pattern is almost
identical with that of the specimens referred to C. refulgens, except that the larger
pores of refulgens have not been observed. The septal walls are bilamellid, but the
structure is not clearly shown; the wall is granular in texture, with thin sections
showing a radiate arrangement of some grains. A small interiomarginal aperture
is developed at the periphery and extends along the spiral suture on the dorsal side.

Dimensions of figured specimens:

CPC 6511

Maximum
Diameter

0·47

Height

0·21

Occurrence: Figured specimen (CPC 6511) from the Nagam River, west of
Periama village, Wewak subdistrict, Sepik district, New Guinea (uppermost Miocene
or Pliocene); found only in this sample.

C. tenuimargo is not known to have been recorded previously from Papua-New
Guinea.

TEXT-FIGURE 15

Pores, all figures X 500

1-2 Cibicides refulgens Montfort, 'Goldseeker' haul 97. 60° 02' N., 03° 10' W.
CPC 6503, dorsal side; 2, CPC 6504, ventral side.

3-7 Cibicides sp.cf. C. refulgens Montfort, locality 27. 3, CPC 6505; 4, CPC 6506;
5--6, CPC 6507; 7, CPC 6508.

8-10 Cibicides sp.cf. C. refulgens Montfort, from a bore on Wreck Island, Queensland,
at 614-625 feet. 8-9, CPC 6509, dorsal side; 10, CPC 6510, ventral side.

11-13 Cibicides tenuimargo (Brady), locality 27. 11-12, CPC 6513, dorsal side; 13, CPC
6514, ventral side.

14 CPC 6669 Heterolepa mediocris (Finlay), locality 21, dorsal side.
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Superfamily CASSIDULINACEA d'Orbigny, 1839

Family CAUCASINIDAE N. K. Bykova, 1959

Subfamily FURSENKOININAE Loeblich & Tappan, 1961

Genus FURSENKOINA Loeblich & Tappan, 1961

The erection of the genus Fursenkoina for Virgulina d'Orbigny, 1826 (not Bory
de St Vincent, 1823) was criticized by Todd (1963) and commented on by Hofker
(1963a). However, as pointed out by Loeblich & Tappan (1964b), pending a petition
to the International Commission on Zoological Nomenclature for the suppression
of Virgulina Bory de St Vincent, and a ruling by the Commission, a new name is
needed to replace Virgulina d'Orbigny. The generic name Fursenkoina must there
fore be used at this time. Harman (1964), and an editorial note to a paper by Hofker
(1963b), considered Cassidella (attributed to Thalmann, 1952, but here considered
to be due to Hofker, 1951) to be the next available name to replace Virgulina d'Or
bigny; Reiss (1963b) placed Cassidella in the synonymy of Virgulina (= Fursenkoina).
However, Loeblich & Tappan (1964b) regarded Cassidella and Fursenkoina as distinct
genera.

FURSENKOINA SCHREIBERSIANA (Czjzek, 1848)

(PI. 9, figs 18-21)

Maximum
Width
0·28
0·26

0·95
0·81

Length

CPC 6515
CPC 6516

1848 Virgulina schreibersiana Czjzek, p. 147, pi. 13, figs 18-21.
1937 Virgulina schreibersiana Czjzek; Cushman, p. 13, pI. 2, figs 11, 12a-b, 13, 14a-b, 15a-b,

-16a-b, 17a--d, 18, 19a-b, 20a-b. (Synonymy). .
1942a Virgulina schreibersiana Czjzek; Cushman, p. 12, pi. 4, figs la-c.
1949 Virgulina schreibersiana Czjzek; Boomgaart, p. 110, pi. 9, fig. 5.
1959 Virgulina schreibersiana Czjzek; Graham & Militante, p. 90, pi. 13, figs 14a-b. (Syn

onymy).
1960 Virgulina schreibersiana Czjzek; Subbotina, Pischvanova, & Ivanova, p. 79, pi. 6, figs 4,

5a-b.
1964 Virgulina schreibersiana Czjzek; LeRoy, p. 33, pi. 3, fig. 14.

Material examined: 37 specimens.

F. schreibersiana is abundant in the Papua-New Guinea material. The early
part of the test is rounded, and the chambers appear to be arranged in a spiral,
with three or more chambers to a whorl. Closer examination shows that the early
chambers have a highly twisted biserial arrangement, the twisting being lost in the
upper part of the test. Loeblich & Tappan (1957) noted that the genus Virgulina
( = Fursenkoina) has been erroneously regarded as having a triserial chamber arrange
ment at the base and stated that the type species, V. squammosa d'Orbigny, has a
twisted biserial development. The test of F. schreibersiana in the Papua-New Guinea
samples is very finely perforate, the pore diameter ranging from 1·2 to 1·6 microns;
the wall is granular in texture. Each chamber has a narrow closely folded toothplate
beginning within the trough of the previous toothplate and attached to its outer
margin; the upper part of the free edge forms a small tooth at the outer apertural
border.

Dimensions of figured specimens:

136



Occurrence: Figured specimens (CPC 6515 and 6516) from the south-east
flank of the Wira Anticline, Puri-Purari River area, Papua (upper Miocene); other
localities: If, Ig, l3d, 27, 32.

F. schreibersiana has been recorded from lower Miocene (Burdigalian) to Plio
cene; it also occurs in Recent deposits.

Remarks: The specimens here referred to F. schreibersiana are of the type illus
trated by Cushman (1937). Hofker (1951b, p. 268) believed that the specimens
figured by Cushman were not referable to schreibersiana, and that the species had
not been sufficiently well described by Czjzek (1848) to enable it to be recognized.
However, Cushman (1937) figured topotypes which agree very well with the original
figure given by Czjzek. The figures of schreibersiana given by Hofker (1951b)
show a very inflated form quite unlike the figures of Czjzek, some specimens having
an initial spine. The wall of the specimens was stated by Hofker to be 'hyaline',
a term which he used as synonymous with radiate. At this time, Hofker believed
that Virgulina ( = Fursenkoina) was a radiate genus, and erected the genus Cassidella
for similar forms with a granular wall. However, Virgulina, as shown by the type
species V. squammosa d'Orbigny, is granular (see Wood, 1949; Loeblich & Tappan,
1957). Later (1956a, b) Hofker placed Cassidella in the synonymy of Virgulina and
proposed a new genus Stainforthia for the radiate species. The specimens referred
by Hofker (195lb) to V. schreibersiana are probably to be placed in Stainforthia.
Brady (1884) also illustrated specimens as Virgulina schreibersiana. Cushman (1932)
noted that Brady's figures are not typical, and that he has been followed by many
later authors. The specimens illustrated by Brady on plate 52, figures 1 and 3
were referred by Chapman & Parr (1937b) and Barker (1960) to Virgulina davisi;
the specimen shown in figure 2 was doubtfully referred by Barker to Cassidella
pacifica Hofker (see discussion by Barker, 1960). Wood (1949) found the specimen
shown in figure 3 to be radiate in texture; it seems reasonable to assume that all the
specimens illustrated by Brady are radiate and therefore more correctly referabl~ to
Stainforthia.

Genus SIGMAVIRGULINA Loeblich & Tappan, 1957

SIGMAVIRGULINA TORTUOSA (Brady, 1881)

(PI. 9, figs 22-23; Text-fig. 1-9)

1881 Bulimina (Bolivina) tortuosa Brady, p. 57.
1884 Bolivina tortuosa Brady; Brady, p. 420, pI. 52, figs 31-32 (not figs 33-34).
1937 Bolivina tortuosa Brady; Cushrnan, p. 133, pI. 17, figs 11, 12a-b, 13a-b, 14-16, 17a-b,

18a-b, 19. (Synonymy).
1942a Bolivina tortuosa Brady; Cushrnan, p. 20, pI. 7, figs la-b. (Synonymy).
1945 Bolivina tortuosa Brady; Cushrnan & Todd, p. 44, pI. 7, fig. 6. (Synonymy).
1949 Bolivina tortuosa Brady; Bermudez, p. 195, pI. 12, fig. 45.
1951b Bolivina tortuosa Brady; Hofker, p. 75, figs 39a-d.
1953 Bolivina tortuosa (Brady); Redmond, p. 721, pI. 75, figs 14a-b.
1956b Bolivina tortuosa Brady; Hofker, p. 61, pI. 6, figs 22-29.
1957a Sigmavirgulina tortuosa (Brady); Loeblich & Tappan, p. 227, pI. 73, figs 1a-c, 2; text-fig. 30.
1957 Bolivina tortuosa Brady; Todd & Bronnimann, p. 34, pI. 8, fig. 24.
1959 Sigmavirgulina tortuosa (Brady); Graham & Militante, p. 87, pI. 13, figs 6, 7a-b. (Syn

onymy).
1960 Sigmavirgulina tortuosa Brady; Barker, p. 108, pI. 52, figs 31-32.
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Maximum
Width
0·210·36CPC 6517

Material examined: 23 specimens.

S. tortuosa, which is common throughout the Indo-Pacific area, occurs in several
of the present samples. The granular wall of the test and the twisted sigmoiline
chamber development indicate that S. tortuosa has closer relationships to the Cau
casinidae than to the Bolivinitidae. The toothplate begins within the septal foramen
and has a small fold along the free edge, forming a small tooth in the aperture. The
wall of the early part of the test is thickened by secondary deposition of shell material,
and the early biserial chambers have a single row of coarse pores along the base of
the chamber; the last one or two pairs of biserial chambers have a thinner wall,
with the pores spreading over the entire chamber surface.

Dimensions of figured specimen: Length

Occurrence: Figured specimen (CPC 6517) from the 'Tubu Siltstone', Tubu
area, Papua (upper Miocene, locality If); other localities: la, 3, 4, 5, l2b, l2c, 27.

S. tortuosa has been recorded as Bolivina tortuosa, ranging from lower Miocene
(Burdigalian) to Pliocene; it also occurs in Recent deposits.

Family CASSIDULINIDAE d'Orbigny, 1839

Genus CASSIDULINA d'Orbigny, 1826

CASSIDULINA LAEVIGATA d'Orbigny, 1826

(PI. 24, figs 1-4; Text-fig. 16: 1-2)

1826 Cassidulina laevigata d'Orbigny. p. 282, pI. 15, figs 4-5, 5 bis.
1921 Cassidulina laevigata d'Orbigny; Cushman, p. 171, pI. 31, fig. 7.
1922a Cassidulina laevigata d'Orbigny var. carinata Cushman, p. 124, pI. 25, figs 6-7.
1930 Cassidulina laevigata d'Orbigny var. carinata Cushman; Cushman, p. 58, pI. 11, figs 7a-b.
1933 Cassidulina laevigata d'Orbigny var. carinata Cushman; Cushman & Cahill, p. 32, pI. 12,

figs 3a~.

]938 Cassidulina laevigata var. carinata Cushman; KleinpeIl, p. 333, pI. 8, figs 11 a-b.
]948 Cassidulina laevigata d'Orbigny; Renz, p. 125, pI. 9, figs 9a-b.
]950 Cassidulina neocarinata Thalmann, p. 44.
]951 Cassidulina laevigata d'Orbigny; Phleger & Parker, p. 27, pI. 14, figs 6a-b.
1951 Cassidulina laevigata d'Orbigny var. carinata Cushman; Phleger & Parker, p. 27, pI. 14,

figs 7a-b.
1954 Cassidulina laevigata d'Orbigny; Parker, p. 536, pI. 11, fig. 2.
J 954 Cassidulina neocarinata Thalmann; Parker, p. 536, pI. 11, fig. 3.
1955 Cassidulina laevigata d'Orbigny; Walton, p. 1004, pt. 104, figs 2, 7.
1958 Cassidulina laevigata d'Orbigny; N0rvang, p. 38, pI. 9, figs 27a~, 28a-b, 29a-b, 30a-b,

31a-b.
]959 Cassidulina laevigata. d'Orbigny var. carinata Cushman; Graham & Militante, p. 109, pI.

18, figs 7a-b.
1959 Cassidulina laevigata d'Orbigny; Dieci, p. 84, pI. 7, fig. 7.
1962 Cassidulina laevigata d'Orbigny; McKnight, p. 127, pI. 21, figs 140a-b.
1964 Cassidulina laevigata carinata Cushman; Ishiwada, pI. 7, fig. 97.

Jl.faterial examined: 65 specimens.

N0rvang (1958) found that most specimens of C. laevigata from the Iceland
region possessed a thin carina, and considered that the presence or absence ofa carina
is a matter or normal variation only. In the Papua-New Guinea samples very few
.specimens lacking a carina have been found; there is no difference in wall texture
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or internal structure between carinate and non-carinate forms, and N0rvang's opinion
is followed here. Specimens of C. laevigata from Papua-New Guinea cannot be
distinguished from specimens identified by Dr N0rvang, in a slide forwarded by him
for inclusion in the collection of the Bureau of Mineral Resources and labelled
'S. W. F. Torskoy (Bioi. st. Herdla) 350-400 m, 29-8-1932 '.

The test is finely and densely perforate and is granular in texture; the pore
diameter has not been determined. Internally, each chamber has a narrow edge
along the upper margin of the aperture, formed by infolding of the apertural face
and not connected to the septal foramen. Hofker (l95lb) described and figured
a different internal structure in C. laevigata. Externally, Hofker's specimens appear
identical with those from Papua-New Guinea, and the discrepancy in observations is
at present unexplained; my observations of the internal structure agree with those
of N0rvang (1958).

Dimensions of figured specimens:

CPC 6519
CPC 6520

Maximum
Diameter

0·40
0·36

Thickness

0·18
0·15

Occurrence: Figured specimens (CPC 6519 and 6520) from east of Yekimbolje
village, Maprik subdistrict, Sepik district, New Guinea (upper Miocene); other
localities: 26, 30, 38.

C. laevigata has been recorded from lower Miocene (Burdiga1ian) to Pliocene;
it also occurs in Recent deposits.

Remarks: Phleger, Parker, & Peirson (1935) considered that neither Cassidulina
carinata Si1vestri nor C. neocarinata Thalmann shows much resemblance to C.
laevigata. C. laevigata was stated to have a more rounded apertural face and a
very small aperture, set at an angle and lacking the plate-like tooth. One specimen
figured by Brady (1884, Pi. 54, fig. 3) was referred to C. carinata, but Barker (1960)
questioned this determination and considered that the two specimens which Brady
had referred to C. laevigata should be compared with C. neocarinata. Both specimens
have the same apertural characteristics and both have a keel; the aperture is the
same as that of the specimens of C. laevigata figured by N0rvang (1958), who also
showed the variation in the development of the apertural tooth. The specimen
figured by Phleger & Parker (1951) as C. laevigata var. carinata Cushman and that
figured by Phleger, Parker, & Peirson as C. carinata Silvestri differ only in the shape
of the aperture, and this difference falls within the variation figured by N0rvang.

It is not possible to collect topotypic material of C. laevigata, and consequently
identification of this species depends on the original specimen and figure of d'Orbigny.
The type figure shows a compressed test, with a sharply angled periphery; apertural
details are not clearly shown. Common usage has established C. laevigata as a
compressed species with an elongate aperture, with or without a peripheral keel.
The type figure of C. neocarinata does not show the apertural characteristics, but
other published figures show an aperture of the type figured by N0fvang for C.
laevigata. It seems to me that N0rvang's observations on the variability of the peri
pheral keel are conclusive, and I therefore agree with his interpretation of C. laevigata
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and his conclusions regarding the specimens separated by Cushman (1922a) as the
variety carinata. The distribution chart published by Parker (1954, p. 551) supports
the observations of N0rvang. This chart shows the ranges of carinate and non
carinate forms, identified by Parker as C. neocarinata and C. laevigata respectively,
coinciding almost exactly with scattered occurrences of non-carinate forms extending
into shallower water, and absent between 350 and 1000 feet. The carinate fonns
are consistently the more abundant down to 1000 feet; occurrences of both forms
below that depth are scattered.

CASSIDULINA DELICATA Cushman, 1927

(PI. 24, figs 5-10; Text-fig. 16: 3--4)

1927d Cassidulina delicata Cushman, p. 168, pI. 6, fig. 5.
1929a Cassidulina delicatula Cushman (sic); Cushman, p. 101, pI. 14, figs 12a-b.
1930 Cassidulina delicata Cushman; Cushman.& Moyer, p. 61, pI. 8, fig. 16.
1948 Cassidulina delicata Cushman; Renz, p. 125, pI. 9, figs lOa-b.
1948 Cassidulina delicata Cushman; Cushman & Stevenson, p. 65, pI. 10, fig. 20.
1953 Cassidulina delicata Cushman; Bandy, p. 176, pI. 25, figs 4a-<:.
1954 Cassidulina delicata Cushman; Cushman, Todd, & Post, p. 365, pI. 90, fig. 25.
1955 Cassidulina delicata Cushman; Walton, p. 1004, pI. 103, figs 28-29.
1956 Cassidulina delicata Cushman; Pierce, p. 1300, pI. 139, figs lOa-b.
1961 Cassidulina delicata Cushman; Bandy, p. 21, pI. 4, figs Ba-b.
1964 Cassidulina delicata Cushman; Ishiwada, pI. 7, fig. 95.

Material examined: 35 specimens.

C. delicata has been found in only one sample, but specimens are abundant.
Specimens with four pairs of chambers visible are the more common, and closely
resemble the' holotype; the very few specimens with three pairs of chambers visible
are more inflated but are otherwise identical. Rare specimens show faint striations
along the apertural margin, but these are not as strongly developed as on the specimen
figured by Cushman, Todd, & Post (1954). The test is finely and densely perforate
and is granular in texture; the pore diameter has not been determined. A small
internal ledge occurs above the aperture in each chamber, formed by infolding of
the apertural face, and not connected with the septal foramen.

TEXT-FIGURE 16

1-2

3-4

5-6

7-8

9-10

11-12

13-14
15-16

CPC 6521

CPC 6524

CPC 6530

CPC 6527

CPC 6537

CPC 6540

CPC 6543

CPC 6546

Cassidlllina laevigata d'Orbigny, locality 27. 1, aperture; 2, toothplate.

Cassidulina delicata Cushman, locality 31. 3, aperture; 4, toothplate.

Cassidulina qllasisulcata sp.nov., locality 27. 5, aperture; 6, toothplate.

Cassidulina silicata, sp.nov., locality 27. 7, aperture; 8, toothplate.

Globocassidlllina ornata (Cushman), locality 40. 9, aperture; 10, toothplate.

Globocassidlllina gemma (Todd), locality 21. 11, aperture; 12, toothplate.

Globocassidulina oriangulata sp.nov., locality 30. 13, aperture; 14, toothplate.

Globocassidlllina oribllnda sp.nov., locality 21. IS, aperture; 16, toothplate.

Each scale represents O· 25 mm.

Figures 15-16 to scale A.

Figures 1-2, 5-14 to scale B.

Figures 3-4 to scale C.
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Dimensions of figured specimens:

CPC 6522
CPC 6523

Maximum
Diameter

0·29
0·26

Minimum
Diameter

0·24
0·20

Width

0'15
0'13

1-2 CPC 6550

3--4 CPC 6551
5-6 CPC 6552
7-8 CPC 6558
9-10 CPC 6561

11-12

13-14 CPC 6252
15-16

17-18

Occurrence: Figured specimens (CPC 6522 and 6523) from west of Yangoru,
Maprik subdistrict, Sepik district, New Guinea (upper Miocene); known only from
this sample.

C. delicata has not been recorded previously from Papua-New Guinea.

CASSIDULINA SULCATA sp.nov.
(PI. 24, figs 11-14; Text-fig. 16: 7-8)

Material examined: 40 specimens.

Diagnosis: A compressed species, elongate oval in outline, periphery rounded;
sutures narrow, slightly depressed; ornamented by fine shallow irregularly distributed
grooves, also occurring on apertural face; aperture narrow, interiomarginal; each
chamber with narrow internal flap over aperture.

Description: Test elongate oval in side view, compressed, coiled biserial, peri
phery rounded; biserial chambers only slightly overlapping at periphery, four or
five pairs forming last coil. Sutures narrow, distinct, slightly depressed, very slightly
curved. Surface of test with few short very fine shallow irregularly distributed
grooves, running from sutures and also from peripheral margin of aperture. Aper
tural face ornamented by series of fine shallow parallel grooves, extending out from
aperture, varying in strength of development in different specimens. Test wall
finely and densely perforate, pore diameter not determined, thin, granular in texture.
Aperture a long narrow curved interiomarginal slit; each chamber with narrow
internal ledge above aperture, formed by infolding of apertural face and not connected
with septal foramen.

TEXT-FIGURE 17

Globocassidulina subglobosa (Brady), 'Challenger' station 120. 1, aperture;
2, toothplate.

Globocassidulina subglobosa (Brady), locality 21. 3, 5, aperture; 4, 6, tooth-
plate.

Globocassidulina oblonga (Reuss), locality 30. 7, aperture; 8, toothplate.
Globocassidulina crassa (d'Orbigny), locality 21. 9, aperture; 10, toothplate.
Globocassidulina murrhyna (Schwager), locality 21. 11, CPC 6564, aperture;

12, CPC 6565, toothplate.
Cassidulinoides inflatus (LeRoy), locality 40. 13, aperture; 14, toothplate.
Cassidulinoides seranensis Germeraad, locality 27. 15, CPC 6255, aperture;

16, CPC 6256, toothplate.
Cassidulinoides bradyi (Norman), locality 27. 17, CPC 6248, aperture; 18,

CPC 6249, toothplate.

Each scale represents o· 25 mm.
Figures 1-6 to scale A.
Figures 7-10, 17-18 to scale B.
Figures 11-16 to scale C.
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Dimensions: Maximum Minimllm Width
Diameter Diameter

Holotype 0·32 0·24 0'12
Paratype 0·30 0'24 0·13

Occurrence: Holotype (CPC 6525) and paratype (CPC 6526) from the Nagam
River, west ofPeriama village, Wewak subdistrict, Sepik district, New Guinea (upper
most Miocene or Pliocene); known only from this sample.

C. sulcata is not known to have been previously recorded from Papua-New
Guinea.

Remarks. The ornament of the test distinguishes C. sulcata from other similar
species. In general appearance it may be grouped with species such as C. delicata
Cushman and C. orientalis Cushman, which are also compressed forms with an
oval to rectangular outline, and with the same type of internal structure.

The specific name is from the Latin sulcus, furrow or groove, referring to the
ornament of the test.

CASSIDULINA QUASISULCATA sp.nov.

(PI. 24, figs 15-18; Text-fig. 16: 5-6)

Material examined: 26 specimens..

Diagnosis: A compressed species, circular in outline, periphery narrowly rounded
to angular; sutures narrow, depressed; ornamented by fine shallow grooves at aper
tural margins; aperture narrow, interiomarginal; each chamber with narrow internal
flap above aperture.

Description: Test compressed, coiled biserial, circular in outline, with lobate
periphery in side view, in edge view narrowly rounded to angular; biserial chambers
only slightly overlapping at periphery, four or five pairs forming last coil. Sutures
narrow, distinct, slightly depressed, curved. Surface of test with short fine shallow
grooves radiating from inner margin of aperture, sometimes also at peripheral margin,
well developed on last chamber, not always visible on earlier chambers; apertural
face smooth. Test wall finely and densely perforate, pore diameter not determined,
thin, granular in texture. Aperture a long narrow curved interiomarginal slit;
each chamber with narrow internal ledge above aperture, formed by infolding of
apertural face, not connected with septal foramen.

Dimensions: Maximum Width
Diameter

Holotyp~ 0·33 0·16
Paratype 0·31 0'15

Occurrence: Holotype (CPC 6528) and paratype (CPC 6529) from Nagam
River, west of Periama village, Wewak subdistrict, Sepik district, New Guinea
(uppermost Miocene or Pliocene); known only from this sample. '

C. quasisulcata sp.nov. is not known to have been recorded previously from
Papua-New Guinea.
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Remarks: e. quasisulcata occurs in the same sample as e. sulcata. Both species
have shallow grooves on the test, but they are differently distributed on each species,
and e. quasisulcata lacks grooves on the apertural face. The two species also differ
in chamber shape and the outline of the test.

e. quasisulcata is referable to the species group of which e. laevigata may be
regarded as the central type; these species are characterized by a compressed circular
test with carinate or angular periphery, thin finely perforate granular walls, and an
nternal ledge above the aperture.

i

Genus FAVOCASSIDULINA Loeblich & Tappan, 1957

Loeblich and Tappan (1957a) regarded the honeycomb secondary ornament of
Favocassidulina as the only difference between -this genus and Cassidulina. As
compared with the type species of Cassidulina, C. laevigata d'Orbigny, favus is more
tightly coiled, the chambers are narrower, elongate, and more strongly overlapping,
and the internal structure, though similarly situated in both genera, is a thin fragile
ledge in laevigata and a low, rounded, and thickened internal margin to the aperture
in favus. However, the main difference as far as my observations are concerned is
in the wall texture, granular in Cassidulina and radiate in Favocassidulina. The
observed radiate wall texture would place Favocassidulina more correctly in the
Islandiellidae, but because of the uncertainty regarding this feature it is here retained
in the Cassidulinidae.

The Favocassidulina lineage may have begun in the Eocene, with the appearance
of such species as Pulvinulinella cancellata Cushman & Bermudez. Another species
with reticulate ornament, possibly referable to Favocassidulina, is Cassidulina
elegantissima Cushman. This has yet to be confirmed by examination of the wall
texture and internal structure of these species.

FAVOCASSIDULINA FAVUS (Brady, 1877)

(PI. 26, figs 28-31; Text-fig. 18: 6)

1877 Pulvinulina favus Brady, p. 535.
1884 Pulvinulina favus Brady; Brady, p. 701, pI. 104, figs 12a-b, Ba-b, 14-16.
1926c Cassidulina favus (Brady); Cushman, p. 70. (Synonymy).
1957a Favocassidulina favus (Brady); Loeblich & Tappan, p. 230, pI. 73, figs 7, 8, 9a-b, 10, 11.
1960 Favocassidulina favus Brady; Barker, p. 214, pi. 104, figs 12a-b, Ba-b, 14-16.

Material examined: 31 specimens.

F. favus occurs in only one of the Papua-New Guinea samples. The chambers
as seen in thin section are very low and elongate; the internal structure is reduced
to a thickening along the margin of the narrow elongate aperture. The entire wall
of the last chamber, except for the proximal part in rare specimens, is free of the
honeycomb ornament, and not only the area around the aperture as in the specimens
figured by Loeblich & Tappan (1957). Differing opinions have been published
concerning the wall texture of favus. Wood (1949) recorded the texture as radiate,
but Loeblich & Tappan considered it to be granular, from a re-examination of four
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0·43
0·38

CPC 6531
CPC 6532

specimens from 'Challenger' stations. The wall texture of the present specimens
is radiate, and is clearly shown by both fragments of the wall and thin sections.
The test is finely perforate, the pore diameter ranging from 1·2 to 1·6 microns.

Dimensions of figured specimens: Maximum Width
Diameter

0·66
0·62

Occurrence: Figured specimens (CPC 6531 and 6532) from one mile south of
the Kumil River, Lower Ramu-Atitau area, New Guinea (upper Miocene); found
only in this sample.

F. favus has been recorded as Cassidulina favus, ranging from middle to upper
Miocene; it also occurs in Recent deposits.

Genus GLOBOCASSIDULINA Voloshinova, 1960

Included here are globular non-keeled species differing in their apertural
characteristics and internal structures. The genus Globocassidulina (s.s.) includes
only species with a tripartite aperture and lacking apertural toothplate (fide Loeblich
& Tappan, 1964a). Loeblich & Tappan referred Cassidulina oblonga Reuss to
Globocassidulina; specimens from Papua-New Guinea here referred to G. oblonga
have a distinct toothplate. A different structure is shown by G. murrhyna (Schwager),
which has a broad internal ledge above the aperture, in the same position as that of
Cassidulina laevigata, but larger and heavier. The globular enrolled biserial forms
of the Cassidulinidae require further detailed examination to distinguish and evaluate
the different morphological types.

GLOBOCASSIDULINA ORNATA (Cushman, 1927)

(PI. 24, figs 19-21; Text-fig. 16: 9-10)

1927d Cassidulina subglobosa Brady var. ornata Cushman, p. 167, pI. 6, fig. 6.

Material examined: 31 specimens.

Specimens referred to G. ornata occur abundantly in one sample and rarely
in others. All specimens have the characteristic irregularly reticulate ornament
except on the last chamber. The difference between the apertural characteristics
and toothplates of Cushman's variety ornata and those of C. subglobosa Brady are
considered to be sufficiently large to justify raising ornata to specific rank. Cushman
(1934, p. 132) stated that the variety ornata does not seem to occur with the typical
form, and may be of specific value.

The test of G. ornata is finely perforate, but the pore diameter has not been deter
mined; the waIl is granular in texture. A large narrowly folded toothplate is formed
by infolding of the apertural face, attached to the previous apertural face near the
outer margin of the septal foramen. The free edge is smooth, forming a narrow
curved tooth in the broad aperture, which has a large lip along the inner margin.
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Dimensions of figured specimens:

CPC 6535
CPC 6536

Maximum
Diameter

0·42
0·47

Width

0·34
0·37

Occurrence: Figured specimens (CPC 6535 and 6536) from Pagansop village
north-north-east of Josefstaal, Lower Ramu-Atitau area, New Guinea (upper Mio
cene); other localities: 21, 30.

G. ornata has been recorded as Cassidulina subglobosa var. ornata, ranging from
middle Miocene to Pliocene; it also occurs in Recent deposits.

GLOBOCASSIDULlNA GEMMA (Todd, 1954)
(PI. 24, figs 22-25; Text-fig. 16: 11-12)

1954 Cassidulina gemma Todd, p. 366, pI. 90, figs 2fr-27.

0·38
0·42

CPC 6538
CPC 6539

Material examined: 20 specimens.

Rare specimens referred to G. gemma have been found in several of the present
samples. Their appearance in front view is identical with that of the holotype
and paratype, with the greatest width across the last pair of chambers. The species
is described as having about six pairs of chambers forming the last whorl, but the
holotype and paratype do not appear to have this number; the Papua-New Guinea
specimens have three pairs of chambers .visible. The present specimens also have
numerous low striations around the apertural margin; this feature is indistinctly
shown in the figures given by Todd but is not mentioned in the description. The
specimen figured by LeRoy (1941 b, Plate 6, figures 16-'17) as Cassidulina subglobosa
is in my opinion wrongly attributed and is most probably referable to Globocassidulina
gemma. This specimen also shows the striations along the apertural margin.

The test is finely perforate and the wall is granular in texture; the pore diameter
has not been determined. Each chamber has a toothplate formed by a narrow fold
ofthe apertural face, attached at the base to the apertural face of the previous chamber
and extending almost to the septal foramen, with the free edge forming an elongate
tooth in the aperture. A small lip is developed along the inner apertural margin.

Dimensions of figured specimens: Maximum Width
Diameter

0·46
0·51

Occurrence: Figured specimen (CPC 6538) from the Nuru Valley, New Guinea,
between Diduella and Old Bauri, on hill with garden plot (upper Miocene); figured
specimen (CPC 6539) from Pagansop village, north-north-east of Josefstaal, Lower
Ramu-Atitau area, New Guinea (upper Miocene); other localities: 31, 38, 40.

I have seen specimens from Papua-New Guinea which have been referred to
Cassidulina murrhyna Schwager, but are identical with those here placed in Globocas
sidulina gemma. These two species have some similarity in outline of- the test, but
the chamber arrangement, apertural characteristics, and internal structure are quite
different. It is not possible at this time to determine the vertical range of G. gemma
in Papua-New Guinea.
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GLOBOCASSIDULINA ORIANGULATA sp.nov.

(PI. 25,. figs 1-5; Text-fig. 16: 13-14)

Material examined: 41 specimens.

Diagnosis: A globose species with usually four pairs of chambers in last coil;
sutures narrow, smooth, slightly curved; surface smooth; aperture trifid, with
large triangular lip at outer margin; each chamber with narrowly folded internal
structure reaching to septal foramen.

Description: Test globose, coiled biserial, circular in side view, oval in front
view, periphery smooth or very slightly lobate. Usually four pairs of chambers
in last coil, increasing very slowly in size as added. Sutures narrow, distinct, smooth,
slightly curved; surface of test smooth. Test wall finely perforate, pore diameter
not determined, granular in texture. Aperture narrow, trifid, in depression in
apertural face, with large triangular lip attached to outer margin and narrow lip
along basal margin. Each chamber with narrowly folded toothplate formed by fold
of apertural face, extending to margin of septal foramen, free edge forming narrow
elongate tooth in aperture.

Dimensions: Maximum Minimum Width
Diameter . Diameter

Holotype 0·37 0·32 0·31
Paratype 0·38 0·31 0·32

Occurrence: Holotype (CPC 6541) and paratype (CPC 6542) from the Nuru
Valley, New Guinea, between Diduella and Old Bauri, on hill with garden plot
(upper Miocene); other localities: Bb, 18, 27, 30, 31, 38, 40.

Some specimens which have been referred in unpublished reports to Cassidulina
subglobosa are here referred to Globocassidulina oriangulata sp.nov.; but which records
of subglobosa refer to oriangulata cannot be determined at this time.

Remarks: The trifid aperture of G. oriangulata resembles that of specimens
referred by N0rvang (1958) to Cassidulina subglobosa. However, G. oriangulata
has a well-developed toothplate and differs also in the outline of the test and the
chamber shape. Other species with a trifid aperture, such as G. crassa, are more
compressed than G. oriangulata and as far as is known lack a definite toothplate.

The specific name is from the Latin oris, mouth, opening, and angulus, corner,
bend, referring to the shape of the aperture.

GLOBOCASSIDULINA ORIBUNDA sp.nov.
(PI. 25, figs 6-10; Text-fig. 16: 15-16)

Material examined: 17 specimens.

Diagnosis: A large almost spherical species with 4 to 5 pairs of chambers in
last coil; sutures narrow, smooth, undulating, surface smooth; aperture narrow,
elongate, with smaller openings in apertural face; each chamber with small low
internal structure.
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Description: Test large, coiled biserial, almost spherical, with slightly lobate
periphery. Four to five pairs of chambers in last coil, increasing only slowly in
size as added. Sutures narrow, distinct, smooth ana undulating, surface of test
smooth. Test wall finely perforate, thick, granular in texture; pore diameter not
determined. Aperture narrow elongate, extending obliquely into apertural face,
with narrow lip along inner margin; also one to four smaller openings, possible
supplementary apertures, in apertural face, in some specimens with slightly thickened
margin. Each chamber with small, low, tightly folded toothplate formed by fold
in apertural face, not reaching to septal foramen and attached to previous apertural
face near smaller openings; free edge forming narrow elongate tooth in aperture.

Dimensions: Maximum Width
Diameter

Holotype 0·88 0·86
Paratype 0·61 0·65

Occurrence: Holotype (CPC 6544) and paratype (CPC 6545) from the Nuru
Valley, New Guinea, between DiduelIa and Old Bauri, on hill with garden plot
(upper Miocene); other locality: 40.

G. oribunda is not known to have been recorded previously from Papua-New
Guinea.

Remarks: G. oribunda sp.nov. is distinguished from other large spherical species
such as Cassidulina pacifica Cushman, by the undulating sutures and also by the
apertural characteristics. No other described species of Cassidulina is known to
have the smaller openings in the apertural face shown by Globocassidulina oribllnda.

The specific name is from the Latin oris, mouth, opening, and bundus, increased
quality, tendency toward, referring to the numerous openings in the apertural face.

GLOBOCASSlDUUNA SUBGLOBOSA (Brady, 1881)

(PI. 25, figs 11-16; Text-fig. 17: 1-6; Text-fig. 18: 1-4)

1881 Cassidu/ina subglobosa Brady, p. 60.
1884 Cassidulina subglobosa Brady; Brady, p. 430, pI. 54, figs 17a--c.
1925 Cassidulina subglobosa Brady; Cushman, p. 54, pI. 8, figs 48-50.
1929a Cassidulina subglobosa Brady; Cushman, p. 100, pI. 14, figs lla-b.
1951b Cassidulina subglobosa Brady; Hofker, p. 289, figs 196a--c, 197a-b, 198a-e, 199a-4.
1951 Cassidulina subglobosa Brady; Phleger & Parker, p. 27, pI. 14, figs 11-12.
1953 Cassidulina subglobosa Brady; Drooger, p. 140, pI. 24, fig. 13.
1954 Cassidulina subglobosa Brady; Cushman, Todd, & Post, p. 367, pI. 90, figs 30-32.
1960 Cassidulina subglobosa Brady; Barker, p. 110, pI. 54, figs 17a--c.
1964 Cassidulina subglobosa Brady; Parker, p. 624, pI. 99, fig. 29.

Material examined: 25 specimens.

Four specimens of G. sllbglobosa from 'Challenger' station 120, off Pernambuco,
have been examined. The aperture of all specimens is the same as that of the holo
type, a narrow elongate opening extending obliquely into the apertural face. A
small lip is present on the basal margin of the aperture and a narrow tooth extends
along its length near the opposite border. There is no indication of a tripartite
aperture as figured by N0rvang (1958) in specimens identified as Cassidulina sllb
globosa. Each chamber has a well developed toothplate formed by the infolding of
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the apertural face, straight, narrowly folded, and pillar-like, extending to the border
of the septal foramen. The free edge forms the elongate tooth in the aperture. No
toothplate is shown by the specimens N0rvang figured as Cassidulina subglobosa,
and these seem to be a different species.

Many specimens from Papua-New Guinea have the broad outline of the holo
type; others are more oval in outline, approaching the shape of a specimen figured
by Phleger & Parker (1951, PI. 14, fig. 11). The more slender specimens have a
larger and more elongate aperture than is usual in the broad form, but the internal
structurt( and chamber shape of both types are identical. The toothplate of the
Papua-New Guinea specimens has the same narrow pillar-like shape as that of the
'Challenger' specimens. The test of both fossil and Recent specimens is finely per
forate, with an identical pore pattern, the pore diameter ranging from 1 to 1· 5;
the wall is granular in texture.

Dimensions of figured specimens: Maximum
Diameter

CPC 6547 0·48 0·49
CPC 6548 O' 56 0·45
CPC 6549 0·55 0·45

Occurrence: Figured specimens (CPC 6547 to 6549) from the Nuru Valley,
New Guinea, between Diduella and Old Bauri, on hill with garden plot (upper
Miocene); found only in this sample.

Some specimens which have been referred in unpublished reports to G. sub
globosa have a tripartite aperture different from that of the 'Challenger' specimens
and in my opinion are not to be referred to subglobosa. They are described in this

. paper as G. oriangulata sp.nov.

G. subglobosa has been recorded as Cassidulina subglobosa from lower Miocene
(Burdigalian) to upper Miocene, but as more than one species is involved in these
records the correct range is not known; it also occurs in Recent deposits.

GLOBOCASSIDULINA OBLONGA (Reuss, 1850)

(PI. 26, figs 1-4; Text-fig. 17: 7-8)

1850 Cassidulina oblonga Reuss, p. 376, pI. 48, figs 5a-b, 6a-b.
1925 Cassidulina oblonga Reuss; Cushman, p. 55, pI. 9, figs 19-22.
1958 Cassidulina oblonga Reuss; N0rvang, p. 35, pI. 8, fig. 17 (given in plate as C. globosa Reuss).

Material examined: 64 specimens.

Brady (1884) placed oblonga Reuss in the synonymy of C. crassa d'Orbigny,
and Marks (1951) also considered the two species to be synonymous; these views
are based on observed variation in external features. Cushman (1925) and N0rvang
(1958) recognized the two species as valid.

Specimens from Papua-New Guinea referred to G. oblonga differ considerably
from those placed in crassa in that they have a distinct toothplate formed by a fold
in the apertura1 face; this fold is attached to the previous chamber and extends to
a point near the base of the septal foramen, with a free edge forming a small tooth
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Width

recorded as Cassidulina oblonga from lower Miocene
it also occurs in Recent deposits.

in the aperture. I have not observed the tripartite aperture recorded by N0fvang
(1958) for oblonga. The wall of the test in the present specimens is finely perforate
and is granular in texture.

Topotype specimens of G. crassa and G. oblonga must be compared to determine
whether or not the two species are synonymous; in particular, information is required
on the toothplate, if any, in such specimens. Meanwhile, specimens from Papua
New Guinea of the type figured are referred to G. oblonga.

Dimensions of figured specimens: Maximum Minimum
Diameter Diameter

epe 6556 0·40 0·29 0·21
epe 6557 0·35 0·26 0·20

Occurrence: Figured specimens (epe 6556 and 6557) from west of Yangoru,
Maprik subdistrict, Sepik district, New Guinea (upper Miocene); other localities:
27, 30, 40.

G. oblonga has been
(Burdigalian) to Pliocene;

GLOBOCASSIDULINA CRASSA (d'Orbigny, 1839)
(PI. 26, figs 5-9; Text-fig. 17: 9-10)

1839b Cassidulina crassa d'Orbigny, p. 56, pI. 7, figs 18-20.
1884 Cassidulina crassa d'Orbigny; Brady, p. 429, pI. 54, figs 4a-c, 5a-c.
1925 Cassidulina crassa d'Orbigny; Cushman, p. 54, pI. 8, figs 37-39.
1929a Cassidulina crassa d'Orbigny; Cushman, p. 100, pI. 14, figs lOa-b.
1930 Cassidulina crassa d'Orbigny; Cushman, p. 58, pI. 11, figs 6a-b.
1938 Cassidulina crassa d'Orbigny; Kleinpell, p. 331, pI. 12, figs 8a-b.
1949 Cassidulina crassa d'Orbigny; Cushman, p. 49, pI. 10, figs 2a-c.
1951 Cassidulina crassa d'Orbigny; Phleger & Parker, p. 26, pI. 14, figs 4a-b.
1953 Cassidulina crassa d'Orbigny; Todd, p. 5, pI. 2, figs 9a-b.
1958 Cassidulina crassa d'Orbigny; N0rvang, p. 36, pI. 8, figs 20a-c, 21a-c, 22a-c, 23a-c; pI. 9,

figs 24a-c, 25a-c.
1960 Cassidulina crassa d'Orbigny; Barker, p. 110, pI. 54, figs 4a-c, 5a-c.

0·15
0·13

epe 6559
epe 6560

Material examined: 30 specimens.

Specimens of C. crassa from Papua-New Guinea are identical with topotype
specimens from the Falkland Islands, in the collection of the Bureau of Mineral
Resources. The specimens show a trifid aperture as figured by N0rvang (1958)
and some also have a shallow groove leading from the aperture to the periphery.
The wall of the test is finely perforate and is granular in texture, but the pore diameter
has not been determined. Internally, each chamber has a low ridge along the upper
margin of the aperture, formed by an inward fold of the apertural face, not reaching
to the septal foramen.

Some figured specimens, such as those illustrated by Brady (1884) and Phleger
& Parker (1951), show a very elongate aperture, but seem to fall within the range of
variation given by N0rvang (1958). A tripartite aperture, or at least a groove in
the apertural face, is shown by the specimen illustrated by Brady in figure 4.
Dimensions of figured specimens: Maximum Minimum Width

Diameter Diameter
0·24 0·19
0·22 0·19
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Occurrence: Figured specimens (CPC 6559 and 6560) from the Nagam River,
west of Periama village, Wewak subdistrict, Sepik district, New Guinea (uppermost
Miocene or Pliocene); ·other localities: 21, 31.

Specimens identified as Cassidulina crassa (?) have been recorded from middle
Miocene to Pliocene.

GLOBOCASSIDULINA MURRHYNA (Schwager, 1866)

(PI. 26, figs 10-13; Text-fig. 17: 11-12; Text-fig. 18: 5)

1866 Sphaeroidina murrhyna Schwager, p. 250, pI. 7, fig. 97.
1940 Cassidulina cuneata Finlay, p. 456, pI. 63, figs 62-66.
1946 Cassidulina moluccensis Germeraad, p. 72, pI. 2, figs 29-32.

0·38
0·37

CPC 6562
CPC 6563

Material examined: 39 specimens.

The biserial arrangement of the chambers is not mentioned in the original
description of G. murrhyna by Schwager (1866), but the biseriality is evident from the
type figure, which is an oblique side view. The aperture of the species is large,
with a lip attached to the inner margin; this lip would, if well developed, leave a
slit-like aperture such as was figured by Schwager. Comparison of the descriptions
and figures given by Schwager (1866) and Germeraad (1946) leaves little doubt that
both were dealing with the same species. The specimen figured by Cushman (1921)
as Cassidulina subglobosa is at least very similar to murrhyna if not in fact referable
to this species. Specimens of G. cuneata (Finlay) from a sample of Awamoan age
collected between Whangara Beach and Tolaga Bay, New Zealand, have been exam
ined, and also topotypes forwarded by Dr N. de B. Hornibrook of the New Zealand
Geological Survey. The specimens have the same chamber arrangement and aper
tural characteristics as G. murrhyna, and also have a broad internal ledge above
the aperture. In my opinion, G. cuneata is a synonym of G. murrhyna. Finlay
noted that the New Zealand specimens had usually been identified as murrhyna,
but referred to the 'produced beak-like last chamber' shown in the original figure
of murrhyna. This appearance results from the oblique side view illustrated, and
specimens of G. cuneata in the same orientation have the same appearance.

The specimen figured by Cushman & Todd (1945) as Cassidulina murrhynais
quite unlike the present specimens referred to that species, and more closely resembles
specimens here placed in G. subglobosa (Brady). Cushman (1934, p. 131) recorded,
but did not figure, Cassidulina murrhyna, and described this species as being 'much
more pointed' in comparison with C. subglobosa Brady. Chapman (1915, p. 20)
also recorded C. murrhyna (given as C. nurrhyna), but did not figure any specimens.

G. murrhyna occurs in several of the present samples. The test is finely perforate,
but the pore diameter has not been determined; the wall is granular in texture. The
apertural face is folded inwards to form a very broad ledge above the aperture,
attached to the previous chamber but not reaching the septal foramen.

Dimensions of figured specimens: Maximum Width
Diameter

0·45
0·43
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Occurrence: Figured specimens (CPC 6562 and 6563) from the uru Valley, ew
Guinea, between Diduella and Old Bauri, on hill with garden plot (upper Miocene);
other localities: 27, 31, 38, 40.

G. murrhyna has been recorded as Cassidulina murrhyna from lower Miocene
(Burdigalian) to upper Miocene. However, some specimens which have been refer
red to murrhyna are in my opinion G. gemma (Todd). It is not possible at this
time to check all the reported occurrences of G. murrhyna to determine if the vertical
range given is correct.

TEXT-FIGURE 18
Pores, all figures X 500

1-2 CPC 6553 GlobocassidulillIl subglobosa (Brady), 'Challenger' station 120.

3-4 CPC 6554 Globocassidlllina sllbglobosa (Brady), locality 21.
and

CPC 6555
5 CPC 6566 Globocassidlllilla murrhyllIl (Schwager), locality 21.

6 CPC 6534 Favocassidlllilla favus (Brady), locality 42.
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GLOBOCASSIDULINA BICORNIS (Brady, 1888)

(PI. 25, figs 17-18)

1888 Ehrenbergina bicornis Brady, p. 5, pI. 1, figs 3a-b.

Maximum
Diameter

0·45

Width
(incI. spines)

0·95CPC 6567

Material examined: 7 specimens.

Rare specimens of this distinctive spel;ies occur in one sample from Papua,
Usually only one spine is developed at each side of the test, along the axis of coiling,
but one specimen found has two spines. Preservation of the specimens is poor,
the chambers being infilled, and it has not been possible to examine the finer details
of the test. The aperture is similar to that of Ehrenbergina, an elongate slit parallel
to the periphery, but the species is completely enrolled and not uncoiled as are species
of Ehrenbergina.

Dimensions of figured specimen:

Occurrence: Figured specimen (CPC 6567) from east of Karova Creek, Kerema
Karova Creek area, Papua (middle Miocene); found only in this sample.

G. bicornis has been recorded as Cassidulina bicornis, ranging from lower Mio
cene (Burdigalian) to upper Miocene. The records of this species from Papua
are the only occurrences known to me away from Fiji.

Family NONIONIDAE Schultze, 1854

Subfamily CHILOSTOMELLINAE Brady, 1881

Genus ALLOMORPHINA Reuss, 1849

ALLOMORPHINA PACIFICA Hofker, 1951

(Pl. 30, figs 14-16)

1884 Allomorphilla trigona Brady, p. 438, pI. 55, figs 24-26 (not of Reuss).
1951b Allomorphilla pacifica Hofker, p. 138, figs 86a-f.
1960 Allomorphina pacifica Hofker; Barker, p. 112, pI. 55, figs 24-26.

0·10

HeightMaximum
Diameter

0·28CPC 6568

Material examined: 7 specimens.

Rare specimens referred to A. pacifica occur in one sample. The internal struc
tures called by Brotzen (1948, p. 128) 'septum inferior', 'pars reflecta' and 'crista',
and figured by him in A. haW lennings, are present in specimens of A. pacifica. The
'crista' is very low and narrow and is difficult to detect; the line of attachment of
this feature may be observed externally. The 'septum inferior' is directed more to
the umbilical margin of the septal foramen than is the case in A. haW; this structure
is curved and is concave towards the aperture. The septal foramina are not divided
into two openings as described by Brotzen (1948) for A. haW. The wall is granular
in texture, but no pores have been observed.

Dimensions of figured specimen:
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Occurrence: Figured specimen (CPC 6568) from Forsayth Plantation, Mushu
Island, Sepik district, New Guinea (Pliocene); found only in this sample.

A. pacifica has been recorded as A. trigona Reuss, ranging from lower Miocene
(Burdigalian) to upper Miocene; it also occurs in Recent deposits.

Genus QUADRIMORPHINA Finlay, 1939

The genus Quadrimorphina was originally defined as having four chambers
to a whorl. The holotype of the species Valvulineria laevigata Phleger & Parker,
here referred to Quadrimorphina, has between four and five chambers per whorl, as
do all the Papua-New Guinea specimens examined. The number of chambers
per whorl is not a generic feature, and on this basis there can be only a subjective
distinction between Quadrimorphina and Rotamorphina Finlay. Rotamorphina
cushmani Finlay, the type species of Rotamorphina, was described as deeply um
bilicate, and in this feature differs from Valvulina allomorphinoides Reuss, the type
species of Quadrimorphina. The chambers of Quadrimorphina increase rapidly in
size and the final chamber forms a greater proportion of the test than it does in
Rotamorphina. Parker (1954; 1958) referred laevigata to -the genus Rotamorphina,
comparing it to a species which she described as Rotamorphina? involuta. The
features of these two species are in my opinion closer to Quadrimorphina than to
Rotamorphina.

Phleger, Parker, & Peirson (1953) noted that laevigata has usually 5 chambers,
and sometimes 4 or 6 in the adult whorl. They stated that the distinction between
Quadrimorphina and Rotamorphina seems a rather arbitrary one, and that future
investigation may lead to a combination of the two. Cushman & Todd (1949)
discussed the genera Quadrimorphina and Rotamorphina, and considered that Rota
morphina is not related to the Allomorphininae, but is a synonym of Valvulineria.
The difference between the Allomorphina and Quadrimorphina apertures was pointed
out. The apertural difference between Quadrimorphina and Rotamorphina is clear,
and is of more importance in separating these genera than the number of chambers
to a whorl. However, I also consider that the granular wall of Rotamorphina justifies
its separation from the radiate genus Valvulineria.

A more serious objection to the assignment of laevigata to the genus Quadri
morphina is the apparent absence of a definite internal structure. However, the
test of this species is very fragile, and any internal structure may not have survived
in the fossil specimens. Troelsen (1954, p. 470) observed faint traces of an internal
partition in Q. laevigata. Allomorphina is another possible genus, but the question
of whether or not it has an internal structure is not settled. At the present time I
consider that Quadrimorphina is the most satisfactory generic assignment for laevigata
and other species of this kind.

QUADRIMORPHINA LAEVIGATA (Phleger & Parker, 1951)

(PI. 37, figs 21-25)

1951 Valvulilleria laevigata Phleger & Parker, p. 25, pI. 13, figs 11a-b, 12a-b. (Synonymy).
1954 Rotamorphilla laevigata (Phleger & Parker); Parker, p. 537, pI. 11, figs 10-11.

Jl!faterial examined: 7 specimens.
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HeightMaximum
Diameter

CPC 6569 0·31 0·16
CPC 6570 0·32 0·20

Occurrence: Figured specimen (CPC 6569) from east of Yekimbolje village,
Maprik subdistrict, Sepik district, New Guinea (upper Miocene); figured specimen
(CPC 6570) from west of Yangoru, Maprik subdistrict, Sepik district, New Guinea
(upper Miocene); other locality: 25.

Q. laevigata has not been recorded previously from Papua-New Guinea.

Q.laevigata has been found only very rarely in samples from Papua-New Guinea.
The figures published by Phleger & Parker show only dorsal and ventral views,
but the species was described as having a broadly rounded periphery, as do the present
specimens. The Papuan-New Guinea specimens are identical with specimens in
a slide from 'Challenger' station 120, 80° 37' S., 34° 28' W., off Pernambuco.. Brazil,
at a depth of 675 fathoms, and also to specimens from an 'Endeavour' sample, 50
miles south-west of Cape Martin, South Australia, at 850 fathoms. The species
was not figured by Brady, and was not recorded by Chapman (1915; 1941) or by
Chapman & Parr (1937a), who examined Recent samples from the south-eastern
and southern areas of Australia.

The test of the present specimens is very finely perforate, but the pore diameter
has not been determined; the wall is granular in texture and the septal walls are
single. The 'Challenger' specimens also have granular walls. No internal structure
has been observed.
Dimensions of figured specimens:

Genus ROTAMORPHINA Finlay, 1939

Loeblich & Tappan (1964a) placed Rotamorphina in the synonymy of Val
vulineria, which has a radiate wall texture. Reiss (1958; 1963b) recorded a granular
wall for Rotamorphina, which in the later paper was placed in the synonymy of
Quadrimorphina. The synonymy of Rotamorphina with Quadrimorphina is not
accepted here, and on the basis of the granular wall texture recorded by Reiss Rota
morphina is also considered be distinct from Valvulineria. I have examined the wall
of a specimen of Rotamorphina minuta Finlay forwarded by N. de B. Hornibrook
of the New Zealand Geological Survey, and it appears to be granular; unfortunately,
the specimen is infilled with calcite, and this conclusion cannot be regarded as definite.

ROTAMORPHINA MINUTA (Schubert, 1904)
(PI. 37, figs 11-15)

1884 Discorbina rugosa part, Brady, p. 652, pI. 91, figs 4a-e (not pl. 87, figs 3a-e) (not of d'Orbigny).
1904 Discorbina rugosa (d'Orbigny) var. minuta Schubert, p. 420.
1954 Valvulineria minuta Parker, p. 527, pI. 9, figs 4-6.
1960 Valvulineria rugosa (d'Orbigny) var. minuta (Schubert); Barker, p. 188, p. 91, figs 4a-e.

Material examined: 23 specimens.

R. minuta occurs commonly in one sample from New Guinea, and rarely in
others. Short, thick projections of imperforate shell material attached to the um
bilical apertural margin of each chamber extend over the wide deep umbilicus. The
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0'19
0·16

CPC 6571
CPC 6572

number of chambers visible from the ventral side ranges from 7 to 8. The test is
very finely perforate, but the pore diameter has not been determined. The wall is
granular in texture and the septal walls are single; no internal structure has been
observed. Identical specimens, also with granular walls, occur in a slide from
US.S. 'Hydrographer' station 37, 29° 25' N., 86° 53' W., off Pensacola, Florida,
at a depth of 1602 feet.

Specimens of R. minuta are also present ina slide from an 'Endeavour' dredging,
50 miles south-west of Cape Martin, South Australia, at 850 fathoms. Earlier
papers dealing with samples from the south and south-east coast of A ustralia, for
example Chapman (1941) and Chapman & Parr (1937a), did not record this species.

Dimensions of figured specimens: Maximum Height
Diameter

0·33
0·29

Occurrence: Figured specimens (CPC 6571 and 6572) from the Nagam River,
west of Periama village, Wewak subdistrict, Sepik district, New Guinea (uppermost
Miocene or Pliocene); other localities: 18, 40.

R. minuta has not been recorded previously from Papua-New Guinea.

Remarks: The coiling of the test, apertural characteristics, and granular wall
texture place minuta in the genus Rotamorphina. The vertical range of Rotanzorphina
must be extended to the Recent; Finlay (1939) regarded it as an Upper Cretaceous
genus.

There is no observable difference between the illustrations of the holotype and
paratype of the species described by Parker (1954) as Valvulineria minuta, and the
figures of Brady's specimen (1884). Parker did not investigate the wall structure
of her species minuta, but considering the wide distribution now known for the species
Rotamorphina minuta (Schubert), there is little doubt that Parker was dealing with
the same species.

Subfamily NONIONINAE Schultze, 1854

Genus FLORlLUS de Montfort, 1808

FLORILUS INCISUS (Cushman, 1926)

(PI. 31, figs 5-7)

1926b Nonionina incisa Cushman, p. 90, pI. 13, figs 13a-c.
1939 Nonion incisum (Cushman); Cushman, p. 15, pI. 4, figs 6a-b.
1964 Nonion incisum (Cushman); Rau, p. 16, pI. 5, figs 9a-b.

Material examined: 51 specimens.

F. incisus has been found abundantly in samples from one area, but is otherwise
rare. The specimens have deep umbilici, with the characteristic heart-shaped
apertural face, and 11 to 12 chambers in the outer whorl. The sutures are deeply
depressed around the umbilical margin, but are otherwise only slightly depressed.
Some specimens are slightly papillate at the umbilical margin of the later chambers,
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as in F. boueanus (d'Orbigny), but the umbilici are never filled. F. costiferus (Cush
man) is also similar, but has a more angulate periphery and more chambers in the
outer whorl.

The test is very finely perforate, the pore diameter being about 1 micron; the
wall is granular in texture and the septal walls are single.
Dimensions of figured specimens: Length Breadth Thickness

CPC 6573 0·48 0·38 0·24
CPC 6574 0·45 0·32 0·21

Occurrence: Figured specimens (CPC 6573 and 6574) from the south-west flank
of the Wira Anticline, Puri-Purari River area, Papua (upper Miocene, locality 14b);
also known from other samples in this area, and from locality 15f.

F. incisus has been recorded as Nonion incisum from lower Miocene (Burdigalian)
to Pliocene.

FLORILUS ELONGATUS (d'Orbigny, 1852)
(PI. 31, figs 8-12)

Thickness
0·15
0·18
0·19

Breadth
0·24
0·28
0·31

Length
0·36
0·38
0·41

1826 Nonionina elongata d'Orbigny, p. 128 (294). (nom.nud.)
1852 Nonionina elongata d'Orbigny, p. 155.
1904 Nonionina elongata d'Orbigny; Fornasini, pI. 3, figs 4, 4a.
1939 Nonion elongatum (d'Orbigny); Cushman, p. 11, pI. 3, figs 4a-b, 5a-b, 6.
1957 Nonion elongatum (d'Orbigny); Samaniego & Gonzales, p. 198, pI. 21, figs 7a-b.

Material examined: 12 specimens.

Specimens from Papua-New Guinea are identical with those figured by Cushman
(1939), with the exception of the smaller number of chambers in the outer whorl,
11 to 12 as against 12 to 16 in topotype specimens. F. elongatus has been found
in only one sample, but occurs abundantly. The test is very finely perforate, but
the pore diameter has not been determined; the wall is granular in texture and the
septal walls are single.

Dimensions of figured specimens:
CPC 6575
CPC 6576
CPC 6577

Occurrence: Figured specimens (CPC 6575 to 6577) from road cutting at the
new residence, north of the aerodrome, Madang, New Guinea (pliocene); found
only in this sample.

F. elongatus has not been recorded previously from Papua-New Guinea. F.
scaphus (Fichtel & Moll) is recorded from several areas, ranging from lower Miocene
(Burdigalian) to Pliocene. This species is in outline somewhat similar to F. elongatus
but has unornamented umbilici; specimens here referred to F. elongatus may per
haps be included in the records of F. scaphus.

FLORILUS SUBTURGIDUS (Cushman, 1924)
(PI. 31, figs 13-15)

1924 Nonionina subturgida Cushman, p. 47, pI. 16, fig. 2.
1939 Nonion subturgidum (Cushman); Cushman, p. 25, pI. 6, figs 29a-b.
1959 Nonion subturgidum (Cushman); Graham & MiIitante, p. 72, pI. 11, figs 3a-b.
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Material examined: 8 specimens.

Rare, very small specimens of F. subturgidus have been found in one sample.
All specimens have the characteristic final chamber extending the full length of the
test, and there are 8 to 9 chambers in the outer whorl. The test is very finely perfor
ate, but the pore diameter has not been determined; the wall is granular in texture
and the septal walls are single.

Dimensions of figured specimens: Length Breadth Thickness
CPC 6578 0·35 0·22 0·15
CPC 6579 O' 30 0·18 0·12

Occurrence: Figured specimens (CPC 6578 and 6579) from road cutting at
the new residence, north of the aerodrome, Madang, New Guinea (Pliocene); found
only in this sample.

F. subturgidus has been recorded as Nonionella? subturgida, ranging from lower
Miocene (Burdigalian) to Pliocene.

Genus NONIONELLA Cushman, 1926

NONIONELLA AMPLILABRATA sp.nov.
(PI. 31, figs 16-20)

Material examined: 36 specimens.

Diagnosis: A small trochoid species, broadly rounded in edge view; chambers
arranged in about It whorls, 8 to 9 in last whorl; sutures narrow, slightly curved,
very slightly depressed; umbilicus covered by large lip; aperture interiomarginal.

Description: Test small, trochoid, oval in outline, periphery smooth in side
view, broadly rounded in edge view. All chambers visible from dorsal side, 8 to 9
from ventral side. Chambers arranged in about It whorls, increasing rapidly in
height but slowly in width as added. Sutures on both dorsal and ventral sides
narrow, distinct, slightly curved, very slightly depressed. Umbilicus covered by
large extension of final chamber, joining suture between penultimate and last chamber
in sharp angle. Test wall very finely perforate, pore diameter not determined, granu
lar in texture; septal walls single. Aperture a narrow interiomarginal slit on ventral
side.

Dimensions: Length Breadth Height
Holotype 0·28 0·18 0·11
Paratype 0·25 0·16 0·11

Occurrence: Holotype (CPC 6580) and paratype (CPC 6581) from road cutting
at the new residence, north of the aerodrome,. Madang, New Guinea (Pliocene);
known only from this sample.

Nonionella amplilabrata sp.nov. has been recorded as N. sp. 2, occurring only
in the Pliocene.

Remarks: N. amplilabrata resembles N. turgida (Williamson), but the final
chamber of amplilabrata does not overlap the previous chambers as strpngly as in
turgida. The umbilical extension of the chamber is also smaller in amplilabrata
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than in turgida and is more strongly projecting over the umbilicus, with an angular
junction with the suture between the penultimate and last chambers. Some specimens
of amplilabrata have the umbilical chamber extension broken away.

N. ampli/abrata is also similar to N. auris (d'Orbigny), particularly as figured
by Drooger (1953), but the sutures of the later chambers of amplilabrata are not as
strongly curved and the test is more upright; the umbilical chamber extension of
ampli/abrata is also proportionately larger. As figured by Cushman (1939) auris
is a rounded inflated species with strongly curved sutures, and the umbilical extension
of the last chamber does not completely cover the umbilicus.

The specimens figured by Goodwin & Thomson (1954) as Nonionella miocenica
Cushman resemble N. ampli/abrata in the nature of the umbilical extension of the
chamber, but ampli/abrata is a more compressed species with more upright coiling.
As figured by Cushman (1939) miocenica is a more tightly coiled and thicker species
than amplilabrata.

The specific name is from the Latin amplus, large and labrum, lip, referring to
the large umbilical chamber extension.

NONIONELLA sp. A
(PI. 31, figs 21-23)

One specimen only of a compressed trochoid species has been found, lacking
the umbilical extension of the chamber, but otherwise referable to Nonionella; the
extension has probably been broken during preservation. The test is oval in outline,
with the periphery slightly lobate in side view and rounded in edge view. Nine
chambers are visible from the ventral side and the sutures are curved and depressed;
the aperture is a narrow interiomarginal slit on the ventral side.

I am not able to refer this specimen to any described species.

Dimensions of figured specimen: Length Breadth Height
CPC 6582 O' 34 0'25 0·11

Occurrence: Figured specimen (CPC 6582) from road cutting at the new resi
dence, north of the aerodrome, Madang, New Guinea (Pliocene); found only in
this sample.

No specimens of this type have been recorded previously from Papua-New
Guinea.

Family ALABAMINIDAE Hofker, 1951

ALABAMINA TUBULIFERA (Heron-Alien & Earland, 1914)

(PI. 27, figs 1-:6; Text-fig. 22: 6)

1914 Trullcatulina tubuli/era Heron-Allen & EarIand, p. 710, pI. 52, figs 37-40.
1951b Alabamilla tubuli/era (Heron-AlIen et EarIand); Hofker, p. 392, figs 271a-g; 272a-d, 273.
1954 Epistomillella tubuli/era (Heron-AlIen and EarIand); Cushman, Todd, & Post, p. 365, pI.

90, figs 20a-b.
1957 Epistomillella tubuli/era (Heron-AlIen and Earland); Todd, p. 274 (tab.), 276, 278 (tab.),

283, 292 (tab.), pI. 84, figs 6a-<:; pI. 92, figs 1a-<:.
1959 Epistomillella tubuli/era (l:Ieron-Allen and EarIand); Graham & MiIitante, p. 110, pI. 18,

figs Sa-b.
1964 Epistomillella tubuli/era (Heron-Allen & EarIand); Huang, tab. 1, pI. 3, figs 1a-c, 2a-c.
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0·23
0·19

CPC 6583
CPC 6584

Material examined: 27 specimens.

A. tubulifera occurs at several localities; the specimens show one feature which
has not been described for the species, a distinct ridge on the ventral chamber wall
parallel to and in front of the aperture, concealing to some extent the apertural
opening. An indication of this ridge is shown on the ventral view of the holotype
given by Heron-AlIen & Earland (1914). Most specimens are smooth on the ventral
side, but some have rows of pores along the sutures, occasionally forming tubular
projections. Some specimens also have coarse pores in the wall of the later chambers,
near the periphery, which may be developed into tubular projections. I have not
observed pores of two sizes on the dorsal side, as figured by Hofker (195lb).

As pointed out by Hofker, the tubular projections ('wallets') surrounding the
coarse pores on the dorsal side are formed after the chamber on which they occur;
they appear only on chambers of the last whorl. No specimens found have any
indication of tubular projections on the last chamber; there is here only a coarsely
perforate area confined to the distal half of the dorsal chamber wall. The projections
begin as a raised wall surrounding this porous area. On the earlier chambers of the
last whorl the raised wall is more strongly developed until finally fusion occurs at
several points, giving the appearance of coarse tubular projections. In the central
area of the dorsal side single tubular extensions ofchambers appear, extending through
the thickened shell material and opening to the dorsal surface.

I agree with Hofker in assigning tubulifera to the genus Alabamina. The cham
bers have a distinct marginal prolongation and there is a peripheral depression in the
plane of coiling associated with an infundibulum identical with that of species referred
to Alabamina. The test is very finely perforate, the pore diameter being about 1
micron, and the wall is granular in texture, as in Alabamina. The genus Epistominella
was stated by Reiss (1958) to have a radiate wall. I have not been able to demon
strate clearly that the septal walls of Alabamina tubulifera are bilamellid.

Dimensions of figured specimens: Maximum Height
Diameter

0·45
0·39

Occurrence: Figured specimens (CPC 6583 and 6584) from the Nagam River,
west of Periama village, Wewak subdistrict, Sepik district, New Guinea (uppermost
Miocene or Pliocene); other localities: Id, 3, 17, 31.

A. tubulifera has been recorded as Eponides tubulifera, ranging from lower
Miocene (Burdigalian) to Pliocene; it also occurs in Recent deposits.

Genus GYROIDINA d'Orbigny, 1826

Recent specimens from the North Atlantic, undoubtedly conspecific with speci
mens identified in numerous publications as Gyroidina orbicularis d'Orbigny have
been examined. The wall is granular in texture, and is very finely perforate, the
pore diameter being about 1 micron. The septal walls are double, a feature clearly
observed only by examination of thin sections under reflected light. Reiss (1958;
95044-(7)
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1959) recorded double septal walls in Rotalina nitida Reuss, the type species of
Gyroidinoides, and later (1960) mentioned the possibility of Gyroidinoides being
a synonym of Gyroidina, summarizing the views of other workers on the relationship
of these genera. Smout (1956) did in fact observe double septal walls in Gyroidina,
as he stated (p. 338) that the wall in section'... often appear to be triple, with a
dark layer between two lighter ones'. The recognition of double septal walls in
Gyroidina orbicularis removes one possible method of distinguishing between Gyroidina
and Gyroidinoides; the original distinction, based on the open umbilicus and apertural
lips of Gyroidinoides, cannot be maintained. Gyroidina orbicularis has both an um
bilicus and a pseudoumbilicus as defined by Reiss (1960), although the pseudoum
bilicus is much narrower than that of nitida and of other species of Gyroidina. An
umbilical aperture is also shown by G. orbicularis, at least in the last chamber, and
there is a small apertural and umbilical lip. Loeblich & Tappan (1964a, pp. C750,
C753) stated that Gyroidinoides has a continuous aperture from the periphery to
the umbilicus, and that Gyroidina has a primary interiomarginal aperture at the middle
of the apertural face, with a small secondary umbilical aperture. A small extension
of the lip dividing the aperture into two parts has been observed on both Recent
and fossil specimens of G. orbicularis, but it is not a constant feature, and is not
considered here to be of generic significance. Of nine Recent specimens observed,
two have a divided aperture; the proportion is higher in fossil specimens, and at
one locality (39) about 60 per cent. of the specimens have a divided aperture. Another
species, here described as Gyroidina torulus sp.nov., has a continuous aperture on
the final chamber, but three specimens have been observed to have a divided septal
foramen. Internally, Gyroidina orbicularis has a small infundibulum, observed both
in dissected specimens and in horizontal ections. Upper Cretaceous (upper Cam
panian) specimens from the Belemnitella mucronata zone, referred by Marie (1941)
to Gyroidina aff. nitida, also have a distinct infundibulum.

2
1

TEXT·FIGURE 19
1-2 CPC 6588 Gyroidina orbicularis d'Orbigny, from 'Goldseeker' haul 135,61° 34' N., or 04' E.,
at 370 metres. 1, photographed in transmitted light, bilamellid structure not shown, X172. 2, photo
graphed in reflected light, bilamellid structure clearly shown, XI72.

o infundibulum has previously been recorded in Gyroidina or Gyroidinoides,
although published figures and observations indicate that it is present at least in
Gyroidinoides. Smout (1956, p. 338) stated that Alabamina, Gyroidina, and Gyroi
dinoides do not have obvious toothplates. Hofker (1951 b, p. 389) recorded a tooth
plate in Alabamina, but stated (pp. 15, 389) that it is obliterated in Gyroidina; it is
obvious that Hofker regarded the 'infundibulum' of Brotzen (1948) as a toothplate.
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Later (1956a, p. 944; 1957, p. 391) Hofker stated that internal toothplates have
never been found in Gyroidinoides, but observed (1956a) a 'turning-in of the dorsal
part of the apertural face', which clearly describes the method of formation of the
infundibulum. Some sections of Gyroidinoides nitida illustrated by Reiss (1959,
Plate 1, figures 5-6) also clearly show the infundibulum.

It is concluded here that the differences between orbicularis and nitida are merely
differences of degree, with no taxonomic significance; Gyroidinoides is therefore
considered to be a synonym of Gyroidina. This conclusion differs from that of
Hofker (1951b, p. 399), who stated that these genera have no real relation with each
other. Later, however, Hofker (1957, p. 377) referred both Gyroidina and Gyroidin
oides to the family Alabaminidae.

The infundibulum now known to occur in the genus Gyroidina, the granular
wall, and the apertural characteristics are here considered to indicate a relationship
between this genus and Alabamina. The one morphological feature which cannot
be definitely stated to be the same in both genera is the nature of the septal walls.
Reiss (1958, 1960) examined specimens of Alabamina wilcoxensis Toulmin, the type
species, from the Wilcox Formation of Alabama and the lower Eocene of Israel.
The septa were stated to be single and the genus was placed in the superfamily Mono
lamellidea. Specimens of A. australis australis Belford and A. australis obscura
Belford from the Upper Cretaceous of Western Australia have double septal walls.
Should the type species of Alabamina prove to have double septal walls, other
morphological features, such as the more strongly developed infundibulum, deep

1 2

3

TEXT-FIGURE 20

4

1-2 CPC 6589-6590 Alabamina australis obscura Belford, Gingin Chalk, Upper Cretaceous,
Western Australia, showing infundibulum; both X112.

3 CPC 6591 Alabamina australis australis Belford, Toolonga Calcilutite, Upper Cretaceous,
Murchison River area, Western Australia. Photographed in reflected light,
showing bilamellid structure. X222.

4 CPC 6592 Gyroidina noda Belford, Toolonga Calcilutite, Upper Cretaceous, Murchison River
area, Western Australia, showing bilamellid septa and infundibulum. X94.
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peripheral depression, distinct marginal prolongation, and closed umbilicus, still
enable a distinction to be made between Alabamina and Gyroidina. However, the
differences are probably not of more than subgeneric significance.

This conclusion supports the views of Hofker (195Ib, p. 390) who placed Gyroi
dina in the family Alabaminidae and later (1957, p. 377) also included Gyroidinoides
in this family. Reiss (1960) also suggested that Alabamina may have to be included
in Gyroidina, or relegated to subgeneric status. Hofker (1951b) derived Gyroidina
from Alabamina, but this is not supported by the relative time of appearance of the
two genera. Smout (1956) considered that records of Gyroidina (not including
Gyroidinoides) could not be substantiated below the Turonian; with the inclusion
of Gyroidinoides in the synonymy of Gyroidina this latter genus ranges from at least
the Cenomanian. The earliest known occurrence of a species of Alabamina is in
the Santonian. Present knowledge of stratigraphical occurrences therefore suggests
that Alabamina is derived from Gyroidina.

GYROIDINA ORBICULARIS d'Orbigny, 1826
(PI. 27, figs 7-14; Text-fig. 19: 1-2; Text-fig. 21: 1-5)

1826 Gyroidina orbicularis d'Orbigny, p. 278, model No. 13.
1884 Rotalia orbicularis d'Orbigny; Brady, p. 706, pI. 115, figs 6a-c (not p. 1107, figs 5a-c).
1915 Rotalia orbicularis d'Orbigny; Cushman, p. 68, text-figs 62a-c; pI. 29, figs 3a-c. (Syn-

onymy).
1931 Gyroidina orbicularis d'Orbigny; Cushman, p. 37, pI. 8, figs 1a-b, 2a-b.
1951 Gyroidina orbicularis d'Orbigny; Phleger & Parker, p. 22, pI. 11, figs lla-b, 12a-b.
1951 Gyroidina orbicularis d'Orbigny; Asano, pt 14, p. 8, figs 61-62.
1952 Gyroidina orbicularis (d'Orbigny); Bermudez, p. 49, pI. 6, figs 2a-c.
1954 Gyroidina orbicularis d'Orbigny; Parker, p. 528, pI. 9, figs 13, 18.
1960 Gyroidina orbicularis d'Orbigny; Barker, p. 238, p. 115, figs 6a-c.
1964 Gyroidina orbicularis d'Orbigny; Huang, tab. 1, pI. 4, figs 9a-b.
1964 Gyroidina orbicularis (d'Orbigny); Ishiwada, pI. 6, figs 88a-b.

0·38
0·37
0·29

HeightMaximum
Diameter

0·54
0·55
0·48

CPC 6593
CPC 6594
CPC 6595

Material examined: 80 specimens.

G. orbicularis occurs abundantly in several samples. The test is very finely
and densely perforate, the pore diameter being about 1 micron. The wall is granular
in texture and the septal walls are double, this structure being shown clearly by
observation of thin sections under reflected light. A distinct infundibulum is devel
oped, but is not as large as that of Alabamina. A small depression in the apertural
face is associated with the infundibulum, but no distinct marginal prolongation is
formed at the periphery.

Dimensions of figured specimens:

Occurrence: Figured specimens (CPC 6593 to 6595) from Kisila village, east of
Josefstaal, Lower Ramu-Atitau area, New Guinea (upper Miocene); other localities:
17, 20, 25, 28, 36, 37.

Specimens of the type figured have been recorded as Gyroidina orbicularis,
ranging from middle Miocene to Pliocene; they occur also in Recent deposits.
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Remarks: The references given in the synonymy illustrate the variation of speci
mens of the type now generally accepted as representing G. orbicularis. Barker
(1960) referred the specimen figured by Brady (1884) to Gyroidinoides alti/ormis
(R. E. & K. C. Stewart). However, in my opinion, Brady's specimen does not agree
with either the description or the original figure of alti/ormis. I have seen specimens
of G. alti/ormis from the Pico Formation (upper Pliocene) of the Los Angeles Basin,
California, which are pIano-convex, with strongly oblique and raised dorsal sutures
and a large umbilicus. Brady's specimen is distinctly biconvex, with the dorsal
sutures not as oblique as those of G. altiformis, and the umbilicus smaller. The
Papua-New Guinea specimens are identical with specimens from 'Goldseeker' haul
135, station 9,61 0 34' N., 020 04' E., at 370 metres, and these in turn agree with Brady's
figure, except that none has as large an umbilicus as indicated for that specimen.
They also agree very closely with the figure given by Fornasini for Gyroidina laevigata
d'Orbigny (fide Catalogue of Foraminifera). Barker (1960) quoted Fornasini as
stating that G. laevigata and also G. laevis d'Orbigny are variations of G. orbicularis.
The Papua-New Guinea specimens also resemble the specimen figured 'by Coryell
& Rivero (1940, PI. 43, figs 20, 28) as Gyroidina laevis d'Orbigny. Parker (1959)
stated that G. o.rbicularis lacks a channelled spiral suture on the outer whorl, but
PWeger & Parker (1951, p. 22) recorded this feature, which was said to be absent
from young forms. Larger specimens from Papua-New Guinea have a channelled
spiral suture on the last chambers; this is not caused by any change in the spiral
suture itself, but is due to an extended dorsal margin of the last chambers reaching
above the suture. I do not regard it as a specific feature.

GYROIDINA ACUTA Boomgaart, 1949

(PI. 28, figs 1-9; Text-fig. 21: 6-7)

1941b Gyroidina soldanii LeRoy, p. 83, pI. 4, figs 19-21 (not of d'Orbigny).
1949 Gyroidina neosoldanii Brotzen var. acula Boomgaart, p. 125, pI. 14, figs la-c.

Material examined: 28 specimens.

0·31
0·33

Height

CPC 6602
CPC 6603

G. acuta has been found abundantly in one sample and rarely in another. MOSl
specimens agree well with the figures given by Boomgaart (1949) but in some the
later chambers move away from the dorsal side. Both an umbilicus and a narrow
deep pseudoumbilicus are developed; the aperture is umbilical-extraumbilical, with
small distinct umbilical lips. The test is very finely and densely perforate, the pore
diameter being about 1 micron. The wall is granular in texture and the septal walls
are double. An infundibulum is present, associated with a shallow depression in
the apermral face and a small inframarginal sulcus.

Dimensions of figured specimens: Maximum
Diameter

0·38
0·38

165



2

3

13

11
10

7

166



Occurrence: Figured specimens (CPC 6602 and 6603) from Kisila Village,
east of Josefstaal, Lower Ramu-Atitau area, New Guinea (upper Miocene); other
locality: 7a.

Some records of Gyroidina soldanii d'Orbigny from Papua refer to specimens
here identified as G. acuta.

GYROIDINA BROECKHIANA (Karrer, 1878)

(PI. 29, figs 1-7; Text-fig. 21: 10-11)

1878 Rotalia broeckhiana Karrer, p. 98, pI. 5, fig. 26.
1884 Rotalia broeckhiana Karrer; Brady, p. 705, pI. 107, figs 4a---c.
1915 Rotalia broeckhiana Karrer; Cushman, p. 68, text-figs 61a---c; pI. 27, figs 4a---c (not pI. 70,

figs 2a---c).
1951b Gyroidina Broeckhiana (Karrer); Hofker, p. 403, figs 281, 282a-b.
1960 Gyroidina broeckhiana (Karrer); Barker, p. 220, pI. 107, figs' 4a---c.

Material examined: 43 specimens.

0·36
0·37

Height

CPC 6608
CPC 6609

G. broeckhiana is a distinctive species characterized by the strongly biconvex
test. Hofker (1951b) stated that the umbilical area is filled, but the present specimens,
though they lack the pseudoumbilicus of other species of Gyroidina in Papua-New
Guinea, have an 'umbilical depression' as defined by Reiss (1960). The aperture
is interiomarginal, umbilical-extraumbilical, extending for two-thirds the length of
the apertural face. The umbilical aperture is open only on the last chamber, and
has a distinct narrow lip. The aperture is not as restricted as figured by Hofker
(195Ib); no double apertures or secondary apertures have been observed. The
test is finely and densely perforate, the pore diameter being about 1 micron. The
wall is granular in texture and the septal walls are double. Each chamber has a
small marginal prolongation and an infundibulum is developed.

Dimensions of figured specimens: Maximum
Diameter

0·51
0·50

TEXT-FIGURE 21

1-2 CPC 6598 Gyroidina orbicularis d'Orbigny, 'Atlantis' station 2993. 1, aperture and
umbilicus; 2, infundibulum.

3--5 Gyroidina orbicularis d'Orbigny, locality 39. 3, CPC 6599, showing continuous
aperture; 4, CPC 6500, showing divided aperture; 5, CPC 6601, infundibulum.

6-7 Gyroidina aCllfa' Boomgaart, locality 39. 6, CPC 6606, aperture and umbilicus;
7, CPC 6607, infundibulum.

8-9 Gyroidina torullls, sp.nov., locality 27. 8, CPC 6619, aperture and umbilicus;
9, CPC 6620, infundibulum.

10-11 Gyroidina broeckhiana (Karrer), locality 21. 10, CPC 6612, aperture and um-
bilicus; 11, infundibulum.

12-13 Gyroidina cllshmani Boomgaart, locality 13a. 12, CPC 6626, aperture and
umbilicus; 13, CPC 6627, infundibulum.

The scale represents O· 25 mm.
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Occurrence: Figured specimens (CPC 6608 and 6609) from east of Amaimon,
between the Gogol River and Amaimon, New Guinea (upper Miocene); other
localities: 7a, 7b, 21.

G. broeckhia;;a has been recorded from lower Miocene (Burdigalian) to Pliocene;
it also occurs in Recent deposits.

GYROlDINA TORULUS sp.nov.

(PI. 28, figs 10-20; Text-fig. 21: 8-9)

Material examined: 81 specimens.

Diagnosis: A trochoid species, dorsal surface concave with raised central area,
ventral surface convex; chambers in It to 2 whorls, 7 to 9 visible from ventral side;
sutures narrow, distinct, straight, radial, usually smooth; infundibulum strongly
developed; aperture interiomarginal, umbilical-extraumbilicaI.

Description: Test trochoid, dorsal surface usually concave with raised rounded
central area above proloculus, rarely flat; ventral surface strongly convex. Circular
in outline, periphery slightly lobate in top view, broadly rounded in edge view.
Proloculus large, globular, usually followed by 11 to 14 chambers arranged in It
to 2 whorls, rare specimens with up to 18 chambers, increasing slowly in size as
added and overlapping on to dorsal side to form concave dorsal surface; 7 to 9
chambers visible from ventral side. Sutures narrow, distinct, on dorsal side straight
and radial, at first smooth, later depressed; on ventral side straight, radial, smooth.
Surface of test smooth. Test wall finely and densely perforate, pore diameter about
1 micron, granular in texture; septal walls double. Small marginal prolongation
sometimes formed, usually absent; infundibulum strongly developed, associated
with small depression in apertural face. Umbilicus wide, umbilical walls bent sharply
towards axis of coiling to form narrow deep pseudoumbilicus. Aperture interio
marginal, umbilical-extraumbilical, with narrow lip along apertural face and triangular
umbilical lips visible on as many as last three chambers; septal foramen sometimes
divided into two parts by small fragile flap of shell material near umbilicus, attached
to previous whorl.

HeightMaximum
Diameter

Dimensions: Maximum
Diameter

of pr0 loculus
Holotype 0·47 0·42 0·13
Paratype A 0·49 0·39 0·12
Paratype B 1·14 0·83 0·28

Occurrence: Holotype (CPC 6614) and paratype A (CPC 6615) from the Nagam
River, west of Periama village, Wewak subdistrict, Sepik district, New Guinea
(uppermost Miocene or Pliocene); paratype B (CPC 6616) from the Nuru Valley,
New Guinea, between Diduella and Old Bauri, on hill with garden plot (upper
Miocene); found only in those two samples.

G. torulus is not known to have been recorded· previously from Papua-New
Guinea.
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Remarks: Only megalospheric specimens of G. torulus have been found. They
are similar to G. girardana (Reuss), but have a more rounded periphery in edge
view and fewer chambers in the last whorl-7 to 9 as against 10 given for G. girar
dana-and the sutures on the ventral side are not curved as in the holotype of girar
dana.

Paratype B is a very large specimen of a type found at only one locality, in associ
ation with specimens identical with the holotype and paratype A. These large
specimens vary in the convexity of the dorsal surface, and some, such as paratype
B, are almost flat dorsally; they also have more chambers in the last whorl than do
the holotype and paratype A. Most of the larger specimens have radial dorsal
sutures; paratype B differs in having slightly curved dorsal sutures and has been
selected to illustrate the extreme variation of specimens considered to be referable
to Gyroidina torulus sp.nov.

The specimen figured by LeRoy (1953) as Gyroidina girardana closely resembles
the larger specimens of G. torulus, but differs from the holotype, paraiype A, and
most other specimens. Cushman & Todd (1945) also figured a similar specimen
as Gyroidina girardana, but it has more elongate and narrower dorsal chambers
than does G. torulus.

The horizontal section figured (PI. 28, fig. 19) is that of a large specimen similar
to paratype B. The bilamellid septa are clearly shown and there also appears to
be a radiate wall texture, caused by the perforation of the test. Petrological examina
tion shows that many grains are radially arranged, but that smaller interspersed
grains have other orientations and that the total arrangement of grains is random.
Fragments of the wall do not give an extinction cross, and the wall is regarded as
granular in texture. The wall texture of these specimens of G. torulus is similar
to that observed in Cibicides refulgens Montfort.

The specific name is the Latin torulus, diminutive of torus, protuberance, bulge,
referring to the raised central area of the dorsal surface.

GYROIDINA CUSHMANI Boomgaart, 1949

(Pl. 29, figs 8-16; Text-fig. 21: 12-13

1949 Gyroidina cushmani Boomgaart, p. 124, pI. 9, figs 9a-c.

Material examined: 52 specimens.

Specimens occurring commonly at several localities agree in all respects with
the description given by Boomgaart (1949) for G. cushmani and are referred to that
species. Two specimens of G. cushmani occur in a slide labelled 'Hilly country
E. of Semarang, Java, upper course of Ngembrak River, between Larip and Karanga
sem, lower Miocene'. The larger specimen has a greater thickening of imperforate
shell material around the umbilical margin than does any specimen from Papua-New
Guinea, but the smaller specimen is identical in all respects. An amended descrip
tion of the species is given here to include details of the apertural characteristics
and the internal structure:

Test trochoid, piano-convex, dorsal surface fiat or raised in central area,
ventral surface strongly convex; periphery narrowly rounded. Proloculus
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0·28
0·34
0·23

HeightMaximum
Diameter

0·41
0·48
0,33

CPC 6621
CPC 6622
CPC 6623

globular, following chambers arranged in 2 to 2-1 whorls, increasing slowly in
size as added, 7 to 9 chambers visible from ventral side. Umbilicus large, umbilical
chamber walls bent sharply towards axis of coiling to form deep pseudombilicus.
Sutures on dorsal side narrow, distinct, straight or only very slightly curved,
oblique, at first smooth, later slightly depressed; on ventral side narrow, distinct,
radial, slightly depressed except around umbilical margin, where they are deeply
depressed, causing stellate appearance accentuated in some specimens by small
knobs of clear shell material on umbilical chamber margins. Test very finely
and densely perforate, pore diameter about I micron. Wall granular in texture,
septal walls double. Surface of test smooth. Each chamber with small marginal
prolongation and inframarginal sulcus, associated with well developed infundi
bulum. Aperture interiomarginal, umbilical-extraumbilical, with distinct um
bilicallips visible on last 2 or 3 chambers.

Dimensions of figured specimens:

Occurrence: Figured specimens (CPC 6621 and 6623) from the Nagam River,
west of Periama village, Wewak subdistrict, Sepik district, New Guinea (uppermost
Miocene orPliocene); figured specimen (CPC 6622) from the north-west flank of
the Wira Anticline, Puri-Purari River area, Papua (upper Miocene locality I3a);
other localities: Id, l3b, 21, 30, 41.

G. cushmani has not been recorded previously from Papua-New Guinea.

Remarks: Boomgaart (1949) referred to the chambers on the ventral side as
having 'knob-like thickenings around the open umbilicus'. This is a secondary
effect not shown by all the present specimens. The stellate appearance of the um
bilicus is caused primarily by the deeply depressed sutures and the sharp angle in the
chamber wall at the umbilical margin. Gyroidina basicrassata, described by Ber
mudez (1949), has thickened umbilical margins as in G. cushmani Boomgaart, and
may be a synonym of cushmani.

Genus ORIDORSALIS Andersen, 1961 *

The apertural characteristics of the three species here referred to Oridorsalis
differ from those given in the original generic diagnosis (Andersen, 1961). The
primary interiomarginal ventral aperture is present, and the supplementary dorsal
apertures; in addition, a supplementary umbilical aperture is developed to different
degrees, and small openings occur on the ventral side along the suture between the
penultimate and last chambers. Ventral sutural openings were recorded by Loeblich
& Tappan (1964a) in the type species, O. westi Andersen. No reference was made

* The generic name Oridorsalis must be regarded as masculine in gender, although Andersen
(1961) stated that it is neuter. Article Ilf of the International Code of Zoological Nomenclature
(1961) states that a genus-group name 'must be a noun in the nominative singular or be treated
as such'. Oridorsalis may therefore be either masculine or feminine, but under the provisions of
article 30 (a) (i) (2) must in this case be regarded as masculine.
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in the original generic definition to internal structure, but both an infundibulum
and a murus reflectus occur in the three species examined from Papua-New Guinea.
The type species must be re-examined for these features; meanwhile, the morpholo
gical characteristics in common indicate that the present species are to be referred
to the genus Oridorsalis.

ORIDORSALIS VARIAPERTURA sp.nov.

(PI. 29, figs 17-23; Text-fig. 22: 1-2)

Material examined: 66 specimens.

Diagnosis: A trochoid planoconvex species with broadly rounded periphery;
proloculus large; sutures on dorsal side narrow, straight or slightly curved, reflexed,
on ventral side narrow, sinuous; apertures multiple, primary aperture ventral interio
marginal, with supplementary umbilical aperture and openings along suture between
last two chambers and on dorsal side along spiral suture; small marginal prolonga
tion, depression at each apertural margin, murus reflectus distinct, infundibulum
small.

Description: Test trochoid, pIano-convex, circular in outline, periphery slightly
lobate in top view, broadly rounded in edge view. Peripheral part of dorsal surface
flat, central area raised; ventral surface strongly convex, with small umbilical hollow.
Early chambers on dorsal side obscured by thickened shell material, proloculus
as seen in thin section large. Later chambers visible for only 1 or 11 whorls, narrow
and elongate; on ventral side triangular in shape, usually six chambers visible, in
creasing only slowly in size as added. Surface of last whorl on dorsal side narrow,
smooth or slightly depressed, reflexed, straight or slightly curved; on ventral side
narrow, slightly depressed, sinuous, with distinct bend near umbilicus. Test wall
very finely perforate on both dorsal and ventral sides, pore index about o· 6 microns,
granular in texture; septal walls double. Apertures multiple, primary aperture
ventral interiomarginal, with narrow distinct lip; narrow supplementary umbilical
aperture opening into umbilical hollow, several small circular openings along suture
between penultimate and last chamber. On dorsal side small openings along spiral
suture of last chamber clearly shown at inner proximal margin. Each chamber
with small marginal prolongation, shallow depression in apertural face at both peri
pheral and umbilical margins of primary aperture, more distinct at umbilical margin.
Murus reflectus well developed, distinct, infundibulum small.

Dimensions: Maximum Height
Diameter

Holotype 0·89 0·59
Paratype O· 77 O· 54

Occurrence: Holotype (CPC 6628) and paratype (CPC 6629) from Kisila village,
east of Josefstaal, Lower Ramu-Atitau area, New Guinea (upper Miocene); other
localities: 18, 21.

O. variapertura sp.nov. has not been recorded previously from Papua-New
Guinea.
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Remarks: The coarsely granular test of o. variapertura makes the preparation
of satisfactory thin sections difficult, and obscures details of the wall, particularly
in transmitted light. Double septal walls have been observed only by the examination
of thin sections under reflected light, which clearly shows the partings between the
laminae.

No described forms similar to O. variapertura are known from the literature.
The specirr::en figured by Cushman (1931, PI. 8, figs 4a-c) as Gyroidina soldanii appears
to be congeneric and possibly even conspecific with variapertura. A constriction
is shown in the aperture of this specimen, but it is not clear if separate apertures
are developed.

The specific name is from the Latin varius, different and apertura, an opening,
referring to the multiple apertures.

ORlDORSALIS UMBONATUS (Reuss, 1851)

(PI. 30, figs J-6; Text-fig. 22: 4-5)

1851 Rotatina umhonata Reuss, p. 75, pI. 5, figs 35a~.

1884 Pulvinulina umhonata Reuss; Brady, p. 695, pI. 105, figs 2a~.

1921 Pulvinulina umbonata (Reuss); Cushman, p. 339, pt 71, figs la~.

1929a Eponides umbonata (Reuss); Cushman, p. 98, pt 14, figs 8a~.

1932 Pulvinulina umbonata (Reuss); Heron-Alien & Earland, p. 430, pI. 15, figs 16-18.
1940 Eponides umbonata (Reuss); Coryell & Rivero, p. 336, pt 43, figs 21a~.

1941a Eponides umbonata (Reuss); LeRoy, p. 39, pI. 2, figs 102-104.
1941b Eponides umbonata (Reuss); LeRoy, p. 84, pt 3, figs 19-21.
1945 Eponides umbonata (Reuss); Cushman & Stainforth, p. 62, pt 11, figs 4a-b.
1951 Eponides umbonata (Reuss); Phleger & Parker, p. 22, pI. 11, figs 10a-b, Ba-b, 14a-b.
1951 Eponides umbonatus (Reuss); Asano, pt 14, p. 12, figs 91-92.
1954 Pseudoeponides umbonatus (Reuss); Parker, p. 530, pI. 9, figs 20-21.
1957 Eponides umbonatus (Reuss); Todd, p. 268 (tab.), p. 274 (tab.), p. 275, p. 276, pI. 68, figs 9a-b.
1957 Eponides umbot/atus (Reuss); Agip Mineraria, pt 40, fig. 10.
1957 Eponides umbonatus (Reuss); Samaniego & Gonzales, p. 203, pI. 23, figs 8a-b.
] 958 Eponides umbonatus (Reuss); Batjes, p. 146, pI. 7, figs lOa~.

1960 Eponides umbonatus (Reuss); Barker, p. 216, pI. 105, figs 2a~.

1964 Eponides umbot/atus (Reuss); lshiwada, pI. 6, figs 89a-b.
1964 Pseudoeponides umbonatus (Reuss); LeRoy, p. 39, pI. 7, figs 33~38.

1964 Oridorsalis IImhonatus (Reuss); Parker, p. 626, pI. 99, figs 4-6.

Material examined: 46 specimens.

O. umbonatus occurs frequently in several samples. The apertural characteristics
shown by Papua-New Guinea specimens have not been recorded in available litera
ture. On the ventral side there are two apertures, one interiomarginal, with a distinct
narrow lip, and a second umbilical, opening into a small umbilical hollow. Dorsally,
small openings may occur along the spiral suture at the inner proximal margin of
the chambers, but these have not been observed on all specimens. None of the present
specimens have openings along the suture between the last two chambers, but I
have seen specimens in other collections which show this feature. Parker (1964)
recorded small openings in the sutures of O. umbonatus, close to the umbilicus.

LeRoy (1941b, PI. 3, fig. 20) illustrated a continuous umbilical-extraumbilical
aperture. Phleger & Parker (195 J, PI. 11, figs lOb, J3b) showed two independent
apertures. Specimens of O. umbonatus figured by Samaniego & Gonzales (1947)
have a distinct umbilical aperture, and other published figures also show this aperture.
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The dorsal view given by Samaniego & Gonzales shows an opening on the spiral
suture at the proximal margin of the last chamber. LeRoy (1964) also figured
an umbilical aperture, and the dorsal sutural apertures.

The test is very finely perforate on both the dorsal and ventral sides, the pore
diameter ranging from 0·6 to I micron, and the wall is granular in texture. The
nature of the septal walls is difficult to observe, but examination of thin sections
in reflected light indicates that they are bilamellid; Reiss (1960) stated that umbonatus
has single septa. Internally there is a small distinct murus reflectus, but no definite
depression appears in the apertural face. The infundibulum is very slightly if at
all developed; no distinct inframarginal sulcus is shown by any specimen observed.
However, Hofker (1956a, p. 950) recorded an indentation near the margin, said to
falsely suggest an analogy with Alabamina.

Dimensions of figured specimens:

Occurrence: Figured specimens (CPC 6634 and 6635) from a sample west of
Yangoru, Maprik subdistrict, Sepik district, New Guinea (upper Miocene); other
localites: 7a, 16d, 16g, 18, 21.

O. umbonatus has been recorded as Eponides umbonatus, ranging from the
lower Miocene (Burdigalian) to the Pliocene; it also occurs in Recent deposits.

Remarks: Parker (1954) referred umbonatus to the genus Pseudoeponides Uchio;
supplementary apertures were obscured on the dorsal side, but the ventral apertures
were said to be 'obscure'. However, the supplementary apertures of Pseudoeponides
japonicus Uchio, the type species, are wholly different in their nature and position
from those of Oridorsalis umbonatus. Hofker (1958) has shown that Pseudoeponides
japonicus has rotaliid structure and is related to Streblus (=Ammonia); Reiss (1960,
p. 4) agreed with this. Andersen (1961), discussing Parker's specimens, referred
to the possibility oCumbonatus being referred to the genus Oridorsalis.

ORIDORSALIS PAUCIAPERTURA sp.nov.
(PI. 30, figs 7-13; Text-fig. 22: 3)

Material examined: 39 specimens.

Diagnosis. A trochoid biconvex species with broadly rounded periphery; pro
'loculus latge; sutures narrow, dorsally slightly curved and reflexed, ventrally almost
radial; primary aperture interiomarginal, one or two rounded openings ventrally
at umbilicus, occurring also along suture between last two chambers and dorsally
on spiral suture at inner proximal chamber margin; small marginal prolongation,
distinct infundibulum, very small murus reflectus.

Description: Test trochoid, almost equally biconvex, umbilicus closed; circular
in outline, periphery slightly lobate in top view, broadly rounded in edge view.
Early chambers on dorsal side indistinct, proloculus large in thin section, later cham
bers longer than wide; 5 to 6 chambers visible from ventral side, triangular in shape,
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increasing only slowly in size as added. Surface of test smooth. Sutures in last
whorl on dorsal side narrow, smooth, slightly curved and reflexed; on ventral side
narrow, smooth, slightly curved, almost radial, meeting in centre of test. Test wall
very finely perforate on both dorsal and ventral sides, pore diameter 0·6 to 1 micron,
granular in texture; septal walls double. Primary aperture ventral interiomarginal,
a short wide slit midway between periphery and umbilicus; one or two rounded
openings at umbilicus, also occurring along suture between penultimate and last
chamber; on dorsal side small opening in some specimens on spiral suture, at inner
proximal margin of last chamber. Each chamber with small marginal prolongation,
associated with shallow inframarginal sulcus and distinct infundibulum; muTUS
reflectus very small, not observed in all specimens.

Dimensions: Maximum Height
Diameter

Holotype 0·61 0·34
Paratype 0·55 0·33

Occurrence: Holotype (CPC 6639) and paratype (CPC 6640) from the Num
Valley, New Guinea, between Diduella and Old Bauri, on hill with garden plot
(upper Miocene); other localities: 23, 38.

Previous references to O. pauciapertura sp. novo from Papua-New Guinea are
not known. A species recorded as Eponides sp. 4 is referable to the genus Oridorsalis;
the few specimens examined are poorly preserved, but they lack the marginal prolonga
tion and inframarginal sulcus of pauciapertura and do not seem to be referable to
that species.

Remarks: The bilamellid septa of O. pauciapertura cannot be detected in trans
mitted light, and as with other granular species were observed by examination of
thin sections under reflected light. The proloculus of pauciapertura is very large
and globular, in thin sections prepared having a maximum internal diameter of
0·10 mm.

In O. pauciapertura the distinct umbilicil1 aperture of O. variapertura and
O. umbonata is replaced by small rounded openings, and the numerous small openings
along the spiral suture in variapertura reduced to one opening at the proximal margin
of the last chamber. O. pauciapertura also has a more distinct marginal prolongation
of the chamber and a more strongly developed infundibulum, while the murus
reflectus, if present, is very small. These differences are given specific significance
only, and pauciapertura sp.nov. is considered to be congeneric with Oridorsalis
variapertura and O. umbonata.

The specimen figured by Cushman (1934, PI. 17, figs la-c) as Eponides species
(?) has the general features of Oridorsalis pauciapertura, but the supplementary
apertures were not recorded and it is not definitely referable to that species.

The specific name is from the Latin paucus, few, little, and apertura, an opening,
referring to the few supplementary apertures.
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5

TEXT-FIGURE 22

6

A

]
1-2

3 CPC 6642

4-5

6 CPC 6587

Oridorsalis variapertura, sp.nov., locality 39. 1, CPC 6632, showing primary, um
bilical and sutural apertures; 2, infundibulum and murus reflectus.

Oridorsalis pauciapertllra, sp.nov., locality 21. Infundibulum.

Oridorsalis umbonatus (Reuss). 4, CPC 6637, locality 31, showing primary and
umbilical aperture; 5, CPC 6638, locality 163, showing sman murus reflectus.

Alabamina tubuli/era (Heron-Alien & Earland), locality 21, showing infundibulum.

Each scale represents O· 25 mm.

Figures 1-5 to scale A.

Figure 6 to scale 3.

Family OSANGULARlIOAE Loeblich & Tappan, 1964

Genus OSANGULARIA Brotzen, 1940

OSANGULARIA CULTER (Parker & Jones, 1865)

(PI. 35, figs 1-5)

1865 Planorbulina farcata (Fichtel and Moll) var. ungeriana (d'Orbigny) subvar. culter Parker
& Jones, p. 382, p. 421, pI. 19, figs la-b.

1929a Pulvinulinella culter (Parker & Jones); Cushman, p. 100, pI. 14, figs 13a-<.
1954 Osangularia cultur (Parker & Jones) [sic]; Parker, p. 530, pI. 9, figs 29-30.

iV[aterial examined: 31 specimens.

O. culter has been found in several samples. The test is granular in texture and
finely perforate, but the pore diameter has not been determined. No indication of
double septal walls has been observed in O. culter, but the bilamellid structure
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recorded by Reiss (1960) is confirmed on specimens of O. bengalensis (Schwager).
Two apertures are developed in each chamber of O. culter, one areal and elongate,
extending obliquely into the apertural face near the periphery, the other a rounded
to oval opening near the umbilicus, often with a distinct neck and usually areal,
but on some specimens reaching to the base of the apertural face. Both apertures
remain open on earlier chambers. The murus reflectus is as described by Reiss
(1960) and is drawn very strongly inward, attached not only to the previous coil at
the proximal chamber margin but also to the proximal chamber wall (the previous
apertural face) on the umbilical side of the small areal aperture.

Dimensions of figured specimens:

CPC 6643
CPC 6644

Maximum
Diameter

0'51
0·47

Height

0·19
0'17

Occurrence: Figured specimens (CPC 6643 and 6644) from the Nagam River,
west of Periama village, Wewak subdistrict, Sepik district, New Guinea (uppermost
Miocene or Pliocene); other localities: 21, 30, 31, 38, 40.

O. culter has been recorded as both Parrella culter and Osangularia culter,
ranging from lower Miocene (Burdigalian) to Pliocene; it also occurs in Recent
deposits.

OSANGULARIA BENGALENSIS (Schwager, 1866)

(PI. 35, figs 6-9)

1866 Anomalina bengalensis Schwager, p. 259, pI. 7, fig. 111.
1948c Parrella bengalensis (Schwager); Cushman, p. 13, pI. 2, figs 17a-<:.

Material examined: 11 specimens.

Specimens of O. bengalensis have been found only rarely. It is a more heavily
built species than O. culter, and biconvex, with more chambers per whorl and more
reflexed sutures. Two apertures are developed in bengalensis, one an oblique areal
aperture near the periphery and the second a smaller aperture near the umbilicus.
This second aperture is low and interiomarginal, not areal as in culter, and is in the
same position as shown by Reiss (1960) for specimens identified as O. cf. bengalensis.
All specimens of bengalensis available are infilled and the murus reflectus has not
been observed. The wall is granular in texture, but no pores have been observed;
the septal walls are double.

Dimensions of figured specimen:

CPC 6645

Maximum
Diameter

0·79

Height

0·41

Occurrence: Figured specimen (CPC 6645) from east of Karova Creek, Kerema
Karova Creek area, Papua (middle Miocene, locality 7a); other localities: 7b, 11.

O. bengalensis has been recorded as both Parrella bengalensis and Osangularis
bengalensis, ranging from lower Miocene (Burdigalian) to upper Miocene.
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Family ANOMALINIDAE Cushman, 1927

Subfamily ANOMALININAE Cushman, 1927

Genus ANOMALINA d'Orbigny, 1826

ANOMALINA GLABRATA Cushman, 1924

(PI. 32, figs 1-7)

0·17
0·14

HeightMaximum
Diameter

0·40
0·32

CPC 6647
CPC 6648

1924 Anomalina glabrata Cushman, p. 39, pI. 12, figs 5-7.
1941a Anomalina glabrata Cushman; LeRoy, p. 45, pI. 1, figs 90-92.
1941b Anomalina glabrata Cushman; LeRoy, p. 88, pI. 3, figs 16--18.
1941c Anomalina glabrata Cushman; LeRoy, p. 119, pI. 2, figs 19-21.
1944b Anomalina glabrata Cushman; LeRoy, p. 92, pI. 6, figs 16--18.
1959 Anomalina glabrata Cushman; Graham & Militante, p. 115, pI. 19, figs 8a-c.
1960 Anomalina glabrata Cushman; Chang, p. 73, pI. 15, figs 4a-c, 5a-c, 6a-c.
1964 Anomalina glabrata Cushman; LeRoy, p. 43, pI. 6, figs 8-10.

Material examined: 27 specimens.

This small, widespread, and easily recognizable Indo-Pacific species occurs
commonly at several localities. The test is densely perforate on both the dorsal
and ventral sides, the pore diameter being 2 to 4 microns, and the wall is granular
in texture. The nature of the septal walls is difficult to observe. The inner ends
of the septa in horizontal section are thickened, and at this pointthere are indications
of bilamellid structure; the septa are considered to be double. No internal structure
is present. The aperture is in most cases wholly ventral, opening into the ventral
umbilicus, but in rare specimens extends over to the dorsal side, remaining open
on the last chamber only.

Dimensions of figured specimens:

Occurrence: Figured specimens (CPC 6647 and 6648) from the 'Tubu Siltstone',
Tubu area, Papua (upper Miocene, locality Id); other localities: l4a, 27.

A. glabrata has been recorded from lower Miocene (Burdigalian) to Pliocene;
it also occurs in Recent deposits.

Genus ANOMALINOIDES Brotzen, 1942

The wall texture of the type species of the genus Anomalinoides, A. pinguis
(Jennings), is granular and the septal walls are double. The illustrations of the
septal wall given by Belford (1960, p. 102) reproduced unsatisfactorily, and a section
of another specimen is figured here (Text-fig. 23). The aperture of A. pinguis was
stated to be on the ventral side, but is now regarded as dorsal. The same conclusion
also applies to the new species of Anomalinoides described from the upper Cretaceous
of Western Australia. The test of A. pinguis is wholly involute and is perforate
on both the dorsal and ventral sides, the pore diameter being 6 to 8 microns. The
synonymy of A. pinguis and A. plummerae Brotzen, apparently doubted by Reiss
(1963b, p. 72) was discussed and confirmed by Brotzen (1948) with reference to notes
by Plummer.
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2

TEXT-FIGURE 23

]-2, Anomali/loides pi/lguis (Jennings) Upper Cretaceous, Pecan Gap, Texas, U.S.A. I, CPC 665],
pores, XSOO; 2, CPC 6652, part of horizontal section, showing bilameUid septa, Xll7.

The record of radiate walls in species of Anomalinoides from the Upper Cre
taceous of Western Australia (Belford, 1960) requires checking. This observation
was based on thin sections, and although some indication of radiate texture can be
seen, the total distribution of grains i probably random; if this is so the wall should
be considered as granular in texture. Infilling of the chambers causes some difficulty
in examination of fragments of the wall of these specimens.

Brotzen (1942, p. 23) distinguished between Anomalina and Anomalinoides
on the apertural characteristics, that of Anomalina being peripheral and that of
Anomalinoides peripheral and umbilical. Hofker (1956a, p. 943) noted that Ano
malina never has umbilical apertures. However, Reiss (1958) doubted the existence
of a genus Anomalinoides, as all specimens of Anomalina examined by him were found
to have the apertural characteristics of Amomalinoides. The differences between
Anomalina and Anomalinoides seem to be small, but the genus Anomalinoides is
retained in this paper, as its synonymy with Anomalina has not yet been definitely
demonstrated. Loeblich & Tappan (1964a) tentatively recognized both genera,
Anomalina as based on the original figure and description.

ANOMALINOIDES COLLIGERUS (Chapman & Parr, 1937)

(PI. 32, figs 8-15)

J884 Anomali/la ammonoides Brady, p. 672, pI. 94, figs 2a--<:, 3a--<: (not Rosalina ammonoides Reuss).
J937b Anomali/la colligera Chapman & Parr, p. 117, pI. 9, fig. 26.
J94la Anomalilla ammonoides LeRoy, p. 45, pI. 2, figs 40--42 (not Rosalina ammolloides Reuss).
J944b A/lomalilla ammonoides LeRoy, p. 92, pI. 6, figs J9-24 (not Rosalina ammonoides Reuss).
1949 A/lomalilla bradyi Said, p. 41.
1950 Anomalina colligera Chapman & Parr; Parr, p. 362, pI. 15, figs 3a--<:.
1960 Anomali/la colligera Cbapman & Parr; Barker, p. 194, pI. 94, figs 2a--<:, 3a--<:.
1964 Anomalina bradyi Said; LeRoy, p. 43, pI. 6, figs 12-14.

Material examined: 48 specimens.

A. colligerus occurs commonly in several samples. The Papua-New Guinea
pecimens are identical with pecimens from 'Challenger' station 174d, 178' 10' E., 190

10' S., off Kandavu, Fiji Islands at 210 fathoms, except that adult forms do not have
a raised boss on the ventral side; this feature occurs only on some rare young speci
mens. Brady (1884) indicated that the 'Challenger' specimens varied in this feature,
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some being depressed at both umbilici, others being umbonate at one or both sides.
Parr (1950) stated that Tasmanian specimens lack the umbilical boss shown by
some tropical specimens. The lack of a raised umbonal plug is therefore not a
valid basis for separation of the Papua-New Guinea specimens as a distinct species.

The test is coarsely perforate on the dorsal side, the pore diameter being 6 to 8
microns; very few specimens show pores on the ventral side, and then only rare,
fine scattered pores on the last two or three chambers. The wall is granular in texture
and the septal walls are double; the outer wall is clear and transparent and the inner
lining dark and opaque, appearing in the figured horizontal section (PI. 18, fig. 13)
as a distinct dark line. No internal structure is developed. The aperture is interio
marginal, periphero-dorsal, open along the spiral suture for about one-half of the
last whorl, with small distinct lips over the dorsal umbilicus.

Dimensions of figured specimens: Maximum
Diameter

0·82
0·78

Occurrence: Figured specimens (CPC 6653 and 6654) from west of Yangoru,
Maprik subdistrict, Sepik district, New Guinea (upper Miocene); other localities:
Id, 27.

Anomalinoides colligerus has been recorded as Anomalina sp. 2, ranging from
lower Miocene (Burdigalian) to Pliocene; it also occurs in Recent deposits.

Remarks: Anomalina flintii Cushman is similar to Anomalinoides colligerus,
but is described and figured as coarsely perforate on both sides of the test and with
a raised spiral suture on the dorsal side. Anomalina inversa Boomgaart is also
similar, but has a subacute periphery and is coarsely perforate on both sides.

ANOMALINOIDES EVOLUTUS sp.nov.

(PI. 34, figs 1-6)

Material examined: 18 specimens.

Diagnosis: A concavo-convex species, oval in outline, periphery narrowly
rounded; chambers arranged in l"Z to 2 whorls, 11 to 13 in test; evolute to involute
on dorsal side, evolute on ventral side; sutures curved, smooth or slightly depressed;
aperture interiomarginal, with narrow lip.

Description: Test concavo-convex, dorsal surface concave, ventral surface con
vex, central part of ventral surface depressed; oval in outline, periphery lobate in
side view, narrowly rounded in edge view. Proloculus large, globular, chambers
arranged in 1t to 2 whorls, with 11 to 13 chambers in test. Chambers on dorsal
surface ranging from evolute to strongly and at times wholly involute, degree of
involution increasing with greater concavity of dorsal surface; on ventral surface
overlapping previous whorls to some extent, but never completely involute. All
chambers visible from ventral side, number visible on dorsal side depending on
degree of involution of test, 7 to 8 chambers in last whorl. Early chambers of last
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whorl often with coarse raised reticulate ornament around margin of pores, particu
larly on dorsal side, surface otherwise smooth. Sutures on both dorsal and ventral
sides slightly curved, at first smooth, later narrow, distinct, depressed; spiral suture
on ventral side depressed. Test wall perforate, on the dorsal surface pores oval in
outline, pore diameter 8 microns, on ventral surface pores fewer, circular, on early
chambers first developed in central part of test, later extending over entire chamber
surface, diameter about 4 microns; granular in texture. Septal walls double, no
internal structure developed. Aperture interiomarginal, with narrow lip, a low slit
along peripheral and dorsal chamber margins.

Dimensions: Maximum Height
Diameter

Holotype 0·42 0·17
Paratype 0·45 o· 19

Occurrence: Holotype (CPC 6658) and paratype (CPC 6659) from the Nagam
River, west ofPeriama village, Wewak subdistrict, Sepik district, New Guinea (upper
most Miocene or Pliocene); found only in this sample.

A. el'o!utus sp.nov. has been recorded as Anomalina sp. 5, ranging from lower
Miocene (Burdigalian) to middle Miocene.

Remarks: The coiling, apertural characteristics, granular wall texture and double
septal walls of this species indicate that it is to be referred to the genus Anomalinoides.
Both the holotype and the paratype are only slightly concave on the dorsal side and
are clearly evolute.

The specific name refers to the coiling of the test.

ANOMALlNOlDES CAVUS sp.nov.

(PI. 33, figs 1-8)

Materia! e.),·amined: 25 specimens.

Diagnosis: A trochoid somewhat compressed species with broadly rounded
periphery; umbilicus narrow, deep; chambers arranged in It to 2 whorls, 8 to 11
visible from ventral side; sutures narrow, slightly curved, usually smooth; aperture
interiomarginal, with umbilical lips.

Description: Test trochoid, somewhat compressed, oval in outline, with broadly
rounded periphery. Chambers evolute but slightly overlapping dorsal side, early
chambers on ventral side involute, later chambers becoming evolute, with narrow
deep umbilicus, often exposing earlier chambers. Chambers arranged in I~- to 2
whorls, increasing only slowly in size as added, 8 to 11 visible from ventral side.
Sutures on both dorsal and ventral sides narrow, slightly curved, usually smooth,
sometimes slightly depressed between younger chambers. Surface of test smooth.
Test wall finely perforate, pore diameter on both sides ranging from 2 to 3 microns;
granular in texture; septal walls double. No internal structure present. Aperture
a narrow interiomarginal slit with small lips over umbilicus visible on several cham
bers, extending over to dorsal side, open on last one or two chambers only.
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Dimensions: Maximum Height
Diameter

Holotype o· 59 0·22
Paratype 0·45 0·16

Occurrence: Holotype (CPC 6661) and paratype (CPC 6662) from the Nagam
River, west of Periama village, Wewak subdistrict, Sepik district, New Guinea (upper
most Miocene or Pliocene); found only in this sample.

Anoma/inoides cavus sp.nov. has not previously been recorded from Papua
New Guinea.

Remarks: A. cavus differs from A. pinguis, the type species, by having the aper
ture more strongly developed on the ventral side. The ventral umbilicus of A. cavus
is similar to that of species of Gavelinella, but the aperture of this genus does not
extend to the dorsal side. It is considered that the new species cavus is more correctly
referred to the genus Anomalinoides.

The specific name is from the Latin cavus, hole, hollow, referring to the deep
umbilicus.

Genus HETEROLEPA Franzenau, 1884

HETEROLEPA MEDIOCRIS (Finlay 1940)

(PI. 23, figs lO-14; Text-fig. 15: 14)

1884 Trullcatulina ullgeriana Brady, p. 664, pI. 94, figs 9a--c (not of d'Orbigny).
1940 Cibicides mediocris Finlay, p. 464, pI. 67, figs 198-199.
1957 Cibicides pseudoungerianus Todd, p. 269 (tab.), p. 274 (tab.), p. 275, p. 276, p. 279 (tab.),

p. 292 (tab.), pI. 71, figs 14a--c; pI. 80, figs 9a-b, 10a--c (not of Cushman).
1960 Cibicides pseudollngerianus Barker, p. 194, pI. 94, figs 9a--c (not of Cushman).
1964 Cibicides pseudoungerialllls Ishiwada, pI. 8, figs 115a-b (not of Cushman).
1964 Cibicides pseudollllgerianus LeRoy, p. 45, pI. 8, figs 13-15 (not of Cushman).

lvfaterial examined: 61 specimens.

Dr D. G. Jenkins of the New Zealand Geological Survey forwarded topotype
specimens of Cibicides mediom's Finlay and the specimen figured by Brady (1884)
is obviously conspecific with them. 1 have also seen specimens from the Bryam
Marl which agree with the description of C. pseudoungerianus Cushman, and are
here identified as this species; Brady's specimen has no resemblance to them and
in my opinion should not be placed in the synonymy of pseudoungerianus. Finlay's
species mediocris is here referred to the granular, bilamellid genus Heterolepa, as
reinstated and defined by' Loeblich & Tappan (1962c).

H. medioeris occurs commonly in a number of samples; the specimens are not
as strongly convex on the dorsal side as those figured by Todd (1957). On the ventral
side the number of chambers visible ranges from 10 to 13, the later chambers on
some specimens becoming slightly evohlte, with their inner margins depressed. The
test is coarsely perforate on the dorsal side, the pore diameter usually being 6 to 10
microns, with some rare larger pores having a diameter of 14 microns. Rare speci
mens have pores on the ventral side, and on the later chambers only. Fragments
of the waU show a typical granular appearance, but in thin section there are indications
of a radiate arrangement of some grains, this orientation in some specimens being
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strongly developed. However, the overall distribution of the
random and the wall is here regarded as granular in texture.
double and no internal structure is present.

grains is obviously
The septal walls are

Dimensions of figured specimens:

CPC 6666
CPC 6667

Maximum
Diameter

0·83
0·80

Height

0·30
0·28

Occurrence: Figured specimens (CPC 6666 and 6667) from Kisila village, east
of Josefstaal, Lower Ramu-Atitau area, New Guinea (upper Miocene); other locali
ties: 7a, l3a, 21, 27, 31.

H. mediocris has been recorded as Cibicides pseudoungerianus, ranging from
lower Miocene (Burdigalian) to Pliocene; it also occurs in Recent deposits.

HETEROLEPA CAVATA sp.nov.

(PI. 34, figs 7-13)

Material examined: 17 specimens.

Diagnosis: A large trochoid pIano-convex species with margin of clear shell
material; chambers in 2 to 2-!- whorls, 9 to 11 visible from ventral side; dorsal sutures
broad, smooth, or slightly depressed, ventral sutures narrow, at first smooth, later
depressed; aperture interiomarginal, extending along spiral suture.

Description: Test large, trochoid, compressed, piano-convex, dorsal surface
flat, ventral surface convex, periphery with margin of clear shell material, in side
view lobate on later chambers, narrowly rounded in edge view. Chambers arranged
in 2 to 2-!- whorls, increasing slowly in size as added, early chambers on dorsal side
often obscured by shell material; 9 to 11 chambers visible from ventral side, with
last 3 to 4 chambers becoming slightly evolute, forming small umbilical hollow,
spiral groove formed along umbilical margin of evolute chambers. Sutures on dorsal
side broad, curved, reflexed, slightly depressed on last one or two chambers, other
wise smooth; on ventral side narrow, distinct, at first smooth, later slightly depressed
and on last one or two chambers strongly depressed, sometimes reflexed near peri
phery. Test wall perforate, pore diameter on dorsal side usually 5 to 6 microns,
with some specimens having larger pores, diameter 10 to 12 microns, among smaller
series; pores not developed on early chambers of last whorl on ventral side, appearing
on later chambers, more sparsely developed than on dorsal side, diameter 3 to 6
microns, rare pores having a diameter of 10 microns, granular in texture. Septal
walls double, no internal structure present. Aperture interiomarginal, periphero
dorsal, a thin slit with narrow lip, extending along spiral suture on dorsal side.

Dimensions:

Holotype
Paratype

182

Maximum
Diameter

0·93
0·86

Height

0·32
0·32



Occurrence: Holotype (CPC 6670) and paratype (CPC 6671) from a sample
east of Karova Creek, Kerema-Karova Creek area, Papua (middle Miocene); other
locality: 21.

Heterolepa cavata sp.nov. has been recorded as Cibicides sp. 4, ranging from
the lower Miocene (Burdigalian) to the upper Miocene.

Remarks: The compressed test, granular wall texture and bilamellid septal walls
indicate that this species may be referred to the genus Heterolepa as reinstated and
defined by Loeblich & Tappan (l962c). Examination of the wall texture in thin
section indicates that some larger grains have a radiate orientation, but the total
grain distribution is random and the wall is therefore regarded as granular in texture.

H. cavata sp.nov. is distinct from other described species which have been
referred to the genera Planulina, Cibicides, and Eponides, particularly in the evolute
nature of the later chambers, the umbilical hollow, and the spiral groove on the ventral
side. The specific name is from the Latin cavatlls, hollowed out, referring to the
ventral umbilical hollow.

Genus MELONIS de Montfort, 1808

MELONIS POMPILIOIDES (Fichtel & Moll, 1798)

(PI. 30, figs 17-20)

1798 Nautilus pompilioides Fichtel & Moll, p. 31, pI. 2, figs
1884 Nonionina pompilioides Fichtel & Moll, sp.; Brady, p. 727, pI. 109, figs 10a-b, 11.
1929a Nonion pompilioides (Fichtel & Moll); Cushman, p. 89, pI. 13, figs 25a-b.
1939 Nonion pompilioides (Fichtel & Moll); Phleger, p. 1403, pI. 3, figs 3-4.
1939 Nonion pompilioides (Fichtel & Moll); Cushman, p. 19, pI. 5, figs 9a-b, 10, lla-b, 12a-b.

(Synonymy).
1941b Nonion pompilioides (Fichtel & Moll); LeRoy, p. 78, pI. 6, figs 28-29.
1948 Nonion pompilioides (Fichtel & Moll); Renz, p. 149, pI. 5, figs 31a-b, 32.
1950 Nonion pompilioides (Fichtel & Moll); Asano, pt 1, p. 4, figs 15-16.
1953 Nonion pompilioides (Fichtel & Moll); Bandy, p. 177, pI. 21, figs 12a-b.
1956 Nonion pompilioides (Fichtel & Moll); White, p. 247, pI. 27, figs 9a-b.
1958 Nonion pompilioides (Fichtel & Moll); Batjes, p. 141, pI. 6, figs 14a-b.
1958 Nonion pompilioides (Fichtel & Moll); Todd, p. 190, pI. 1, figs Ha-b.
1958 Melonis pompilioides (Fichtel & Moll); Voloshinova, p. 149, pI. 3, figs la-b.
1958 Melonis sphaeroides Voloshinova, p. 153, pI. 3, figs 8a-b, 9.
1959 Nonion pompilioides (Fichtel & Moll); Dieci, p. 55, pI. 4, figs 27a-b.
1960 Nonion(?) pompilioides (Fichtel & Moll); Barker, p. 224, pI. 109, figs lOa-b, 11.
1961 Nonion pompilioides (Fichtel & Moll); Bandy, p. 21, pI. 5, figs 12a-b.
1964 Nonion pompilioides (Fichtel & Moll); LeRoy, p. 27, pI. 10, figs 1Q-l1.
1964 Melonis pompilioides (Fichtel & Moll); Parker, p. 626, pI. 100, figs 15-16.

Material examined: 15 specimens.

M. pompilioides occurs rarely in several samples. Boltovskoy (1958) noted
that the main differences between M. pompilioides and M. affinis (Reuss) are the
increase in width over the last 3 to 5 chambers, and the somewhat coarser perfora
tion of M. pompilioides. However, the Papua-New Guinea specimens here referred
to M. pompilioides have finer pores than M. a{finis, the pore diameter being 3 to
4 microns. On some specimens the perforations in the early chambers of the
outer whorl are surrounded by a raised ornament, giving an impression of coarse
perforation. The wall is granular in texture and the septal walls are double. The
two specimens figured show the observed extremes of the ratio between maximum
diameter and thickness.
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Thickness

Voloshinova (1958) proposed the new name Melonis sphaeroides for the specimens
figured by Brady as Nonionina pompilioides. In my opinion, Brady's specimens
may be considered to fall within the range of variation of pompilioides, and a new
name is not necessary for them.

Dimensions of figured specimens: Maximum
Diameter

CPC 6673 0·55 0·39
CPC 6674 O' 51 0·49

Occurrence: Figured specimens (CPC 6673 and 6674) from the Masaweng
River, north of Finschhafen, New Guinea (upper Miocene, locality 16f); other
localities: 6, 12a, 16d, 161, 24.

M. pompilioides has been recorded as Nonion pompilioides, ranging from middle
Miocene to Pliocene; it also occurs in Recent deposits.

Remarks: N0rvang (1959) discussed several species referred to Nonion, including
N. pompilioides, N. affine (Reuss), and N. barleeanum (Williamson) and concluded
that the only differences between them are the compression of the test and the size.
These features were regarded as too variable to be valid criteria for specific differenti
ation, and N0rvang preferred to place all the species examined in the synonymy
of N. pompilioides. Todd (1958) included barleeanum with pompilioides in population
counts, stating that there may be two species, but that the differences are a matter
of degree. Boltovskoy (1958) considered barleeanum to be close to affine, but was
not able to examine either original material or topotypes. Both pompilioides and
affine are recognized here, as all specimens of pompilioides observed are relatively
broader, and· the pore diameter is also different.

MELONIS AFFINIS (Reuss; 1851)

(PI. 31, figs 1-4)

1851 Nonionina affine Reuss, p. 72, pI. 5, figs 32a-b.
1929a Nonion affinis (Reuss); Cushman, p. 89, pI. 13, figs 24a-b.
1939 Nonion affine (Reuss); Cushman, p. 9, pI. 2, figs Ba-b. (Synonymy).
1941b Nonion affinis (Reuss); LeRoy, p. 77, pI. 6, figs 26-27.
1948 Nonion affine (Reuss); Renz, p. 148, pI. 6,. figs 3a-b.
1958 Nonion affine (Reuss); Batjes, p. 140, pI. 6, figs 12a-b.
1958 Nonion affine (Reuss); Boltovskoy, p. 195. (Synonymy).
1961 Nonion affine (Reuss); Kaasschieter, p. 203, pI. 11, figs 3a-b, 4a-b.
1964 Melonis affillis (Reuss); Parker, p. 626, pI. 100, figs 11-12.

Material examined: 30 specimens.

Abundant specimens of M. affinis occur in two samples. Boltovskoy (1958)
placed many specific names in the synonymy of affinis after a study of specimens
deposited in the collection of the United States National Museum and also the
Cushman collection. The greatest difference shown by the present specimens is
in the number of chambers in the outer whorl, ranging from 11 to 14, as against 10
to 11 reported by Boltovskoy for topotype specimens. From an examination of
topotypes Boltovskoy reported that the aperture has 'an indistinct enlargement in the
central part of the base of the apertural face'; this feature has not been observed in
specimens from Papua-New Guinea. The ratio of maximum diameter to thickness
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0·29
0·20

ThicknessMaximum
Diameter

0·55
0·39

CPC 6676
CPC 6677

of test for the present specimens ranges from 1·8 to 2· 0, similar to the range of 2·0
to 2·3 recorded for topotype specimens. The observed differences between the
Papua-New Guinea specimens and topotype material are small and a new specific
name does not seem to be required.

The test is perforate, the pore diameter being 4 to 5 microns, and the wall is
granular in texture; the septal walls are double.

Dimensions of .figured specimens:

Occurrence: Figured specimens (CPC 6676 and 6677) from east of Yekimbolje
village, Maprik subdistrict, Sepik district, New Guinea (upper Miocene); other
locality: 21.

Specimens here referred to Melonis affinis have been recorded as Nonion nico
barense, ranging from lower Miocene (Burdigalian) to Pliocene.

Subfamily ALMAENINAE Myatlyuk, 1959

Genus ANOMALINELLA Cushman, 1927

ANOMALINELLA ROSTRATA (Brady, 1881)

(Pi. 33, figs 9-13)

1881 Truncatulina rostrata Brady, p. 65.
1884 Truncatulina rostrata Brady; Brady, p. 668, pI. 94, figs 6a-c.
1914 Truncatulina rostrata Brady; Heron-Alien & Earland, p. 709, pI. 52, figs 33-36.
1954 Anomalinella rostrata (Brady); Cushman, Todd, & Post, p. 371, pI. 91, fig. 24.
1957 Anomalinella rostrata (Brady); Todd, p. 274 (tab.), 276, 279 (tab.), 282, 283, pI. 84, fig. 5.
1957 Anomalinella rostrata Brady; Daleon & Samaniego, p. 63, pI. 2, fig. 33.
1959 Anomalinella rostrata (Brady); Graham & Militante, p. 115, pI. 19, figs 9a-b. (Synonymy).
1959 Anomalinella rostrata (Brady); Bhatia & Mohan, pp. 658, text-fig. 6, figs 2a-b.
1960 Anomalinella rostrata (Brady); Barker, p. 194, pI. 94, figs 6a-c.
1964 Anomalinella rostrata (Brady); Le Roy, p. 44, pI. 6, figs 15-17.

Thickness

Material examined: 31 specimens.

This distinctive species is widespread in the Indo-Pacific region; it occurs com
monly in several of the present samples. The test is coarsely perforate, the pore
diameter being 10 to 12 microns, and the wall is granular in texture. The septal
walls are double; in thin section the outer wall is brown and opaque, the inner lining
colourless and translucent. The supplementary peripheral aperture is open only
on the last chamber; on earlier chambers it is closed by a porous plate which in
time becomes fused with the chamber wall so that the outline of the aperture cannot
be detected. No internal structure is present.

Dimensions of figured specimen: Maximum
Diameter

CPC 6679 0·77 0·42

Occurrence: Figured specimen (CPC 6679) from the sea-cliff, 250 yards north
of the L.M.S. Mission, Delena, Papua (lower Miocene); other localities: Id, 17.

A. rostrata has been recorded from lower Miocene (Burdigalian) to Pliocene;
it also occurs in Recent deposits.
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Superfamily ROBERTlNACEA Reuss, 1850

Family CERATOBULIMINIDAE Cushman, 1927

Subfamily CERATOBULIMININAE Cushman, 1927

Genus CERATOBULIMINA Toula, 1915

CERATOBULIMINA PACIFICA Cushman & Harris, 1927

(PI. 36, figs 1-7; Text-fig. 24: 1-2)

1884 Bulimina contraria Brady, p. 409, pI. 54, figs 18a-b (not of Reuss).
]911 Buliminella contraria Cushman, p. 89, text-figs ]43a---<: (not of Reuss).
]927 Ceratoblllimina pacifica Cushman & Harris, p. 176, pI. 29, figs 9a--c.
]941a Ceratobulimina pacifica Cushman & Harris; LeRoy, p. 42, pI. 1, figs 30-32.
]94]b Ceratobulimina pacifica Cushman & Harris; LeRoy, p. 85, pI. 4, figs 34-35.
]944b Ceratobulimina pacifica Cushman & Harris; LeRoy, p. 89, pI. ]7, figs 7-8.
]946 Ceratobulimina pacifica Cushman & Harris; Cushman, p. ]13, pl. 18, figs lla-c, 12-16.

(Synonymy).
1951b Ceratoblllimina pacifica Cushman et Harris; Hofker, p. 316, figs 214 (tab.), 215-217,

218a-d (given as fig. 219).
1960 Ceratobulimina pacifica Cushman & Harris; Barker, p. 112, pI. 54, figs 18a-b.
1964 Ceratobulimina pacifica Cushman & Harris; LeRoy, p. 40, pI. 9, figs 23-24.

Material examined: 76 specimens.

C. pacifica occurs commonly at several localities. The nature of the incomplete
partition of each chamber of Ceratobulimina has been described by Troelsen (1954;
1955b) and Hofker (1951b; 1954). Troelsen stated that the septal foramen is second
ary and lies on the peripheral side of the internal partition, while Hofker maintained
that the areal part of each aperture remains as the septal foramen. My observations
on C. pacifica support the conclusion ofTroelsen. Cushman & Harris also considered
that a small part of the aperture remained open in earlier chambers; as stated by
Cushman & Harris, the plate closing the earlier apertures is a secondary structure.
The lamination of the wall of a species of Ccratobulimina (s.l.) apparently was ob
served first by Cushman & Harris (1927) in C. eximia (Rzehak), which was referred
by Troelsen (1954) to the subgenus Ceratocancris Finlay. In addition, specimens of
Ccratobulimina pacifica from Papua-New Guinea have bilamellid septa, and the
internal partition is also bilamellid. This feature was first observed on the walls
of broken specimens, and later confirmed in thin sections. The internal partition
is continuous with the wall of the corresponding chamber; its formation, as inter
preted from thin sections, is shown in Text-figure 24, figure 2. Reiss (1958) placed
Ceratobulimina in his superfamily Monolamellidea, but this should be confirmed
by re-examination of C. contraria, the type species.

Chapman & Parr (1937b) first referred the specimen figured by Brady to C.
pac[{ica; Cushman (1946) noted only that this specimen may belong to C. pacifica.
There is no feature separating Brady's specimen from C. pacifica, and I follow the
opinion of Chapman & Parr.

Dimensions of figured specimens:

CPC 6682
CPC 6683

186

Maximum
Diameter

0·69
0·62

Height

0·43
0·42



Occurrence: Figured specimens (CPC 6682 and 6683) from the Nuru Valley, New
Guinea, between Diduella and Old Bauri, on hill with garden plot (upper Miocene);
other localities: 38, 40.

C. pacifica has been recorded from lower Miocene (Burdigalian) to Pliocene;
it also occurs in Recent deposits.

Genus LAMARCKINA Berthelin, 1881

The structure of the genus Lamarckina has been studied by Brotzen (1948)
Hofker (1951b; 1956b) and Troelsen (1954). I have examined specimens of L"
scabra (Brady), and agree with the observations of Troelsen, with some additional
comments on the development of the test.

A large umbilical flap is developed on the last chamber of L. scabra, with an
interiomarginal aperture along its inner edge. Hofker (1951b; 1956b, p. 108)
considered this flap to be the toothplate of the next chamber, formed externally to
the test, and stated that Asterigerina and Lamarckina are the only two genera known
to have this feature. This view is not supported by my investigations, or by those of
Troelsen (1954). The final chamber has an internal partition attached to the ventral
wall, extending to the umbilical margin of the secondary septal foramen in the middle
of the previous apertural face and running towards the periphero-dorsal angle of the
final chamber, but not reaching it. The free edge has a small fold and is denticulate.
It has not been possible, because of insufficient material, to determine the method
of formation of the internal partition, but it is probably formed in the same way as
that of Ceratobulimina, and other aragonitic genera, that is, by a fold of the chamber
wall; a bilamellid structure has not been demonstrated. It can be shown that the
internal partition forms the umbilical wall of all but the last chamber. The structure
of the test indicates that when a new chamber is about to be added the entire ventral
margin of the existing last chamber is resorbed, including the umbilical flap con
sidered by Hofker to be the toothplate of the next chamber. The internal partition
of the new chamber extends back to the distal margin of the internal partition of the
previous chamber, which now forms the umbilical wall of that chamber. The line
of junction between the old and new internal partitions is visible at this stage, but in
earlier chambers is obscured. The new chamber again forms a large umbilical
flap. Troelsen (1954, p. 451) stated 'when a new chamber is added, a thin plate ....
closes the aperture and replaces part of the septum (the former apertural face) up
to the base of the septal foramen'. This clearly describes the appearance of the
test, and infers resorption of part of the chamber wall. The thin plate is the internaI
partition of the new chamber, closing the large opening left by the resorption of the
ventral wall of the previous chamber, and leaving an areal secondary septal foramen
at its peripheral edge. Troelsen also observed a thin plate sealing the 'vestibule
under the short internal partition'; this again is the internal partition of the suc
ceeding chamber. The partition of L. scabra is not attached to the spiral wall, as
stated by Brotzen (1948, p. 122) for Lamarckina. Troelsen (1954) stated that
Lamarckina has a rather small internal partition, and my observations indicate that
it is not as strongly developed as that of Ceratobulimina.
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LAMARCKINA SCABRA (Brady, 1884)

(PI. 35, figs 15-17; Text-fig. 24: 3-4)

18S4 Pulvinulina oblonga (WiIliamson) var. scabra Brady. p. 6S9, pI. 106, figs Sa-<.:.
1915 Pulvinulina oblonga (Williamson) var. scabra Brady; Cushman, p. 53, pI. 27, figs 5a-<.:.
1931 Lamarckina scabra (Brady); Cushman, p. 35, pI. 7, figs 6a-<.:. (Synonymy).
1951b Lamarckina scabra (Brady); Hofker, p. 313, figs 212a-b, 213.
1957 Lamarckina scabra (Brady); Agip Mineraria, pI. 39, fig. 2.
1960 Lamarckina scabra (Brady); Barker, p. 21S, pI. 106, figs Sa-<.:.

Material examined: 9 specimens.

L. scabra is rare in the present material, and has been found in only two samples;
all specimens are dextrally coiled. The umbilicus is wide and deep, with a sharp
angle in the wall of the test at the umbilical margin; the umbilical wall is ornamented
by small striae and pustules. The test is aragonitic in composition and radiate in
texture, but the perforation of the test has not been observed. Details of the internal
partition and chamber development of L. scabra have already been given.

Dimensions of figured specimen: Maximum Height
Diameter

CPC 6688 O' 32 0·17

Occurrence: Figured specimen (CPC 6688) from the Nagam River, west of
Periama village, Wewak subdistrict, Sepik district, New Guinea (uppermost Miocene
or Pliocene); other locality: Id.

L. scabra has been recorded from the lower and upper Miocene; it also occurs
III Recent deposits.

LAMARCKINA VENIRICOSA (Brady, 1884)

(PI. 35, figs 10-14)

1884 Discorbina ventricosa Brady, p. 654, pI. 91, figs 7a-c.
1915 Discorbis ventricosa (Brady); Cushman, p. 22, text-figs 26a-<.:; pI. 13, figs la-c.
1931 Lamarckina ventricosa (Brady); Cushman, p. 34, pI. 7, figs 5a-<.:.
1950 Lamarckina ventricosa (Brady); Said, p. 8, pI. 1, fig. 21.
1960 Lamarckina ventricosa (Brady); Barker, p. 188, pI. 91, figs 7a-<.:.

Material examined: 6 specimens.

TEXT-FIGURE 24

1-2 Ceratobulimina pacifica Cushman & Harris, locality 21. 1, CPC 6687, aperture
and internal structure; 2, camera-lucida drawing of a section CPC 6685, across
the final chamber, showing formation of the internal structure; outer lamina
solid, inner lamina banded.

3--4 CPC 6689 Lamarckina scabra (Brady), locality 27. 3, umbilicus, flap of last chamber broken
away, showing formation of the umbilical wall by the internal structure; 4, in
ternal structure and septal foramen.

5-8 Geminospira bradyi Bermudez, locality 17. 5, CPC 6699, internal structure and
septal foramen; 6, CPC 6700, showing main aperture opening into the corres
ponding secondary chamber; 7-8, CPC 6701, opposite sides of the same specimen,
showing beginning of the secondary chambers.

The scale represents O· 25 mm.
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L. ventricosa occurs very rarely and has been found in only one sample; it is
more rounded than L. scabra, with an inflated last chamber, and is more strongly
pustulose on the dorsal side. The wall is aragonitic, and is radiate in texture; the
pores have not been observed. Other morphological details are as given for L.
scabra.

Dimensions of figured specimens:

CPC 6690
CPC 6691

Maximum
Diameter

0·39
0·42

Height

0·25·
0·27

Occurrence: Figured specimens (CPC 6690 and 6691) from the 'Tubu Siltstone',
Tubu area, Papua (upper Miocene, locality Id); known only from this sample.

L. ventricosa is recorded from lower and upper Miocene; it also occurs in Recent
deposits.

Subfamily EPISTOMININAE Wedekind, 1937

Genus HOEGLUNDINA Brotzen, 1948

HOEGLUNDINA ELEGANS (d'Orbigny, 1826)

(PI. 36, figs 8-13)

1826 Rotalia elegans d'Orbigny, p. 276. (Figured Parker, Jones & Brady, 1871, pI. 12, fig. 142).
1884 Pulvinulina elegans d'Orbigny, sp.; Brady, p. 699, pI. 105, figs 3a-<.:, 4a-<.:, 5a-<.:, 6.
1915 Pulvinulina elegans (d'Orbigny); Cushman, p. 63, pI. 26, figs 3a-<.:. (Synonymy).
1927e Epistomina elegans (d'Orbigny); Cushman, p. 182, pI. 31, figs 1a-<.:, 2a--c, 3a-<.:, 4a-<.:, 5a-<.:;

pI. 32, figs 1-3, 4a-b, 5a-b, 6a-b, 7-8. (Synonymy).
1931 Epistomina elegans (d'Orbigny); Cushman, p. 65, pI. 13, figs 6a-<.:. (Synonymy):
1941a Epistomina elegans (d'Orbigny); LeRoy, p. 40, pI. 1, figs 5-7.
1941b Epistomina elegans (d'Orbigny); LeRoy, p. 84, pI. 4, figs 13-15.
1944a Epistomina elegans (d'Orbigny); LeRoy, p. 35, pI. 3, figs 15-17.
1945 Epistomina elegans (d'Orbigny); Cushman & Todd, p. 59, pI. 9, figs lOa-<.:, 11a-b.
1948 Hoglundina elegans (d'Orbigny); Brotzen, p. 92, pI. 17, figs 7-8.
1951b Epistomina elegans (d'Orbigny); Hofker, p. 375, figs 254-256, 257a--c.
1951 Hoglundina elegans (d'Orbigny); Phleger & Parker, p. 22, pI. 12, figs la-b.
1951 Epistomina elegans (d'Orbigny); Asano, pt 14, p. 17, figs 130-131.
1952 Hoglundina elegans (d'Orbigny); Bermudez, p. 57, pI. 8, figs 13a--c.
1953 Hoglundina elegans (d'Orbigny); Bandy, p. 177, pI. 23, figs 9a-<.:.
1954 Hoglundina elegans (d'Orbigny); Parker, p. 531, pI. 10, figs 4, 8.
1955 Hoglundina elegans (d'Orbigny); Walton, p. 1009, pI. 103, figs 5, 14.
1956b Hoglundina elegans (d'Orbigny); Hofker, p. 124, pI. 16, figs 9-14.
1957 Epistomina elegans (d'Orbigny); Agip Mineraria, pI. 41, fig. 10.
1957 Epistomina elegans (d'Orbigny); Samaniego & Gonzales, p. 204, pI. 23, figs 9a-<.:.
1958 Epistomina elegans (d'Orbigny); Batjes, p. 155, pI. 10, figs 2a-<.:.
1959 Hoeglundina elegans (d'Orbigny); d'Onofrio, p. 177, pI. 2, figs lOa-b.
1960 Hoglundina elegans (d'Orbigny); Barker, p. 216, pI. 105, figs 3a-<.:, 4a-<.:, 5a-c, 6.
]961 Epistomina elegans (d'Orbigny); Hornibrook, p. ]22, pI. 17, fig. 367.
1964 Hoeglundina elegans (d'Orbigny); LeRoy, p. 38, pI. 6, figs 27-28.

Material examined: 56 specimens.

H. elegans occurs abundantly in several samples. The test is aragonitic, and
is radiate in texture, and the septa are bilamellid. The internal partition is as
described by Brotzen (1948, p. 93) and thin sections indicate that it is formed by
a fold of the chamber wall, as in Ceratobulimina and other aragonitic genera. The
wall of the test is very finely perforate, with a pore diameter of about 0·4 microns.
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Dimensions of figured specimens:

CPC 6692
CPC 6693

Maximum
Diameter

0·73
0·73

Height

0·38
0·36

Occurrence: Figured specimen (CPC 6692) from Kisila village, east of 10sef
staal, Lower Ramu-Atitau area, New Guinea (upper Miocene); figured specimen
(CPC 6693) from 2 miles east of 10sefstaal, Lower Ramu-Atitau area, New Guinea
(upper Miocene); other localities: Id, 21, 22, 27, 40.

H. elegans has been recorded both as Epistomina elegans and Hoeglundina
elegans, ranging from lower Miocene (Burdigalian) to Pliocene; it also occurs in
Recent deposits.

Remarks: Hofker (1951b) described Pacific specimens in H. elegans, stating
that the toothplates were of the same structure. The possibility that specimens
from the two areas represented geographic subspecies was mentioned, as the test
in Pacific specimens was stated to be less opaque than that of specimens from the
West Indies. In the absence of comparative material the Papua-New Guinea speci
mens are here referred to elegans.

Family ROBERTINIDAE Reuss, 1850

Genus GEMINOSPIRA Makiyama & Nakagawa, 1941

Specimens which have often been recorded as the species described by Williamson
(1858) as Bulimina pupoides d'Orbigny var. convoluta are here identified as Gemino
spira bradyi. A detailed description of this species is given below.

G. bradyi, which was figured by Brady (I884) from 'Challenger' Station 185
in Torres Strait as Bulimina convoluta Williamson, has been observed in slides from
the following localities:

t. H.M.S. 'Penguin' Magnetic Shoal, off Port Walcott, N.W. Australia,
20° 32' 35" S., 1l7° 13' 02" E., at a depth of 8 fathoms.

2. Anchor mud, H.M.A.S. 'Moresby', 30 miles north-west of Bathurst
Island at a depth of 65 fathoms.

3. Anchor mud, H.M.A.S. 'Moresby', north-west of Bathurst Island, no
distance given, at a depth of 40 fathoms.

4. Kerimba Archipelago, Station 2a. (Given by Heron-AlIen & Earland,
1914, as 'Maiyapa Bay. Bottom :-Sand, mud and coral. Depth 10
fathoms').

Specimens of Geminospira very similar to G. bradyi also occur in a slide labelled
'Pliocene, coralline crag, polyzoan sand 10 feet below polyzoan crag, Sutton, England
(Prestwich)' .

The specific name convoluta (in Brady's sense) was retained by Makiyama &
Nakagawa (1941) for specimens of this type, and they referred the species to their
genus Geminospira. Cushman & Parker (1947, p. 77) considered that Brady's
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specimens were probably not specifically identical with Williamson's specimens
and perhaps did not belong to Pseudobulimina. Bermudez (1952) then proposed the
new name bradyi for convoluta Brady (not Williamson) and referred it to Geminospira,

The description of the genus Alliatina Troelsen (type species Cushmanella
excentrica di Napoli Alliata) leaves little doubt that Alliatina is a synonym of Gemino
spira. No information is available on the internal structure of the type species of
Geminospira, G. simaensis Makiyama & Nakagawa, but it is reasonable to assume
that it has the same form as that of G. bradyi. Troelsen noted (1954, p. 465) 'It is
possible that "Bulimina" convoluta Millett (non Williamson) and "B." nitida Millett
should be referred to Alliatina'. The only difference between the observations made
by Troelsen and myself concerns the interiomarginal aperture. Troelsen stated
that when a new chamber is added this aperture is closed; in Geminospira bradyi
it is covered by the accessory chamber, but remains open, forming the means of
communication between the main and accessory chambers. Troelsen's figures
also show that the accessory chambers are not present on early parts of the test.

The specimens described by Cushman (1933b) as Nonionella translucens are
considered to be specimens of Geminospira in which the secondary chambers have
not developed. The aperture in particular suggests this, as it is figured as a narrow
slit extending into the apertural face. Todd (1957; 1961) referred translucens to
the genus Alliatina. Cushman, Todd, & Post (1954) and Graham & Militante
(1959) retained it in Nonionella; the broken specimen figured by Graham & Militante
has two small umbilical extensions and the septal foramen is above the base of the
chamber. Nonion glabrellum Cushman also shows the features of Geminospira.
LeRoy (1941c) figured a species of Geminospira as Epistomina aff. convoluta (William
son). Huang (1963) described as Paranonion oinomikadoi specimens which in my
opinion are young forms of Geminospira, with some showing the initial development
of the secondary chambers.

The factors controlling the development of the secondary chambers are not
known, but their formation does not appear,to be related to the degree of maturity of
the individual. Some specimens in the present material which have only the begin
ning of the secondary chamber series are larger than other specimens with a complete
series. The type specimen of the variety described by Millett (1900) as Bulimina
convoluta WilIiamson var. nitida is, from the magnifications given by MilIett, as
large as specimens with well-developed secondary chambers. These two forms may
represent different generations. Specimens with secondary chambers seem to occur
only rarely. Millett (1900) recorded 'typical' specimens abundantly at only one
station and sparingly at a few others. Specimens described as the variety nitida
were predominant at all except one station. MilIett's variety nitida was referred
doubtfully by Cushman & Parker (1947, p. 130) to Cushmanella. Heron-Alien &
Earland (1914) recorded adult specimens as rare, with the variety nitida appearing
to be confined to tropical waters. Hofker (1951b) found only two specimens, both
with secondary chambers. For the present specimens the ratio between forms with
well-developed secondary chambers and those without is about 1 to 3.
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GEMINOSPIRA BRADYI Bermudez, 1952

(pI. 37, figs 1-7; Text-fig. 24: 5-8)

1884 Bulimina convo/uta Brady, p. 409, pI. 113, figs 6a-b (not Bulimina pupoides var. convo/uta
Williamson).

1900 Bulimina convo/uta Millett, p. 279, pI. 2, figs 9a-e (not of Williamson).
1900 Bulimilla cOllvo/uta var. nitida Millett, p. 280, pI. 2, figs 10a-e.
1942 Pseudobulimilla evoluta Brotzen (sic), p. 36, fig. 16 (not Bulimina pupoides var. convoluta

Williamson).
1949 Pseudoblllimina convoluta Said, p. 26, pI. 4, fig. 4 (not of Williamson).
1951b Pseudoblllimina convolllta Hofker, p. 386, figs 265, 266a-b, 267a-f (not of Williamson).
1952 Geminospira bradyi Bermudez, p. 80, pI. 13, figs 7a-b.
1959 Gemillospira bradyi Bermudez; Graham & Militante, p. 90, pI. 13, figs 16a-b.
1960 Pseudoblllimina sp.nov.(?) Barker, p. 232, pI. 113, figs 6a-b.

Material examined: 62 specimens.

Specimens referred to G. bradyi occur abundantly at one locality; they are
undoubtedly conspecific with the specimens referred to P. convoluta by Hofker
(1951b). My observations differ in some respects from those of Hofker, and in
my opinion the internal partition is not as complicated as Hofker has indicated.

Hofker described the aperture as 'loop-shaped, ventrally situated, sutural'.
I have observed two apertures, one an interiomarginal elongate slit and the other
a small areaI oval opening in the apertural face. The internal partition of the last
chamber begins near the inner margin of the interiomarginal aperture, and is attached
to the inner side of the apertural face, extending to the areal aperture. The base of
the internal partition is attached to the apertural face of the previous chamber and
extends to the peripheral margin of the septal foramen, whence it bends sharply
back to reach the periphero-dorsal angle of the final chamber. A small free folded
edge extends along the length of the upper border of the internal partition and en
closes the areal aperture; this areal aperture, somewhat enlarged by resorption,
forms the septal foramen. In earlier chambers the partition is reduced, first losing
the free folded part and finally being reduced to a low ridge extending across the
chamber. The partition neither forms part of the apertural face of the main chamber,
nor the separating wall of the umbilical chamber part, as described by Hofker. The
attachment of the partition to the inner side of the apertural face is visible externally
as a thin line, but this cannot be taken to indicate that it forms part of the apertural
face.

The accessory chambers are not visible on the earliest chambers. They first
appear as small unconnected projections on both the dorsal and ventral sides, be
coming larger in successive chambers until finally they meet and coalesce, forming
one wall extending unbroken from the dorsal to the ventral side. The accessory
chambers are subsequently formed, as stated by Hofker, and are 'held back' for one
chamber, being formed simultaneously with the addition of a new chamber; the
final chamber does not have an accessory chamber. Hofker stated that the attached
part of the internal partition forms 'the sutures between the second chamber and
that of the foregoing' and this is presumed to mean between the main and accessory
chambers; I do not agree with this interpretation. The final chamber also has a
small aperture on the dorsal side, which on earlier chambers is closed by a small plate;
this plate is probably formed at the same time as are the accessory chambers.
95044-(8)
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G. bradyi has an aragonitic radiate test and is very finely perforate, the pore
diameter being about 0·4 to 0·6 microns. The septa are very thin and no indication
of double septal walls has been observed. However, by analogy with other aragonitic
genera examined it may reasonably be inferred that G. bradyi is in fact bilamellid.
Dimensions of figured specimens: Length Br,eadth Height

CPC 6695 O' 56 O' 31 0·16
CPC 6696 o· 39 O' 19 O' 11
CPC 6697 O' 32 O' 20 0·15

Occurrence: Figured specimens (CPC 6695 to 6697) from the road cutting at
the new residence, north of the aerodrome, Madang, New Guinea (Pliocene); other
locality: 27.

G. bradyi has not been recorded previously from Papua-New Guinea.
Remarks: It is not certain that bradyi is the correct specific name for the present

specimens. As far as can be determined, the species Bulimina convoluta (Williamson)
var. dehiscens Heron-AlIen & Earland, 1924, and Pulvinulina mayori Cushman, 1924,
are the earliest proposed names which may be prior synonyms of bradyi. The
variety dehiscens Heron-AlIen & Earland was referred by Cushman & Harris (1927)
to Ceratobulimina, but has all the characteristics of Geminospira and was referred
to this genus by Bermudez (1952). Pulvinulina mayori Cushman is also referable
to Geminospira but Bermudez (1952) considered this species as probably synonymous
with Bulimina convoluta Williamson.

Published synonymies indicate that mayori at least has priority over bradyi as
the specific name for specimens of the present type. Cushman (1924) included
convoluta of Millett (1900) in the synonymy of mayori, and also doubtfully the refer
ences of Egger (1893), Sidebottom (1918), and Heron-AlIen & Earland (1914).
Millett (1900) referred Bulimina convoluta of Brady (1884) and of Egger (1893) to
synonymy. Graham & Militante (1959) included convoluta of Brady, Egger, Millett,
and Heron-AlIen & Earland in the synonymy of bradyi. If Cushman was correct in
placing convoluta of Millett (1900) in the synonymy of Pulvinulina mayori, then
mayori takes precedence over bradyi as a specific name. However, the variety
dehiscens Heron-AlIen & Earland was described before mayori Cushman, and must
be the first to be considered. No specimens of dehiscens have been available for
examination.

If neither of these names is found to be a prior synonym of bradyi, the species
Nonionella translucens Cushman should be considered. Published figures of trans
lucens are very similar to Papua-New Guinea specimens without secondary chambers.

A definite statement as to whether or not any of these species is a prior synonym
of bradyi depends on a comparison of specimens. As no information is available
and no decision can be made, the Papua-New Guinea specimens are for the present
referred to as Geminospira bradyi.

Genus ROBERTINOIDES H6glund, 1947

. The internal partition of Robertinoides was first described by H6glund (1947).
The different structural elements of R. oceanicus (Cushman & Parker) occurring in
Papua-New Guinea are as described by H6glund. However, I cannot observe any
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opening at the base of the 'arch', as figured by Hoglund (PI. 19, fig. 3). Only
the distal apertural opening connects directly with the exterior of the test, and then
only by way of the 'window' and 'lip tube'. The proximal apertural opening can
be reached only by way of the 'window' and the canal between the lamellae forming
the dividing partition of the chamber. The passage of protoplasm from the distal
chamber part to the exterior of the test as shown by Troelsen (1954, p. 63, fig. 3)
for R. declivis (Norman) suggests that this species has the same internal partition as
does R. oceanicus. It should be noted that the protoplasm passes over and not under
the arch. No internal opening of the canal between the two lamellae of the partition
has been detected; Troelsen also could not observe this feature in R. declivis. The
presence of such an opening in R. normani (Goes) was at least implied by Hoglund
(p. 225) in a discussion of routes to the exterior of the test. The small aperture at
the rear of the test of oceanicus can be reached only by way of the 'window' and the
narrow canal between the partition lamellae. R. oceanicus has a low opening at
the base of the partition connecting the proximal and distal chamber parts; there is
no indication of the plate recorded by Troelsen (1954) in R. declivis. Sections of
Recent specimens show that the test is bilamellid and that the internal partition is
formed by a fold in the wall of the test. Hoglund (1947, p. 221) discussing Robertina
arctica d'Orbigny, stated 'The complicated internal construction consists only of
folds in the chamber ... .'. Troelsen (1954, p. 262) discussing Robertinoides declivis
expressed the view that the apertures and the internal partition 'are parts of one
single fold of the outer test wall'. The walls of the partition between the two chamber
parts are very thin, and I have not been able to observe the inner lining on this part
of the test; the inner lining can be seen only to bend inwards at the margins of the
partition.

Hofker (195Ib) observed a small slit at the base of the toothplate near the distal
aperture, but I cannot detect this feature on specimens from Papua-New Guinea,
or on Recent specimens from New Zealand. Hofker also observed a small tube
formed at one border of the internal partition, connecting the small opening at the
rear of the test and proximal aperture. This feature has not been observed on any
available specimens. The canal between the proximal aperture and small accessory
aperture is interpreted here as being the space between the lamellae forming the
dividing partition of each chamber. For most of its length this space is narrow, but
the lamellae become widely separated towards the apertures where the 'lip tube'
and 'window' are formed.

On the basis of the tube formed at one border of the toothplate Hofker compared
the structure of Robertinoides with that of the more highly organized Bulimininae,
and homologized the proximal aperture of Robertinoides with that of Buliminella.
I do not accept these relationships, which do not take into account other important
morphological features.

ROBERTINOIDES OCEANICUS (Cushman & Parker, 1947)

(PI. 37, figs 8-10; Text-fig. 25: 1-2)

1947 Robertina oceanica Cushman & Parker, p. 75, pI. 18, fig. 18. (Synonymy).
1951b Robertinoides oceanica (Cushman & Parker); Hofker, p. 380, figs 258-261, 262a-b, 263a-e,

264a-e.
1960 Robertina oceanica Cushman & Parker; Barker, p. 104, pI. 50, figs 19a-b.
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0·41
0·36

CPC 6702
CPC 6703

Material examined: 12 specimens.

Rare specimens occurring in two samples from New Guinea are identical with
specimens from a sample taken by the New Zealand Government Trawling Expedition,
1907, at Dredge Station C, 60 miles east of Lyttleton, New Zealand, at 100 fathoms.
These specimens agree with the description of R. oceanicus, but the species is more
variable than is indicated by Cushman & Parker. The length of the test of the Recent
specimens ranges from 0·40 mm to 0·88 mm and the outline from sharply pointed
and rapidly broadening to irregularly oval, as is the holotype of oceanicus and the
figured New Guinea specimens. Cushman & Parker did not mention the small
triangular aperture at the opposite side of the test from the two main apertures, but
it is well-developed on both Recent and fossil specimens. The wall of the test
is aragonitic and radiate in texture, and is very finely perforate, but the pore diameter
has not been determined. Other morphological details have already been given.

Dimensions of figured specimens: Length Maximum
Width
0·31
0·23

Occurrence: Figured specimens (CPC 6703 and CPC 6702) from the Nagam
River, west ofPeriama village, Wewak subdistrict, Sepik district, New Guinea (upper
most Miocene or Pliocene); other locality: 30.

Specimens identified as Robertina cf. austriaca Reuss have been recorded from
the Miocene; these are probably the same as specimens here referred to Robertinoides
oceanicus.

1

TEXT-FIGURE 25

1-2 Robertinoides oceanicus (Cushman & Parker), from a sample taken by the New Zealand Govern
ment Trawling Expedition, 1907, at Dredge Station C, 60 miles east of Lyttleton, New Zealand,
at 100 fathoms. 1, CPC 6704, photograph showing bilamellid structure in the last two chambers,
and the partition of the last chamber, X158; 2, camera lucida drawing of a section, CPC 6705,
across the final chamber, showing the outer and inner layers, the proximal and distal apertures,
and the canal between the layers of the partition leading to the supplementary aperture at the
rear of the test, X94.
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Appendix 1

SAMPLE LOCALITIES
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PAPUA

1. Tubu area (Map 1). Samples forwarded by the Papuan Apinaipi Petroleum Company Ltd,
from the 'Tubu Siltstone' (upper Miocene).

la, sample 676.
1b, sample 677.
le, sample 678.
Id, sample 687.
le, sample 774.
If, sample 776.
Ig, sample 779.
Ih, sample 884.
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Yule Island and Delena-Pokama areas (Map 3). Samples forwarded by Mines Administration
Pty Ltd..

2. Sample 1830, sea-cliff below the L.M.S. Mission, Delena (lower Miocene, Burdigalian).
3. Sample 1836, sea-cliff 250 yards north of the L.M.S. Mission, Delena, (lower Miocene,

Burdigalian).
4. Sample 1902, west of the wharf at the Roman Catholic Mission, Yule Island (lower Mio

cene, Burdigalian).

Lakekamu River and Popo areas (Map 2). Samples forwarded by Mines Administration Pty Ltd.
5. Sample 1002, 2t miles north-norJh-west of the Olipai River-Lakekamu River junction

(upper Miocene).
6. Sample 1031, near the culmination of the Popo Anticline, 3t miles south-south-east of

Popo village (upper Miocene).

Kerema-Karova Creek area (Map 3). Samples forwarded by Mines Administration Pty Ltd.
7. Samples east of Karava Creek (middle Miocene.)

7a, sample 1413.
7b, sample 1551.

8. Sample 1330, Aipa Hills area, east of the Ekiere Fault (middle Miocene).
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Malalaua-Saw Mountains area (Map 4). Samples forwarded by Mines Administration Pty Ltd.

9. Samples on upper Maipora Creek, west of the Saw Mountains (middle Miocene).

9a, sample 733.
9b, sample 1632.
9c, sample 1650.

10. Sample F. 4, on Hell's Gate Creek, about i mile from the junction with the Tauri River
(lower Miocene, Burdigalian).

11. Sample F.23, Poison Creek t mile west of the Kapau River (middle Miocene).

12. Samples from a section throughlthe 'Murua Mudstone', Yamuiti Creek area (upper Mio-
cene).

12a, samplelF.26.
l2b, samplelF. 29.
12c, sample F.31.
l2d, sample F.34.
12e, sample F.35.
12f. sample F.36.
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300 foot section.

Wira Anticline, Puri-Purari River area (Map 5). Samples forwarded by
Pty Ltd.

13. Samples from the north-west flank (upper Miocene).
13h, sample 8.
13g, sample 7.
13f, sample 6.
Be, sample 5.
Bd, sample 4.
Bc, sample 3.
Bb, sample 14, 15.
Ba, sample 10, 11, 12.

14. Samples from the south-east flank (upper Miocene).
14d, sample 20.}
14c, sample 19. i" •
14b, sample 18. 200 loot section.
14a, sample 17.
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15. Hohoro area (Map 6). Samples collected by D. J. Belford (Pliocene).

15a, sample 1, 'Vaiviri Formation', Doabea Creek.
15b, sample 144, 'Doabea Formation', Ipowoloe Creek.
15c, sample 164, 'VaivirPFormation', Ipowoloe Creek.
15d, sample 169, 'Vaiviri Formation', Ipowoloe Creek.
15e, sample 172, 'Vaiviri Formation', Ipowoloe Creek.
15f, sample 185, 'Vaivir(Formation', Ipowoloe Creek.
15g, sample 189, 'Vaiviri Formation', Ipowoloe Creek.
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NEW GUINEA

North of Finschhafen (Map 7). Samples collected by D. B. Dow, Bureau of Mineral Resources.
16. Samples from the Masaweng River area (upper Miocene).

16a, sample MR.5.
16b, sample MR.6.
16c, sample MR.7.
16d, sample MR.S.
16e, sample MR.10.
16f, sample MR.12.
16g, sample MR.14.
16h, sample MR.15.
16i, sample MR.22.
16j, sample MR.23.
16k, sample MR.31.
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Central and Westem Highlands (Map 8). Samples collected by Dr E. Reiner, formerly of the Division
of Land Research and Regional Survey, Commonwealth Scientific and Industrial Research Organ
isation.

17. Sample R. 7, in the road cutting at the new residence, north of the aerodrome, Madang
(Pliocene).

18. Sample R.23, east of Amaimon, between the Gogol River and Amaimon (upper Miocene).
19. Sample R.30, from the top of the ridge south of Kamambu (Old Kamambu) (upper Mio

cene).
20. Sample R.44, in the river below Banap 11 (upper Miocene).
21. Sample R.I67, Nuru Valley, between DidueIla and Old Bauri, on hill with garden plot

(upper Miocene).

22. Sample R.527, Kolialo Creek, west of Tintingenei, Josefstaal subdistrict, Bogia district
(upper Miocene).

23. Sample R.535, east of Moie, Josefstaal SUbdistrict, Bogia district (upper Miocene).

24. Sample R.550, in the road cutting south of Moab, Bogia district, (upper Miocene).
25. Sample R.612, below the cliff at Maprik, Screw River, Sepik district (upper Miocene).
26. Sample R.636, Numoiken road, south of Wewak, Sepik district (upper Miocene).

27. Sample R.647, Nagam River, west of Periama village, Wewak subdistrict, Sepik district
(uppermost Miocene or Pliocene).

28. Sample R.657, in the creek of Ibab village, Wewak subdistrict, Sepik district (pliocene).

29. Sample R.668, in the valley west of Montsi village, Wewak subdistrict, Sepik district
(upper Miocene).

30. Sample R.672, east of Yekimbolje village, Maprik subdistrict, Sepik district (upper Mio
cene).

31. Sample R.674, west of Yangoru, Maprik subdistrict, Sepik district (upper Miocene).

32. Sample R.676, in the creek near Wibiti I village, Maprik subdistrict, Sepik district (Plio
cene).

33. Sample R.677, Tjidiletebe village, Maprik subdistrict, Sepik district (upper Miocene).

34. Sample R.685, in the creek west of Winge, Maprik subdistrict, Sepik district (upper Mio
cene).

35. Sample R.686, north road near Kabeubis village, Maprik subdistrict, Sepik district (upper
Miocene).

36. Sample R.7I5, Forsayth Plantation, Mushu Island, Sepik district (Pliocene).

Samples collected by Dr D. W. P. Corbett, formerly of the Bureau of Mineral Resources.

37. Sample A.9, east of Atemble, Lower Ramu-Atitau area (Pliocene).
38. Sample B.I, 2 miles east of Josefstaal, Lower Ramu-Atitau area (upper Miocene).

39. Sample B.2, KisiIa village, east of Josefstaal, Lower Ramu-Atitau area (upper Miocene).

40. Sample B.15, Pagansop village, north-north-east of Josefstaal, Lower Ramu-Atitau area
(upper Miocene).

41. Sample C.37, on a tributary of Kaukomba Creek, Lower Ramu-Atitau area (upper Mio
cene).

42. Sample C.60, 1 mile south of the Kumil River, Lower Ramu-Atitau area (upper Miocene).

43. Sample C.77, Subesam village, Lower Ramu-Atitau area (upper Miocene).
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PLATE 1
Figures Page

1-2 Brizalina alata (Seguenza) 24
I, CPC 6164, side view, x 40.
2, CPC 6165, side view, x 40.

3-4 Brizalina capitata (Cushman) 26
3, CPC 6166, side view, x 80.
4, CPC 6167, side view, x 80.

5-7 Bolivi1/a robusta Brady 21
5, CPC 6161, side view; 6, edge view, both x 41.
7, CPC 6162, side view, x 41.

8-9 Brizali1/a plicatella (Cushman) 26
8, CPC 6168, side view, x 80.
9, CPC 6169, side view, x 80.

10-12 Brizali1/a sp. cf. B. variabilis (Williamson) 27
10, CPC 6171, side view; 11, edge view, both x 145.
12, CPC 6172, side view, x 145.

13-16 Brizali1/a pseudo6eyrichi (Cushman) 28
13, CPC 6173, side view; 14, edge view, both x 58.
IS, CPC 6174, side view, x 62.
16, CPC 6175, side view, x 53.

17-18 Brizali1/a subreticulata (Parr) 29
17, CPC 6176, side view, x 110.
18, CPC 6177, side view, x 110.

19-22 Brizalina sp. cf. B. pygmaea (Brady) 31
19, CPC 6180, side view; 20, edge view, both x 144.
21, CPC 6181, side view, x 144.
22, CPC 6182, side view, x 144.
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31

Page
PLATE 2

Figures

1-6 Bri::ulillu IIIl1lfilillcalll sp.nov.
I. epe 6183, hololype. side view. x 65.
2. paratype A. epe 6184. side view. x 65.
3. paratype B, epe 6185, side view. x 65.
4-5, paratype C, epe 6186. 4. side view: 5, edge view, both x 74.
6. para type. epe 6187, side view, x 68.

7-10 Brizalilla lIIaccllu, sp.nov. 33
7-8. holotype epe 6188. 7. side vicw: 8. edge vicw. 7. x 50: 8. x 56.
9, paratype A. epe 6189, side view. x 50.

10, paratype B. epe 6190, side view, x 50.

11-12 Bri::alillu I'escisfriufu, sp.nov.
11, holotype, epe 6191, side view. x 67.
12. paratype, epe 6192. side view, x 67.

13-16 Brizalilla scmilillcufU, sp.nov.
13-14, holotypc, epe 6193. 13. side view: 14. edgc view, both x 60.
15, paratype A, epe 6194. side view. x 60.
16, paratype B. epe 6195, side view, x 60.

17-19 Brizalillu paf/tla. sp.nov.
17, holotype, epe 6196. side view, x 75.
18. paratype A, epe 6197. side view. x 75.
19, paratype B, epe 6198, side view, x 75.

20-22 Brizalilla hasf/tlu, sp.nov.
20-21, holotype, epe 6199. 20, side view; 21, edge view, both x 74.
22, paratype, 6200. side view. x 74.

23-25 Brizalilla karrerialla (Brady)
23, epe 6201, side view; 24, edge view, both x 52.
25, epe 6202, side view, x 52.
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PLATE 3
Figures

1-2 Briza/ina catenll/a, sp.nov.
I, holotype, epe 6203, side view, x 127.
2, paratype, epe 6204, side view, x 127.

3-4 Brizalina massu/a, sp.nov.
3, holotype, epe 6205, side view, x 50.
4, paratype, epe 6206, side view, x 50.

5-7 Brizalina tuberosa, sp.nov.
5-6, holotype, epe 6207. 5, side view, x 128; 6, edge view, x 89.
7, paratype, epe 6208; side view, x 128.

8-11 Bolivinita sllbangll/aris (Brady) ...
8, epe 6159, side view; 9, top view: 10, edge view; all x 43.

11, epe 6160, side view, x 48.

12-13 Brizalina semicarinata sp.nov.
12, holotype, epe 6209, x 55.
13, paratype, epe 6210, 55.

14-16 Laterostomella vo/uta, sp.nov. ....
14-15, holotype, epe 6216, two side views, each x 150.
16, paratype, epe 6217, x 150.
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PLATE 4
Figures

1-3 Bolivillita compressa Finlay
I, epe 6156, side view; 2, edge view, both x 55.
3, epe 6157, side view, x 55.

4-7 Bolivinita quadrilatera (Schwager)
4, epe 6153, side view; 5, edge view, both x 46.
6, epe 6154, side view; 7, edge view, both x 46.

8-9 Brizalina sp. A.
8, epe 6211, side view, x 55.
9, epe 6212, side view, x 55.

10-11 Rectobolivina telluicostata
10, holotype, epe 6229, side view, x 61.
11, paratype, epe 6230, side view, x 61.

12-15 Rectobolivina Iimbata (Brady)
12, epe 6232, side view; 13, edge view, both x 54.
14, epe 6233, side view, x 54.
IS, epe 6234, side view, smooth specimen, x 50.

16-19 Rectobolivina papula sp.nov.
16-17, holotype, epe 6236. 16, side view; 17, edge view, both x 50.
18, paratype A, epe 6237, side view, x 50.
19, paratype B, epe 6238, side view, x 50.

20-21 Rectobolivina sp. cc. R. carinata (Millett)
20, epe 6240, side view, x 76.
21, epe 6241, side view, x 76.

22-23 Rectobolivina fasciata, sp.nov.
22, epe 6243, holotype, side view, x 49.
23, epe 6244, paratype, side view, x 49.

232

Page

19

III

43

411

49

50

51



B.M.R. Bull. 7Y - Miocene and Pliocene Smaller Foraminifera Plate 4

--------------------- - -



PLATE 5

59

55

62

63

Page

58Blltimina acu/eata d'Orbigny
I, epe 6262, side view; 2, top view, both x 50.
3, epe 6263, side view, 50.

BII/imina marginata d'Orbigny
4, epe 6257, side view, x 98
5, epe 6258, side view, x 98.

BII/imina striata d'Orbigny
6, epe 6267, side view; 7, top view, both x 59.
8, epe 6268, side view, x 59.

BII/imina a/azanensis eushman
9, epe 6271, side view; 10, top view, both x 86.

I I, epe 6272, side view, x 86.

Blltimina subacuminata eushman & R. E. Stewart
12, epe 6275, side view; 13, top view, both x 61.
14, epe 6276, side view, x 109.

4-5

6-8

9-11

12-14

Figures

1-3

15-17 Butimina sl/bamata Brady
15, epe 6278, side view; 16, top view, both x 58.
17, epe 6279, side view, x 58.

18-21 BII/imina ampliaperlLlra, sp.nov.
18-19, ho!otype, epe 628~. 18, side view; 19, top view, both x 120
20, paratype A, epe 6283, side view, x 120.
21, paratype B. epe 6284, side view. x 120.
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PLATE 6
Figures

1-3 Bulimina sellta Finlay
I, epe 6286, side view; 2, top view, both x 57.
3, epe 6287, side view, x 57.

4-5 Protogloboblllimina pllpoides (d'Orbigny)
4, epe 6292, side view, x 31.
5, epe 6293, side view, x 31.

6-9 Protoglobobulimina ovata (d'Orbigny)
6, epe 6296, side view, x 49.
7, epe 6297, side view, x 45.
8 epe 6298, side view, x 55.
9, epe 6299, side view, x 98.

10-13 Protoglobobulfmina sp. A.
10, epe 6312, side view, x 50.
11, epe 6313, side view, x 50.
12, epe 6314, side view, x 50.
13, epe 6315, side view, x 50.

14-16 Protoglobobulimil/a affinis (d'Orbigny).
14, epe 6303, side view; 15, top view, both x 52.
16, epe 6304, side view, x 52.

17-18 Protogloboblllimil/a microlol/gistriata (LeRoy)
17, epe 6308, side view, x 50.
18, epe 6309, side view, x 50.

19-21 Praeglobobulimina spinescel/s (Brady)
19, epe 6318, side view; 20, top view, both x 44.
21, epe 6319, side view, x 44.

22-24 Buliminella sp. cf. B. tenllata eushman
22, epe 6149, side view, x 78.
23, epe 6150, side view, x 78.
24, epe 6151, side view, showing a twisted test, x 50.
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Figures
PLATE 7

Page

78

711

1-2 Globobulimi/la sp. A. 66
I, CPC 6290, side view, x 53.
2, CPC 6291, side view, x 53.

3-7 Euuvigerina peregrina (Cushman) 75
3, CPC 6322, side view; 4, top view, both x 61. Specimen with costae replaced

by spinose ornament on the last two chambers.
5, CPC 6323, side view, x 61. Ornament as for the previous specimen.
6, CPC 6324, side view, x 52. Wholly striate specimen.
7, CPC 6325, side view, x 52. Wholly striate specimen.

8-13 Euuvigerina aCIIleata (d'Orbigny)
8, CPC 6326, side view; 9, top view, both x 57.

10, CPC 6327, side view, x 57.
11, CPC 6328, side view, x 57.
12, CPC 6329, side view; 13, top view, both x 57.

14-16 Euuvigeri/la hispida (Schwager)
14, CPC 6330, side view; 15, top view, both x 37.
16, CPC 6331, side view, x 37.

17-20 Euuvigerina crassicostata (Schwager)
17-18, CPC 6332, side view; 18, top view, both x 44.
19, CPC 6333, side view, x 44.
20, CPC 6334, side view, x 44.

21-23 Euuvigerina /finti (Cushman)
21-22, CPC 6335. 21, side view; 22, top view, both x 59.
23, CPC 6336, side view, x 59.
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1-5

6-8

PLATE 8
Figures

EI/I/vigerina sc!lIvageri (Brady)
1-2, epe 6337. 1, side view; 2, lOp view. both x 57.
3. epe 6338, side view, x 57.
4, section, epe 6339, megalospheric specimen, x 75.
5. section, epe 6340, microspheric specimen, x 75.

EI/I/vigerina? nitidula (Schwager)
6-7. epe 6341. 6, side view; 7, top view, both x 51.
8, epe 6342. side view. x 51.

9-1 I Siphol/vigeril/a illterrllpla (Brady)
9, epe 6350, side view, x 74.

10, epe 6351, side view, x 74.
11, epe 6332, side view, x 74.

Page

81

82

86

88

12-18 Siphol/vigeril/o proboscidea (Schwager) 87
12-13; epe 6353. 12, side view; 13, top view, both x 51. Strongly hispid

specimen.
14, epe 6354, side view, x 51. Strongly hispid specimen.
15, epe 6355, side view, x 51. Strongly hispid specimen.
16-17, epe 6356. 16, side view; 17, top view, both x 64. Weakly hispid

specimen.
18. epe 6357, side view, x 74. Weakly hispid specimen.

19-21 SipllOl/vigerina? sp. cr. S.? I/niserialis (LeRoy)
19-20, epe 6358. 19, side view; 20, top view, both x 71.
21, epe 6359, side view, x 71.

22-24 EI/I/vigerina reineri, sp.nov.
22-23, holotype, epe 6343. 22, side view; 23, top view, both x 46.
24, epe 6344, paratype, x 46.

25 Rectuvigerina sp. A.
epe 6347. side view, x 43.
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PLATE 9

46

47

84

86

PageFigures

1-2 Rectuvigerina striata (Schwager)
I, CPC 6345, side view, x 48.
2, CPC 6346, side view, x 48.

3-4 Siphogenerina costata Schlumberger
3, CPC 6398, side view, x 48.
4, CPC 6349, side view. x 48.

5-6 Rectobolivilla illdica (LeRoy)
5, CPC 6221, side view, x 49.
6, CPC 6222, side view, x 49.

7-8 Rectobolivina dimorpha (Parker & Jones)
7, CPC 6223, side view, x 100.
8, CPC 6224, side view, x 100.

9-12 Rectobolivina columellaris (Brady) 47
9, CPC 6225, side view, x 37. Smooth megalospheric specimen.

10, CPC 6226, side view, x 37. Slightly striate megalospheric specimen.
11, CPC 6227, side view, x 37. Striate microspheric specimen.
12, CPC 6228, side view, x 37. Smooth microspheric specimen.

4513-14 Rectobolivina bi/rons (Brady)
13, CPC 6219, side view, x 37.
14, CPC 6220, side view, x 37.

15 Reussel/a aculeata Cushman 75
CPC 6321, side view, x 36.

16-17 Tri/arina brad)'i Cushman 88
16, CPC 6360, side view, x 72.
17, CPC 6361, side view, x 72.

18-21 Fursenkoilla schreibersialla (Czjzek) 136
18-20, CPC 6515. 18, 19, side views from opposite sides; 20, edge view, all x 58.
21, CPC 6516, x 58.

22-23 Sigmavirgulina tortuosa (Brady) 137
CPC 6517. 22, side view; 23, edge view, both x 108.
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Page

1-6 Plal/lllil/a wllel/el'SfOl'ji (Schwager) 120
1-3, epe 6456. 1, ventral view; 2, dorsal view; 3, edge view. all x 32.
4-5, epe 6457. 4, ventral view; 5, dorsal view, both x 32.
6, part of horizontal section, epe 6458, showing bilamellid septa. x 64.

7-13 Plal/lllil/a IIl/gerial/a (d·Orbigny).. 121
7-9, epe 6459. 7, ventral view; 8, dorsal view; 9. edge view. all x 73.

lQ-ll, epe 6460. 10, ventral view; 11, dorsal view. both x 73.
12, 13, part of horizontal sections. epe 6461,6462, showing bilamellid septa. 12.

x 150; 13, x 140.

14-19 Plal/lllinQ pIal/a, sp.nov. 122
14-16, holotype, epe 6463. 14, ventral view; 15, dorsal view; 16. edge view. all

x 60.
17-18, paratype, epe 6464. 17, ventral view; 18, dorsal view, both x 60.
19, part of horizontal section, epe 6465, showing bilamellid septa, x 289.
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Page

1-9 Planulilla retia, sp.nov. .... \23
1-3, holotype, epe 6466. J ventral view; 2. dorsal view; 3. edge view. all x 66.
4-6, paratype A., epe 6467. 4. dorsal view; 5, edge view; 6. ventral view. all

x 66.
7, paratype B., epe 6468. ventral view, x 66.
8, 9, part of horizontal sections. epe 6469. 6476. showing bilamellid sepIa. 8.
x 135; 9, x 156.

10-19 Parrelloides bradyi (Trauthl lOO
10-12, epe 6388. 10, ventral view; 11. dorsal view; 12, edge view. all x 66.
13-14, epe 6389. 13, ventral view; 14, edge view, both x 66.
15, ventral view; 16, edge view, both x 54.
17, horizontal section, epe 6391, x 75.
18, part of horizontal section in figure 17. showing single sepIa. x 208.
19. vertical section. epe 6392. x 105.
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1-1 Parrelloides soe/ldae/lsis (LeRoy) 102
1-3, CPC 6393. 1, ventral view; 2, dorsal view; 3, edge view, all x 65.
4-5, CPC 6394. 4, ventral view; 5, edge view, both x 65.
6, CPC 6396, ventral view, x 65.
7, part of horizontal section, CPC 6396, showing single septa, x 107.

8-14 Parrelloides okinawae/lsis (LeRoy) 103
8-10, holotype, CPC 6397. 8, ventral view; 9, dorsal view; 10, edge view, all

x 65.
ll-I2, paratype A, CPC 6398. 11, ventral view; 12, edge view, both x 65.
13, paratype B, CPC 6399; ventral view, x 65.
14, part of horizontal section, CPC 6400, showing single septa, x 107.

15-22 Discorbinella bertheloti (d'Orbigny) 90
15-17, CPC 6362. 15, ventral view; 16, dorsal view; 17, edge view, all x 51.
18-20, CPC 6363. 18, ventral view; 19, dorsal view; 20, edge view, all x 51.
21, CPC 6364, ventral view, x 51.
22, part of horizontal section, CPC 6365, showing single septa, x 132.
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1-5 Discorbillella subberlheloti (Cushman) . 91
1-3, CPC 6367. I, ventral view; 2, dorsal view; 3, edge view, all )( 68.
4-5, CPC 6368. 4, ventral view; 5, dorsal view, both )( 68.

6-11 Buellillgia creeki Finlay 99
6-8, CPC 6385. 6, venlral view; 7, dorsal view; 8, edge view, all )( 59.
9-10, CPC 6386. 9, ventral view; 10, edge view, both )( 65.

11, horizontal section, CPC 6387, )( 96.

12-16 Rosalilla pOl/ticulllS, sp.nov. 94
12-14, holotype, CPC 6373. 12, ventral view; 13, dorsal view; 14, edge view, all

)( 73.
15-16, paratype, CPC 6374. 15. ventral view; 16, dorsal view, both )( 73.
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1-8 Hyalillea balthica (Gmelin) 124
1-3, epe 6473. I, dorsal view; 2, ventral view; 3, edge view, all x 126.
4-5, epe 6474. 4, ventral view; 5, dor al view, both x 126.
6, horizontal section, epe 6475, x 126.
7,8, part of horizontal sections, epe 6475, 6476. showing indistinctly bilamellid

septa. 7, x 154; 8, x 130.

9-13 Laticarillilla pauperata (Parker & lones) 92
9-10, epe 6369. 9, dorsal view; 10, ventral view, both x 38.

11-12, epe 6370. 11, dorsal view; 12, ventral view, both x 38.
13, vertical section, epe 6371, x 77.

14-16 Parvicarillilla altocamerata (Heron-Alien & Earland) 93
epe 6372. 14. dorsal view; 15. ventral view; 16. edge view, all x 78.
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1-5 Callcris allriwllls (Fichtel & Moll> 96
1-3, epe 6379. I, ventral view; 2, dorsal view; 3, edge view, all x 62.
4-5, epe 6380. 4, ventral view; 5, edge view, both x 62.

6-9 Callcris bodjollgellsis (LeRoy) 97
6-8, epe 6381. 6, ventral view; 7, dorsal view; 8, edge view, all x 66.
9, epe 6382, ventral view, x 66.

10-14 Baggilla ihdica (eushman) 96
1Q-12, epe 6377. 10, ventral view; 11, dorsal view; 12, edge view, all x 61.
13-14, epe 6378. 13, ventral view; 14, edge view, both x 61.

15-21 A.I'terigerilla telltoria Todd & Post 106
15-17, epe 6406. 15, ventral view; 16, dorsal view; 17, edge view, all x 45.
18-19, epe 6407. 18, ventral view; 19, edge view, both x 45.
20, part of horizontal section, epe 6408, x 228.
21, section across partitions dividing chambers, epe 6409, showing two layers

of shell material, x 97.
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1-6 'Epo/lides' praeci/lcl/lS (Karrer) 125
1-3, epe 6477. I, ventral view; 2, dorsal view; 3 edge view, all x 34.
4-5, epe 6478. 4. ventral view; 5. edge view, both x 34.
6, part of horizontal section, epe 6479. x 142.

7-13 'Epo/lides' slIbhaidi/lgeri (Parr). 129
7-9, epe 6490. 7, ventral view; 8, dorsal view; 9, edge view. all x 40.

10, epe 6491. ventral view, x 40.
11-12, epe 6492. 11, ventral view; 12, edge view, both x 43.
13. part of horizontal section, epe 6493, showing bilamellid sepIa, x 176.

14-22 'Epo/lides' sp. cr. '£" .wbhaidi/lgeri (Parr). 130
14-16, epe 6494. 14, ventral view; 15, dorsal view; 16, edge view, all x 36.
17-18, epe 6495. 17, ventral view; 18, edge view, both x 36.
19-20, epe 6496. 19, ventral view; 20, dorsal view; 21, edge view, all x 43.
22, part of horizontal section, epe 6497, showing bilamellid ,epta, x 141.
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1-{j Neoeponides berthelotiallllS (d'Orbigny) 117
1-3, CPC 6447. 1, ventral view; 2, dorsal view; 3, edge view, all x 50.
4-5, CPC 6448. 4, ventral view; 5, edge view, both x 50.
6, part of horizontal section, CPC 6449, showing bilametlid septa, x 59.

7-12 Neoeponides slIbornatlls (Cushman) 118
7-9, CPC 6450. 7, ventral view; 8, dorsal view; 9, edge view, all x 25.

10-11, CPC 6451. 10, ventral view; 11, edge view; both x 25.
12, part of horizontal section, CPC 6452; showing bilamellid septa, x 56.

13-15 Neoeponides parantillarum (Galloway & Heminway) 118
CPC 6453. 13, ventral view; 14, dorsal view; 15, edge view, all x 30.
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1-3 Neoeponides paralltil/arum (Galloway & Heminway) 118
1-2, epe 6454. 1, ventral view; 2, edge view, both )( 30.
3, part of horizontal section, epe 6455, showing bilamellid septa, )( 49.

4-10 'Eponides' labricrasslIs sp.nov. 127
4-6, holotype, epe 6483. 4, ventral view; 5, dorsal view; 6, edge view, all)( 26.
7-8, paratype A, epe 6484. 7, ventral view; 8, edge view, both )( 26.
9, paratype B, epe 6485, ventral view, x 26.

10, part of horizontal section, epe 6486, showing bilamellid septa, x 188.

11-16 'Eponides' margal'ififerus (Brady) 126
11-13, epe 6480. 11, ventral view; 12, dorsal view; 13, edge view, all x 26.
14-15, epe 6481. 14, ventral view; 15, edge view, both x 26.
16, part of horizontal section, epe 6482, showing bilamellid septa, x 88.

17-21 'Eponides' sllfuricI'assus sp.nov. .... 128
17-19, holotype, epe 6487. 17, ventral view; 18, dorsal view; 19, edge view, all

x 26.
20-21, paratype, epe 6488. 20, ventral view; 21, dorsal view, both x 26.

260



B.M.R. Bull. 79 - Miocene and Pliocene Smaller Foraminifera Plate 18



PLATE 19
Figures Page

'Eponides' suturicrasslIs sp.nov. .... 128
Part of horizontal section, epe 6489, showing bilamellid septa, x 176.

2-8 Ammonia beccarii (Linn.) 108
2-4, epe 6412.. 2, ventral view; 3, dorsal view; 4, edge view. all x 65.
5-6, epe 6413. 5, ventral view; 6, edge view. both x 65.
7, vertical section, epe 6414, x 132.
8, part of horizontal section, epe 6415. showing septal flap at periphery and

internal structure, x 314.

9-16 Ammonia maculosa sp.nov. 110
9-11, holotype, epe 6416. 9, ventral view; 10. dorsal view; 11, edge view, all

x 68.
12-13, paratype, epe 6417. 12, ventral view; 13, edge view, both x 68.
14, 15, vertical sections, epe 6418, 6419. 14 x 130; 15 x 141.
16, horizontal section, epe 6420, showing septal flap at the periphery, x 130.

17-19 Ammonia supera sp.nov. II1
Holotype, epe 6421. 17. ventral view; 18. dorsal view: 19. edge view. all x 64.
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1-4 Ammonia slIpera sp.nov. III
1-2, paratype, epe 6422. I, ventral view; 2, dorsal view, both x 63.
3, part of horizontal section, epe 6423, showing indistinct septal flap, x 91.
4, vertical section, epe 6424, x 87.

5-11 Pselldorotalia gaimardi (d'Orbigny) 115
5-7, epe 6434. 5, ventral view; 6, dorsal view; 7, edge view, all x 30.
8-9, epe 6435. 8 ventral view; 9, edge view; both x 30.

10, horizontal section, epe 6436, x 29.
11, vertical section, epe 6437, x 29.

12-16 Pselldorotalia schroeteriana (Parker & Jones) 114
12-14, epe 6425. 12, ventral view; 13, dorsal view; 14, edge view, all x 36.
15-16, epe 6426. 15, ventral view; 16, edge view. both x 36.
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1-3 Pseudorotalia schroeteriana (Parker & Jones) 114
I, vertical section, epe 6427, x 36.
2, horizontal section, epe 6428, x 39.
3, part of horizontal section, epe 6429, showing bilamellid apertural face,

with septal flap distally from it, x 200.

4-10 Pseudorotalia catillilormis (Thalmann) 114
4-6, epe 6430. 4, ventral view; 5, dorsal view; 6, edge view, all x 18.
7-8, epe 6431. 7, ventral view; 8, edge view, both x 18.
9, vertical section, epe 6432, 26.

10, part of horizontal section, epe 6433, showing septal flap and bilamellid aper
tural face, x J53.

11-13 Pseudorotalia papuanensis sp.nov. 116
Holotyp:, epc 6438. J I. ventral view; 12. dorsal view; 13. edge view; all x 28.
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1-6 Pseudorotalia papuallensis sp.nov. 116
1-2, paratype, epe 6439. I, ventral view; 2, edge view, both x 28.
3, vertical section, epe 6440, x 40.
4, part of horizontal section, epe 6441, showing septal flap and bilamellid

apertural face, x 162.
5, 6, sections across the umbilical area, epe 6442, 6443, showing the septal flap

continuous with the inner lining of the apertural face. 5, x 162; 6, x 172.

7-11 Pseudorotalia sp. A. 117
7-9, epe 6444. 7, ventral view; 8, dorsal view; 9, edge view, all x 27.

10, vertical section, epe 6445, x 38.
11, part of horizontal section, epe 6446, showing septal flap and bilamellid

apertural face. x 162.
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1-6 Cibicides sp. cL C. refulgells Montfort 133
1-3, CPC 6500. I, ventral view; 2, dorsal view; 3, edge view, both x 107.
4-5, CPC 6501. 4, ventral view, 5, edge view, both x 107.
6, part of horizontal section, CPC 6502, showing bilamellid septa, x 328.

7-9 Cibicides'tenuimargo (Brady) 135
7-8, CPC 6511. 7, ventral view; 8, edge view, both x 66.
9, part of horizontal section, CPC 65J2, showing bilamellid septa, x 210.

10-14 Heterolepa mediocris (Finlay) .... 181
10-12, CPC 6666. 10, ventral view; J I, dorsal view; J2, edge view, all x 45.
13, CPC 6667, ventral view, x 45.
14, part of horizontal section, CPC 6668, showing bilamellid septa, x J81.
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1--4 Cassidlllilla laevigata d'Orbigny 138
1-3, epe 6519. 1,2, opposite sides; 3, edge view, all x 70.
4, epe 6520, side view, '( 70.

5-10 Cassidlllilla delicata eushman .... 140
5-7, epe 6522. 5, 7, opposite sides; 6, edge view, all x 90.
8-10, epe 6523. 8, 9, opposite sides; 10, edge view, all x 90.

11-14 Cassidulifla slllcata sp.nov. 142
11, 12, holotype, epe 6525, opposite sides, both x 97.
13, 14, paratype, epe 6526, opposite sides, both x 97.

15-18 Cassidlllifla quasisulcata sp.nov. 144
15-17, holotype, epe 6528. 15, 16, opposite sides; 17, edge view, all x 118.
18, paratype, epe 6529, side view, x 118.

19-21 Globocassidulifla omata (eushman) 146
19-20, epe 6535. 19, side view; 20, front view, both x 72.
21, epe 6536, side view, x 72.

22-25 Globocassiduli/la gemma (Todd) 147
22-24, epe 6538. 22, side view; 23, front view; 24, rear view, all x 70.
25, epe 6539, side view, x 70.
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1-5 Globocassidulina orianglllata sp.nov. 14R
1-3, holotype, epe 6541. I, side view: 2. front view: 3. rear. view. all x 72.
4-5, paratype, epe 6542. 4, side view; 5, front view, both x 72.

6-10 Globocassidulina oribllnda sp.nov. 148
6-8, holotype, epe 6544. 6, side view: 7. front view; 8, rear view. 6 x 34:

7, 8, x 36.
9-10, paratype, epe 6545. 9, side view; 10, front view, both x 36.

11-16 Globocassidlllina sllbglobosa (Brady) 149
11-13, epe 6547. 11, oblique side view; 12. front view: 13. rear view. all x 59.
14-16, epe 6548. 14, front view; 15. 16. side views, all x 59.

17-18 Globocassidlllina bicomis (Brady) 154
epe 6567. 17, front view; 18, top view. both x 67.
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1-4 Globocassidl/lil/o oblol/go (Reuss)
1-3, epe 6556. I. 2. opposite sides: 3. edge view. all x 74.
4, epe 6557, edge view. x 74.

5-9 Globocassid/llil/I/ craSSl/ ld'Orbigll\')
5-7. epe 6559. 5. 6, opposite sides: 7. edge \'iew, all x 117.
8. 9, epe 6560. opposite sides. x 117.

10-13 Glubucussidl/lil/u //III/ThYI/l/ lSchwager) 152
10--12, epe 6562. 10. frollt view. 11, side view; 12. rear \·iew. all x 72.
13, epe 6563. oblique front view, x 72.

14-17 Cassidl/lil/oides il/fll/II/s (LeRoy)
14-16, epe 6250. 14. 16. opposite sides: 15, edge view. all x 50.
17. epe 6251, side view, x 50.

18-21 Cassidl/lilloides seral/ellsis Germeraad
18-20, epe 6253. 18, side view; 19. front view; 20, rear view. all x 55.
21, epe 6254, side view. x 42.

22-27 Cassidl/lil/oides bra(~I'i l orlllan)
22-24, epe 6246. 22. 23. opposite sides: 24. edge view, all x 88.
25-27. epe 6247. 25. 26. opposite sides; 27, edge view, all x 88.

28-31 Fa\'(}cu.uidl/lil/a lam.\' lBrady)
28-29, epe 6531, 28. side view: 29. edge view, both x 43.
30. epe 6532, side view. x ·B.
31, section. epe 6533. x 80.
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1-6 Alabamil1a tubuli/era (Heron-Alien & Earland) 160
1-3. epe 6583, I, ventral view; 2, dorsal view; 3, edge view, all x 73.
4, epe 6584, ventral view, x 73.
5. horizontal section. epe 6585, showing coarsely granular test, x 110.
6. part of horilOntal section, epe 6586. showing apertural face drawn. back

to form an infundibulum, x 114.

7-14 Gyroidil1a orbicularis d'Orbigny 164
7-9. epe 6593. 7, ventral view: 8. dorsal view: 9. edge view, all x 48.

10. epe 6594. ventral view, x 48.
11. epe 6595. ventral view, x 48.
12, epe 6596, horizontal section. showing coarsely granular test and infundi

bulum, x 80.
13. epe 6597, vertical section, x 80.
14. part of horizontal section in figure 12. showing bilamellid septa and infundi

bulum. x 211.
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1-9 Gyroidilla aC/lta Boomgaart 165
1-3, epe 6602. I, ventral view; 2, dorsal view; 3. edge view, all x 53.
4-5, epe 6603. 4, ventral view; 5, dorsal view. 6. edge view. 4, x 50; 5,6. x

56.
7, horizontal section, epe 6604, x 74.
8, vertical section, epe 6605, x 100.
9, part of the horizontal section in figure 7, showing the infundibulum, bilamel

lid structure indistinct, x 288.

10-20 GyroidiJla lorullls sp.nov. 168
10-12, holotype, epe 6614. 10, ventral view; 11, dorsal view; 12, edge view.

all x 51.
13-14, paratype A, epe 6615. 13, ventral view; 14, dorsal view, both x 51.
15-17, para type B. epe 6616. 15, ventral view; 16. dorsal view; 17, edge view.

all x 21.
18, vertical section, epe 6617. x 34.
19, horizontal section, epe 6618, showing thick perforate wall and bilamellid

septa, x 40.
20, part of the horizontal section in figure 10. x 150.
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1-7 Gyroidillu hrof'ckhialla (Karrer) 167
1-3, epe 6608. I, ventral view; 2, dorsal view; 3, edge view, all x 48.
4-5, epe 6609. 4. ventral view; 5, edge view, both x 48.
6. horizontal section, epe 6610, showing bilamellid septa, x 85.
7. vertical section, epe 6611, x 85.

8-16 Gyroidilla c/lshmalli Boomgaart 169
8-10, epe 6621. 8, ventral view; 9, dorsal view; 10, edge view, all x 56.

11-12, epe 6622. 11, ventral view; 12, edge view, both x 56.
13-14, epe 6623. 13, ventral view; 14, edge view, both x 56.
15, horizontal section, epe 6624, showing well developed infundibulum in the last

chamber, x 110.
16. vertical section, epe 6625, x 110.

17-23 Oridorsalis vuriaperlllra sp.nov. 171
17-19, holotype, epe 6628. 17, ventral view; 18, dorsal view; 19, edge view,

all x 42.
20-21, paratype, epe 6629. 20, ventral view; 21, edge view, both x 42.
22, horizontal section, epe 6630, x 49.
23. part of horizontal section, epe 6631, photographed by reltected light,

showing bilamellid septa, x 124.
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1-6 Oridorsalis IImbUllallls' (Reuss)
1-3, epe 6634. I, ventral view;
4-5, epe 6635. 4, ventral view;
6. horizontal section, epe 6636. x

2, dorsal view; 3, edge view. all x 50.
5, edge view, both x 50.
76.

Page

172

7-13 Oridorsa/is pallciapertllra sp.nov. 173
7-9, holotype, epe 6639. 7. ventral view; 8, dorsal view; 9, edge view, all x 42.

10-11, paratype, epe 6640. 10, ventral view, 11, edge view, both x 42.
12, horizontal section, epe 6641, x 83.
13. part of the horizontal section in figure 12, showing coarsely granular wall.

x 118.

14-16 A IIumurphilla pacifica Hofker 154
epe 6568. 14, ventral view; 15, dorsal view; 16, edge view, all x 79.

17-20 Me/ullis pumpiliuides (Fichtel & Moll) 183
17-18, epe 6673. 17, side view: 18. edge view, both x 65.
19, epe 6674, edge view, x 65.
20. part of horilOntal section, epe 6675, showing bilamellid structure at inner

end of the septa. x 133.
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1-4 Me/aI/is a.Ui·l/is (Reuss) 184
1-2. CPC 6676. I, side view; 2. edge view, both 65.
3. CPC 6677, side view, x 65.
4. part of horizontal section. CPC 6678. showing bilamellid septa, x 136.

5-7 Flori/Ils il/ciSIlS (Cushman)
5-6, CPC 6573. 5. side view; 6. edge view. both x 66.
7. CPC 6574, side view, x 77.

8-12 Flori/us e/ol/gatlls (d'Orbigny)
8-9, CPC 6575. 8, side view; 9, edge view, both x 66.

10. CPC 6576, side view, x 66.
11-12, CPC 6577. 11, side view; 12. edge view, both x 66.

13-15 Flori/us .mbwrgidlls (Cushman)
13-14, CPC 6578. 13, side view; 14, edge view, both x 66.
15. CPC 6579. side view, x 66.

158

158

16-20 NOlliollel/a amplilabrata sp.nov.
16-18, ho)otype. CPC 6580.
19-20, paratype, CPC 6581.

16, 17, opposite sides; 18, edge view, all x 132.
19, side view; 20, edge view, both x 132.

159

21-23 NOlliollel/a sp. A. . 160
CPC 6582. 21,22, from opposite sides; 23, edge view. 21,22, x 66; 23. x 101.
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I -7 Allo/l/alilla glllhralll Cushman 177
1-3, cpe 6645. I, ventral view; 2, dorsal view; 3, edge view, all x 70.
4-5, cpe 6648. 4, ventral view; 5, dorsal view, both x 70.
0, horizontal section, CPC 0049, x 135.
7, part of horizontal section, CPC 0650. showing indistinct bilamellid structure

at inner end of apertural face of last chamber, x 107.

ll-15 Allo/l/lIlilloides colligert/s (Chapman & Parr) , 178
8-10, epe 6653. 8. \'entral view; 9, dorsal view; 10, edge view, all x 34.

11-12, CPC 6654, 11, ventral view. 12. dorsal view, both x 34.
13, part of horizontal section, CPC 0050. showing bilamellid septa. x 114,
14, IS, vertical sections, CPC 0650, 0057. showing dorsal aperture. 14, x 01; 15,

x 50.
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1-8 Anomalinoic/es cav,,,, sp.nov. IRO
1-3, holotype, CPC 6661. I, ventral view; 2, dorsal view; 3. edge view, all x 54.
4-5, paratype, CPC 6662. 4. ventral view; 5, dorsal view. both x 54.
6, vertical section, CPC 6663, x \13.
7,8, part of horizontal sections, CPC 6664, 6665, showing bilamellid structure at

inner ends of septa. 7, x 260; 8, x 183.

9-13 Anomalinella rOSlrala (Brady) 1115
9-11, CPC 6679. 9, side view; \0, edge view, both x 45.

11, side view, x 45.
12, part of horizontal section, CPC 6680, showing bilamellid septa. x 75.
13, vertical section, CPC 6681, showing lamellar test, x 52.
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1-6 Al1omalil1oides el'oll/II/S sp.no\". 179
1-3, holotype, epe 6658. I, ventral view; 2, dorsal view; 3, edge view, all x 74.
4-5, paratype, epe 6659. 4, ventral view; 5, dorsal view, both x 74.
6, part of horizontal section, epe 6660, showing bilamellid septa, x 274.

7-13 Heterolepa COI'ata sp.nov. 182
7-9, holotype, epe 6670. 7, ventral view; 8, dorsal view; 9, edge view, all x 39.

10-12, paratype, epe 6671. 10, ventral view; 11, dorsal view; 12, edge view,
all x 39.

13, part of horizontal section, epe 6672, showing bilamellid septa, x 200.
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1-5 OS<Jngularia culler (Parker & Jones) 175
1-3, epe 6643. I, ventral view; 2, dorsal view; 3, edge view, all x 75.

6-9 Osangularia bengalensis (Schwager) 176
6-8, epe 6645. 6, ventral view; 7, dorsal view; 8, edge view, all x 52.
9, horizontal section, epe 6646, showing aperture near the umbilicus remaining

open in early chambers, x 90.

10-14 Lamarckina veIIlricnsa (Brady) 189
10-12, epe 6690. 10, ventral view; 11, dorsal view; 12, edge view, all x 100.
13-14, epe 6691. 13. ventral view; 14, edge view, both x lOO.

15-17 Lamarck ina scabra (Brady) 189
epe 6688. 15. ventral view; 16, dorsal view; 17, edge view, all x 108.
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1-7 Ceraloblllimilla pacifica eushman & Harris 18t'>
1-3, epe 6682. I, ventral view; 2, edge view; 3. dorsal view; all x 43.
4, epe 6683, ventral view, x 43.
5, horizontal section, epe 6684, showing bilamellid septa and internal structure

formed by infolding of outer wall, x 116.
7. part of section across last chamber. epe 6686, passing through junction of

internal structure and dorsal chamber wall, x 183.

8-13 Hoegllllldilla elegalls (d'Orbigny) 190
8-10, epe 6692. 8, ventral view; 9. dorsal view; 10, edge view. all x 47.

11, epe 6693, ventral view, x 47.
12, epe 6694, vertical section, x 40.
13, part of vertical section in figure 12, showing bilamellid structure and internal

structure formed by infolding of the wall, x 120.
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Figures
PLATE 37

Page

1-7 Cemillospira bradyi Bermudez 193
1-2, epe 6695. I, ventral view; 2, dorsal view, both x 61.
3-4, epe 6696. 3, ventral view; 4, dorsal view, both shcwing beginning

of secondary chambers, x 61.
5-6, epe 6697. 5, ventral view; 6, dorsal view, specimen without secondary

chambers, x 61.
7, horizontal section, epe 6698, showing primary and secondary chambers, x

128.

8-10 Robertilloides oceallicus (eushman & Parker) 195
8-9, epe 6702. 8, front view; 9, rear view, both x 80.

10, epe 6703, front view, x 80.

11-15 Rotamorphilla minuta (Schub~rt) 156
11-13, epe 6571. 11, ventral view; 12, dorsal view; 13, edge view, all x 78.
14--15, epe 6572. 14, ventral view; 15, edge view, both x 78.

16-20 Valvulineria javalla LeRoy 98
16-18, epe 6383. 16, ventral view; 17, dorsal view; 18, edge view, all x 67.
19-20, epe 6384. 19, ventral view; 20, edge view, both x 67.

21-25 Quadrimorphina laevigata (Phleger & Parker) 155
21-23, epe 6569. 21, ventral view; 22, dorsal view; 23, edge view, all x 77.
24--25, epe 6570. 24, ventral view; 25, edge view, both x 77.
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PLATE 38

Lalle photographs of the test wall

I. Orbulilla IlIIiversa d'Orbigny, 'Goldseeker' haul 211, 59' 59' ., 06' 38' W. at 505 metres.
Fragment of the test wall oriented with the c-axes of the calcite crystals perpendicular to the
direction of the X-ray beam, that is, with the surface of the fragment parallel to the beam.

2. Cibicides refit/gem' Montforl, 'Goldseeker' haul 211. Fragment of the test wall orienterl with
the surface parallel to the direction of the X-ray beam.

Target: Cu.
Filter: Ni.

Fragments stationary.
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wuellerstorfi, Planulina, 120, pI. 10

ALEX. B. DAVIES, Govemment Printer, yiestern Australia


	Title Page
	Table of Contents (i)
	Table of Contents (ii)
	Corrections
	Summary
	Introduction
	Acknowledgements
	Systematic Descriptions
	Introduction
	Superfamily Buliminacea
	Genus
	Buliminella
	Bolivinita
	Bolivina
	Brizalina
	Laterostomella
	Rectobolivina
	Cassidulinoides
	Bulimina
	Globobulimina
	Protoglobobulimina
	Praeglobobulimina
	Reussella
	Euuvigerina
	Rectuvigerina
	Siphogenerina
	Siphouvigerina
	Trifarina


	Superfamily Discorbacea
	Genus
	Discorbinella
	Laticarinina
	Parvicarinina
	Rosalina
	Baggina
	Cancris
	Valvulineria
	Bueningia
	Parrelloides
	Asterigerina


	Superfamily Rotaliacea
	Genus
	Ammonia
	Pseudorotalia


	Superfamily Orbitoidacea
	Genus
	Neoeponides
	Planulina
	Hyalinea
	'Eponides'
	Cibicides


	Superfamily Cassidulinacea
	Genus
	Fursenkoina
	Sigmavirgulina
	Cassidulina
	Favocassidulina
	Globocassidulina
	Allomorphina
	Quadrimorphina
	Rotamorphina
	Florilus
	Nonionella
	Alabamina
	Gyroidina
	Oridorsalis
	Osangularia
	Anomalina
	Anomalinoides
	Heterolepa
	Melonis
	Anomalinella


	Superfamily Robertinacea
	Genus
	Ceratobulimina
	Lamarckina
	Hoeglundina
	Geminospira
	Robertinoides



	Bibliography
	Sample Localities
	Map 1
	Map 2
	Map 3
	Map 4
	Map 5
	Map 6
	Map 7
	Map 8

	Plates
	Plate 1
	Plate 2
	Plate 3
	Plate 4
	Plate 5
	Plate 6
	Plate 7
	Plate 8
	Plate 9
	Plate 10
	Plate 11
	Plate 12
	Plate 13
	Plate 14
	Plate 15
	Plate 16
	Plate 17
	Plate 18
	Plate 19
	Plate 20
	Plate 21
	Plate 22
	Plate 23
	Plate 24
	Plate 25
	Plate 26
	Plate 27
	Plate 28
	Plate 29
	Plate 30
	Plate 31
	Plate 32
	Plate 33
	Plate 34
	Plate 35
	Plate 36
	Plate 37
	Plate 38

	Index of Illustrated Species



