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I. ABSTRACT 

The calcareous nannoplankton of sample number 168 * from Bebalain, 
Rotti, Indonesia, is studied with light, transmission and scanning electron 
microscopes. With the help of nannofossils, this sample is placed in the 
upper part of Discoaster hamatus Zone (Upper MiddleMiocene). Earlierwork 
about this sample is reviewed: discoasters described by TAN SIN HOK (1927) 
and nearly one hundred new species of coccoliths described by 
KAMPTNER (1955) . The 74 recognizable autochthonous species of calcareous 
nannoplankton belonging to 18 genera and 9 families, including a new 
subfamily Catinasteroideae, are critically discussed and documented by 
light- and scanning electron micrographs. 

Necessary emendations are made and new combinations proposed for 
several taxa. Special treatment has been given to the species of genera 
Scyplwsphaera and Tlwracosphaera. The assemblage is compared with 
coeval samples from Trinidad, W. Mrica, Haiti, Austria and Rumania. 
The following 6 new species are described : Scyplwsphaera rottiensis, 
Scyplwsphaera martinii, Oyclococcolithus stradneri, Oyclococcolithus krejci
graft, Tlwracosphaera lossata and Tlwracosphaera reticulata. 



ZUSAMMENF ASSUNG 

Die vorliegende Arbeit befaBt sich mit der Untersuchung des kal1rigen 
Nannoplanktons der Probe Nr. 168* von Bebalain (Rotti, Indonésien). 
Diese Probe ist von historischer Bedeutung, weil sie TAN SIN HOK (1927) 
als Grundlage für eine erste systematische Untersuchung der Discoasteriden 
diente. Die Probe gewann wiederum an Interesse, nachdem Kamptner 
vor etwa zwei Jahrzehnten aus ihr ca. 100 neue Coccolithen-Arten 
veröffentlicht hatte. In der Folgezeit befaBten sich mehrere Autoren mit 
der zeitlichen Einstufung der Probe sowie dem Versuch der Überprüfung 
einer groBen Anzahl der von Kamptner aufgestellten Arten; jedoch sowohl 
das Alter wie auch die taxonomische Position mehrerer Formen blieben 
weiterhin ein Gegenstand der Spekulation. 

Im Hinblick auf die zunehmende Bedeutung von Discoastern und 
Coccolithen für biostratigraphische Gliederungen mariner Serien wurde 
eine zeitgemäBe Revision der Nannofossilen dieser Probe unter Benutzung 
moderner Licht- und Elektronenmikroskope dringend erforderlich. Dieses 
Vorhaben wurde jedoch wesentlich erschwert durch die Anwesenheit von 
umlagerten Exemplaren, Rekristallisation, Mangel an exakten Abbildungen 
und Beschreibungen sowie durch das Fehlen von Typen. In der vorliegenden 
Arbeit wird gezeigt, daB unter Verwendung besser erhaltenen, gleichaltrigen 
Materials von Trinidad und anderen Lokalitäten die autochthonen Arten 
dieser Probe wiedererkannt und gewisse Leitarten von Discoaster trotz 
ihres schlechten Erhaltungszustandes identifiziert werden konnten. 

Die vorliegende Probe besteht nahezu völlig aus Coccolithen und 
Discoastern, abgesehen von dem gelegentlichen Auftreten winziger Schalen 
planktonischer Foraminiferen, die für eine Altersbestimmung wertlos sind. 
Sowohl das Licht- wie auch das Transmissions- und Scanning-Elektronen
mikroskop wurden zur Untersuchung dieser Probe herangezogen. 

Die Aufnahmen, die mit Hilfe des TEM (Transmissions-Elektronen
mikroskop ) gemacht wurden, waren für eine Reproduktion nicht geeignet. 
Es werden Stereoscan-Photos einiger charakteristischer Arten vorgelegt. 
Der gröBere Teil der Aufnahmen wurde jedoch mit einem normalen 
Lichtmikroskop mit Polarisationseinrichtung angefertigt. Die Phasen
kontrastmikroskopie erbrachte keine zufriedenstellenden Resultate bei 
rekristallisierten Exemplaren dieser Probe. 

Die "Typen" der im Lichtmikroskop untersuchten Arten können mit 
Hilfe eines Koordinaten-Systems auf einem numerierten Objektträger 
lokalisiert werden. Das "Negativ" selbst dient als "Typ" für die im 
SEM (Stereoscan) photographierten Exemplare. 

Einige gleichaltrige Proben von klassischen Lokalitäten von Trinidad, 
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dem Wiener Becken, Haiti, West-Afrika und Rumänien werden untersucht 
und mit unserer Probe verglichen. Zum Vergleich wird auf TabelIe 1 die 
stratigraphische Verteilung der autochthonen Arten aus den Proben von 
Trinidad, Haiti und West-Mrika wiedergegeben. Die Nannofioren der 
Proben aus dem Wiener Becken und von Rumänien besitzen einen extrem 
provinziellen Charakter, sie sind arm an Arten und weisen keine Leitformen 
auf. Aus diesem Grunde wurden diese Pro ben nicht mit in die TabelIe 1 
aufgenommen; ihr vermutliches Alter wurde jedoch auf indirektem Wege 
ermittelt und wird gesondert diskutiert. 

Es wird eine Methode vorgeschlagen, um die proximale und distale 
Ansicht extrem kleiner Coccolithen-Arten im Lichtmikroskop zu bestimmen. 
Diese Methode ist zumindest zuverIässig bei Arten der Gattungen 
Ooccolithus und Oyclococcolithus. 

Die vorliegende Untersuchung hat bestätigt, daB die Probe von Rotti 
mit Hilfe der Nannofossilien in den oberen Teil der Discoaster hamatus-Zone 
eingestuft werden kann, welche der Globorotalia menardii-Zone von Trinidad 
(oberes Mittel-Miozän) angehört . Diese Altersbestimmung basiert auf dem 
Vorkommen folgender Arten des kalkigen Nannoplanktons: Discoaster 
hamatus (rare), D. neohamatus (common), D. brouweri (common), D. bollii 
(rare), D. calcaris (few) , D. pentaradiatus (few); Oatinaster coalitus (rare), 
O. calyculus (rare). 

(Eine vollständige Arten-Liste findet sich im systematischen Teil 
dieser Arbeit). 

lnnerhalb dieser Flora überwiegen Vertreter von Scyphosphaera und 
Discoaster, und in dieser Hinsicht bestehen enge Beziehungen zu der 
Probe von Haiti, in welcher keine umgelagerten Kreide-Arten enthalten 
sind und die ebenfalls der Discoaster hamatus-Zone angehört. Die Floren 
der Probe von Rotti und derjenigen aus der Gl. menardii-Zone von Trinidad 
sind sehr ähnlich, aber in letzterer sind Vertreter von Scyphosphaera 
äuBerst selten. 

Die Floren-Gemeinschaften aus einer überIagernden Zone (Probe aus 
der D . calcaris-Zone von Gabon, W.-Afrika) und einer unterIagernden 
Zone (Material aus der O. coalitus-Zone einer Probe aus der Ol. mayeri-Zone 
von Trinidad) werden in TabelIe 1 angegeben. Die Proben aus dem 
Wiener Becken (Frättingsdorf, NuBdorf und Walbersdorf) enthalten keine 
Leitformen für die Altersbestimmung, jedoch geben andere planktonische 
Organismen-Gruppen einen Hinweis auf ihre vermutliche stratigraphische 
Position. Die Probe von Breschitza (Rumänien) macht einen wesentlich 
jüngeren Eindruck und wird charakterisiert durch das Auftreten von 
Asterolithen der Discoaster musicus-Gruppe, die ebenfalls selten in den 
Proben des Wiener Beckens beobachtet wurden. 

Die ausführliche Untersuchung des Materials hat ergeben, daB nur 
eine geringe Anzahl der nahezu 100 zuvor von Kamptner beschriebenen 
Arten wiedergefunden werden kann. Die meisten von ihnen müssen 
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entweder als Synonyme betrachtet werden, oder stellen umgelagerte 
Formen aus der Kreide und dem Alttertiär dar oder ihre Identifizierung 
ist aus schon zuvor genannten Gründen unmöglich. Die autochthonen 
Arten, die zu den Gattungen Catinaster, Triquetrorhabdulus, Scapholithus, 
Braarudo8phaera, Sphenolithus gehören, werden in dieser Arbeit erstmals 
beschrie ben. 

In der vorliegenden Arbeit wurden für das kalkige N annoplankton die 
botanischen Nomenklaturregeln angewandt. Die 74 erkennbaren Arten 
gehören zu 18 Gattungen und 9 Familien; sie wurden ausführlich 
beschrieben und mit Hilfe von Licht- und Scanning-Elektronenmikroskop
Aufnahmen abgebiIdet. Die Gattungen werden neu definiert und für das 
abweichend gebaute Genus Catinaster eine neue Subfamilie Catinasteroideae 
vorgeschlagen. Jede Art wird beschrieben, kritisch diskutiert und ihre 
stratigraphische Reichweite innerhalb der "Standard Calcareous Nanno
plankton Zones" angegeben. 25 Arten von Scypho8phaera werden 
beschrieben. Weiterhin werden 6 Arten von Thoraco8phaera beschrieben 
und auBerdem kurze taxonomische Angaben und Abbildungen zu 3 
umgelagerten Arten hinzugefügt. Rhabdo8phaera procera Martini und 
Cyclococcolithus rotula (Kamptner) Kamptner werden emendiert und 
Thoraco8phaera imperlorata Kamptner als Synonym von Thoraco8phaera 
heimi (Lohmann) Kamptner angesehen. Folgende neue Kombinationen 
werden vorgeschlagen: 
Reticulojenestra ampla (Kamptner) nov. combo 
Basionym: Tremalithus amplus Kamptner, 1948, S. 8, Taf. 2, Abb. 16. 
Synonym : Reticulojenestra p8eudoumhilica (Gartner) Gartner. 
Helicoponto8phaera orientali8 (Black) nov. combo 
Basionym: Helico8phaera orientali8 Black, 1971, S. 619, Taf. 45.3, Abb . 22. 
Ponto8phaera attentuatus (Kamptner) nov. combo 
Basionym : Coccolithite8 attentuatus Kamptner, 1955, S. 21, Taf. 5, Abb. 58. 
Ponto8phaera curvatus (Kamptner) nov. combo 
Basionym: Coccolithites curvatus Kamptner, 1955, S. 18, Taf. 3, Abb. 29. 

Von den Gattungen Scypho8phaera, Cyclococcolithus und Thoraco8phaera 
werden jeweils zwei neue Arten aufgestellt. 
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lIl. INTRODUCTION 

General 

Calc3.reous nannoplankton are unicellular planktonic organisms belonging 
to Haptophyceae, a group of dominantly marine golden-brown algae 
flourishing in the euphotic zone of todays oceans. In contrast to the other 
oceanic phytoplankton, such as dinoflagellates and diatoms, the calcareous 
nannoplankton today constitute a small group being represented by nearly 
200 species (GAARDER, 1971). But quantitatively they are a vital group, 
serving as a fundamental unit of the oceanic food-chain and in cooperation 
with the other members of m'Lrine phytoplankton seem to regulate the 
oxygen-carbon dioxide balance of the atmosphere, which in turn might 
influence the global climate and control the vertical migration of the 
Carbonate Compensation Depth in oceans. These factors are undoubtedly 
of far-reaching geological significance. 

Calcareous n'tnnofossils, the minute calcareous remains of calcareous 
nannoplankton, are reported as an important constituent of some modern 
oceanic oozes (mostly represented by heterococcoliths, the holococcoliths, 
consisting of uniformly shaped, loosely bound calcite rhombohedra, are 
reported from only a few localities) . These organisms have played a much 
more significant role in the oceans of geologic past, such as the building up 
of Cretaceous chalks of Europe and elsewhere. The term "coccolith" is 
being used today in a much wider sense and includes variously shaped 
calcareous skelet al elements occurring in strata of Jurassic to Recent 
in age. Af ter the fust iIlustration of coccoliths by Ehrenberg in 1840, 
such objects were later described and illustrated by several workers, but 
in the early phases were considered as inorganic. As late as the middle 
of this century the disco asters were considered by some wor kers as of 
inorganic origin. In the first half of the present century, the work on 
coccoliths, chiefly modern forms, was carried out by Lohmann, Schiller, 
Deflandre and Kamptner. Two post-war developments had a tremendous 
impact on the trend of research then prevalent and stirred up new interests 
among the students of coccoliths. The first was the arrival of better 
optical instruments enabling the examination of large numbers of samples. 
This later helped BRAMLETTE & RIEDEL (1954) to examine the precise 
nature of m'tny species and to predict their stratigraphic worth. The 
second development was the application of electron microscopy in 
determining the ultra-structure of coccoliths, largely popularized through 
the work of DEFLANDRE & FERT (1954) and others, though need for 
understanding submicroscopic structure of coccoliths was emphasized 
long ago by KAMPTNER (1944, p. 146). 
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For the last twenty years, the coccolith research has undergone 
spectacular development aimed at high resolution biostratigraphy of 
marine strata, both on land and sea. 

Although calcareous nannofossils are being effectively used today for 
worldwide correlations, the complexities introduced through reworking, 
excess growth of calcite, dissolution, geographic exclusion, polymorphism, 
incomplete sections and latitudinal difference in assemblages continue to 
present serious obstacles in the application of coccoliths for biostratigraphy 
and correlation. Due to their small size (1 /l-60 /l), great abundance, 
wide geographic distribution and rapid origination-extinction rates, they 
are considered ideal for high resolution biostratigraphy of marine strata, 
unparalleled by any other group of planktonic organism. The use of a 
high quality polarizing microscope is indispensable for the rapid age 
determinations of a large number of samples especially obtained from 
weil cuttings and deep sea cores, where the amount of material and the 
time available to the investigator are limited. 

The stratigraphic value of calc:1reous nannofossils was first indicated 
by BRAMLETTE & RIEDEL (1954) . Since then several zonal schemes have 
been proposed and now a comprehensive framework exists for bio
stratigraphic zonations in the Cenozoic. More significant work on the 
biostratigraphy of the Neogene especially the Miocene, has been presented 
by MARTINI & BRAMLETTE (1963), HAY et al. (1967), BRAMLETTE & 
WILCOXON (1967), GARTNER (1969) and MARTINI & WORSLEY (1970). 
For the reasons outlined elsewhere it has been Ja,rgely recognized that 
a zonation applicable in one area may not work in another area. Therefore 
it is apparent that a biostratigraphic zonation based upon multiple ranges 
of species belonging to two or more groups of organisms such as dino
flagellates, silicofl1.gellates, udiolarians etc., the so called "high resolution 
stratigraphy" of Hay & Mohler in HAY et al. (1967) which is being already 
attempted by some wor kers , might pro vide a much more realistic picture 
for future worldwide correlations. 

PREVIOUS WORK 

The island of Rotti (Fig. la-c) lies on the Timor geanticline and was 
already weIl known in the late nineteenth century for the finds of Mesozoic 
fossils. BROUWER (1922) mapped the island in detail and the preliminary 
account of its geology was presented by VAN BEMMELEN (1949). On 
account of petroleum interests in the adjoining regions, the area has been 
recently weIl studied (VEEVERS, 1969). According to Veevers (op. cit.) 
the island of Rotti, Timor and the region of the Ashmore reef were 
simultaneously affected by a violent Middle Miocene diastrophism, 
subsequently followed by a shallow ma,rine transgression resulting in the 
deposition of early Middle to Late Miocene carbonates and Pliocene
Quaternary calcarenites (op. cit., figs. 2-3). 
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Fig. la. Sketch map to show the location of the island of Rotti, Indonesia. 
b. Sketch geological map of the island of Rotti showing some fossil localities and 
the location of Bebalain. - c. N·S geological croBB·section of the island of Rotti 
between Baä and Bebalain to show the formations and the situation of the 

"Pliocene MarIa" which presumably yielded the study material. 
(Text.figures lb und Ic a.fter H. A. Brouwer 1922a in "Geology of Indonesia" 

by R . W. van Bemmelen, 1949). 

TAN SIN HOK (1927, p. 9-10) studied several samples from this island, 
mainly collected on the First Netherlands' Timor Expedition (1910-1912) 
under the leadership of G. A. F. Molengraaff, and partly collected by 
VERBEEK (1899). The radiolarians, coccoliths, discoasters and foraminifera 
of these samples described by Tan Sin Hok are wen known. The sample 
number 168* was collected by Molengraaff from the locality of Bebalain 
(fig. lb-c) and was included by Tan Sin Hok in the second category 
of chalks recognized by him, viz. discoaster-coccolith chalk (op. cit., p. 16, 
pI. 1, fig. 2). The same material was earlier assigned a "young Tertiary" 
age (TAN SIN HOK, 1926). TAN SIN HOK (1927, p. 110) reported the 

N 
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occurrence of juvenile foraminifera and spec1rs of manganese dioxide in 
this sample. The re-examination of the material has revealed extremely 
smaH planktonic foraminifera (50 ft) which do not show any sign of damage 
or dissolution but reveal the presence of minute borings on some specimens 
(plate 12, figs. 1-2). TAN SIN HOK (1927, p. 111) describes some typical 
forms of coccoliths and the fust detailed account of disco asters (op. cito 
p. 114--122). 

KAMPTNER (1946) af ter a lapse of nearly two decades examined the 
material and reported the occurrence of Thoracosphaera imperlorata. A 
decade later KAMPTNER (1955), published the first detailed account of 
coccoliths ofthis sample, under the title "Fossile Coccolithineen -Skelettreste 
aus Insulinde". At more or less the same time RIEDEL (1953) published 
the radiolarian fauna of some of the samples earlier studied by Tan Sin Hok 
from Rotti. Riedel assigned a Cretaceous age to sample numbers 149*, 
150 and 154* which were earlier erroneously assigned a Tertiary age by 
Tan Sin Hok, and a Pliocene age to sample number 178* (Tan Sin Hok, 
p. 17). BRAMLETTE & RIEDEL (1954) examined sample number 168* and 
emended certain taxa of discoasters earlier described by Tan Sin Hok, 
but did not comment on the age of the sample. KAMPTNER (1955, p. 81) 
had pointed out a close affinity of coccolith flora of this sample with that 
reported from the "Sahelien" of Algeria by DEFLANDRE (1942), and 
assigned a "young Tertiary" age to this sample. 

Hay & Schmidt in HAY et ril. (1967, p. 443) while proposing a detailed 
zonation of the Pliocene interval inc1uded this sample in their Scyphosphaera 
amphora Zone and commented that "whether this unit belongs to the 
late Miocene or early Pliocene cannot be decided at present. It occurs 
in strata not definitely assigned to either". BLACK (1971) worked with 
a minute quantity of th is sample and prepared the fust carbon replica 
of this sample for examination under transmission electron microscope. 
He represented a single electron-micrograph of a new species Helicosphaera 
orientalis Black (op. cito p. 619, pI. 45.3; fig. 22) and on the indirect 
evidences of radiolarians of Rotti, placed it in the N 17 planktonic 
foraminiferal Zone of BLOW (1969). 

MARTINI (1971, p . 749, 767) examined the material under the light
microscope and by means of calcareous nannofossiIs placed the sample 
in the Discooster calcaris Zone NN 10. 

PURPOSE OF INVESTIGATION 

Although the sample number 168* was repeatedly investigated by 
several workers, the problem of its age and the recognition of its 
autochthonous coccolith assemblage remained to be solved. 

Moreover, with the progress in coccolith research and the application 
of electron microscopy, the earlier taxonomy of coccolith needed up-to-date 
revision. KAMPTNER (1955) had described nearly one hundred new species 
of coccoliths from this sample alone, which under the light of new 
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information, had to be brought up-to-date. Although the discoasters 
deseribed by Tan Sin Hok were later emended by Bramlette & Riedel, 
the aetual forms were never doeumented. As th is forms the fundamental 
material for later taxonomie work a thorough doeumentation of at least 
autoehthonous forms seemed essential. Although the absence of types, 
large scale reworking, excess calcite on specimens and insufficient 
documentation did m9.ke this a challenging job, it is nevertheless hoped 
that this revised work would clarify several taxonomic problems of Mioeene 
caleareous nannofossils and would present a much more realistic ac count 
of autochthonous and valid species present in the sample of Rotti. 

THE MATERIAL 

The sample number 168* was collected at a place Bebalain on the 
island of Rotti in 1911. This sample belongs to a large number of samples 
collected on the island of Rotti and neighbouring areas during the 
First Netherlands' Timor Expedition led by Prof. Dr. G. A. F. Molengraaff 
(1910-1912). The entire collection of this expedition is stored in the 
Mineralogisch-Geologisch Museum of the Technische Hogeschool, Delft, 
The Netherlands. According to J. L . H. Bemelmans, the curator of the 
museum, the sample number 168*, Bebalain, Rotti, is recorded under 
the catalogue number KA 16243. 

The material is a fine-grained chalk of cream colour with fine black 
specks of manganese-dioxide and disintegrates easily in water. Apart 
from disco asters and coccoliths which occur abundantly in the sample, 
sparse occurrence of foraminifera and rosette-shaped Micrascidites sp. 
(Tunicata) can also be observed. The common occurrence of the so-called 
"caleosphaerolieten" as mentioned elsewhere in the text and discussed 
at length by TAN SIN HOK (1927, p. 123) represent specimens of 
Sphenolithus, chiefly S . morijormis. 

A large scale reworking in the sample ean be ascribed to the violent 
Middle Miocene disturbance which affected this region. A few selected 
species derived from Lower Cretaceous to Lower Mioeene have been 
ilIustrated in Plates 13-15. Although coccoliths in general and disco asters 
in particular show excess growth of calcite, this is by no means a time
controlled factor as certain Cretaceous forms were observed in a much 
better state of preservation than autochthonous forms. On account of 
large number and variety of forms in a single sample, this may be 
designated as a "miniature museum" of calcareous nannofossils. 

TYPIFICATION 

The problem of satisfactorily designating a type specimen for a 
calcareous nannofossil is not totally solved. Nevertheless, certain 
conventional methods currently employed for designating type specimens 
studied through light and electron microseopy, has been followed. For 
light microscopy, the typification suggested by MARTINI (1971) was found 
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quite suitable and is here adopted. On the accompanying card of each 
slide the make and the number of that particular light mieroseope used 
is given. Each type specimen on a particular slide ean be relocated by 
a convenient coordinate system and with reference to an arrow pointing 
in the direction of "north". In the present study, the reference points 
are marked with a glass-scratching pencil as a cross or as a blue point. 
In scanning electron microscopy, the negative itself represents the type 
specimen and bears the museum catalogue number starting with SM.B . . 
and the number of the negative itself. The accompanying card bears 
the details of the type specimen, sueh as magnification and the category 
of the type specimen. 



IV. SAMPLES STUDlED 

This report is based mainly upon a detailed examination of a sample 
from Rotti, Indonesia. The autochthonous calcareous nannofossil species 
of this sample have been amply documented. For the purpose of determining 
the extent of reworlring in this sample and also for possible correlation, 
a set of samples of equivalent age from classic localities were examined 
for their nannofossil content; the occurrence of the more important taxa 
in these samples is presented in Table 1. Some well-known samples of 
"Tortonian" age lying in the Paratethys (region of Austria), were 
re-examined but due to low taxonomic diversity of nannoflora and the 
absence of marker species, their assignment to established nannoplankton 
zones was not possible. A number of reference samples were examined 
for checlring the original description of several taxa, but are not included 
in the list presented here. 

IndoneJlia, Rotti, Bebalain: First Netherlands' Timor Expedition under 
the leadership of G. A. F. Molengraaff, Series VIII, sample number 168*. 
The same sample has been earlier examined by several workers 
(Tan Sin Hok, 1927, p . 10; Kamptner, 1946; Bramlette & Riedel, 1954, 
p. 402; Kamptner, 1955; Hay et al., 1967, p. 443; Black, 1971, p. 619 ; 
Martini, 1971, p. 767). 

West Atrica, Gabon : sample number MD 1-02: 185.0 m . (see Martini, 
1969, p . 285; Martini, 1971, p. 767). 

Trinidad " sample number TTOO 178 890, Lengua Formation, Globorotalia 
menardii Zone, type locality about 1 mile south of Princes town (see 
Martini & BramIette, 1963, p. 847-848; BramIette & Wilcoxon, 1967, 
p. 94--95; Martini, 1971, p. 767). 

Trinidad " sample number TTOO 178889, Lengua Formation, Globorotalia 
mayeri Zone, type locality about 2t miles south-southeast of Lengua 
settiement (see Martini & BramIette, 1963, p. 848; BramIette & Wilcoxon, 
1967, p. 94--95; Martini, 1971, p . 766). 

Haiti, Mafron: sample number W 46, Gl. menardii Zone, Road from 
Jèrèmie to Anse d'Hainault, 1.6 miles south of Mafron (see Bramlette & 
Riedel, 1954, p . 402; Martini & BramIette, 1963, p. 848; Martini, 1971, 
p. 767). 

Rumania,' Breschitza: old collection of Th. Fuchs. Precise sampling 
locality unknown (see Stradner & Papp, 1961, p. 20; Martini, 1971, p. 766). 
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TABLE 1 

Distribution of selected ce.lclld'eous nsnnofoBBil species in the Rotti sample and 
Bome other important Middle Miocene loceJities. 
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Austria, Frättingsdorf, Badener Tegel: Stop B3 of the 8 European 
Micropaleontological Colloquium, Austria, 1963 (collector: E. Martini, 
number 16). 

Austria, Nussdorf: Amphistegina Mergel (see Stradner & Papp, 
1961, p. 19). 

Austria, Walbersdorf: clay-pit, sample collected during the excursion 
of the Geological-Paleontological Institute, Frankfurt am Main, 1960; 
locaIity number 34, "Sandschalerzone" (collector E. Martini). 



V. METHODS OF STUDY 

For the light microscopic work, the permanent slides were prepared 
following the conventional methods. Several slides representing the coarse 
and fine fractions of the same sample seemed essential. The slides 
containing the coarse fraction were useful for rapid search of forms 
belonging to ScYPMsp'haera and Thoracosphaera under low magnification. 

The nannofossils were permanently embedded in Caedax (n200 = l.55) 
made by E. Merck of Germany. The entire light microscopic work was 
done with a Carl Zeiss Photomikroskop II, containing automatic 
attachment for film exposure. The specimens were photographed on 
35 mmo AGFAPAN film of ASA-25. While photographing the specimens 
under a single polarizer, the green or blue filter added extra contrast 
to the image recorded on the film. All specimens were photographed by 
invariably using an oil immersion objective of 1001l.25. The final light 
micrographs represent an uniform magnification of 2,000 x. It may be 
noted that all the light micrographs have been reversed-printed so that they 
may offer better means of comparison with the actual image observed in most 
micro scopes (usuallythe objects are seen in mirror image). Phase contrast 
microscopy did not help much with the overcalcified specimens of Rotti. 

Carbon replicas of nannofossils were prepared by using the conventional 
methods (see STRADNER & EDwARDs, 1968, p. 47-48). The prepared 
carbon replicas were observed under the transmission electron microscope 
of the make Philips EM 75 C installed at the Geological Survey of Austria, 
Vienna. Unfortunately, the TEM micrographs were found to be too poor 
and, therefore, are not illustrated here. 

A large number of slides representing the coarse and fine fractions 
of the same material were coated by evaporating them with the metal gold. 

They were later examined under the Scanning Electron Microscope of 
make Cambridge Steroscan Mark II A. The specimens were photographed 
on 35 mmo film. Larger forms were searched under the magnification of 
1,000 X. Scanning electron micrographs were finally printed at different 
magnifications ranging from 2,000 x to 20,000 x . The problem of correlating 
a scanning electron micrograph with the corresponding forms in the light 
microscope remains unsolved, especially when deaIing with small and 
poorly visible forms. 

In the case of extremely small circular or elliptical coccoliths, it may 
not be possible to make out whether it is being observed with its proximal 
or distal side up. At least in species of Gyclococcolithus and coccolithus 
where under crossed-polarized light only the proximal shield is prominently 
brilliant, it may be possible to determine this by observing the direction 
of curvature of extinction bands at their extremities (Figs. 2a-d) . But 
it is important to know beforehand, whether a print or an image in the 
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microscope is reversed or normal. Figures 2a-2d represent a species of 
Oyclococcolithus in its true orientation. For routine microscopie work 
specimens are mostly observed in their mirror images. When dealing with 
reversed-image prints such as in this work, the reverse arrangement 
would hold true, that is , dextral curvature of extinetion bands at outer 
margin denotes proximal view and the sinistral curvature of extinction 
bands at outer margin denotes distal view of coccolith. 

Due to the poor preservation of specimens in Rotti, a large number 
of light and scanning electron micrographs were made and only a small 
number were selected for reproduction. The micrographs presented in 
tables 1-15 are the choice of nearly 900 light and electron micrographs. 

Fig. 211.. Dia.gra.mma.tic sketch of a. species of Cyclococcolithus showing the Butures 
of proxima.l and dista.l shields in proximal view. - 2b. Dia.gra.mma.tic sketch of a. 
species of Cyclococcolithus showing the chara.cteristic sinistral curva.ture of extinction 
bands in croBSed polarized light (proximal view of the brilliant proxima.l shield). -
2c. Diagra.mma.tic sketch of a. species of Cyclococcolithus showing the sutures of the 
distal shield in distal view. 2d. Dia.gra.mma.tic sketch of a. species of Cyclococcolithu8 
showing chara.cteristic dextra.l curva.ture of extinction bands in crossed polarized 

light (distal view of the brilliant proxima.l shield). 



VI. AGE AND CORRELATIONS 

The age of sample number 16S* from Bebalain, Rotti, could not be 
correctly established for a long time and this has been a matter of 
speculation based upon several indirect evidences (see Introductory Part). 
The difficulty of determining the age of this historically significant sample 
can be ascribed to several factors, such as, absence of determinabie 
planktonic foraminiferal remains, large scale contamination through 
reworking and general overgrowth of calcite on specimens. A detailed 
re-examination of the Rotti sample has shown that by means of calcareous 
nannofossiIs it can be placed in the upper part of the Discoaster hamatus 
Zone (upper part of standard nannoplankton Zone NN 9 of MARTINI & 
WORSLEY, 1970). This, in turn, is correlative with the Globorotalia menardii 
Zone of Bolli in Trinidad and Gl. (T.) continuosa Zone of BLOW (1969; 
corresponding to his zonal code NN 15). Depending upon the biostratigraphic 
interpretation of "Tortonian" stage, this can be assigned to the Upper 
Middle Miocene or to the Lower Upper Miocene; in the present study 
the former view has been adopted. 

It may be pointed out that a successful age assignment of this sample 
was possible because certain marker species of Gatinaster viz. G. coalitus 
G. calyculus and Discoaster viz. D. bonii, D. hamatus, and D. neohamatus 
were recognizable even with an excess growth of calcite upon them. For 
determining the autochthonous assemblage in this sample, a set of more 
or less coeval samples from the type locality of the D. hamatus Zone 
of Trinidad and Haiti were examined. Samples from an overlying zone 
and underlying zone were also checked to note the differences of assemblages 
(see Table 1, and section IV, samples studied). These reference samples 
contained fairly rich nannofloras and in a much better state of preservation. 
The sample from Haiti, in addition, did not contain any reworked species 
from the Cretaceous. 

The entire Discoaster hamatus Zone encompasses the life span of the 
species D. hamatus. Assemblages typical for this zone are reported both 
from land sections and from oceanic cores. The two species of the genus 
Gatinaster show some resistance to the growth of excess calcite and their 
geographic exclusion, such as in the sample from Haiti, can be ascribed 
to some environmental influence. The overlap in the ranges of G. coalitus 
and G. calyculus occurs within this zone; the combined occurrence of 
D. hamatus and G. calyculus in the absence of G. coalitus deftnes the 
uppermost part of Zone NN 9. The sparse occurrence of D. bollii with 
D. hamatus also defines the upper part of Zone NN 9. The first occurrence 
of Sphenolithus abies lies somewhere within this zone, but this may not 
be easy to determine, as it is usually associated with similarly looking 
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small specimens of S. moriformis. Some species of discoasters, sueh as 
D. challengeri and D. pseudovariabilis reported from elsewhere, could not 
be recognized in Rotti. A large number of species belonging to the genus 
Scyphosphaera seems justified as the sample was searched for a considerable 
length of time (TabIe 1). The absence of D. quinqueramus and D . surculus, 
characteristic of younger strata, lend further support for including this 
sample in Zone NN 9. 

The sample from Haiti could be placed in the upper part of Zone NN 9, 
as evidenced by the combined occurrence of D. hamatus and D. bollii. 
The nannofossil assemblage is strikingly similar to that encountered in 
the Rotti sample and it appears that both were laid down under similar 
environments. However the two important species of Catinaster were not 
found in the sample from Haiti. Given more time, even a larger number 
of species belonging to the genus Scyphosp1w.era can be discovered in 
th is sample. 

Sample number Tl'OC 178 890 from the Globorotalia menardii zone of 
Trinidad, can be placed in the upper part of zone NN 9, as evidenced 
by the combined occurrence of D. hamatus, D. bollii and C. calyculus 
and by the absence of C. coalitus. By increased frequency of above
mentioned marker species and the absence of C. coalitus, this sample 
represents a slightly higher level than that of the Rotti sample. The 
species of Scyphosphaera are conspicuously absent in the material. 

The sample from Gabon (TabIe 1) contains sparse discoasters, namely, 
D. bollii, D. brouweri, D. calcaris and D. variabilis. The absence of 
D. hamatus and the presence of D. bollii justifies its inclusion in the 
lower part of Zone NN 10 (D. calcaris Zone of MARTINI & WORSLEY, 1970). 
By the absence of Helicopontosp1w.era orientalis, Coccolitkus radiatus, 
Cyclococcolitkus leptoporus and Cyclococcolitkus macintyrei and by the 
presence of Rkabdosp1w.era sicca, the assemblage shows close affinity with 
the samples of Austria and Rumania. 

Sample number TTOC 178 889 from the Globorotalia mayeri zone of 
Trinidad can be placed in the upper part of Zone NN 8, as evidenced by 
the common occurrence of C. coalitus and D. calcaris. The assemblage 
is similar to that of overlying Globorotalia menardii Zone and Rotti, but 
difIers in lacking D. bollii, D . hamatus, D. neohamatus, D. pentaradiatus 
and D. calyculus. The species of Scyphosphaera are extremely rare. 

Certain samples of Middle Miocene age from Austrian and Rumanian 
locaIities deserve special mention here. Generally the discoasters are 
scarce to absent in these samples. The entire nannofossil assemblage is 
dominated by only a few species of coccoliths. The samples from 
Frättingsdorf and Breschitza are dominated by a few species of discoasters 
of which D. musicus Stradner is noteworthy (STRADNER & PUP, 1961, 
p. 85). The specimens of this species exhibit extreme size variation in 
the same sample and possess a double stellate knob. The small robust 
specimens show strong resemblance to D. coalitus; the bigger with distinct 
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ray-tip bifurcations, to D. bollii. Morphologically they share the characters 
of both Catinaster and Discoaster and demand immediate attention for 
determining their actual taxonomie status. With the help of calcareous 
nannofossils alone, it seems impossible to assign them to established 
zones. The sample from Frättingsdorf, however, can be assigned to the 
Sphenolithus heteromorphus Zone NN 5 corresponding to the Dictyocha 
triacantha Zone of silicoflagellates (Martini, oral communication). The 
sample fromBreschitza probably belongs to the Sphenolithus heteromorphus 
Zone NN 5. The sample from Walbersdorf, with the help of silicoflagellates 
and nannofossils seems to belong to the Dictyocha rhombica Zone of 
silicoflagellates. The samples from Nussdorf and Walbersdorf at present 
cannot be assigned to any of the nannoplankton zones, but most probably 
represent a younger age than the sample from Frättingsdorf. 

A re-examination of the sample from Breschitza revealed the pre sence 
of the following species: Scyphosphaera campanula.. Discoaster exilis, 
D. musicus, D. variabilis .. Rhabdosphaera procera; Sphenolithus moriformis, 
Coccolithus pelagicus; Reticulofenestra ampla, Reticulofenestra sp.; Cyclo
coccolithus stradneri, n. sp.; Helicopontosphaera kamptneri .. Pontosphaera 
curvatus; Discolithina callosa and D. multipora. 

The coccolith assemblage of Austrian locaIities are more or less similar. 
Discoasters are rare to absent and, if present, then represented by 
D. muscius and D. variabilis. Triguetrorhabdulus rugo8U8 is absent in the 
sample of Frättingsdorf, but present in the other two localities. 
Rhabdosphaera sicca, Coccolithus pelagicus, Reticulofenestra ampla, Reticulo
fenestra sp., Cyclococcolithus stradneri, Helicopontosphaera kamptneri, 
Discolithina multipora occurs in all the samples. Braarudosphaera bigelowi 
Rhabdosphaera procera and Coccolithus rotuia are absent in the sample 
of Nussdorf, but occurs in the other localities. The Austrian samples are 
characterized by the complete absence of the following genera and spe cies: 
Scyphosphaera, Thoracosphaera, Pontosphaera and Catinaster .. Scapholithus 
fossilis, Coccolithus radiatus, Cyclococcolithus leptoporus, C. macintyrei and 
H elicopontosphaera orientalis. 



VII. SYSTEMATIC P ALEONTOLOGY 

The Code of Botanical Nomenclature has been used for calcareous 
nannofossils described in this study. The various issues of "Annotated 
index and bibliography of the calcareous nannoplankton" by Loeblich & 
Tappan, were found to be extremely useful and with few exceptions have 
been largely followed. The coccolith classification of BouDREAux & 
HAY (1969) appears to be most suitable at the moment and with slight 
modification is here adopted. 

In the Rotti sample, 74 autochthonous species have been recognized 
(with 6 new species and 4 new combinations) referable to 18 genera and 
9 families of calcareous nannoplankton. One new subfamily Catinasteroideae 
is proposed. 

The original description and figures of most species are checked and 
recorded. In the light of new information acquired through electron and 
light microscopy the species are redescribed and genera redefined. Special 
treatment has been given to the large-sized species of ScypTwsphaera and 
Thoracosphaera. The "Dimensions" given under each species, refers to 
the size of actual specimens encountered in the Rotti sample. The code 
NN 9, NN 5 etc. under the heading "Occurrences" refer to the standard 
calcareous nannoplankton zones of Martini & Worsley, 1970. The original 
description of each species is marked by an asterisk in the synonymy list. 

Kingdom Plantae 
Subkingdom Protobionta 

Division Chrysophyta 
Class Coccolithophyceae Rothmaler, 1951 

Order Heliolithae Defl andre , 1952 
Suborder Coccolithineae Kamptner, 1928. emend. 

Boudreaux & Hay, 1969 
Family Coccolithaceae Kamptner, 1928. emend. 

Hay & Mohler 1967 
Subfamily Coccolithoideae Kamptner, 1928. emend. 

Hay & Mohler, 1967 
Genus Reticulofenestra Hay, Mohler & Wade, 1966 
Genus Ooccolitkus Schwarz, 1894 
Genus Oyclolitkella Loeblich & Tappan, 1963 

Subfamily Cyclococcolithoideae Hay & Mohler, 1967 
Genus Oyclococcolitkus Kamptner, 1954 

Family Thoracosphaeraceae Deflandre, 1952 
Genus Thoracosphaera Kamptner, 1927 



OALCAREOUB NANNOl'LANKTON FROM THE MIOOENE OF ROTTI, INDONEBIA 25 

Family Rhabdosphaeraceae Lemmermann, 1908 
Subfamily Rhabdosphaeroideae Kamptner, 1928 emend. 

Boudreaux & Hay, 1969 
Genus Rhabdosphaera Haeckel, 1894 

Subfamily Acanthoicoideae Kamptner, 1928 
Genus AcantTwica Lohmann, 1903 

Suborder Syracosphaerineae Boudreaux & Hay, 1969 
Family Pontosphaeraceae Lemmermann, 1908 

Genus Pontosphaera Lohmann, 1902 
Genus Discolithina Loeblich & Tappan, 1963 
Genus Helicopontosphaera Hay & Mohler. 1967 

Subfamily Scyphosphaeroideae Boudreaux & Hay, 1969 
Genus ScypTwsphaera Lohmann, 1902 

Family Sphenolithaceae Vekshina, 1959 
Genus Sphenolithus Deflandre, 1952 

Order Ortholithae Deflandre, 1952 
Family Calciosoleniaceae Kamptner, 1937 

Genus ScapTwlithus Deflandre, 1954 
Family Braarudosphaeraceae Defl andre , 1947 

Genus Braarudosphaera Deflandre, 1947 
Family Discoasteraceae Vekshina, 1959 

Genus Discoaster Tan Sin Hok, 1927 
Subfamily Catinasteroideae new subfamily 

Genus Catinaster Martini & Bramlette, 1963 
Family Triquetrorhabdulaceae Lipps, 1969 

Genus Triquetrorhabdulus Martini, 1965 
Incertae Sedis: Genus: CorO'Myclus Hay, Mohler & Wade, 1966. 

In the following systematic descriptions, the species are described in 
the same order as presented on Table 1 and in the Plates, not in the 
systematic order presented above. 

Genus: ScypTwsphaera Lohmann, 1902. 
Type species: Scyphosphaera apsteini (by monotypy). 

Cell spherical in shape, bearing dimorphic coccoliths. The equatorial 
region of the ceU bears exceptionally large coccoliths or "lopadoliths", 
which may be of same or different si ze and shape. The remaining part 
of the cell is covered with discoliths or "shallow lopadoliths". 

Special treatment is given here to the species of the genus ScypTwsphaera 
Lohmann. This is justified as members of this genus form nearly one third 
of the total autochthonous nannofossil species encountered in the Rotti 
sample. The present study has demonstrated that scyphosphaerids even 
in theÏr bad state of preservation could be recognized and identified. 

The members of this genus are known to occur from Lower Eocene 
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to Recent. However, the distribution of many species dealt with here, 
including 2 new species, is still incompletely known. All the species here 
described are thought to be autochthonous; however, in a few cases this 
could not be established with confidence, as very little is known of forms 
occurring in older strata. The International Code of Botanical Nomen
clature, however, does not exclude the designation of a reworked specimen 
as a type (new species); therefore, the erection of 2 new species described 
here in seems legitimate, even if they are proved as reworked in the future. 

Our knowledge about the genus Scypho8phaera Lohmann, is based upon 
its two living representatives, Scypho8phaera eleganB (Ostenfeld) Deflandre 
(ex Thoro8phaera) described by Ostenfeld in 1910 from the Mediterranean Sea 
and genero-type Scypho8phaera ap8teini Lohmann discovered by Lohmann 
in 1902 from the Mediterranean Sea and today reported from the major 
oceanic realms of the world. Whereas the latter is reported from the 
Lower Eocene to Recent, the former is only reported from the Recent. 
Dimorphism is known within this group, ever since the discovery of 
these two forms in the beginning of th is century. The cell in both species 
is spherical, which bears dimorphic coccoliths. The equatorial region of 
the cen has coccoliths, which are exceptionally enlarged. For such enlarged 
coccoliths, which are opened distally and closed proximally by a perforated 
basal plate, the term "lopadolith" has been employed. In case of S . ap8teini 
Lohm'tnn, the equatorial lopadoliths are b'trrel-shaped and of different 
size. On the contrary in S. eleganB (Ostenfeld) Deflandre, the equatorial 
lopadoliths are unusually elongated but are uniform in shape and size. 
In both the cJ,ses however, the rest of the cell is covered with discoliths 
or the so-called "shallow lopadoliths" . LOHMANN (1902) demonstrated a 
close relationship between the genus Scyp1w8phaera and the genus 
Ponto8phaera, in the latter the enlarged equatoriallopadoliths are missing. 
When occurring in the same sample discoliths of both genera are difficult 
to set apart. 

The stratigraphic value of scyphosphaerids has yet to be proved. 
Throughout their stratigraphic distribution, they are a relatively 
insignificant constituent of the calcareous nannoflora in marine sediments, 
but show peaks of abundance at times, such as in the Middle Miocene
Lower Pliocene interval. Hay & Schmidt (in HAY et al. 1967, p. 443) 
were tempted to create a Scyp1w8phaera amplwra Zone in the Lower 
Pliocene interval. This zone, however, cannot be recognized at many 
places, perhaps owing to the ecologic sensitivity of many Scyp1w8phaera 
species, as pointed out by MARTINI (1971, p. 749). 

The identification of scyphosphaerids in the light microscope presents 
fewer difficulties if the effe cts of crystallization and corrosion in badly 
preserved material are properly recognized. Difficulties mayalso arise 
when the basal plate of a lopadolith is missing or when the pores in the 
plate are not discernabIe. In such cases it is not possible to correctly 
orient the specimen, so that the proximal side lies down and the distal 
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side faces up. Failure to recognize the correct orientation of a lopadolith 
may result in an error. An upside-down view of a species may easily 
resembie the correct view of another species. Lopadoliths illustrated by 
KAMPTNER (1955, pI. 9, figs . 135-139) as "Lopadolithen ohne Boden" are 
such examples where the basal plate is missing, thus making correct 
orientation impossible. This discrepancy however has crept into the works 
ofmany authors, such as COHEN (1964, pI. 1, figs. 5b, 5c, 5d); BRAMLETTE & 
WILCOXON (1967, pI. 10, figs. 1, 2, 4, 6, 7); and BUKRY & PERCIVAL 
(1971, pI. 7, figs. 1-4). In such cases it is difficult to correlate illustrations 
with text descriptions. 

Experience has shown that the use of a green filter can add extra 
contrast to the visibility of lopadoliths in Caedax mounts. Lopadoliths 
show their wall characteristics better in polarized light and show maximum 
birefringence when their long axis is oriented 40-45° to the vibration 
direction of nicoIs. In most cases specific identification is possible employing 
only normal light but at times the use of polarized light is essentiaI. 

In searching for Iopadoliths under the SEM, a magnification of 1000 x 
was employed. At this magnification they are easily recognized, hence 
a much larger area could be scanned in a comparatively short time. 
Owing to the bad preservation of most lopadoliths in the sample, their 
surface ornament:1tion and the structure of the basal plate could not be 
clearly seen. 

KAMPTNER (1955) described a total of 19 species of ScYPMsphaera 
from Rotti, including 12 new species. He was able to discover nearly 
all the species of the genus known at that time in a single sample. 
Impressed with the richness of forms present, he grouped them broadly 
into six morphotypes (op. cito p . 22). This classification, however, did 
not get much support and, in fact, has never been used since then, largely 
on account of his rather sketchy drawings. As these drawings provided 
no sound "types" to rely upon, many of his new species though validly 
published, remained undiscovered for a long time. The present study has 
shown, that many species described by him are unexpectedly distinctive 
and can be recognized without much difficulty. Many of his ideas regarding 
lopadolith morphology were found extremely useful, and are therefore 
incorporated herein. More significant criteria employed in the identification 
of different taxa are the shape of the basal plate, the degree of concavity 
and convexity of the wall in side profile, position of maximum width, 
relative width of the apical opening and the basal plate, recurving of 
the wall in the distal part, and surface ornamentation, if any. 

ScYPMsphaera apsteini Lohmann, 1902 
Plate 1, figs. 1, 4-7, 9 

• 1902 ScypMsphaera apsteini Lohmann, p . 129, 132, pI. 4, figs. 26-30. 
1942 ScYPMsphaera apsteini Lohmann-Deflandre, p. 130, figs. 2-5, 

10-15. 
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1955 Scyp1wsphaera apsteini Lohmann-Kamptner, p. 22, figs. lO9-112. 
1964 "Lopadoliths", Cohen, pI. 1, figs. 5a-d. 
1967 Scyp1wsphaera apsteini Lohmann-Kamptner, pI. 9, figs. 64, 65, 

67, pI. lO, figs. 69, 70, 71. 
1969 Scyphosphaera apsteini Lohmann-Stradner, p. 416, text-figs. 1-3, 

non text-figs. 4-6, non pI. LXXXIX, figs. 1-3. 
1969 Scyp1wsphaera apsteini Lohmann-Martini, p . 289, pI. 27, figs. 3-4. 
1972 Scyp1wsphaera apsteini Lohmann-Ellis, Lohmann & Wray, p. 31, 

pI. 7, fig. 4. 
1972 Scyp1wsphaera apsteini Lohmann-Martini & Mûller, p. 71, pI. 1, 

figs. 6; pI. 2, figs. 20-21. 

Description: The lopadoliths are barrel-shaped. The height may be 
slightly greater or smaller than the maximum width; side profile is always 
gently or strongly convex, exceptionally, only slightly concave at the 
base. The position of the maximum width may vary considerably, being 
near the apical, middle or basal part of the lopadolith; the relative widths 
of the apical and basal part also show variation. The wall may terminate 
simply at the distal end or may be gently curved toward the main axis. 
The outer surface of the wall shows fine longitudinal striations, even in 
badly preserved specimens. 

The electron micrographs did not divulge the details of the basal plate, 
which presumably seerns to consist of clockwise-inclined fine elements. 
However, the so-called longitudinal striations could clearly be discerned 
as ribs, running along the height ofthe lopadolith and numbering about 32. 
Transverse of checked ornamentation appears to be rare or absent in 
most of the observed specimens. 
Dimensions : Height: 10 ,u-18 ,u 

Width: 7 ,u-15 ,u 
Disc'U8sion: Many lopadoliths in polarized light exhibit curving of the 
wall in the apical region. This, however, should not be confused with 
actual "inward-downward" recurving of the wall characteristic for 
S. recurvata Deflandre. Careful focussing is required to clarify this. 

No other species of Scyp1wsphaera seems to exhibit such a wide variation. 
Lohmann's figure 26 seems especially significant, as it shows a complete 
ceH bearing lopadoliths of different shapes and sizes. Deflandre's figures 
3-4, 10--15 are exact reproductions of actual specimens, hence could be 
relied upon for variation within this taxon. Coupled with the author's 
own observations, it appears that forms included within this species 
invariably show convex walls in side profile; the difference between the 
width and the height of the lopadolith is only moderate. 

A re-examination of the material has yielded the forms already drawn 
byKAMPTNER(1955,pI. 8, figs . 109-112). Thespecimens show close similarity 
with the one reported by Deflandre from the Mio-Pliocene of the "Saheli en" , 
Algeria. 
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Occurrences: Common in the Rotti sample. Originally reported from 
the Recent of the Mediterranean Sea and Atlantic Ocean. The discovery 
of lopadoliths of this species by Stradner in the Eocene Flysch, Hagenbach 
Valley, Austria, apparently pushes back its earliest occurrence to the 
Lower Eocene. Also reported from the Tertiary and Recent of other 
oceanic regions. 

Scyphosp'haera globulosa Kamptner, 1955 
Plate 1, fig. 8 

1955 Scyphosp'haera globulosa Kamptner, p. 23, pI. 8, fig. 113. 
1971 ScYPMsphaera globulata Bukry & Percival, p. 138, pI. 7, figs. 1-6. 
Description: Lopadolith is subglobular to completely globular in shape. 
In side profile the walls show strong convexity and terminate simply in 
the apical region. The width of the apical opening and the basal part 
is more or Ie ss the same, but much smaller as compared to the overall 
size of the lopadolith. Surface ornamentation is not discernable. 
Dimensions : Height: 14 ,u-21 ,u 

Width: 12 ,u-20 ,u 
Width of apical opening: 5,u- 8 ,u 
Width of basal part: 6 ,u- 8 ,u 

DiscU8sion : This species appears to be most closely related to S. apsteini 
and is probably derived from it. This distinctive species can, however, 
be distinguished from others in having subglobular to completely globular 
lopadoliths with reduced apical and basal regions. 

In spite of variation, the forms encountered here closely resembIe the 
ones illustrated by Bukry and PercivaI. Kamptner's figure 113 is misleading, 
as it does not conform with the forms observed, mainly the less convexity 
of the walls. 

As the forms here encountered conform to those of Bukry and Percival, 
the name S. globulosa Kamptner, 1955 has a distinct priority over 
S. globulata Bukry and Percival, 1971; the latter is therefore here rejected 
as a subjective junior synonym of ScypMsp'haera globulosa Kamptner, 1955. 
Occurrences: Rare in the Rotti sample, from which it is originally 
reported. Common to few in warm-water oceanic deposits of late Miocene 
to early Pliocene age. 

ScYPMsp'haera ampla Kamptner, 1955 
PI. 2, fig. 2; PI. 3, fig. 1 

• 1955 ScYPMsphaera ampla Kamptner, p. 23, pI. 9, fig. 118. 
Description: The lopadoliths are in the shape of a deep bowl, having 
a comparatively small base and a large inflated distal part. The walls, 
in side profile, are gently concave at the base, but become gradually 
convex and inwardly curved as they approach the apical end. The apical 
opening is nearly twice as large as the width of base. The position of 
the maximum width is characteristic for this species, being just below 
the apical region and attaining nearly 2l times the width of the base. 
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ASEM micrograph (pI. 3 fig . 1) shows a large number of longitudinal 
ribs (about 60), which appear to be more prominent near the apical region. 
Dimensions : Height: 17 ,u-26 ,u 

Width: 20 ,u-25 ,u 
Width of base: 5 ,u-1O ,u 
Width of apical opening : 13 ,u-18 ,u 

Discus8Ïon: In distal view this species may look quite circular in outline, 
henoo might well be confused with S. globulosa, but could be easily 
distinguished from it in having a much larger apical opening and an 
altogether different profile in side view. From S. piriformis it can be 
distinguished in having larger lopadoliths whose height and width are 
more or less the same. 
Occurrences: Rare in the Rotti sample, from which it is originally 
reported. 

Scyphosphaera recta (Deflandre) Kamptner, 1955 
PI. 2, figs. 5-6 

• 1942a Scyphosphaera apsteini var. recta Deflandre, p. 131, fig. 16. 
1955 Scyphosphaera recta (Deflandre) Kamptner, p. 23, figs. 115-116. 

Description: The lopadoIiths included within this taxon are comparatively 
large. The walls in side profile seem to rise straight from the base, diverging 
distally, being inwardly curved at the apical end. The apical opening 
may be as wide as the base or sIightly smaller. The position ofthe maximum 
width lies just bel ow the apical end. The basa} plate is slightly vaulted 
with faintly discernable pores. 
Dimensions : Height: 18 ,u 

Width: 14 ,u 
Width of base: 8 ,u 
Width of apical opening: 8,u 

Discus8Ïon: The species is most closely related to S. apsteini. Inter
mediate forms were also encountered, which make the distinction between 
the two species difficult. Deflandre's figure 16 shows a lopadoIith of slightly 
greater height with stronger convexity of walls at the apical end, as 
compared to the form illustrated here. This species, however, could be 
easily set apart from similar looking forms in having strictly straight 
walls, rising from a comparatively wide base, which become curved at 
the apical end. 
Occurrences: Rare in the Rotti sample. Originally reported from the 
Mio-Pliooone of El Medhi, Algeria. 

Scyphosphaera procera Kamptner, 1955 
PI. 4, figs. 2-5 

• 1955 Scyphosphaera procera Kamptner, p. 23, figs. 108, 114. 
Description: The height of the lopadolith exceeds the width. The walls 
in the side profile are gently to moderately convex terminating simply 
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at the apical end. The position of maximum width lies at nearly i- of 
the height of the lopadolith. The width of the apical opening may be 
equal to or exceed the width of the base. 
Dimensions : Height: 11 ,u-15 ,u 

Width : 9 ,u-l0 ,u 
Width of base : 4 ,u- 5 ,u 
Width of apical opening: 5,u- 8 ,u 

Discussion : The actual specimens differ slightly from Kamptner's 
figures, mainly in showing little concavity at the base of most specimens. 
Within this taxon should also be included those forms which show less 
convex walls, but otherwise are identical with the descriptions. This 
species shows some resemblance to S. recta, but differs from it in being 
smaller and in laclring characteristic straight walls in the basal part. 
From S. apsteini it differs in being slender and in possessing always a 
smaller base as compared to the width of the apical region. 
Occurrences: Few in the Rotti sample, from which it is originally 
reported. Other occurrences yet unknown. 

ScypMsphaera pirijormis Kamptner, 1955 
PI. 2, fig. 1 

• ScypMsphaera pirijormis Kamptner, p. 23, fig. 117. 
Description: The lopadoliths are pear-shaped. The walls in the side 
profile show concavity at the bas al part, but diverge and become convex 
as they approach the apical end. The walls terminate simply at the apical 
end and do not show any recurving. The width of the apical opening 
is greater than the width of base. 
Dimensions : Height: 33 

Width: 21 ,u 
Width of base: 8.5 ,u 
Width of apical opening: 13 ,u 

Discus8Ïon : Smaller specimens with a much infiated distal part were 
also encountered. This species shows close resemblance to S. recurvata, 
and unless properly oriented may be difficult to set apart from it. However, 
this species lacks characteristic inward-downward recurving of the walls 
at the apical region. This can be ascertained only af ter careful focussing, 
especially in poorly preserved material. 
Occurrences: Rare in the Rotti sample, from which it is originally 
reported. Other occurrences are yet unknown. 

ScYPMsphaera recurvata Deflandre, 1942 
PI. 3, figs. 4-7 

• 1942a ScYPMsphaera recurvata Deflandre, p. 132, figs . 17-20. 
1955 ScYPMsphaera recurvata Deflandre-Kamptner, p. 24, fig. 12l. 
1967 ScYPMsphaera recurvata Deflandre-Bramlette & Wilcoxon, 

p. lO7, pI. X, figs. 6-7. 
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1972 Scyphospkaera recurvata Deflandre-EIlis, Lohmann & Wray, 
p. 32, pI. 8, figs. 1-2. 

Description : The lopadoliths are pear-shaped with a gently to moderately 
inflated distal part. Walls in the side profile show slight concavity at 
the base, becoming convex distally. At the apical region, the walls show 
distinct inward-downward recurving resulting in a smaller apical opening 
as compared to the width of the base. The apical region is always broader 
than the basal part. 
Dimensions : Height: 15 ,u-20 ,u 

Width: 10 ,u-13 ,u 
Width of base: 4 ,u- 6 ,u 
Width of apical opening: 3,u- 5 ,u 

Discus8Ïon : This species shows some variation in shape and size, but 
the pear shape of the lopadoIiths combined with the distinct recurving 
of the walls at the apical region give it a characteristic appearance. Rotti 
forms match closely with the ones described by Deflandre from the 
"Sahelien" of Algeria. Kamptner's earlier observation of this species, as 
having thicker walls at the distal end which become thinner proximally, 
could not be confirmed. It is believed that such an uneven thickening 
of the wall might have been produced due to the overcalcification of 
the specimens. 

Excellent scanning electron micrographs by ELLIS et al. (pI. 8, figs. 1-2) 
are referable to th is species. 
Occurrences: Common in the Rotti sample. Originally reported from 
the Mio-Pllocene of El Medhi, Algeria. Also reported from Globorotalia 
tohsi lobata, Ol. tohsi robusta and Gl. menardii zones of Trinidad. 

Scyphospkaera cylindrica Kamptner, 1955 
PI. 1, figs. 12-13 

* 1955 Scyphospkaera cylindrica Kamptner, p. 24, pI. 9, fig. 119. 
~ 1973 "Lopadolith", Stradner, p. 1194, pI. 17, fig. 3. 
Description: The lopadoliths are cylindrical in shape. Distally, the walls 
terminate simply or with sIight inward or outward curving. In side profile 
the walls are straight and parallel. At the base the walls may rise vertically 
or may slightly diverge and then become vertical. The width of the base 
and width of the apical opening are more or less the same. 
Dimensions : Height: 10 ,u-13 ,u 

Width: 7 ,u-11 ft 
Discus8Ïon: This is a comparatively small and rare species in the Rotti 
sample. Within the variation of this species should also be included those 
forms which show slight divergence of the walls at the base but otherwise 
conform with the original description of the species. The height of the 
lopadoIiths is more significant than the width. 
Occurrences : Rare in the Rotti sample from which it is originally reported. 
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Scyphospkaera cantkarellU8 Kamptner, 1955 
Plate I, figs. 1O-1l 

• 1955 Scyphospkaera cantkarellU8 Kamptner, p. 24, pI. 9, fig. 123. 
Description: The lopadoliths are smaIl, having the shape of a measuring 
fiasko The basal plate is upward-arched with faintly discernabie pores. 
The waIls in side profile are convex at the base, rise up converging, and 
finally diverge to form a conspicuous neck. The width of the apical opening 
is smaller than the width of the base. 
Dimensions : Height: 9 ft 

Width: 8.5 ft 
Width of neck: 4.5 ft 
Width of apical opening: 5.5 ft 

DiscU8sion : This is a smaIl and extremely rare species in the Rotti 
sample. The forms encountered here conform weIl with Kamptner's 
descriptions but not with his drawings. This species show some resemblance 
to S. campanula but differs from it in having smooth convex and concave 
profile of walls at the basal and apical regions respectively. 
Occurrences : Rare in the Rotti sample from which it is originally reported. 
Other occurrences yet unknown. 

Scyphosphaera canescens Kamptner, 1955 
Plate 2, figs. 7-8 

• 1955 Scyphosphaera canescens Kamptner, p. 24, pI. 9, fig. 120. 
Description: The lopadoliths are in the shape of an irregular cylinder. 
The waIls are more or less vertical and parallel, diverging slightly at 
the distal end. The height of the lopadolith may reach about four times 
the width. 
Dimensions : Height: 19.5 ft 

Width: 5 ft 
Width of apical opening: 6 ft 

DisCU8Sion: The forms of this species here encountered match closely 
with Kamptner's drawing and description. 
Occurrences: Rare in the Rotti sample from which it is originally reported. 

Scyphosphaera lagena Kamptner, 1955 
Plate 4, fig. 1 

• 1955 Scyphosphaera lagena Kamptner, p. 25, pI. 9, figs. 124, 127. 
non 1967 Scyphosphaera lagena Kamptner-Bramlette & Wilcoxon, p. 107, 

pI. 10, figs. 8-9. 
Description : The lopadoliths are infiated in the basal part, becoming 
narrow toward the apical end. In side profile, the walls in the basal part 
are moderately convex, becoming faintly concave as they approach the 
apical end. Distally the walls terminate simply without any outward or 
inward bend. The width of the apical opening is smaller than the base. 
The maximum width of the lopadolith lies shortly above the basal plate. 
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Height may reach 2.5 to 3 times the width. 
Dimensions : Height: 22 ft 

Width: 8.5 ft 
Width of base: 7 ft 
Width of apical opening: 3 ft 

Disc'IJ,8sion: Though distinct, this species is never common. Specimens 
with a more inflated basal part were also encountered but they fall within 
the variation of this taxon. It differs from S. aequatorialis in possessing 
a tubular distal part. From S. amphora it differs in the absence of any 
outward bend of the walls at the apical end. From S. tubifera and 
S. martinii, n. sp., it differs in the absence of a long distal tube. It differs 
from S. conica in having an inflated basal part and slightly concave walls 
in the upper part. 
Occurrences : Rare in the Rotti sample, from which it is originally reported. 

Scyphosphaera aequatorialis Kamptner, 1963 
Plate 3, figs. 14-15 

* 1963 Scyphosphaera aequatorialis Kamptner, p. 176, fig. 27. 
Description: Lopadoliths are inflated in the lower part and having a 
short and wide neck. Bottom plate is arched. Apical opening is slightly 
smaller than the base. Walls terminate simply at the apical end without 
inward or outward bend, being moderately convex in the lower part and 
becoming gently concave toward the apical end. 
Dimensions : Height: 20 ft 

Width: 11.5 ft 
Width of base: 9 ft 
Width of apical opening: 7.5 ft 

Discussion : The Rotti specimens match closely with the original 
description and figure of this species by Kamptner. This species is most 
closely related to S . lagena, from which it can be distinguished by the 
absence of a tubular distal part and a much wider apical opening. 
Occurrences: Rare in the Rotti sample. Originally reported from the 
Quatemary of the Pacific Ocean. 

Scyphosphaera conica Kamptner, 1955 
Plate 3, figs. 8, 9-10 

* 1955 Scyphosphaera conica Kamptner, p. 26, pI. 9, figs. 130, 131. 
1972 Scyphosphaera cf. S. recurvata Deflandre-Perch-Nielsen, p. 1022, 

pI. 20, fig. 5. 
Description: The lopadoliths are conical in shape. The walls from the 
bottom to the top either are straight-converging or may be gently convex
converging. The walls terminate simply at the apical end. The apical 
opening may be as wide as the base or slightly smaller. The height may 
vary from 2.5 to 3 times the width. 
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Dimensions : Height: 19 ft-23 ft 
Width: 7.5 ft- 8.5 ft 
Width of base: 5 ft- 5.5 ft 
Width of apical opening: 3.5 ft- 4 ft 

Discus8Îon: The forms match closely with Kamptner's original description 
of the species. However, other specimens with slightly convex walls but 
otherwise conforming to original description should also be included in 
this species. An excellent scanning electron micrograph of this species 
is given by Perch-Nielsen. 
Occurrences: Few in the Rotti sample, from which it is originally reported. 
Also reported from the Pleistocene of the North Atlantic. 

Scyphosphaera turris Kamptner, 1955 
Plate 3, figs. 2-3 

* 1955 ScypMsphaera turris Kamptner, p. 26, pI. 9, fig. 132. 
~ 1973 ScypMsphaera turris Kamptner-Stradner, pI. 24, fig. 3; pI. 25, 

figs. 4. 
Description: In side profile, the lopadoliths show a characteristic basal 
region i.e . the walls diverge slightly outward from the base and then 
bend sharply inward and then rise up in a gentIe concave profile. The 
walls normally terminate simply or may show a faint outward bend. 
The apical opening is smaller than the base. The position of maximum 
width is just above the basal plate. 
Dimensions : Height: 16.5 ft 

7 ft 
Width of base: 5.5 ft 
Width of apical opening: 5 ft 

Width: 

Discussion : This is an extremely rare species in the Rotti sample, and 
its taxonomic status seems unsound. It is very closely related to 
S. intermedia, but difIers from it in having less concave walls and in the 
absence of a wide outward bend of walls at the apical end. Stradner's 
fig. 4 on plate 25 could be taken as representative of this species, however 
fig. 3 on plate 24 is included here with some hesitation as the basal region 
is obscured. From S. conica, this species difIers in possessing the 
characteristic basal zone. 
Occurrences : Rare in the Rotti sample, from which it is originally 
reported. Also reported from the upper Pliocene of the Mediterranean Sea. 

ScYPMsphaera tuhifera Kamptner, 1955 
Plate 4, figs. 16-17 

* 1955 ScypMsphaera tuhifera Kamptner, p. 26, pI. 9, fig. 133. 
Description: The lopadoliths included within this taxon have a 
characteristic basal zone and a tubular upper part. The walls diverge 
slightly from the basal plate, turn abruptly inward and then taper upward 
into a tube of uniform thickness. The maximum width lies just above 
the bas al plate. The apical opening is much smaller than the base. 
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Dimensions : Height: 16 ,u-24 ,u 
Width: 5.5 ,u- 7 ,u 
Width of base: 4.5 ,u- 6 ,u 
Thickness of tube: 3 ,u- 3.5 ,u 

Disc'/l,8sion: This species belongs to the S. intermedia group in having 
a characteristic basal part. In some specimens the outward bend of the 
wall in the basal zone may be too small to be observed. It differs from 
S. intermedia in having a tubular distal part. From S. martinii, n. sp., 
it differs in having a larger basal zone and a much shorter tubular part. 
Occurrences: Few in the Rotti sample, from which it is originally reported. 
Other occurrences are yet unknown. 

ScypJwsphaera campanula Defl.andre, 1942 
Plate 4, figs. 9-13 

'" 1942a ScypJwsphaera campanula Defl.andre, p. 134, pI. 8, figs. 6, 23-27. 
1955 ScYPMsphaera campanula Defl.andre-Kamptner, p. 26, pI. 9, 

fig. 134. 
1969 ScYPMsphaera campanula Deflandre-Martini, p. 290, pI. 27, 

figs. 5-6. 
Description: The lopadoliths have a characteristic basal and upper part. 
The walls bend outward from an arched basal plate, shortly above bend 
inward giving rise to an "edge", rise up in a straight-convergent fashion 
and just before terminating fl.are outward forming a characteristic "neek" . 
The apical opening is only slightly larger than the base. A scanning 
electron micrograph of a lopadolith shows that it is ornamented with 
longitudinal ribs which are indistinct owing to the overcalcification of 
the specimen. The basal plate is arched. 
Dimensions: Height: 14 ,u-16 ,u 

Width of base: 8.5 ,u- 9 ,u 
Width of apical opening: 10 ,u-10.5,u 

Disc'/l,8sion: In having a prominent' edge" at the basal part, S. campanula 
shows close affinity with the S. intermedia group of lopadoliths. In some 
specimens the "edge" is not so sharply defined and looks gently rounded 
as shown in the variation of this species by Defl.andre (figs. 24-27). 
Martini's figs. 5-6 also show lopadoliths with only faint "edge" in the 
bas al part. In the Rotti sample both the types of specimens were 
encountered, the ones with prominent "edge" and "neck" which closely 
match with Defl.andre's figure 23 (holotype) and the ones with only faint 
'edge" matching with the paratypes (figures 24-27). 

Specimens with a smaller width of lopadoliths were also found. This 
species, however, could be readily distinguished from others in having 
straight or gently convex walls slightly converging up in the middle part 
and in the presence of "edge" and "neck" in the lower and upper part 
of the lopadolith, respectively. 
Occurrences: Few in the Rotti sample. Originally reported from the 
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Mio-Pliocene of El Medhi, Algeria. Also reported from the Miocene of 
tropical W. Africa. 

ScYPMsphaera galeana Kamptner, 1967 
Plate 3, fig. 11 

• 1967 ScYPMsphaera galeana Kamptner, p. 149, Abb. 19, pI. 9, fig. 68. 
Description: The lopadolith in side profile shows an arched basal plate. 
The walls are gently convex in the lower half and gently concave in 
the upper half of the lopadolith. Distally the walls terminate with a 
slight outward bend. The apical opening is only slightly larger than the base. 
Dimensions : Height: 16 f.l, 

Width of apical opening: 11 f.l, 

Disc'U8sion : The form encountered here agrees weIl with the original 
description of the species by Kamptner. Due to poor preservation, the 
pores in the arched bas al plate could not be observed. This species shows 
close affinity with S. campanula but can be distinguished from it in the 
lack of the characteristic 'neck" at the apical end and in possessing a 
gently concave profile in the upper half of the lopadolith. 
Occurrerwes: Extremely rare in Rotti. Originally reported from the 
Recent of the South Atlantic Ocean. 

Scyphosphaera magna Kamptner, 1967 
Plate 2, figs. 9-10 

• 1967 Scyphosphaera magna Kamptner, p. 150, text-fig. 20. 
1967 Scyphosphaera porosa Kamptner, p . 151, pI. 10, figs. 72, 73 (partim). 

1 1973 Scyphosphaera porosa Kamptner-Stradner, p. 1140, pI. 25, fig. 6. 
Description: The lopadolith has a characteristic and small basal region. 
The base is very small and has only a few faintly discernabIe pores. The 
wall at the base is swollen and shows strong convexity. From such a 
small base the wall rises up in a gentIe concave profile, Haring at the 
apical end. The apical opening is as wide as the base or may be larger. 
Dimensions : Height: 16 f.l, 

Width of base: 6.5 f.l, 

Width of basal plate: 3 f.l, 

Width of apical opening: 10 f.l, 

DisCU8Sion: The form illustrated here is slightly smaller and has a 
stronger Haring of the walls at the apical end than in the original type. 
It appears that this species can show considerable variation to accommodate 
such a robust form as here illustrated. However, for the diagnosis of 
this species, the characteristic basal region has to be relied upon. At 
first glance th is species shows some resemblance to S. intermedia, but 
differs from it in the absence of an "edge" in the basal part. Some 
nomenclatural problem revolves around the validity of this species. Along 
with other new taxa, KAMPTNER (1967) described two new species of 
Scyphosphaera: S . magna and S. porosa. S . magna has a description on 
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page 150 (op. cit.) corresponding Iio the text-figure 20. S . porosa (op. cit.) 
has a description on page 151-153 and a corresponding text-figure 22a-c 
on page 152. These two taxa, therefore, appear to fulfill the requirements 
of the ICBN, and hence validly published. The problem, however, arises 
due to the light micrographs which appear on plate 10 as figures 72, 73 
and designated both on page 151 and the plate description on page 195, 
as Scyphosp1Ulera porosa. Careful inspection of figures 72 and 73 has 
revealed that they match the text description as weIl as the text-figure 
of the species S . magna and not with S . porosa. As the discrepancy lies 
only with the figures on plate 10, and while both species have at least 
one text-figure corresponding to the description of each, it is assumed 
that speciesS. magna andS. porosa are validlypublished and hence available. 
Occurrences: Rare in the Rotti sample. Originally reported from Recent 
of the South Atlantic Ocean. 

Scyphosphaera cf. S . aranta Kamptner, 1967 
Plate 3, figs. 12-13 

• 1967 Scyphosphaera aranta Kamptner, p. 148, text-fig. 18. 
Description : Almost the whole upper half of the lopadolith is in the 
form of a dome having much thicker walls than the lower half. The 
thinner walls of the lower half rise from a broad, arched basal plate 
and are concave in profile. Apical opening is smaller than the base. 
Dimensions : Height: 12 f.l 

Width: 9 f.l 
Width of base: 6 f.l 
Width of apical opening: 3 f.l 

Discus8Ïon : Although forms corresponding to the original figure and 
description were never found, comparable forms are not uncommon in 
the Rotti sample. In having a dome-shaped upper part with much thicker 
walIs, they show close st resemblance to S. aranta. As this uneven thickening 
of the walls was observed in many specimens, it is reasonable to believe 
that this is a true character of the species and not as a result of mechanical 
damage. 
Occurrences: Few in the Rotti sample. Originally reported from the 
Recent of the South Atlantic Ocean. 

Scyphosphaera pulcherrima Defiandre, 1942 
Plate 5, figs. 7-12 

• 1942a Scyphosphaera pulcherrima Defiandre, p. 133, figs . 28-3l. 
1955 Scyphosphaera pulcherrima Defiandre-Kamptner, p . 25, pI. 9, 

figs. 128, 129. 
1967 Scyphosp1Ulera pUlcherrima Defiandre-Bramlette & Wilcoxon, 

p. 107, pI. 10, fig. 5. 
1972 Scyphosp1Ulera pulcherrima Defiandre-Ellis, Lohmann & Wray, 

p. 32, pI. 7, fig. 6. 
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1973 Scyphosphaera pulcherrima DeHandre-Stradner, p. 1140, 1195, 
pI. 22, figs. 1-2. 

De8cription: The basket-shaped lopadoliths have a characteristic "neck" 
with a Haring apical end. The distal end is always larger than the base. 
The surface is ornamented with longitudinal ribs and each rib has 
alternating nodes and pits, thus giving a pseudo-checked appearance in 
the light microscope . The walls in the lower part are gently to strongly 
convex exhibiting a wavy or crenulated outline due to strong surface 
ornamentation. 

Several electron micrographs show that the basal plate consists of an 
elevated rim having clockwise inclined elements and is perforated with 
several pores (not distinct in the illustration). From the base to the 
"neck", the surface is ornamented with nodes and pits arranged in 
longitudinallines. The apical Haring part has only simple longitudinal ribs. 
Dimensions : Height: 1 ° ,u-15 ,u 

Width of the base : 3.5 ,u- 6.5 ,u 
Width of neck: 5.5 ,u-l0 ,u 
Width of apical opening : 8 ,u-18 ,u 

Discussion : Next to S. apsteini this species seems to exhibit a fairly 
wide variation in shape, size and the degree of Haring at the apical end. 
However, the characteristic features for diagnosis are the presence of a 
"neck" in the upper part and the wavy outline of lopadolith. The wavy 
outline of the species is ascribed to the strong surface ornamentation 
found in the middle part of the lopadolith. Rotti specimens show variation 
corresponding to figs . 2S--31 of DeHandre; however, the forms resembling 
figure 28 (holotype) are more common. 
Occurrences: Common in the Rotti sample. Originally reported from the 
Mio-Pliocene of El Medhi, Algeria. Also occurs worldwide in sediments 
of similar age. 

Scyphosphaera intermedia DeHandre, 1942 
Plate 4, figs. 14--15, Plate 5, figs. 5-6 

* 1942 Scyphosphaera intermedia Deflandre, p. 134, figs. 7-8, 32-36. 
1955 Scyphosphaera intermedia Deflandre-Kamptner, p. 26, pI. 9, 

fig. 140. 
1967 Scyphosphaera intermedia Deflandre-Bramlette & Wilcoxon, 

p. 107, pI. 10, fig. 3. 
1969 Scyphosphaera intermedia Deflandre-Martini, p. 290, pI. 27, 

figs . 7-8. 
1972 Scyphosphaera intermedia Deflandre-Ellis, Lohman & Wray, 

p . 32, pI. 7, fig . 5. 
1973 Scyphosphaera intermedia Deflandre-Stradner, p. 1140, 1195, 

pI. 22, fig . 4, pI. 24, fig . 7-8. 
Description: The lopadoliths are characterized by the presence of an 
"edge" in the basal part. The wall from the "edge" upward is gently 
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to strongly concave, showing conspicuous fiaring at the apical end. The 
apical opening is equal to or larger than the width of the base. Basal 
plate is thick, gently arched and pierced with several pores. The surface 
is ornamented with longitudinal ribs, which appear to be more prominent 
near the apical end. 
Dirnensions: Height: 16.5,u-22 ,u 

Width at narrowest point: 3.5,u- 5.5 ,u 
Width of apical opening: 7 ,u-ll ,u 

DisCU8Sion : This species is quite frequent in the Rotti sample and 
exhibits wide variation, but can be readily distinguished from others by 
the presence of the characteristic "edge" in the basal part and the distally 
fiaring concave walls. OccasionaIly, those specimens with less distinct 
"edge" may be difficult to set apart from S. amplwra. Electron micrographs 
of this species are presented by Ellis et al. and Stradner. 

In size and variation, the Rotti specimens can be weIl compared with 
specimens from the "Sahelien" of Algeria, reproduced in figures 32-36 
by Defiandre. 
Occurrences: Common in the Rotti sample. Originally reported from the 
Mio-Pliocene of El Medhi, Algeria. Occurs worldwide at different levels 
of the Mio-Pliocene interval. 

Scyphosphaera amplwra Defiandre, 1942 
Plate 4, figs. 6-8 

• 1942a Scyphosphaera amplwra Defiandre, p. 132, figs. 21-22. 
1955 Scyphosphaera amplwra Defiandre-Kamptner, p. 25, 

figs . 125-126. 
1967 Scyphosphaera lagena Kamptner-BramIette & Wilcoxon, 

p. 107, figs. 8-9. 
1968 Scyphosphaera amphora Defiandre-Martini, p . 166-167. 
1969 ScyphosphaeraamphoraDefiandre-Martini,p. 289,pl. 27, figs.I-2. 
1972 Scyphosphaera amplwra Defiandre-Perch-Nielsen, pI. 20, 

figs . 1-3, non fig. 4. 
1973 Scyphosphaera amphora Defiandre-Stradner, p. 1140, 1195, 

pI. 24, fig. 9. 
1 1973 Scyphosphaera cf. S. amplwra Defiandre-Stradner, pI. 25, fig . 5. 

non 1973 Scyphosphaera cf. S. amplwra Defiandre-Stradner, pI. 25, 
figs . 1-2. 

Description: The lopadoliths included within this taxon are characterized 
by the presence of a prominent "neck" near the apical end and the 
absence of an "edge" in the lower part. The basal plate is arched and 
possesses faintly discernable pores. The walls in the lower part are gently 
to strongly convex, distally converge and then fiare out to form a 
characteristic "neek" . The minimum width of the lopadolith lies at the 
"neek" where walls exhibit smooth concavity. The apical opening may 
be equal to or larger than the base. 
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Dimensions : Height : 13 ft-18 ft 
Width of the base: 6.5 ft-lO ft 
Width of the neck: 4.5 ft- 6.5 ft 
Width of apical opening: 6.5 ft-13 ft 

Discussion : Specimens comparable to the holotype of this species are 
extremely rare in Rotti, whereas those resembling the paratype (Deflandre's 
figure 22, of a broken specimen) are quite frequent. This is one of the most 
common and readily recognizable species in sediments of Miocene to 
Pleistocene age. However, it exhibits considerable variation in the outward 
bending of walls at the apical end and in the width of the "neck". Slender 
forms with a slight "edge" in the ba.sal part and less convex walls show 
close affinity to S. intermedia, th us making the differentiation between 
the two species a difficult task. Such specimens can be best designated 
as "transitional types". S . halldali reported from EI Medhi, Algeria 
(Deflandre & Fert, 1954, p. 23, pI. 10, figs. 22-24) was never found in 
the Rotti sample, but appears to be most closely related to S. amplwra 
in having a characteristic apical region . 
Occurrences: Common in the Rotti sample. Originally reported from 
Mio-Pliocene of El Medhi, Algeria. Occurs rarely in the Globorotalia tohsi 
lobata and Gl. fohsi robusta zones of Trinidad and equivalent horizons 
above the type Langhian and Zone NN 10 of Gabon, W. Mrica. Also 
reported from Zone NN 16 of the Mediterranean Sea and the late 
Pleistocene of the North Atlantic Ocean. 

Scyphosphaera sp. 
Plate 2, figs . 3-4 

* 1954 LopadoIith from Miocene marl, 1.6 miles S. of Ma.fron, Haiti, 
Bramlette & Riedel, p. 392-393, pI. 38, fig. 4. 

Description : The lopadolith is broadly cylindrical with sIight inflation 
at the apical end. The walls rise up from a more or less flat basal plate 
roughly in a straight parallel fashion and terminate simply. The width 
of the apical opening is slightly larger than the width of the base. 
Dimensions : Height: 20 ft 

Width of base: 7 ft 
Width of inflated part: 11 ft 

Discussion : The lopadolith figured by Bramlette and Riedel appears 
to be printed upside down, but otherwise shows close affinity with the 
form iIlustrated here. It differs from other species ofthe genus in possessing 
a cylindric'll shape with an inflated distal part. However, at present this 
cannot be designated as a new species due to the lack of better specimens. 
Occurrences: Rare in the Rotti sample. Also known from the Miocene 
of Haiti. 

Scyplwsphaera martinii n. sp. 
Plate 1, figs. 2-3 

Holotype: (PI. 1, figs . 2-3=SM.B 12593 18.5N/2.9 E from the blue point). 
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Dimensions of the holotype: 
Height: 33 
Width of the base: 5 ft 
Height of the "edge" from the base: 2.5 ft 
Length of the tubular part: 27 ft 
Width of the tube including the thickness of the walls: 3 ft 
Type locality: Scyphosphaera martinii n. sp. occurs rarely in sample 
number 168*, from Bebalain, Rotti, Series VIn of the First Netherlands' 
Timor expedition. This sample is assigned by the present author to the 
Upper Middle Miocene, corresponding to the upper part of the standard 
nannoplankton Zone NN 9 (MARTINI & WORSLEY, 1970). 
Derivation of name: In the honour of Prof. Dr. Erlend Martini, 
Frankfurt am Main. 
Diagnosis: S. martinii n . sp. is characterized by the presence of an 
exceptionally long, narrow tube of uniform thickness and a reduced 
basal part. 
Desoription: This is a comparatively large species of Scyphosphaera 
having a greatly reduced basal region. In possessing a distinct "edge" 
in the basal part, it shows affinity with the lopadoliths of the S. intermedia 
group. From a sm'l.ll, arched basal plate the walls diverge outward
upward and then bend sharply inward, forming a characteristic "edge". 
Just above the "edge" the walls rise up in straight-parallel fashion, 
forming a long and narrow tube of uniform thickness. At the apical end 
the wallS terminate simply. The apical opening is much smaller than 
the base. 
Ooourrenoes: Rare in the Rotti sample. 
DisoU8sion: S. martinii n. sp. shows close affinity with Scyphosphaera 
hwi/era Kamptner, but can be readily distinguished from it by the presence 
of a narrower and much longer tubular part. From S. elegans (Ostenfeld) 
Defiandre, it differs in lacking any outward bend of walls at the distal end. 

Scyphosphaera rottiensis n. sp. 
Plate 5, figs. 1-4 

1972 Scyphosphaera amphora Deflandre-Perch-Nielsen, pI. 20, fig. 4. 
1973 Scyphosphaera apsteini Lohmann-Stradner, pI. 23, figs . 3-6. 
Holotype: (Plate 5, figs . 1-2=SM.B 125 89, 7.0 N/l1.5 E from the 
blue point) 
Paratype : (Plate 5, figs. 3-4 = SM.B 125 89, 2.4 N /10.5 E from the 
blue point) 
Dimensions : Height: 12 ,u-14.5 ft 

6.5 ft- 7.5 ,u Width of the base: 
Width of "neck" including 
the thickness of walls : 5 ft- 6.5 ft 
Width of apical opening: 5.5 ft- 6.5 ,u 

Type locality: Scyphosphaera rottiensis n. sp. occurs frequently in sample 
number 168*, from Bebalain, Rotti, Series VIn of the First Netherlands' 
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Timor expedition. This sample is assigned by the present author to the 
Upper Middle Miocene, corresponding to the upper part of the standard 
nannoplankton Zone NN 9 (MARTINI & WORSLEY, 1970). 
Derivation of name: Mter the island of Rotti, Indonesia. 
Diagnosis : This is a species of Scyphosphaera characterized by the 
presence of a sharp "neck" at the apical end. The wans above the "neck" 
bend outward and have insignificant height. 
Description : Lopadoliths are inHated in the basal part and become 
graduany narrow at the apical end. The apical region is characterized 
by the presence of a sharp "neek" , the wans above the "neek" bend 
outward and are hardly 1-2 !-l in height. The apical opening is equal 
to or smaller than the base. 
Occurrence: S. rottiensis n. sp. is found frequently in the Rotti sample. 
It is also reported from the Upper Pleistocene of the North Atlantic Ocean 
and the Upper Pliocene of the Mediterranean Sea. 
Discussion : S. rottiensis n. sp. shows some variation in thc width of 
"neek" and the height of the lopadolith. Within this taxon should be 
included also those forms which have greater height and show less 
convexity of wans, but possess extremely low outward Haring walls just 
above the "neck". It appears to be most closely related to S. amphora 
and S . ventri08a. From S . amphora DeHandre it can be readily distinguished 
by the presence of a sharp neck and by the presence of insignificant 
outward Haring walls just above the "neck". From S. ventriosa Martini, 
it differs in being less globular, having smaller width of "neck" and Ie ss 
conspicuous walls just above the "neck". An excellent scanning-electron
micrograph of a lopadolith by Perch-Nielsen shows slightly greater width 
ofthe "neck" than in the holotype, otherwise referable to this new species . 
Genus: Discoaster Tan Sin Hok, 1927. 
Type species: Discoaster pentaradiatu8 Tan Sin Hok (Subsequent 
designation by LOEBLICH & TAPPAN, 1963, p. 192). 

The taxonomic problems of the genus Discoaster Tan Sin Hok have 
been dealt with by various authors (e.g. BRAMLETTE & RIEDEL, 1954; 
PRINS, 1971; among others). The various species described by TAN SIN HOK 
(1927a, b) deserve special mention. The material from which Tan Sin Hok 
described various species of "Discoasters" comes from sample 168* from 
Rotti, in comparison with species observed in an Upper Eocene sample 
from Barbados. A large number of new species (op. cit., figs. 1-14) 
described and figured by him are reworked from older strata. A brief 
review is presented ofTan Sin Hok's species in relation to the identifications 
presented herein : 

Tan Sin Hok 
Fig. 2 Discoaster EhrenlJergi = D. multiradiatus Bramlette & Riedel 

(reworked Paleocene sp.). 
Fig. 3 D. Ehrenbergi=D. barbadiensis Tan Sin Hok. 
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Fig. 4 

Fig. 5 

Fig. 6 
Fig. 7 
Fig. 9 
Fig. 10 

D. Barbadiensis var. Bebalaini=D. barbadiensis Tan Sin Hok, 
reworked Eocene sp. (illustrated on PI. 15, fig. 5). 
D. Brouweri var. theta=D. trinidadensis Hay, reworked Lower 
Miocene sp. (illustrated on PI. 15, fig. 3). 
D. Brouweri var. beta 
D. Brouweri var. gamma 
D. M olengraafi var. theta 
D. M olengraafi var. gamma 
=reworked sp. of the D. deflandrei group (illustrated on 
PI. 15, fig. 4). 

Fig. 8a, b D. Brouweri typ=D. Brouweri Tan Sin Hok 

Fig. II 

Fig. 13 

Fig. 14 

(illustrated on PI. 7, fig. 12). 
D. Molengraafi var. gamma=D. cf. D. exilis 
(illustrated on PI. 6, fig. 3). 
D. Brouweri var. alpha=D. aulalcos Gartner 
(illustrated on PI. 6, fig. 6). 
D. pentaradiatus var. gamma=D. pentaradiatus Tan Sin Hok 
(illustrated on PI. 7, fig. 6). 

The taxonomic status of 8-rayed Discoaster Hilli can not be established 
(TAN SIN HOK, p. 415). D. triradiatus (TAN SIN HOK, p. 417), a 3-rayed 
form, probably represents a variant of D. variabilis, or perhaps a reworked 
M arthasterites tribrachiatus (Lower Eocene). 

Discoaster adamenteus Bramlette & Wilcoxon, 1967 
Plate 6, figs. 7-8 

1965 Discoaster sp. I M'l.rtini, p. 405, pl. 36, figs. 11-12. 
• 1967 Discoaster adamenteus Bramlette & Wilcoxon, p. 108, pI. 7, fig. 6. 

1967 Discoaster obtusus Gartner, p. 2, pI. 3, figs. 1-6. 
1972 Discoaster adamenteus Bramlette & WiIcoxon-Ellis, Lohmann & 

Wray, p. 37-38, pI. 10, figs. 2-4. 
1973 Discoaster obtusus Gartner-Stradner, p. 1140, pI. 32, figs. 5-6; 

pI. 43, figs. 4, 6; pI. 45, fig. 1; pI. 46, fig. 1. 
Description: Asteroliths have six stubby rays, at times, exhibiting 
al most closed hexagonal outline. The notch between the adjacent rays 
is shallow to moderately deep. The more convex side has a small crater 
in the center, and each ray has a distinct medial ridge. 
Dimensions : 5 ,u-12 ,u 
Discus8Ïon: Specimens conform closely with the original description of 
the species by Bramlette & Wilcoxon. In possessing short, bluntly pointed 
rays with medial ridge, this species is readily distinguished from similar 
looking forms. D. adamenteus Bramlette & Wilcoxon, 1967, has ten days 
priority over D. obtusus Gartner, 1967. They are placed in synonymy 
because both species include the specimen figured by Martini as Discoaster 
sp. I from a Pacific deep sea core . However, GJ,rtner's illustrations exhibit 
important variation within this taxon. 
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Occurrences : Rare in the Rotti sample. Originally reported from 
"assemblages A, B & C" of the Pacific deep sea cores by Martini (Oligocene
Miocene). Specimens of this species are reported to be common to rare 
in sediments of upper Oligocene to lower Pliocene age. 

Discoaster aulakos Gartner, 1967 
Plate 6, fig. 6 

1927 Discoaster brouweri var. oe: Tan Sin Hok, p. 120, text-fig. 1I, fig. 13. 
• 1967 Discoaster aulakos Gartner, p. 2, pI. 4, figs. 4a, b, 5a, b. 

1967 Discoaster aulakos Gartner-Hay, Mohler, Roth, Schmidt & 
Boudreaux, pI. 3, fig. 1. 

1971 Olavodiscoaster aulakos (Gartner) Prins, pI. 5, fig. 45. 
1971 Discoaster aulakos Gartner-Martini & Worsley, p. 1485. 

? 1973 Discoaster aUlakos Gartner-Stradner, p. 1140, pI. 40, figs. 3-4, 
5-6, non figs. 7-8; pI. 43, figs. 2, 3, 5, 7, 10; pI. 44, figs. 2, 3, 6; 
pI. 45, figs. 2-6; pI. 46, figs. 2, 4. 

De8cription : Asteroliths consist of a comparatively small central disc 
with six thick rays. The rays are thickened at the tips and show faint 
angular bifurcation characteristic of the deflandrei-group of discoasters. 
The interray area is angular. The radius of the central disc is smaller 
than the length of the ray. Heavy recrystallized specimens show club 
shaped terminations of the ray tips. 
Dimensions : 10 ,u-17 ,u. 
Discussion : The presence of gradational forms presents a serious obstacle 
in the recognition ofthis species. However, the absence ofsmooth, rounded 
interray areas and the presence of a smaller central disc help difIerentiate 
this species from other members of the deflandrei-group of discoasters. 
AJthough the ranges of D. deflandrei and D. aulakos overlap, the latter 
appears to persist higher up into the Zone NN 9. 

Five-rayed specimens were not encountered in the Rotti sample, 
otherwise they match clOsely with the original description of the species 
by Gartner. Large number of illustrations of this species by Stradner, 
represent heavily calcified variants showing closer affinity with D. deflandrei. 
Such forms, therefore, can not be included within this taxon with confidence. 
Occurrences: Few in the Rotti sample. Originally reported from the 
Oatapsydrax staintorthi and Globorotalia tohsi barisanensis zones of the 
Cipero Formation, Trinidad. Common to rare in sediments of the Lower 
Miocene to Upper Middle Miocene. 

Discoaster bollii Martini & Bramlette, 1963 
Plate 6, fig. 5 

• 1963 Discoaster bollii Martini & Bramlette, p. 851, pI. 105, figs. 1-4,7. 
1967 Discoaster bollii Martini & Bramlette-Bramlette & Wilcoxon, 

p. 109, pI. 8, fig. 11. 
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1967 Discoaster bollii Martini & Bramlette-Hay, Mohler, Roth, Schmidt 
& Boudreaux, pI. 5, fig. 9. 

1969 Discoaster bollii Martini & Bramlette-Martini, p. 291, pI. 28, fig. 1. 
1971 Discoaster bollii Martini & Bramlette-Martini & Worsley, p. 1485. 
1971 Eudiscoaster bollii (Martini & Bramlette) Prins, pI. 5, fig. 51. 
1972 Discoaster bollii Martini & Bramlette-Ellis, Lohmann & Wray, 

p. 40, pI. ll, fig. 2, 1 fig. 3. 
1973 Discoaster bollii Martini & Bramlette-Stradner, pI. 39, fig. 3, non 

figs. 1, 4. 
Description: Asteroliths consist of a large central disc with six rays. 
The rays show slight to pronounced tapering and terminate in sm all but 
conspicuous bifurcations. The sides of the rays are straight to slightly 
concave. A prominent stellate central stem extends from each side of 
the asterolith. The tips of the stellate stem point toward the interray 
area of the disco aster . 
Dimensions : 13 ,u-14 ,u 
DiscU8Sion: Owing to its extremely short stratigraphic range this species 
has great value as a guide fossil, especially when other index species are 
missing. Experience with Rotti material has shown that this species is 
distinctive and could be recognized in spite of the heavy recrystallization 
of specimens. This holds true for a few other species of discoaster also, 
as in such cases excess calcite tends to pronounce the diagnostic features 
rather than masking them. It is an extremely rare species in the Rotti 
sample and only a few specimens could be found af ter considerable 
searching. It is also never common in materials reported from elsewhere. 
Five-rayed specimens were not found in the Rotti sample. Many Miocene 
discoasters having stellate knob show superficial resemblance with this 
species, but none have combination of double stellate stem with ray tip 
bifurcations. Outwa.rd tapering of the rays with smoothly rounded interray 
area are also diagnostic. 
Occurrences: Rare in the Rotti sample. Originally reported from 
Globorotalia menardii Zone of the Lengua formation, Trinidad. Reported 
from the middle part of NN 9 to the lower part of the NN 10 Zone of 
many regions. 

Discoaster brouweri Tan Sin Hok, 1927 
Plate 7, fig. 12 

• 1927 Discoaster brouweri Tan Sin Hok (typ), p. 120, text-fig. II, figs. 8a, 
8b, non figs. 5, 6, 7, 13. 

1954 Discoaster brouweri Tan Sin Hok sens. emend. Bramlette & Riedel, 
p . 402, pI. 39, fig. 12 text-figs. 3a, 3b. 

1963 Discoaster brouweri Tan Sin Hok-Martini & Bramlette, p. 851, 
pI. 102, figs. 9-10. 

1967 Discoaster brouweri Tan Sin Hok-Bramlette & Wilcoxon, p. 109, 
pI. 8, fig. 12. 
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1967 Discoaster brouweri Tan Sin Hok-Hay, Mohler, Roth, Schmidt & 
Boudreaux, pI. 5, fig. 1, non figs. 2-4. 

1972 Discoaster brouweri Tan Sin Hok-Ellis, Lohman & Wray, p . 41, 
pI. 11, figs . 4-6, pI. 12, fig . 1-2. 

1973 Discoaster brouweri Tan Sin Hok-Stradner, p. 1140, pI. 31, figs. 1- 2, 
pI. 34, fig. 4, pI. 36, fig. 3. 

Description: AsteroHth symmetrie, six-rayed with free length of rays 
much larger than the diameter of the central area. Rays are thin, tapering, 
terminating simply in points without showing any bifurcation. The rays 
show characteristic umbreIla-rib bending. 
Dimensions : 11 ,u-13 ,u. 
Discussion : Specimens with only six rays were encountered in the Rotti 
sample. Simple termination of rays, small central area and conspicuous 
downward bending of rays are essential diagnostic features for this species. 
Due to overcalcification and damaging of ray-tips of disco asters in general, 
this species may at times be difficult to set apart from closely related 
forms, especially D. calcaris. 
Occurrences : Common in the Rotti sample from which it is originally 
reported. Common to abundant in sediments ranging in age from 
Zone NN 6 to the top of Zone NN 18. 

Discoaster calcaris Gartner, 1967 
Plate 5, figs. 13-14 

• 1967 DisCDaster calcaris Gartner, p. 2, pI. 2, figs. 1, 2a, b, 3a, b. 
1967 Discoaster brouweri Tan Sin Hok-Hay, Mohler, Roth, Schmidt & 

Boudreaux (partim), pI. 5, figs. 1-4. 
1969 Discoaster calcaris Gartner-Martini, p. 292, pI. 28, figs. 4-6. 

? 1971 Discoaster braarudii Bukry, p. 45, pI. 2, fig. 10. 
1972 Discoaster calcaris Gartner-Ellis, Lohman & Wray p. 42, pI. 12 

figs . 4-5. 
Description: Asteroliths are symmetric medium sized, six-rayed with 
asymmetrie ray-tip bifurcations. Rays exhibit slight umbrella-rib bending. 
The free length of the rays is greater than the diameter of the central 
area. In heavily calcified specimens the ray-tip bifurcations are obscured, 
but the characteristic bending of ray-tips are still discernable. 
Dimensions : 15 ,u-18 ,u. 
Di8CUS8Îon: In better preserved material this species is readily 
distinguished from similar forms by its asymmetrie ray-tip bifurcation. 
However the specimens with excess calcite are difficult to recognize, but 
the consistent bending of ray-tips in one direction may be helpful. In 
the Rotti sample the specimens of this species are easily confused with 
those of D. neohamatus Bukry & Bramlette, but the specimens of 
D . neohamatus are generally larger and show much stronger curving of 
the ray-tips (rays being also curved in the same direction as the ray-tips). 

D. calcaris shows some variation in the degree of ray-tip bifurcation. 
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In its lower occurrences it is characterized by specimens showing only 
faint asymmetrie ray-tip bifurcations, otherwise it shows resemblance to 
D. brouweri (comparable to figures 1-4 of Hay et aL). Higher occurrences 
show distinct asymmetrie ray-tip bifurcations matching with the original 
description of this species by Gartner. 

BUKRY tl971, p. 45) erected D. braarudii from a middle Miocene 
assemblage of discoasters and assigned to this new taxon only those 
six-rayed symmetrie discoasters, in which the rays lack characteristic 
umbreIla-rib bending and terminate without any bifurcation. At the same 
time, he includes figures 1-4 ofHay et al. in the synonymyof D. braarudii. 
Careful examination of at least figures 3-4 of Hay et al. show distinct 
ray-tip bifurcations and therefore cannot be included within this taxon. 
These are most probably earlier representatives of D. calcaris. Moreover, 
Discooster braarudii Bukry, is based upon an illustration of a single tilted 
specimen (op. cito pI. 2, figure 10). Pending re-examination of the topotype 
material the taxonomie status of D. braarudii remains doubtful. 
Occurrences,' Few in the Rotti sample. Originally reported from 
Globorotalia menardii zone of the Lengua formations of Trinidad. Common 
to rare in sediments ranging in age from Zone NN 8 to Zone NN 11. 

Discooster cf. D. exilis Martini & Bramlette 
Plate 6, fig. 3 

1961 Discoaster challengeri Bramlette & Riedel-Stradner, p. 83-85 
pI. 18, fig. la, b. 

* 1963 Discoaster exilis Martini & Bramlette p. 852, pI. 104 figs. 1-3. 
1965 Discoaster exilis Martini & Bramlette-Martini p. 405, pI. 37, fig. 9. 
1967 Discoaster exilis Martini & Bramlette-Bramlette & Wilcoxon 

p. 110, pI. 7, fig. 3. 
1972 Discooster exilis Martini & Bramlette-Ellis Lohman & Wray 

p. 46, pI. 13, figs . 4-5. 
Description,' Asteroliths are six-rayed with a small central area. Rays 
are long, tapering and terminate in small bifurcations. Specimens with 
excess calcite show thicker rays and much more defined ray-tip notch 
or bifurcations, but the other features are completely obscured. 
Dimensions " 14 p;-16 p;. 
DisCU8Sion,' In better preserved material, the specimens are readily 
distinguished from similar forms in having long, slender, tapering rays 
with small ray-tip bifurcations. The presence of a small stellate central 
knob is also characteristic. In poorly preserved material, this species 
could be distinguished by the presence of small ray-tip bifurcations and 
much longer rays as compared to the diameter of the central area. In 
the Rotti sample, this species occurs rarely and is distinguished from 
similar looking D. variabilis in having comparatively thinner anns with 
much smaller ray-tip bifurcations. Due to excess calcite, the characteristic 
tapering of rays as weIl as the details of the central area could not be 
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discerned. The lowest occurrence of this species could mark the base of 
Zone NN 5, approximately corresponding to the highest occurrence of 
Heliopontosphaera ampliaperta. In the absence of H. ampliaperta such 
as in western equatorial Pacific (MARTINI & WORSLEY, 1971, p. 1485), 
this species could be substituted as an important guide-fossiI. 
Occurrences: Rare in the Rotti sample . Originally reported from 
Globorotalia fohsi robusta Zone of the Cipero Formation, Trinidad. Reported 
from sediments ranging in age from Zone NN 5 to Zone NN 9. 

Disc0a8ter extensus Hay, 1967 
Plate 6, fig. 10 

• 1967 Disooaster extensus Hay in Hay, Mohler, Roth, Schmidt & 
Boudreaux, p. 451, pI. 3, figs. 10, 12, pI. 4, figs. 1-2. 

Description: Asteroliths are five or six rayed. The rays show slight 
outward Haring and, just before bifurcating, bend sharply downward. 
Even in specimens with excess calcite the recurving of ray-tips is 
discernable. 
Dimensions : 9 .u-13 .u. 
Discus8Ïon: The characteristic downward recurving of the ray-tips help 
differentiate this species from similar looking forms. The five-rayed 
specimens show resemblance to D. pentaradiatus but differ in having 
comparatively thicker rays and strong recurving of the ray-tips. 

Though frequent in the Rotti sample, the recognition of this species 
is never easy, as careful focussing is required to observe the recurving 
of the ray-tips. 
Occurrences: Few in Rotti. Originally reported from Globorotalia mayeri 
zone of Lengua Formation, Trinidad. Reported from Zone NN 6 to as 
high as Zone NN 17. 

Discoaster hamatus Martini & BramIette, 1963 
Plate 5, fig. 15 

• 1963 Discoaster hamatus Martini & BramIette, p. 852, pI. 105, 
figs. 8, 10, 11. 

1967 Discoaster hamatus Martini & Bramlette-Bramlette & Wilcoxon, 
p. 110, figs. 9-11. 

1971 Discoaster hamatus Martini & BramIette-Madini, p. 766-767, pI. 4, 
fig. 1. 

Description: AsteroIiths are three- or five-rayed. The outer ends of the 
rays are sharply bent (consistently in the same direction as the sIight 
curvature of the rays itself). The specimens with excess calcite show more 
pronounced curvature of rays as weIl as thebend of the ray-tips. 
Dimensions : 20 .u-25 .u. 
Discus8Ïon: The abrupt curving of the ray-tips in the same direction 
as the curvature of the rays help differentiate this five-rayed asterolith 
from similar forms, even in poorly preserved assemblages. 
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Though distinctive, this species is never common in assemblages 
reported from elsewhere. The distinction from D. neohamatus Bukry & 
Bramlette is based upon the number of rays and slightly different ranges. 
Rotti specimens match closely with the ones reported from Mohole cores. 
Occurrence8: Rare in the Rotti sample. Originally reported from the 
Globorotalia menardii Zone of the Lengua Formation, Trinidad. The range 
of this species defines the Zone NN 9. 

Discoaster neohamatus Bukry & Bramlette, 1969 
Plate 6, fig. 1 

• 1969 Discoaster neohamatus Bukry & Bramlette, p. 133, pI. 1, figs . 4-5. 
1971 Olavodiscoaster neohamatus (Bukry & Bramlette) Prins, p. 1029, 

pi. 5, fig. 50. 
Description: Asteroliths are fairly large-sized with six rays. The ray-tips 
show conspicuous curvature in one direction (the ray itself being curved 
in the same direction). 
DimensionB: 22 ft-25 ft. 
Discussion : In better preserved assemblages this species is readily 
distinguished from other six-rayed discoasters due to the characteristic 
bend of the ray-tips and the curvature of the arms. In poorly preserved 
material, on the other hand, it closely resembles six-rayed D. calcaris 
in the bend of the ray-tips. In such assemblages the differentiation 
between the two species is difficult; however, D. calcaris lacks curvature 
of arms and shows more abrupt bent of rays at their tips. The original 
description of this species is based upon specimens with overgrowth of 
calcite, and therefore the details of this species are still unknown. It 
appears that six-rayed representatives of D. hamatus Martini & Bramlette 
belong to this taxon. Although the ranges of these two species overlap, 
D. neohamatus continues higher up into Zone NN 11, while D. hamatus 
is confined within the limits of Zone NN 9. 
Occurrences: Common in the Rotti sample. Originally reported from the 
Blake plateau, JOIDES core 3, 21 meters. Ranges from the middle of 
Zone NN 9 to the middle of Zone NN 11. 

Discoaster pentaradiatus Tan Sin Hok, 1927 
Plate 7, figs. 5-7 

• 1927 Discoaster pentaradiatus var. gamma Tan Sin Hok, p. 120, 
text-fig. I1, fig. 14. 

1954 Discoaster pentaradiatus Tan Sin Hok sens emend. Bramlette & 
Riedel, p . 401, pI. 39, fig. 11, text-figs. 2a, 2b. 

1963 Discoaster pentaradiatus Tan Sin Hok-Martini & Bramlette, p. 853, 
pI. 105, fig. 5. 

1967 Discoaster pentaradiatus Tan Sin Hok-Bramlette & Wilcoxon, 
p. 112. 

1969 Discoaster pentaradiatus Tan Sin Hok-Martini, p . 293, pI. 28, fig. 7. 
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1971 Discoaster prepentaradiatus Bukry & Percival, p. 129, pI. 13, 
figs. 6, 7. 

1972 Discoaster pentaradiatus Tan Sin Hok-ElIis, Lohman & Wray, 
p. 49, pI. 14, figs. 3-4. 

1973 Discoaster pentaradiatus Tan Sin Hok-Stradner, p . 1140, pI. 31, 
figs. 3-6, pI. 34, figs. 5-6. 

Description,' Asteroliths have four to six rays. The rays are slender, 
parallel sided with delicate unequal bifurcation at their tips. The diameter 
of the central area is smaller than the length of the rays. The rays exhibit 
slight umbrella-rib bending. 
Dimensions " 9 ,u-12 ,u. 
Discussion " The characteristic unequal bifurcation of the ray-tips and 
the delicate nature of the asterolith are important criteria for accurate 
determination of this species, as earlier pointed out by Bramlette & 
Riedel while emending the species. In Rotti, five-rayed specimens were 
found to be much more common than four- or six-rayed. This species 
exhibits considerable variation in the number of arms, bending of rays, 
diameter of central area, degree of unequal ray-tip bifurcation and the 
size of the asterolith. 

The description and illustrations of Discoaster prepentaradiatus Bukry & 
Percival are quite comparable to specimens of D . pentaradiatus Tan Sin Hok 
from topotype material from Rotti. Pending the examination of the 
material of Bukry & Percival, the taxonomic status of D. prepentaradiatus 
remains doubtfuI. The five-rayed specimens of D. pentaradiatus difIer 
from D. moorei Bukry, in being symmetrie and by appearing later in 
the stratigraphic column. The six-rayed forms of this species are 
distinguished from D. loeblichii Bukry, by having non-tapered rays and 
a much smaller central area. 
Occurrences,' Few in the Rotti sample, from which it is originally reported. 
Reported from sediments ranging in age from Zone NN 9 to Zone NN 17 
(Middle Miocene to Upper Pliocene) . 

Discoaster perplexus BramIette & Riedel 
Plate 6, fig. 9 

• 1954 Discoaster perplexus Bramlette & Riedel, p. 400, pI. 39, fig. 9. 
1961 Discoaster perplexus Bramlette & Riedel-Stradner & Papp, p. 100, 

pI. 30, figs. 1-7, text-fig. 9, fig. 10. 
1967 Discoaster perplexus Bramlette & Riedel-Bramlette & Wilcoxon, 

p. 112, pI. 7, fig. 5. 
1971 Discoaster perplexus Bramlette & Riedel-Martini & Worsley, 

p. 1491. 
1973 Discoaster perplexus Bramlette & Riedel-Stradner, p. 1140, pI. 8, 

fig. 5, pI. 12, figs. 7-9. 
Description " Asteroliths are discoidal, with seven to twelve triangular 
shaped rays. Each ray is separated from the adjoining one by sutures 
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running throughout the length of the ray. The outer margin of the ray 
is flat to slightly concave. 
Dimensions: 7 ,u-12 ,u. 
Discussion : By the presence of sutures between the triangular rays and 
the flat ray-tip termination, th is unusual species of Discoaster is readily 
distinguished. The distribution of this species both in time and space 
is probably controlled by some environmental factors (MARTINI & 
WORSLEY, 1971). At certain sites of Quaternary assemblages (NN 21) 
in the Mediterranean Sea, the combined abundance of D. perplexus and 
Oolitlwtus antillarum is significant (STRADNER, 1973, p. 1138). 

Discoaster stellulus Gartner, 1967 
Plate 6, figs. 17-18 

1961 Discoaster molengraaffi Tan of Stradner (partim) in Stradner & 
Papp, p. 80-81, pI. 14, figs. 5a, b. 

• 1967 Di8coaster 8tellulus Gartner, p. 3, pI. 4, figs. 1, 2, 3a, 3b, 3c. 
1967 Di8coaster lautus Hay in Hay, Mohler, Roth, Schmidt & 

Boudreaux, p. 451-452, pI. 5, fig. 7. 
1972 Discoaster stellulus Gartner-Ellis, Lohman & Wray, p. 51, pI. 15, 

fig. 2. 
1973 Discooster stellulus Gartner-Stradner, p. 1140, pI. 39, fig. 2. 

Description: Asteroliths are stellate with six rays. Rays are short, 
pointed, each having a prominent parallel-sided median ridge. 
Dimensions : 6 ,u-9 ,u. 
Discussion : The stellate shape and the presence of a double ridge on 
each ray help differentiate this species from superficial looking forms of 
the same size (the so-called D. adamenteus group of discoasters). Discoasters 
of larger size, with single ridge but otherwise similar in shape, have 
probably been referred to as D. incomptus Hay. D. lautus Hay seems to 
belong here, as forms matching with the holotype were encountered in 
the Rotti sample and in the sample from the Globorotalia menardii Zone 
of Trinidad. D. stellulus is best recognized with the electron microscope, 
as small specimens normally fail to divulge the details with the light 
microscope . 
Occurrences: Few in the Rotti sample. Previously reported from Wien
Nussdorf (Tortonian) as D. molengraaffi, by Stradner & Papp. Original 
description from the Globorotalia menardii Zone of the Lengua Formation, 
Trinidad. Reported from the Middle Miocene to Upper Miocene. 

Discoaster cf. D. variabilis Martini & Bramlette, 1963 
Plate 6, fig. 4 

1961 Di8coaster challengeri Bramlette & Riedel-Stradner & Papp 
(partim) p. 83-85, pI. 18, figs. 3-6; pI. 19, figs. 2, 4, 6. 

• 1963 Di8coaster variabilis Martini & Bramlette, p. 854, pI. 104, figs. 4-9. 
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1965 Discoaster sp. (variabilis-group) , Martini, p. 406, pI. 37, figs. 7-8. 
1969 Discoaster variabilis Martini & Bramlette-Martini, p. 293, pI. 28, 

fig. 8. 
1972 Discoaster variabilis Martini & Bramlette-Ellis, Lohman & Wray, 

p. 54, pI. 16, fig. 1. 
1973 Discoaster variabilis Martini & Bramlette-Stradner, p. 1140, pI. 40, 

figs. 5, 9, 10; pI. 41, figs. 4, 5. 
Description: Asteroliths are normally six-rayed, rarely three-rayed. Rays 
are short, with moderate to wide ray-tip bifurcations. Due to the presence 
of excess calcite on most specimens, the characteristic stellate knob as 
weIl as the details of the ray-tip bifurcation could not he clearly discerned. 
Dimensions : 11 f.t-16 f.t. 
Discussion : In better preserved material this species is readily 
distinguished by the presence of a stellate central knob, robust arms and 
a comparatively large central disco In poody preserved material the 
distinction of this species is extremely difficult, especially from closely 
related D. challengeri Bramlette & Riedel. 
Occurrences: Few in the Rotti sample. Originally reported from the 
Tortonian of Italy. Appears to range from Zone NN 5 to Zone NN 18. 
Oatinasteroideae: New subfamily. 
Type Genus: Oatinaster Martini & Bramlette, 1963. Robustly constructed 
basket-Iike asteroliths, exhibiting ortholithid structure in polarized light. 
Genus: Oatinaster Martini & Bramlette, 1963. 
Type species: Oatinaster coalitus Martini & Bramlette, 1963, p. 851 
(original designation). 

Asteroliths are robust, basketlike, six-rayed, with rays which may 
protrude beyond the margin of central part. The outer rim is thick and 
formed due to the joining of ray-tip bifurcations at their extremeties. 
Like discoasters the asteroliths of this genus exhibit ortholithid structure 
in polarized light. 

Oatinaster coalitus Martini & Bramlette, 1963 
Plate 6, figs. 13-16 

• 1963 Oatinaster coalitus Martini & Bramlette, p. 850-851, pI. 103, 
figs. 7-10. 

1967 Oatinaster coalitus Martini & Bramlette-Bramlette & Wilcoxon, 
p. 108, pI. 8, figs. 9, 10. 

1971 Oatinaster coalitus Martini & Bramlette-Martini, p . 784, pI. 4, fig. 4. 
1972 Oatinaster coalitus Martini & Bramlette-Ellis, Lohman & Wray, 

p. 36-37, pI. 9, figs . 5, 6. 
Description: Asteroliths are compact, six-rayed and basket-like. In plan 
view the overcalcified specimens appear almost round in outline. The six 
rays are short and thick and diverge from a small central knob. The 
rays terminate in wide bifurcations, the bifurcated tips in turn joining 
at their extremities to form a thick outer rim. The interray areas are doop 
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and, depending upon the degree of overcalcification, appear as rhomboidal 
to rounded pores. 
Dimensions : 5 p;-10 p;. 
Discussion : On account of its compact construction, basketlike shape 
with conspicuous pores and resistance to recrystallization, this strati
graphically useful species could be readily recognized even in badly 
preserved samples. This is an extremely rare but distinctive species in 
Rotti and is distinguished from O. calyculus by the lack of extended rays. 

A specimen with short protuberant spines between the interray areas 
illustrated by Martini & BramIette on plate 103, figure 10 and referred 
to as Oatinaster aff. O. coalitus appears to be a distinct taxon, as a single 
comparable specimen was also found in the Rotti sample. 

The specimen is nearly double the si ze of typical O. coalitus specimens 
and has interray spines which are not directed in one direction as in 
O. calyculus. Better preserved specimens are needed to clarify its specific 
affiliation. 

O. coalitus seems to exhibit an anomalous geographic distribution, being 
best represented in the equatorial Pacific cores. In certain landbased 
sections, on the other hand, it may be extremely rare to absent. A 
re-examination of Middle Miocene samples from Breschitza, Rumania 
and Frättingsdorf, lower Austria have revealed the presence of small and 
robust representatives of the so-called D. musicus group of discoasters 
(STRADNER, 1961, p . 85). Such small and robust specimens show superficial 
resemblance to O. coalitus in possessing astrong central knob on both 
the sides of the asteroIith but otherwise do not seem to have anything 
in common. 
Occurrences: Rare in the Rotti sample. Originally reported from 
Globorotalia mayeri zone of the Lengua Formation, Trinidad. The lower 
occurrence defines the base of zone NN 7, the extinction datum lies 
somewhere in the upper part of zone NN 9. 

Oatinaster calyculus Martini & Bramlette, 1963 
Plate 6, figs . 11-12 

• 1963 Oatinaster calyculus Martini & BramIette, p. 850, pI. 103, 
figs . 1-6. 

1967 Oatinaster calyculus Martini & BramIette-BramIette & Wilcoxon, 
p. 108, pI. 8, fig. 13. 

1971 Oatinaster calyculus Martini & Bramlette-Martini, p. 784, pI. 4, 
fig . 5. 

Description: Asteroliths are six-rayed with basket-like central disco The 
rays protrude beyond central part, are distinctly curved in one direction 
and exhibit conspicuous outward tapering. Due to the overcalcification 
of most specimens, the structure of the central disc could be only faintly 
observed. 
Dimensions : 10 p;-13 p;. 
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Discussion : Due to its robust construction, resistance to recrystallization, 
and outwa.rd protruding curved rays, this species is readily recognized 
even in poorly preserved material. Rotti specimens are characterized by 
a distinct hpering of the rays. The ratio between the protruding part 
of the ray and the diameter of the central disc was also found to exhibit 
considerable variation. 

Gatinaster calyculus appears to be best represented in equatorial Pacific 
cores, where it has been used as an important guide fossiI. The overlap 
in the ranges of G. coalitus and G. calyculus in the Discoaster hamatus 
Zone (NN 9) is significant. Association of G. calyculus and D . hamatus 
and the absence ofG. coalitus seems to de fine the upper part of Zone NN 9 
(fide BUKRY, 1971). Until now this species is documented only through 
light micrographs. Scanning electron micrographs would be desirabIe in 
understanding its true morphology. 
Occurrences : Rare in the Rotti sample. Originally reported from the 
Globorotalia menardii Zone of the Lengua Formation of Trinidad. Rare 
to common in sediments ranging in age from base of the NN 8 Zone to 
the top of the NN 10 Zone. 
Genus: Triquetrorhabdulus Martini, 1965. 
Type species,' Triquetrorhabdulus carinatus Martini, 1965, p. 407-408 
(Original designation). 

Trigonal orthoIiths joined together (~ symmetrically) along a common 
axis. The individual blade in plan view may appear straight to slighUy 
curved, attains greatest height near the middle part and then gradually 
decreases in height to terminate in broad to sharp points on both the 
ends of the rod. The C-axis of the calcite may be parallel or perpendicular 
to the length of the rod. The optic-axis orientation of the three blades 
may differ for various forms. 

Triquetrorhabdulus rugosus Bramlette & Wilcoxon, 1967 
Plate 7, figs. 10-11 

* 1967 Triquetrorhabdulus rugosus Bramlette & Wilcoxon, p. 128, pI. 9, 
figs. 17, 18. 

1967 Geratolithus~ farnsworthi Gartner, p. 5, pI. 9, figs. 1, 2a, b, 3a, b, 4a, b. 
1969 Geratolithus rugosus (Bramlette & Wilcoxon) Lipps, p. 1030, non 

Geratolithus rugosus Bukry & Bramlette, 1968. 
1971 Triquetrorhabdulus rugosus Bramlette & Wilcoxon-Martini & 

Worsley, p . 1496. 
Description: This fairly moderate-sized species, consists of three thick 
blades joined together along a common axis. In side view, the petaloid 
outline is formed due to the joining of two lower blades, the third one is 
seen in edge view. The one end is more pointed than the other. Due to excess 
calcite on specimens, the more delicate morphologic features are obscured. 

The three-edged rod, when lying with its long axis parallel to the 
polarizing direction, shows maximum reIief. That is, the two side blades 
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as weIl as the median blade exhibit distinet outlines. When lying with 
its long axis perpendicular to the polarizing direction, the three blades 
exhibit faint outlines. Under crossed-nicols, when lying with its long axis 
45° to the polarizing directions, it exhibits maximum birefringence. It 
was also observed that the C-axis of the calcite lies perpendicular to 
the length of the three-keeled rod. 
Dimensions : Length of the rod: 13 ft 

Width of the rod: 8 ft . 
Discussion : Gartner's figures 1-4 show specimens more or less free from 
excess calcite and therefore, exhibit essential morphologic features as 
weIl as variation within this taxon. Although its distinctive appearance 
offers useful criteria for its recognition even in poorly preserved material, 
the final determination must, however, be based upon its optical behaviour. 

This species was described by Gartner as Ceratolithus? jarnsworthii 
Gartner from the Globorotalia johsi robusta Zone of the Cipero formation 
and Gl. menardii Zone of the Lengua Formation, Trinidad. Although he 
pointed out some superficial resemblance of his weIl illustrated forms 
to Ceratolithus cristatus Kamptner, he was reluctant to include his forms 
with Kamptner's taxon, as the stratigraphic ranges of the two do not 
overlap. From the same locality and more or less the same stratigraphic 
interval, Bramlette & Wilcoxon had earlier described T. ru,gosus (slightly 
overcalcified specimens). A re-examination of the Trinidad material shows 
that Ceratolithus? jarnsworthii Gartner and T. ru,go8'U8 Bramlette & 
Wilcoxon are synonymous, and because T. ru,go8'U8 Bramlette & Wilcoxon 
has ten days priority over Ceratolithus? farnsworthii Gartner, the latter 
should be rejected. This fact was already pointed by L!Pps (1969a, p. 1030), 
but at the same time he believed that specimens of T. ru,gosus represent 
a broken half of C. cristatus Kamptner. Awaiting the discovery of this 
form, he proposed a new combination and named the taxon as Ceratolithus 
ru,g08US (Bramlette & Wilcoxon) Lipps. The checking of the original 
description of C. cristatus Kamptner (KAMPTNER, 1954, p. 45) and other 
material shows that Lipp's new combination of this taxon cannot be 
accepted and that the taxonomie validity of T. ru,go8us Bramlette & 
Wilcoxon should be retained. 

T. ru,g08US could be easily confused with T. milowii Bukry, with which 
it shows close morphologic resemblance, but can be distinguished from 
it in being larger, having younger stratigraphic occurrence and possessing 
different optical orientation ofblades. T . milowii Bukry exhibits maximum 
relief when lying with its long axis parallel or perpendicular to the direction 
of polarization. T. ru,gosus on the other hand, exhibits maximum relief 
when lying with its long axis parallel to the direction of polarization, 
and faint relief when lying with its long axis perpendicular to the direction 
of polarization. T. ru,g08US differs from T. carinatus and T. inversus in 
possessing more inflated rugged outline and exhibiting different optie 
behaviour of the blades. 
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Though distinctive, this species is never common in assemblages 
reported from the equatorial Pacific Ocean and elsewhere. lts extinction 
datum offers an useful boundry in subdividing the long Zone NN 11 
(MARTINI & WORSLEY, 1971, p. 1496). 
Occurrence8 " Rare in the Rotti sample. OriginaIly reported from the 
Cipero Formation Trinidad (Ol. menardii Zone n. Reported from sediments 
of NN 6 Zone to NN 11 Zone. 
Genus,' Scaplwlithus Deflandre, 1954. 
Type specie8,' Scaplwlithus jossilis Deflandre, 1954, p . 50-51 (Original 
designation). 

Isolated scapholiths rhomboidal in shape with raised rims. Central area 
consists of flat transverse laths meeting with or without offset along the 
long axis of the rhomb. 

Scaplwlithus jossilis Deflandre, 1954 
Plate 7, figs. 19, 20 

• 1954 Scaplwlithus jossilis Deflandre, p. 50-51, pI. 8, figs . 12, 16, 17. 
1968 Scaplwlithus fossilis Deflandre-Cohen & Reinhardt, p. 293, pI. 19, 

figs . 11 , 15; pI. 20, fig . 2. 
1969 Scaplwlithus jossilis Deflandre-Boudreaux & Hay, p. 280-281, 

pI. 7, figs . 17-20. 
Description,' Scapholiths in the form of an elongated paraIlelogramm 
with raised rim. In the light microscope the characteristic rhomboidal 
outline is distinctive and an aid in the recognition of this species. The 
resolution of the light microscope is too low to divulge the ultrastructure 
of the central part. 
Dimensions " Length : 5.5 1'. Width : 2 1'. 
Discussion " This weIl known distinctive species does not seem to have 
any stratigraphic worth. Although comparable fusiform coccospheres are 
known from the present-day oceans, the same has never been observed 
in the fossil state. The environmental significance of this long ranging 
species is also unknown. Rotti specimens, in possessing slightly more 
elongated outline match Deflandre's figures 12 and 17 of specimens from 
El Medhi , Algeria. 
Occurrence,' Rare in the Rotti sample. Originally reported from sediments 
of Eocene to Pliocene age of California and Algeria. Ranges from the 
Upper Cretaceous to Recent. 
Genus,' Braarudosphaera Deflandre, 1947. 
Type species,' Braarudosphaera bigelowi (Gran & Braarud) Defl. = 

Pontosphaera bigelowi Gran & Braarud, 1935. (Original designation). 
Coccospheres consist of twelve flat pentagonal elements (pentaliths) 

joined together along straight sutures. Each pentalith is further subdivided 
into five trapezoidal shaped elements. The complete coccosphere can be 
designated as a pentagon-dodecahedron. 
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Braarudosphaera bigelowi (Gran & Braarud) Deflandre, 1947 
Plate 7, figs. 1-2 

* 1935 Pontosphaera bigelowi Gran & Braarud, p. 388, fig. 67. 
1947 Braarudosphaera bigelowi (Gran & Braarud) Deflandre, p. 439, 

figs. 1-5. 
1954 Braarudosphaera bigelowi (Gran & Braarud) Deflandre-Deflandre, 

p. 51-52, plo 10, figs. 8-13, plo 13, figs. 7-9. 
1969 Braarudosphaera bigelowi (Gran & Braarud) Deflandre-Martini, 

p. 290, plo 27, figs. 9-10. 
1972 Braarudosphaera bigelowi (Gran & Braarud) Deflandre-Takayama, 

p. 429-435, with 4 text-figures and 2 tables. 
Description: lndividual pentalith consists of five trapezoidal elements, 
each exhibiting ortholithid structure in crossed -polarized light. Less distinct 
outline of the sutures of pentaliths is presumably due to the effect of 
overcalcification and corrosion. 
Dimensions : Diameter: 23 /-l. 
Discussion : On account of its peculiar construction and its sudden 
burst at certain stratigraphic levels, this distinctive species has received 
the attention of several wor kers. But whether it actually represents a 
"near-shore species" or its absence in deep open Ocean sediments is a 
result of "dissolution" cannot be clearly demonstrated at present. Plankton 
haul studies of living B. bigelowi from near-shore to open-ocean waters 
are required to clarify either of the two suppositions. 
Occurrence: Rare in the Rotti sample. Originally reported as Pontosphaera 
bigelowi by Gran & Braarud from sediments off the Canadian Coast. 
Appears to range from the Jurassic to Recent. 
Genus: Acanthoica Lohman, 1903 (pole-coccoliths). 
Type species: Acanthoica coronata Lohman, 1903 p. 68 (Original 
designation) . 

Spherical to ovoid cells covered with nipple-shaped coccoliths. The 
coccoliths of the polar region of the cell differ from those of the rest of 
the cell in possessing a long distally t'1p3ring shaft attached to a basal 
plate having radially arranged elements. 

Acanthoica sp. 
PI. 7, figs. 21, 22, 25 

Description: RhabdoIith has a long shaft, tapering distally, attached 
to a basal plate (usually broken) having radial or tangentially arranged 
crystal elements. 
Dimensions : Length of rhabdoliths: 6-9 /-l. 
Discussion : Forms resembling the so-called "pole-coccoliths" of the 
genus Acanthoica Lohman are not uncommon in the Rotti sample. As 
the basal plate is fragile, consisting of tangentially arranged elements 
comparable to the spokes of a wheel, it was never completely preserved. 
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Due to the incompleteness and overcalcification of specimens, their specific 
assignments are practically impossible. 
Occurrence: Few in the Rotti sample. Originally reported from the 
Recent of the Mediterranean Ocean. Reported from the Miocene to Recent. 
Genus: Rhabdosp/w,era Haeckel, 1894. 
Type species: Rhabdosp/w,era clavigera Murray & Blackmm, 1898 
(subsequent designation by HAY & TOWE, 1962, p. 504). 

Rhabdoliths with nearly circular basal plate, consisting of several cycles 
ofimbricated elements. The shaft is normally club shaped with or without 
a central canal and consisting of long, slender dextrally imbricated 
elements. 

Rhabdosphaera procera Martini, 1969 emend. 
Plate 7, figs. 3-4, 23-24 

1955 Rhabdosp/w,era styliler Lohmann-Kamptner, p . 37-38 pI. 8, fig . 106. 
1956 R/w,bdosp/w,era claviger Murray & Blackman-Kamptner, p. 7. 
1967 Rhabdosp/w,era sp. Bramlette & Wilcoxon, p . 107, pI. 3, figs . 7-8. 

• 1969 R/w,bdosphaera procera Martini, p . 289, pI. 26, figs. 100U. 
1973 R/w,bdosphaera cf. R. stylilera Lohmann-Stradner, p. 1140, 1196, 

pI. 26, figs. 1-4; pI. 27, fig. 5. 
Description: The isolated rhabdoliths are of moderate size, distinctive, 
slender and possess an arched basal plate of circular to eIIiptical outline. 
The long central stem shows a prominent canal running throughout its 
length (better seen in crossed-polarized light) and exhibits conspicuous 
thickening toward the distal end. 

The electron micrographs ofthis species are rare, but Stradner's excellent 
iIlustrations are referable to this species. The arehed basal plate shows 
a rim of brick-shaped crystal elements surrounding an area consisting 
of closely packed tw-isted elements. The scanning electron micrographs 
of Rotti specimens here iIlustrated, do not show this feature so distinctly. 
The long slender stem consists of extremely fine longitudinal elements 
slightly imbricated in a dextral fashion. 
Dimensions : Length of the stem: 8.8 ,u-U ,u. 

Width of the basal plate: 4 ,u- 5 ,u. 
Discussion : A re-examination of the topotype material of this species 
as weIl as its other occurrences in the Tortonian-equivalent sediments 
has revealed, that the stem of specimens exhibits gradual thickening 
toward the distal end resulting in a distally di verging side profile of the 
stem. The basal plate also exhibits variation in possessing nearly circular 
to elliptical outline. In contrast, Martini's original description of the 
species stipulates a parallel side profile of the stem and nearly oval outline 
of the basal plate. In view of the above observations, the original 
description of this species has been aceordingly emended. 

The Rotti specimens, in spite of being overcalcified, do not look different 
from weIl preserved specimens of other occurrences and retain essential 
diagnostic features. 
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RJuibdospaera procera Martini emend. could be readily distinguished 
from others in being slender, in possessing a slightly distally Haring stem 
with central canal and in having a small arched basal plate. 

Some recent workers are inclined to believe that the shape of the basal 
plate in Rhabdosphaera can no longer be relied upon for taxonomie 
differentiation within this genus. The shape and size of the central stem, 
the presence or absence of a stem canal and the degree of arching of 
the basal plate seem more significant in defining different taxa. 

In the light microscope Aspidorhabdus stylifer (Lohmann) shows close 
resemblance to R. procera Martini emend., but differs in lacking distal 
thickening of the stem and a distinct canal so characteristic of the latter . 
In the electron microscope, A. stylifer shows a parallel-sided stem with 
four blade-like projections at the distal end; both these features are 
absent in R. procera Martini emend. It differs from R. clavigera Murray & 
Blackman in lacking the characteristic club-shaped stem and in possessing 
more slender and delicate construction. From R. pannonica (Báldi-Beke) 
it differs in possessing a distinct stem canal and in the lack of a bluntly 
pointed distal end. At many places, R. procera Martini emend. is found 
associated with a robust form R. sicca (Stradner), from which it can 
be distinguished in lacking a wide central stem which becomes pointed 
at the distal end. 

KAMPTNER (1955) described this species from Rotti as R. stylifer 
Lohmann, accompanied by an illustration (op. cit., fig. 106) with club
shaped stem possessing a distinct canal. A year later, while validating 
some of his previously published new taxa from Rotti, he changed his 
mind, and most probably relying upon his earlier published figure (with 
an exaggerated shape of the stem) ren.'tmed it as R. clavigera (KAMPTNER, 

1956, p. 7). A thorough search of material has revealed that the form 
under consideration is referable to R. procera Martini emend. 

R. procera Martini emend. has been observed as common to rare in 
Mio-Pliocene sediments of many parts of the world and appears to be 
cosmopolitan. The lower and upper limit of this species is subjective and 
it is apparently absent in the Recent. In its upper occurrences it is 
probably overlapped by the ranges of A. stylifer (Lohmann) and 
R. clavigera Murray & Blackman, suggesting a possible evolutionary link 
among these taxa. 
Occurrences: Few in the Rotti sample. Originally reported from the 
D. calcaris Zone of tropical West Africa (Gabon). Appears to range from 
Zone NN 8 to Zone NN 15. 
Genus: Sphenolithus DeHandre, 1952. 
Type species: Sphenolithus radians DeHandre, 1952, p. 466-467, figs. 
363a--g (Original designation). 

Beehive- or wedge-shaped calcareous objects composed of spinose 
elements radiating from the center of a depressed cone-shaped basal area 
(proximal), which is devoid of su eh elements. 
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Sphenolithus moriformis (Brönnimann & Stradner) 
Bramlette & Wilcoxon, 1967 

Plate 7, figs. 8-9, 13-16 
1927 "calcosphaerolieten", pI. 3, fig. 2s., p . 123-133, of Tan Sin Hok. 

* 1960 Nannoturbellamoriformis Brönnimann & Stradner, p. 7, figs . 11-16. 
1965 Sphenolithus pacificus Martini, p. 407, pI. 36, figs. 7-10. 
1967 Sphenolithus nwriformis (Brönnimann & Stradner) Bramlette & 

Wilcoxon, p. 124-126, pI. 3, figs. 1-6. 
1970 Sphenolithus nwriformis (Brönnimann & Stradner) Bramlette & 

Wilcoxon-Roth, p. 870, pI. 14, figs. 3, 4. 
1971 Sphenolithus nwriformis (Brönnimann & Stradner) Bramlette & 

Wilcoxon-Roth, Franz & Wise, p. 1105, pI. 5, figs. 4-6. 
1971 Sphenolithus nwriformis (Brönnimann & Stradner) Bramlette & 

Wilcoxon-Bukry, pI. 4, fig. 6. 
1973 Sphenolithus abies Deflandre-Stradner, p. 1140, pI. 46, fig. 5. 

Description: This is a fairly distinctive species exhibiting considerable 
variation in size. In normal light, it exhibits a fairly high relief and 
may appear conical, heInispherical or completely spherical in shape with 
discernabie radial arrangement of the crystal elements. In crossed
polarized light, the specimens are divided into quadrants by the extinction 
bands. In conical specimens the upper pair of the quadrant may appear 
somewhat different from the lower pair. 

The scanning electron Inicrographs show that the proximal shield of 
the sphenolith consists of 10-12 elements, slightly distended and may 
have sharp to blunt ends. The apical portion of the sphenolith is composed 
of elements, interwoven into an irregular-radiate pattern to form a 
rough dome. 
Dimensions : 2 1l-8 Il. 
Discussion : Due to its distinctive appearance in crossed-polarized light, 
this species is readily recognizable even in poorly preserved assemblages. 
However, in populations overwhelmed by smaller forms the distinction 
from siInilarly looking S. abies Deflandre and S. neoabies Bukry & 
Bramlette is extremely difficult. For such assemblages, electron microscopy 
is useful, which perInits detailed determination of proximal and apical 
elements of the sphenolith. Rotti specimens exhibit considerable variation 
in siza and shape and look less calcified than in topotype material from 
Cuba (Alkazar formation, BR-538). Re-examination of the topotype 
material has revealed that the specimens are not much different from the 
ones occurring in younger strata. However, Stradner's figures of th is 
species show much less elements than actually discernabie, and this effect 
is apparently produced due to the coalescence of crystal elements followed 
by heavy recrystallization of the material. 

BUKRY (1971) described S. conicus BUkry from Lower Miocene sediments 
of the Pacific Ocean and judging from the illustrated holotype, it appears 
as if the material is heavily calcified and therefore looks triangular in 
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outline. La,rge and conical specimens of S. moriformis when overgrown 
with calcite and occurring more or less at the same level, may be almost 
indistinguishable from the specimens of S . conicus Bukry. 

In the Rotti sample, extremely small representatives of this species 
could be easily confused with S. abies Deflandre. Although the ranges 
of the two overlap, and while the latter is probably derived from the 
former, actual specimens referable to S. abies Deflandre, were found to 
be extremely rare. 

TAN SIN HOK (1927, p . 123) had earlier observed the specimens of 
this species in Rotti, and gives an accurate description of its morphology. 
On account of their shape, radial arrangement of crystallites and 
appearance in crossed-polarized light, he considered them to be ofinorganic 
origin (5 ,u-15 ,u) and described them as "calcosphaerolieten". 
Occurrences : Common in the Rotti sample. Originally reported from the 
Alkazar Formation of Cuba (Lower Eocene) as Nannoturbella moriformis 
Brönnimann & Stradner. Ranges from Paleocene to Miocene. 

Sphenolithus abies Deflandre, 1954 
Plate 7, figs. 17-18 

1953 Sphenolithus abies Deflandre, p. 1785 (nomen nudum). 
• 1954 Sphenolithus abie8 Deflandre in Deflandre & Fert, p . 164, 

pI. 10, figs. 1-4. 
1969 Sphenolithus abies Deflandre-Martini, p. 294, pI. 28, figs . 10, 11. 
1971 Sphenolithus abies Deflandre-Roth, Franz & Wise, p . ll05, 

pI. 5, figs. 7-9. 
1971 Sphenolithus abies Deflandre-Martini & Worsley, p. 1495. 
1972 Sphenolithus abie8 Deflandre-EIIis, Lohmann & Wray, p. 34, 

pI. 9, fig. 1-2. 
non 1973 Sphenolithus abies Deflandre-Stradner, p. ll40, pI. 46, fig. 5. 
Description: The sphenolith is conical to sub-conical in shape and shows 
a variation in size. The proximal area is composed of slightly distended 
elements. The apical portion is more or less pointed and consists of 
relatively fewer elements. In crossed-polarized light (in side views), the 
height of the proximal elements is slightly greater than the height of 
pointed distal elements. 
Dimensions : Height: 3.5 ,u-5.5 ,u. Width: 3 ,u-4 ,u. 
Discussion : Due to the excess calcite, size variation and the presence 
of gradational forms, the recognition of this species in Rotti is somewhat 
difficult. This species is best recognized in crossed-polarized illumination. 
Irrespective of slight differences in shape and size of the forms present, 
the apical cycle of elements look upright, shorter and more or less pointed 
as compared to the proximal cycle of elements, which appear distended 
and bigger. It differs from S. dissimilis Bukry & Percival, in lacking three 
apical spines and a set of perpendicular spines in the bas al part, possessing 
smaller maximum size and appearing later in stratigraphic column. In 
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its overall shape and size it shows superficial resemblance to S. spiniger 
Bukry, but could be distinguished due to the disjunct stratigraphic ranges 
and the lack of a single apical spine. 

S. abies Deflandre appears to have gradually evolved from S. moriformis 
(Brönnimann & Stradner) in the Upper Miocene interval (NN 9 to NN 10), 
becomes common through NN II to NN 16, at the same time giving 
rise to S. neoabies Bukry & Bramlette, and finally dwindles to become 
extinct in Upper Pliocene (NN 17-MARTINI & WORSLEY, 1971, p. 1495). 
lts lowest occurrence is somewhere in Zone NN 9 and might provide 
a useful datum plane to subdivide this zone. 
Occurrence: Rare in the Rotti sample. Originally reported from Mio
Pliocene of the "SaheIien", Algeria. Appears to range from Zone NN 9 
to Zone NN 17. 
Genus: Coccolithus Schwarz, 1894, p. 346. 
Type species: Coccosphaera pelagica Wallich, 1877. 
(Subsequent designation by Loeblich & Tappan, 1963). 

Subcircular to elliptic placoliths, showing bright proximal and dark 
distal shields under crossed-polarized illumination. 

Coccolithus radiatus Kamptner, 1955 
Plate 9, figs. lO--ll, 18 

* 1955 Coccolithus radiatus, Kamptner, p. 34, pI. 7, figs. 92a, b. 
1956a Tremalithus radiatus (Kamptner) Kamptner, p. 6. 
1965 Coccolithites sp. I, Martini, p. 404, pI. 35, fig. 3. 
1967 Coccolithus pataecus Gartner, p. 4, pI. 5, figs. 6, 7a, b. 

Description: The smaIl to medium-sized placoliths are subcircular to 
elliptical in shape, possessing a smaIl eIliptical central pore and a broad 
coarsely striate rim. The larger upper shield has 18--26 elements, each 
characteristically broadening outward and exhibiting slight dextral 
curvature when viewed from the top (as visible in reverse-image prints 
here or as normally seen in the microscope). The small elliptical central 
pore is aligned with the long axis of the placolith (the small bridge 
apparently dividing the pore is not real and is caused by an optical 
phenomenon). In crossed-polarized light, the discernable interference 
figure is produced by both of the shields. The figure produced by the 
distal shield is very faint, while the one produced by the proximal shield 
is bright and yields distinctive extinction bands. These bands are thin 
and conspicuously curved in towards the small central pore, but Hare out 
in the rim area. 
Dimensions: Length ; 4 ,u--l0 ,u. Size of the pore ; 1 ,u--2 ,u. 
Discussion : The specimens of th is species exhibit some variation In 

shape and size but could be distinguished from similar placoliths by the 
shape of the coarsely striate rim elements and the appearance of the 
coccolith in crossed-polarized light. 

The original description of this species is based upon specimens 
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represented by only the distal shields of placoliths. Kamptner's figure 92a 
shows exaggerated curvature of the shield in side view; on the other hand, 
figure 92b appears to be more reaIistic in as much as it shows the diagnostic 
features of this species. 

The smaH specimens in Rotti match the specimens reported from the 
Sigsbee Knoll cores of the Gulf of Mexico by Gartner. The Rotti specimens 
also show some resemblance to Martini's description of Ooccolithites sp. I, 
recovered from "assemblage C" of the equatorial Pacific deep-sea cores. 
Occurrence: Few in the Rotti sample, from which it is originaHy reported. 
Occurs as common to rare in sediments of Miocene age. 

Ooccolithus pelagicus (Wallich) Schiller, 1930 
Plate 8, figs. 8, 16-17 

• 1877 Ooccosphaera pelagica Wallich, p. 348, pI. 17, figs. 1, 3-7, 10. 
1927 Ooccolithophora pelagica (Wallich) Lohmann-Tan Sin Hok, 

p. 111-112, pI. 3, figs. 1, 2 (partim); text-fig. I, figs. 4, 5, 8, 10 
~partim). 

1930 Ooccolithus pelagicus (Wallich)-Schiller, "p. 246, fig. 123. 
1954 Ooccolithus pelagicus (Wallich) Schiller-Kamptner, p. 20, 

figs. 14a, b, 15, 16. 
1955 Ooccolithus pelagicus (Wallich) Schiller-Kamptner, p. 33, 

figs. 86-87. 
1963 Ooccolithus pelagicus (Wallich) Schiller-Martini & Bramlette, 

p. 849-850. 
1965 Ooccolithus pelagicus (Wallich) Schiller-Martini, p. 402, pI. 34, 

figs. 1-3; O. aff. pelagicus (Wallich) Schiller-Martini, p. 402-403, 
pI. 34, figs. 4-5. 

1967 Ooccolithus pelagicus (Wallich) Schiller-Bramlette & Wilcoxon, 
p. 102, pI. 3, figs. 13-15. 

1969 Ooccolithus pelagicus (Wallich) Schiller-Martini, p. 286-287, pI. 26, 
figs. 1-2. 

1969 Ooccolithus pelagicus (Wallich) Schiller-Boudreaux & Hay, 
p. 256-257, pI. I, figs. 1-9. 

1973 Ooccolithus pelagicus (Wallich) Schiller-Stradner, p. 1140, pI. 1, 
figs. 1-6; pI. 2, figs. 1-6; pI. 38, fig. 4; pI. 46, fig. 6; pI. 47,1 fig. 4. 

Description: The medium-sized placolith has a central region which 
occupies nearly one half the length along the long and short axes. The 
rim is consistently of moderate width and has about 36-40 finely striate 
elements, which exhibit sinistral curvature when viewed from the top 
(the illustrations here are reverse images). In crossed-polarized light the 
central area is bright with conspicuous extinction bands, whereas the 
rim is only faintly visible. 

The scanning electron micrographs show that the rim of the placolith 
consists of wedge-shaped elements which are slightly dextrally imbricated. 
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Due to the excess calcite the structure of the central area is completely 
obscured. 
Dimensions : 8 ,u-12 ,u. 
Discussion : This weIl known species is not uncommon in the Rotti 
sample, but seems to exhibit some variation in size. The central bridge 
across the elliptical central pore, as earlier noted by Kamptner, could 
not be confirmed. It differs from G. eopelagicus (Bramlette & Riedel) 
in being generally smaller and having fewer elements per shield. From 
closely related G. miopelagicus Bukry, it differs in being smaller, having 
smaller width of rim and presumably disjunct stratigraphic ranges. These 
three closely related species appear to have overlapping ranges, suggesting 
an evolutionary plexus with G. pelagicus s. s as the youngest member 
later becoming restricted to the cooler waters of the modern oceans. 
Occurrence: Few in the Rotti sample. Commonly represented in modern 
oceanic plankton of cooler waters. Appears to range from Middle Miocene 
to Recent. 
Genus: Reticulofenestra Ray, Mohler & Wade, 1966, p. 386 emend. 
Stradner, 1968, p. 19. 
Type species: Reticulofenestra placomorpha (Kamptner) Stradner, 1968 
(basionym: Goccolithus placomorphus Kamptner, 1956, p. 7 ex. Tremalithus 
placomorphus Kamptner, 1948) 

Elliptical to subcircular placoliths with a central opening, which is 
proximally covered with a reticulate or finely perforated membrane. 

Reticulofenestra ampla (Kamptner) nov. combo 
(basionym: Goccolithus amplus Kamptner, 1956, p. 7. ex. Tremalithus 

amplus Kamptner, 1948, p. 8) 
Plate 8, figs. 1, 12-15 

* 1948 Tremalithus amplus Kamptner, p. 8, pI. 2, figs. 16a, 16b (invalid 
ICBN Art. 43). 

1956 Goccolithus amplus Kamptner, p. 7 (validated by reference to 
earlier description and figure published under an invaIid name). 

1963 Goccolithus tenuistriatus Kamptner, p. 160, pI. 2, fig. 14-15, 
text-fig. 16a, b. 

1967 Goccolithus pseudournbilicus Gartner, p. 4, pI. 6, figs. 1, 2, 
3ar-c, 4ar-c. 

1969 Reticulofenestra pseudournbilica (Gartner) Gartner, p. 598, pI. 2, 
fig. 4. 

1971 Reticulofenestra pseudournbilica (Gartner) Gartner-Martini, p. 784, 
pI. 4, figs. 10-11. 

1972 Reticulofenestra pseudoumbilica (Gartner) Gartner-Ellis, Lohman 
& Wray, p. 20, pI. 3, figs. 1-2. 

1973 Reticulofenestra pseudoumbilica (Gartner) Gartner-Stradner, 
p. 1140, pI. 3, figs. 1-4; pI. 6, figs. 4-5. 

Description: The medium-sized placolith has a wide elliptical collar 
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around an elliptical central opening, which occupies normally a third 
of the length of the coccolith. In crossed-polarized light, the collar appears 
bright surrounding a dark, squarish central area. The extinction bands 
are distinctive, being sharp in the center but diffuse as they traverse 
the bright collar area. 

The scanning electron micrographs show that the placolith is generally 
proximally curved, with about 60-70 fine elements discernable in each 
shield. The central network presumably has been destroyed. 
Dimensions " 5 ,u-10 ,u. 
Discus8Ïon,' On account of its distinctive appearance in crossed-polarized 
light, this species is readily distinguished from similarly looking coccoliths. 
But as the resolution of light microscopy does not permit the actual 
determination of pore and rim details, the final determination in doubtful 
cases can only be decided through electron microscopy. It appears that 
this species exhibits considerable variation in its overall size, width of 
collar, area of opening and the texture of central network. It closely 
resembles R. umbilica (Levin) but differs in being smaller, having fewer 
elements per shield and being younger in age. When associated with 
similarly looking small coccoliths, the distinction may not be eaay. 

Some nomenclatural problem revolves around this stratigraphically 
useful species, which deserves a short mention here. Earlier, KAMPTNER 

(1948) had described some new species of coccoliths from Tortonian
equivalent sediments of the inner Alpine baain of Austria, which included 
a majority of forms reworked from older strata. His original description 
and figures of this species were however baaed upon material recovered 
from the "Badener Tegel" (Ziegelei bei Baden). A re-examination of more 
or less the same material from Frättingsdorf, lower Austria has revealed 
that the fust validly published name, hence usabIe one, appears as 
Coccolithus amplus Kamptner, 1956, p. 7 (validated by actual reference 
to description and figure published earlier under an invalid name = 

Trernalithus amplus Kamptner, 1948). The only discrepancy lies in the 
number of elementa of the distal shield reported by Kamptner (nearly 
one half of those normally observed). 

It is therefore desirabIe to propose this new combination and suppress 
Reticulojenestra pseudoumbilica (Gartner) Gartner, 1969 as a subjective 
junior synonym of Reticulojenestra ampla (Kamptner) nov. combo 
Occurrence,' Few in the Rotti sample. Originally reported from Tortonian
equivalent sediments of the "Badener Tegel", Austria. Appears to range 
from Zone NN 5 to Zone NN 15 (extinction datum defining the boundary 
between the lower-upper Pliocene). 

1 Reticulojenestra sp. 
Plate 8, figs. 24-25 

Description,' The small elliptical placoliths show conspicuous relief in 
the mounting medium (n = l.55). In crossed-polarized light, the rim is 
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bright whereas the small central area is dark, giving rise to distinctly 
curving extinction bands. 
Dimensions : 1.5 ft-4 ft. 
Discussion : This is a rare species in the Rotti sample and has not been 
observed in samples from Trinidad. lts actual taxonomic affiliation could 
only be decided af ter electron microscopy. However, it is noteworthy 
that this species occurs as individu al placoliths as well as complete 
coccospheres and occurs as abundant to common in Tortonian equivalent 
sediments in Walbersdorf, Frättingsdorf, Wien -N uBdorf (Austria), Rumania 
and Gabon. 
Occurrence: Rare in the Rotti sample. Abundant to common in Miocene 
samples of Austria, Rumania and Gabon (West Africa). 
Genus: Coroncyclus Hay, Mohler & Wade, 1966. 
Type species: Coroncyclus serratus Hay, Mohler & Wade, 1966, p. 394, 
pI. U, figs. 1-5 (Original designation). 

Circular to subcircular cycloliths having a wide central opening. The 
collar consists of wedge shaped imbricated elements bearing nodes or 
spines directed in an irregular fashion. 

1 Coroncyclus sp. I 
Plate 9, figs. 12-13 

Description: These circular placoliths have a wide central opening, 
showing moderate relief in the mounting medium (n= 1.55). The lower 
and upper collar appear to be of the same size and consist of nearly 3~0 
slightly imbricate elements having straight sutures. The inner margin 
of the collar is faintly serrate, whereas the outer margin is conspicuously 
serrate. In crossed-polarized light, the collar is bright, with thick, slightly 
curving, dark extinction bands. 
Dimensions : Width of collar: 1.2 ft. Diameter of central opening: 4 ft· 
Discussion : Considerable confusion exists in the literature regarding 
the actual taxonomic status of the ring-like circular coccoliths. GAARDER 
(1970, p. 122), for example, has demonstrated that in certain species of 
living coccoliths (bearing ring-like placoliths) a single cell may bear 
cycloliths of different shapes having variabIe thickness of the collar and 
the diameter of the central opening. Moreover, such ring-Iike coccoIiths, 
whether circular or elliptical, appear to be of polyphyletic origin. The 
failute to correlate a light micrograph with a corresponding electron 
micrograph of a certain ring-like coccolith presents another problem. 
HAY et al. (1966, p. 394) for example erected the genus Coroncyclus and 
designated a type, C. serratus (pI. U, figs. 1-5). However, the holotype 
designated by them is one of the electron micrographs (fig. 4) and the 
light micrographs of a specimen, designated as the paratype (figs. 1-3) 
does not seem to be correlative except in size. It appears, therefore, 
that the members of this genus are better recognized in the electron 
microscope. BRAMLETTE & WILCOXON (1967, p. 103) recorded some 
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ring-like coccoliths from the Cipero section and the forms showed some 
resemblance to the light micrograph of a circular placolith illustrated 
by Kamptner as Urnbilicosphaera nitescens Kamptner, 1963. As aresuIt, 
they proposed a new combination, Ooroncyclus nitescens (Kamptner) 
Bramlette & Wilcoxon, 1967, supported by light micrographs on plate 5, 
fig. 7-8 and an electron micrograph on plate 1, fig. 4. This combination 
is currently in use, but does not seem to be valid as their light micrographs 
and electron micrograph are hardly to be correlated. At least the figure 4 
(EM) could be safely referred to as O. serratus Hay, Mohler & Wade. 
Occurrence: Rare in the Rotti sample. Reported as few to rare throughout 
the Tertiary. 

Ooroncyclus sp. II 
Plate 9, figs. 14--15 

Description: These are sIightly elliptic placoliths showing high relief in 
the mounting medium (n= l.55), with outer crenulated and inner smooth 
margins. The collar is comparatively thinner and consists of ab out 32 
elements which are spinose and lying more or less in an irregular fashion. 
In crossed-polarized light, the rim is bright with strongly curving, thin 
dark bands. 
Dimensions : Width of coIIar: 1 ft. 

Diameter of the central opening along the long axis: 4 ft. 
Discussion : Ooroncyclus sp. II differs from O. sp. I in having thinner 
spinose collar with a smooth inner margin and shows strongly curving 
thin extinction bands in crossed-polarized light. 
Occurrence: Rare in the Rotti sample. Reported as few to rare in sediments 
of Tertiary age. 
Genus: Oyclolithella Loeblich & Tappan, 1963. 
Type species: Oyclolithus inflexus (Kamptner ex Deflandre) Loeblich & 
Tappan, 1963, p. 192. 

Circular to subcircular coccoliths with wide open central opening. 

Oyclolithella sp. 
Plate 9, figs. 8-9 

Description: The circular placoliths display a fairly good relief in the 
mounting medium (n = l.55), and has a wide central opening. The proximal 
shield is smaller than the distal ; both exhibit a sIight proximal curvature. 
The collars appear to be consisting of extremely fine elements (the direction 
of curvature or imbrication, if any, could not be discerned). The margin 
of the central opening appears to be smooth, whereas the outer margin 
of the coccolith may be finely serrated. In crossed-polarized light, the 
collar looks bright and is divided into quadrants by thick, dark, slightly 
dextrally curved extinction bands (the prints of the illustrated specimen 
are reversed). 
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Discussion : This is one of the larger species of Cyclolithella and shows 
some affinity with the illustrated specimen of Umbilicosphaera nitescens 
Kamptner (Kamptner, 1963, pI. 1, fig. 5) . It differs from the species of 
genus Coroncyclus in lacking serrations at the perimeter of the coccolith 
and in possessing a large number of fine elements in both the shields. 
Occurrence: Rare in the Rotti sample. Oceurs as few to rare in sediments 
of Tertiary age. 
Genus: Cyclococcolithus Kamptner, 1954 ex Kamptner, 1956. 
Type species: Coccosphaera leptopora Murray & Blackman, 1898, p. 430-
432 (see BLACK & BARNES, 1961, pI. 24, fig. 3 (EM); fig. 4 reproduction 
of original sketch drawing of Murray et Blackman). (Type by monotypy). 

Circular to subcircular placoliths consisting of two shields connected 
by narrow to wide central tube, which may be open or closed. In crossed
polarized light, the upper distal shield is dark, whereas the lower proximal 
shield is bright. 

Cyclococcolithus leptoporus (Murray & Blackman) 
Kamptner, 1954 ex Kamptner, 1956 

Plate 8, fig . 3 
* 1898 Coccosphaera leptopora Murray & Blackman, p . 430-432, pI. 15, 

figs . 1, 2, 4, 5, 12. 
1902 Coccolithophora leptopora (Murray & Blackman) Lohmann, p . 137, 

pI. 5, figs. 52, 61-64. 
1927 Coccolithophora leptopora (Murray & Blackman) Lohmann-Tan 

Sin Hok, p. 112, text-fig. I, fig. 11; text-fig. Il, fig. l. 
1930 Coccolithus leptoporus (Murray & Blackman) Schiller, p . 245. 
1954 Cyclococcolithus leptoporus (Murray & Blackman) Kamptner, 

p . 23-24, fig. 20 (invalid). 
1955 Coccolithus hemisphaericus Kamptner, pI. 5, fig. 57a, 57b. 
1955 Coccolithus leptoporus (Murray & Blackman) Schiller-Kamptner, 

pI. 5, fig. 65. 
1955 Coccolithus leptoporus (Murray & Blackman) Schiller-Kamptner, 

pI. 6, fig . 69. 
1955 Coccolithus turgens Kamptner, pI. 6, fig . 77. 
1955 Coccolithus elatus Kamptner, pI. 6, fig. 78. 
1956 Cyclococcolithus leptoporus (Murray & Blackman) Kamptner ex 

Kamptner, p. 10 (validated by reference to figure and description 
previously published under an invaIid name). 

1961 Coccolithus leptoporus (Murray & Blackman) Schiller-Black & 
Barnes, p. 143, pI. 24, fig. 3, 4. 

1969 Cyclococcolithus leptoporus (Murray & Blackman) Kamptner
Boudreaux & Hay, p. 263-264, pI. Il, figs. 13-14; pI. 3, figs. 1-6 
(with almost complete synonymy) . 

1970 Cyclococcolithus leptoporus (Murray & Blackman) Kamptner
Bartolini, p. 134-135, pl. 2, figs. 1, 4-10, text-figs. 6--8. 
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1970 Oyclococcolithina leptopora (Murray & Blackman) Wilcoxon, p. 82, 
1972 Oyclococcolithina leptopora (Murray & Blackman) Wilcoxon-Ellis. 

Lohman & Wray, p. 15-17, pI. 1, figs. 2-6 (partim). 
1972 Oyclococcolithus leptoporus (Murray & Blackman) Kamptner

Müller, p. 79, pI. 4, figs. 13-14. 
1973 Oyclococcolithus leptoporus (Murray & Blackman) Kamptner-

Stradner, p. 1140, pI. 7, figs. 1-5; pI. 8, figs. 1, 2, 4, 6. 
Description: The small- to medium-sized placoliths are circular to 
slightly subcircular in shape. The isolated distal shield shows conspicuous 
re lief in the mounting medium, whereas the isolated proximal shield shows 
faint relief but exhibits sharp extinction bands under crossed polarized 
light. When viewed from above, the distal shield shows 20--35 fine striations 
which may be gontly to strongly curved. Under crossed-polarized light 
the distal shield remains practically dark. 

The scanning electron micrographs show that the distal shield could 
show considerable variation in its convexity. It consists of about 20--30 
ele~ents, dextrally imbricated, the sutures exhibiting counter-clockwise 
curvature (when viewed distally). 
Dimensions : Diameter : 8 ,u-12 ,u. 
Discussion : It is one of the very few coccolith species which has received 
so much attention regarding its morphology and taxonomy. On account 
of its distinctive shape and appearance under crossed-polarized light, it 
can be readily recognized in the light microscope. A detaiIed account 
of its morphology, taxonomy, nomenclatural problems and ecology has 
been presented by many workers (KAMPTNER, 1954; BLACK & BARNES, 
1961; HAY, 1967; GARTNER, 1967; McINTYRE et al., 1967; McINTYRE & BÉ, 
1967; WILCOXON, 1970; BARTOLINI, 1970; McINTYRE et al., 1970; 
ELLIS et al., 1972; STRADNER, 1973). 

An examination of the distal view of the distal shields of several 
specimens shows that the elements are dextrally imbricated and invariably 
exhibit counter-clockwise curvature of the suture lines. However, a 
TEM micrograph of a specimen from the topotype material (BLACK & 
BARNES, pI. 24, fig. 3) and a few other published figures, show just the 
re verse arrangement. This may be due to an error introduced in the 
replication or photographic processes. 

KAMPTNER (1955) described and figured several specimens of this 
species, a fow of them were published under different names, which were 
later found as invalidly published (LOEBLICH & TAPPAN, 1966; nomen 
altern). For the sake of clarity, these species, though invalidly published, 
have been included in the synonymy. 

This species has been reported from Recent sediments of the major 
oceans of the world and extends back to the Middle Miocene. It is closely 
related to O. macintyrei Bukry & Bramlette, but the latter is probably 
not represented in the modern oceanic plankton. 
Occurrence: Few in the Rotti sample. Originally reported from the 
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Recent sediments of the North Atlantic Ocean. Reported from the 
Middle Miocene to Recent. 

Gyclococcolithus macimyrei Bukry & Bramlette, 1969 
Plate 8, figs. 10-11 

1955 Goccolithus leptoporus (Murray & Blackman) Schiller-Kamptner, 
pI. 5, fig . 67, 68; pI. 6, figs. 72-74. 

1955 Goccolithus tropicus Kamptner, pI. 6, figs. 79a, b. 
1955 Goccolithus Tanianus Kamptner, pI. 6, figs . 83a, b. 
1963 Gyclococcolithus multistriatus Kamptner, p. 165-166, fig. 23. 
1963 Galcidscus uniloratus Kamptner, p. 147-148, fig. 2; pI. 2, fig. 17. 
1963 Tiarolithus diversistriatus Kamptner, fig. 28a, b; pI. 2, fig. 13, 

pI. 4, fig . 27. 
1963 Tiarolithus pacificus Kamptner, p. 182, fig. 30a, b. 
1963 Tiarolithusrectilineatus Kamptner,p.182-183,fig. 31a, b ; pI. 2, fig.ll. 
1967 Tiarolithus rectilineatus Kamptner, p. 160, pl. 23, fig. 117. 
1967 Gyclococcolithus leptoporus (Murray & Blackman) Gartner, p. 1-4, 

pI. 1, figs. 1, 2, 4&-4c; pI. 2, figs. 1, 3a-3c, 4a-4d. 
* 1969 Gyclococcolithus macintyrei Bukry & Bramlette, p. 132-133, pI. 1, 

figs. 1-3. 
1970 Gyclococcolithina multistriata (Kamptner) Wilcoxon, p. 82. 
1971 Gyclococcolithus macintyrei Bukry & Bramlette-Bukry, p. 965, 

pI. 3, fig. 1. 
1972 Gyclococcolithina leptopora (Murray & Blackman) Wilcoxon-Ellis, 

Lohman & Wray, p. 15-17, pI. 1, fig. 2. 
1973 Gyclococcolithus macintyrei Bukry & Bramlette-Stradner, p. 1140, 

pI. 8, fig. 3; pI. 9, figs . 1-51 6; pI. 10, figs. 1 1-6; pI. 31, fig . Il . 
Description: The circular placoliths are fairly large in size, constructed 
of two unequal shields connected by a narrow central tube. The distal 
and proximal shields consist of a nearly equal number of elements (ab out 
40 or more). Distal shield, when viewed from above, exhibits slightly 
curved sutures. In crossed-polarized light, the smaller proximal shield is 
bright, yielding characteristic extinction bands. 
Dimensions: Diameter: 10 ,u-12 ,u. 
Discussion : This distinctive species has been described as G. leptoporus 
by various authors. It differs from G. leptoporus in possessing a larger 
number of shield elements and a more delicate construction. Transitional 
forms do exist which cannot be assigned to either of the two species, 
such as figures 1-6 on plate 10, by Stradner. 

In contrast to G. leptoporus, the specimens ofG. macintyrei are extremely 
rare or most probably absent in Recent marine sediments. Moreover, 
certain assemblages of middle Miocene age contain only G. macintyrei 
with an absence of G. leptoporus. In view of the above, it is reasonable 
to accept this as a distinct taxon. 
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Occurrence: Common in the Rotti sample. Originally reported from the 
Lower Pliocene of ltaly. lts lower occurrence is probably in sediments 
equivalent to Globorotalia fohsi barisanensis Zone, the extinction datum 
lying somewhere in the Pleistocene. 

Oyclococcolithus rotula (Kamptner) Kamptner, 1956 
Plate 8, figs. 2, 18-23 

1948 Tremalithus rotula Ka.mptner, p. 8, pI. 2, figs. 15a, b. 
1 1955 Ooccolithites circumlatus Kamptner, p. 17, pI. 3, fig. 30. 
* 1956 Oyclococcolithus rotula (Kamptner) Kamptner, p. 7 (validated by 

reference to figure and description previously published under an 
invalid name). 

1 1959 Oyclolithus rotula (Kamptner) Vekshina, p . 58. 
1963 Oyclococcolithus rotula (Kamptner) Kamptner-Stradner, p. 158, 

pI. 24, fig. 10, text-fig. 3, figs. 4, 4a; non figs. 5, 5a. 
1967 Oyclococcolithus aequiscutum Gartner, p. 4, pI. 7, figs. 1-4 (partim). 
1968 Oyclococcolithus rotula (Kamptner) Kamptner-Martini, p . 166-167, 

170; Table 2. 
1969 Oyclococcolithus rotula (Kamptner) Kamptner-Martini, p . 296, 

pI. 29, fig. 7. 
1970 Oyclococcolithina rotula (Kamptner) Wilcoxon, p. 83. 

Description: This small- to medium-sized circular coccolith consists of 
two more or less equal-sized shields lying close to each other and connected 
by a tube. In polarized light the margin of the central opening exhibits 
a characteristic brilliant ring, whereas the rim area is only faintly 
discernable. In crossed-polarized light, the coccolith yields a faint but 
distinctive interference figure . Judging from the curvature ofthe extinction 
bands it is possible to distinguish between proximal and distal views 
even in such small coccoliths. 

The scanning electron micrograph shows only the proximal view of 
the proximal shield. lt shows slight proximal curvature at the periphery 
and consists of about 54 elements. The imbrication of the elements and 
the curvature of the suture lines are not so distinct. The margin of the 
central opening is occupied by a characteristic raised circular ridge. The 
almost radial sutures of the rim seem to extend up into the ridge and 
curve sharply. The inner margin of the central opening appears to be smooth. 
Dimensions : Diameter: 5 ft-9 ft. 

Diameter of central opening: 2 ft-4 ft. 
Discussion : In the light microscope th is species is readily distinguished 
by the presence of a prominent ring-like central area with a faint rim 
area. In the electron microscope, it differs from similarly looking circular 
coccoliths by the presence of a circular ridge on the proximal shield. 

Kamptner had earlier described the essential morphologic features of 
th is species and figured the characteristic central ridge on the proximal 
shield, but his figures are largely unrealistic as they show fewer rim 
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elements and much more separated shields . From more or less the same 
locality, Stradner had later described this species and gave a much more 
refined account of its morphology. In spite of heavy recrystallization of 
specimens, this species can be readily recognized in the light microscope, 
but better preserved material is needed to understand its detailed 
morphology. G. rotula (Kamptner) Kamptner has a worldwide distribution 
and comparatively short stratigraphic range. MARTINI (1968) has discussed 
the stratigraphic worth of this species, but this species seems to extend 
slightly higher up than earlier believed by him. 
Occurrence: Few in the Rotti sample. Originally reported from Tortonian
equivalent sediments of the "Badener Tegel", Austria. Occurs as common 
to rare in sediments referable to Zones NN 5-NN ll. 

Gyclococcolithus sp. I 
Plate 8, fig. 6 

Description: This small circular coccolith has a central opening occupying 
less than half the diameter of the larger distal shield. The distal shield 
is proximally curved, constructed of about 35 elements which are slightly 
dextrally imbric'Lted and separated by suture lines exhibiting strong 
curvature (the convex side curving in a clockwise direction). The proximal 
shield is slightly smaller than the distal shield and appears to be less curved. 
Dimensions : Diameter of the coccolith: 4.2 ft. 

Diameter of the central opening: 1.6 ft. 
Discussion : This small species of Gyclococcolithus resem bles in basic plan 
other members of the genus. The specimen cannot be correlated with 
any of the small circular coccoliths visible in the light microscope. This 
specimen appears to be a distinct taxon. 
Occurrence : Rare in the Rotti sample (only one specimen was detected 
in the SEM). 

Gyclococcolithus sp. 11 
Plate 8, fig. 7 

Description : This small circular placolith has a wide central opening 
occupying more than one half the diameter of the coccolith. The two 
shields are more or less equal in size and connected by a wide central 
tube exhibiting a smooth inner margin. The distal shield is only slightly 
curved and constructed of about 55 elements. The elements exhibit 
practically no imbrication and are separated by suture lines which are 
moderately curved (convex-side in clockwise direction). 
Dimensions : Diameter of the coccolith: 4.2 ft. 

Diameter of the central opening: 2.4 ft. 
Discussion : This specimen differs from the specimen of Gyclococcolithus 
sp. I in possessing a much wider central opening, less curvature of the 
distal shield and a moderate curvature of the suture lines. 
Occurrence: Rare in the Rotti sample (only one specimen was found in 
the SEM). 
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Cyclococcolithus Sp. 111 
Plate 8, fig. 9 

Description : This sm all circular form has a large central opening 
occupying nearly one half the diameter of the coccolith. The shields are 
joined close together, are practically of the same size, and exhibit almost 
no curvature. The shield (1 proximal) is constructed of about 42 trapezoid 
elements showing slight sinistral imbrication; the suture lines separating 
them are slightly curved (with convex side in counter-clockwise direction 
but near the inner margin showing the reverse curvature). The outer 
and the inner margin of the shields are slightly serrate. 
Dimensions : Diameter of the coccolith: 4.2 ft. 

Diameter of the central opening: 2 ft. 
Discussion : This form shows some resemblance with the inadequately 
described taxon C. aequiscutum Gartner, 1967. The holotype designated 
by Gartner is illustrated by light micrographs, which show resemblance 
to C. rotula (Kamptner). Ris figures 1-3 on plate 7, could represent 
paratypes, but the figure 2, does not appear to be the same as figures 1 & 3. 
Moreover, it is difficult to correlate the light micrographs with the electron 
micrographs. The species C. rotula (Kamptner) can be easily recognized 
in the electron microscope. The illustrated specimens show that smaIl 
circular coccoliths having equal shields might exhibit altogether different 
structure in the electron microscope. In view of the above it appears 
that Gartner's taxon can be recognized neither in the light nor the 
electron microscope. 
Occurrence: Rare in the Rotti sample (only one specimen was found 
in the SEM). 

Cyclococcolithus krejcigrafi n. sp. 
Plate 8, figs. 4-5 

Holotype: (Plate 8, fig. 4=SM.B 125.96). 
Paratype : (Plate 8, fig. 5=SM.B 125.97). 
Dimensions of H olotype : Diameter of coccolith: 

Diameter of crater: 
Diameter of central pore: 

Dimensions of Paratype : Diameter of coccolith: 

2.2 ft. 
1.2 ft. 
0.5 ft. 

3 ft. 
Diameter of crater: 1.6 ft. 
Diameter of central pore: 0.65 ft. 

Type locality: Cyclococcolithus krejcigrafi n. sp. occurs commonly in 
sample number 168*, from Bebalain, Rotti, Series VIII of the fust 
Netherlands' Timor expedition. This sample is assigned by the present 
author to the Upper Middle Miocene, corresponding to the upper part 
of the standard nannoplankton Zone NN 9 (MARTINI & WORSLEY, 1970). 
Derivation of the name: In the honour of Prof. Dr. Karl Krejci-Graf, 
Professor emeritus, at the Geological-Paleontological Institute of the 
University of Frankfurt am Main. 
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Diagnosis: A small species of Cyclococcolithus possessing a crater-like 
central part pierced by a hole. 
Description: The distal shield is constructed of 22-32 wedge-shaped 
elements which exhibit slight dextral imbrication. The suture lines 
separating the elements are almost straight both in the crater-like 
depression and on the rim, but tend to show some sinistral curvature 
at the periphery. The central pore occupies nearly one fourth the diameter 
of the coccolith . The proximal shield is of the same size as the distal shield. 
Occurrence: Common in the Rotti sample. Other occurrences are yet 
unknown. 
Discussion : This is a quite distinctive and common species in Rotti, 
but owing to its small size the corresponding forms in the light microscope 
are difficult to recognize. It shows some resemblance to Cyclococcolithus 
minutus Kamptner but differs in being smaller and possessing a crater-like 
central part. 

This new species shows some superficial resemblance to the figure of 
an invalidly published species by KAMPTNER (1955, p. 36, figure 82= 
Coccolithites timorensis Kamptner). 

Cyclococcolithus stradneri n . sp. 
Plate 9, figs. 22-25 

Holotype: (Plate 9, figs. 22-23=SM.B 12589 6.1 N/8.25 E from the 
blue point) 
Paratype : (Plate 9, figs . 24-25 = SM.B 125 89 1.0 N /8.6 E from the 
blue point) 
Dimensions of Holotype: Diameter of coccolith: 4 /-l. 

Diameter of central pore: 1 /-l. 
Dimensions of Paratype : Diameter of coccolith: 5 /-l. 

Diameter of central pore: 1.5 /-l. 
Type locality: Cyclococcolithus stradneri n. sp. occurs commonly in 
sample number 168*, from Bebalain, Rotti, Series vnI of the fust 
Netherlands' Timor expedition. This sample has been assigned by the 
present author to the Upper Middle Miocene, corresponding to the upper 
part of the standard nannoplankton Zone NN 9 (MARTINI & W ORSLEY, 

1970). 
Derivation of name : In the honour of Dr. Herbert Stradner of the 
Geological survey of Austria, Vienna, for having observed it for the fust 
time in sediments of the "Badener Tegel", Austria. 
Diagnosis : A small species of Cyclococcolithus yielding a characteristic 
interference figure under crossed-polarized light. 
Description: In polarized light, th is small circular coccolith exhibits a 
prominent and bright ring surrounding a small central opening. In crossed
polarized light, it yields a characteristic interference figure, the dark 
extinction bands are narrow near the pore but broaden in the rim area. 
The four bright points surrounding the pore are also characteristic. 
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Discussion: STRADNER (1963, p. 157, figs. 5, 5a) had described this 
species as a robust and small representative of C. rotula (Kamptner), 
but this differs from the latter in maintaining a consistent smaller size 
and yielding an altogether different interference figure in crossed polarized 
light. However it resembles C. rotula (Kamptner) in possessing a sharp 
central ring. Due to its small size and excess calcite on the specimens, 
it is difficult to visualise its true morphology. lts rarity under the SEM 
is surprising. lt differs from C. krejcigrafi n. sp. in maintaining a larger 
size in the same material and moreover the specimens of the latter probably 
rem1.in practically dark under crossed-polarized light. 

This is a quite delicate species and like other species of Cyclococcolithus 
only the proximal shield remains brilliant under X-nicols. lt has been 
found to occur commonly in "Tortonian" equivalent sediments of many 
parts of the world. 
Occurrence: Common in the Rotti sample. Occurs commonly in the 
Middle Miocene. The lower and upper limits of its occurrences are yet 
unknown. 
Genus: Helicopontosphaera Hay & Mohler, 1967. 
Type species: Helicopontosphaera kamptneri Hay & Mohler, 1967, p . 448, 
pIs. 10-11, fig. 5 (TEM stereopair-original designation) 

Coccolithophores bearing shallow lopadoliths which are spirally coiled. 

Helicopontosphaera kamptneri Hay & Mohler, 1967 
PIate 9, figs. 1-7 

1941 Coccolithus carteri (Wallich) Kamptner, p . 93, 111, pI. 13, fig. 136 
(non Coccosphaera carteri Wallich , 1877). 

1954 Helicosphaera carteri (WaIIich) Kamptner, p. 21, figs. 17-19. 
1955 Helicosphaera carteri (Wallich) Kamptner-Kamptner, p. 35, 

figs. 94, 95a-c. 
1961 Helicosphaera carteri (WaIIich) Kamptner-BIack & Barnes, 

p. 139-140, pIs. 22-23. 
1963 Helicosphaera carteri (Wallich) Kamptner-Martini & Bramlette, 

p. 850. 
1967 Helicosphaera carteri (Wallich) Kamptner-Bramlette & Wilcoxon, 

p. 105, pI. 6, figs. 9-10. 
• 1967 Helicopontosphaera kamptneri Hay & Mohler in Hay, Mohler, 

Roth, Schmidt & Boudreaux, p . 448, pIs. 10-11, fig. 5. 
1967 Helicopontosphaera kamptneri Hay & Mohler-Martini, p. 288, 

pI. 26, figs . 12-13. 
1970 Helicosphaera carteri (Wallich) Kamptner-Gaarder, p. 114-117, 

fig.lh, 2e, f. 
1972 Helicopontosphaera kamptneri Hay & Mohler-Ellis, Lohman & 

Wray, p. 29, pI. 5, fig. 6; pI. 6, fig. 1-2. 
1973 Helicopontosphaera kamptneri Hay & Mohler-Stradner, pI. 15, 

fig. 1-4; pI. 16, fig. 1-6. 
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Description : The Rotti specimens match closely with the electron 
microscopic description of this species given by BLACK & BARNES (1961). 
The light microscopic descriptions are the same as given by several authors 
cited in the synonymy above. 
Dimensions : Length of coccosphere: 25 fl . 

Width of coccosphere: 17 fl. 
Size of individu al lopadoliths: 5 fl-12 fl. 

Discussion : In fossil material this species has not been described as 
occurring in the form of complete coccospheres. In Rotti, however, a 
few complete coccospheres were encountered which match closely the 
ones described by Gaarder (1970, figs. 2e, f) from Recent plankton. 
Associated with normal shallow helicoform lopadoliths are specimens which 
show very strong proximal curvature, but looksimilar in crossed-polarized 
light. Gaarder's work shows that such abnormal specimens surround the 
apical part of the een thus confirming that only a single taxon is involved. 
The ultrastructure of H elicosphaera hyalina Gaarder shows close resemblance 
to GOcColithus pelagicus (W allich) Schiller. Electron microscopic studies 
of other helicoform coccoliths are needed to finally decide on their taxonomic 
affiliation. 

In Rotti, this species is dominantly represented by two types of 
specimens, as earlier noted by KAMPTNER (1955, fig. 94, 95). The one 
type is larger and possesses a typical expanded wing, the other type 
is smaller with al most oval outline and lacking expanded distal wing. 
In crossed-polarized light they look identical. 

H. kamptneri Hay & Mohler seems to have evolved at the beginning 
of the Miocene and is represented in present day oceans between the 
latitudes 50° N and 50° S. 
Occurrence: Common in the Rotti sample. Originally reported from the 
eastern Venezuelan basin. Most probably, it was earlier observed and 
figured by WALLICH, 1877. 

Helicopontosphaera orientalis (Black) nov. combo 
Plate 9, figs. 1&-17, 19--21 

* 1971 Helicosphaera orientalis Black, p. 619, pI. 45.3., fig. 22. 
Description : This sm all helicoform coccolith is dextrally coiled and 
exhibits low relief in polarized light. The peculiar almost rectangular shape 
without any expanded wing-like structure is striking. The central area 
does not show any sign of a slit or an opening (closed due to excess 
calcite 1). The terminal part of the marginal flange is conspicuously 
constructed and shows a notched appearance in some specimens. In 
crossed-polarized light, this species is very distinctive. Upon complete 
rotation of the stage, the terminal part of the marginal flange remains 
absolutely dark, as if it has broken away from the rest of the coccolith. 
This species has not been detected in the scanning electron microscope. 
Dimensions : Size : 4 fl-6 fl. 
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Discussion : The holotype of H. orientalis (Black) represents an electron 
micrograph of a specimen in proximal-view (mirror image 1) and shows 
essential morphologic features for its determination in the EM. A careful 
look at the illustrated holotype shows that the crystallites constituting 
the terminal part of the marginal Bange are distinctly curved and that 
the Bange itself is thicker in th is part. This probably explains the pecuIiar 
behaviour of the coccoIith in crossed-polarized light, as this part remains 
completely dark upon complete rotation of the stage. This species reaches 
sIightly larger size than originally given for it. In the light microscope 
it shows some resemblance with small specimens of H. kamptneri in lacking 
expanded wing-Iike extensions, but can be readily recognized in crossed
polarized light on account of its pecuIiar appearance. 

This species has been found to occur as few to rare in samples from 
Trinidad (Globorotalia mayeri and Gl. menardii zones) but has not yet 
been detected in several Tortonian-equivalent samples of Europe. It 
may be pointed out that H. orientalis (Black) was originally described 
from the same sample which Kamptner had earlier used (KAMPTNER, 1955) 
and which again forms the basis of this report (Black, personal 
communication, 1972). 
Occurrence: Rare in the Rotti sample, from which it is originally reported. 
Occurs as few to rare in Globorotalia mayeri and Gl. menardii zones of 
Trinidad. The lower and upper limits of its occurrence are yet unknown. 
Genus: Thoracosphaera Kamptner, 1927. 
Type species: Thoracosphaera pelagica Kamptner, 1927, p. 180 (original 
designation ). 

Ellipsoidal to spherical coccospheres with or without a "buccal opening" , 
consisting of tightly interwoven crystallites with or without an axial 
pore. 

In recent years the members of the genus Thoracosphaera have been 
largely omitted, mainly on account of their large size and inadequate 
information available about the many new taxa described by Kamptner. 
If the coarse fraction of a normal sample is examined, the members of 
this genus along with other larger species are rapidly recognized. The 
forms of this genus are interesting in as much as they commonly occur 
as complete coccospheres and are readily recognized even in their 
fragmentary state. The use of crossed-polarized light is indispensabIe for 
differentiating different taxa. The "types" of several new species described 
by K.A.MPTNER (1963, 1967) from Pacific and Atlantic oceans are not 
available for re-examination and moreover the types are illustrated only 
in normal light. In the last few years, the electron micrographs of several 
taxa have become available, but mlsidentifications continue to occur as 
the electron micrographs could not be correlated with corresponding light 

. micrographs with confidence. 
Several taxa of Thoracosphaera have been encountered in Rotti and 

unlike other forms, occur in an excellent state of preservation. Some 
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species are naturally reworked from older strata, but are here briefly 
touched upon as so little is known about them. 

Thoracosphaera heimi (Lohmann) Kamptner, 1941 
Plate 11, figs. 8, 11; pI. 12, figs. 3-4, 6-7 

1919 Syracosphaera heimi Lohmann, p. 117, fig. 29. 
• 1927 Thoracosphaera pelagica Kamptner, p. 180, fig. 6. 

1941 Thoracosphaera heimi (Lohmann) Kamptner, p. 118. 
1944 Thoracosphaera heimi (Lohmann) Kamptner, p. 145. 
1946 Thoracosphaera imperjorata Kamptner, p. 100 (nomen nudum). 
1952 Thoracosphaera imperjorata Kamptner, p. 236, fig. 12. 
1954 Thoracosphaera heimi (Lohmann) Kamptner, p. 40--42, figs. 41, 

42a, b. 
1955 Thoracosphaera imperforata Kamptner, p. 37, pI. 8, fig. 98. 
1955 Thoracosphaera hartmanni (Schiller) Kamptner, p . 70. 
1961 Thoracosphaera heimi (Lohmann) Kamptner-Stradner, p. 8, 

fig. 75. 
1961 Thoracosphaera imperforata Kamptner-Stradner, p. 8, fig. 76. 
1963 Thoracosphaera heimi (Lohmann) Kamptner-Kamptner, p. 179. 
1963 Thoracosphaera imperforata Kamptner-Kamptner, p. 179, pI. 5, 

figs. 29, 31. 
non 1964 Thoracosphaera cf. Th. imperforata Kamptner-Bramlette & 

Martini, p. 305, figs. 1, 2 on plate 5. 
1967 Thorac08phaera corsena Kamptner, p. 157, pI. 12, figs. 81-85. 
1967 Thoracosphaera heimi (Lohmann) Kamptner-Kamptner, p. 158, 

pI. 13, figs. 89, 90; pI. 14, figs. 91, 92, 95; pI. 17, fig. 104. 
1967 Thoracosphaera reliana Kamptner, p. 159, pI. 20, figs . 109, 110; 

pI. 21, figs . 111, 112; pI. 22, figs. 113, 114. 
1967 Thoracosphaera subtilis Kamptner, p. 159, pI. 14, figs . 93, 94. 
1969 Thoracosphaera heimi (Lohmann) Kamptner-Martini, p. 295, 

pI. 29, figs. 3, 4. 
1969 Thoracosphaera heimi (Lohmann) Kamptner-Boudreaux & Hay, 

p. 265, pI. 3, figs. 16-19; pI. 4, fig. 1. 
non 1972 Thorac08phaera heimi (Lohmann) Kamptner-Ellis, Lohmann & 

Wray, p. 22, pI. 4, figs. 1, 2. 
1972 Thoracosphaera heimi (Lohmann) Kamptner-Martini & Müller, 

p. 73, pI. 3, figs. 25, 26. 
1973 Thoracosphaera heimi (Lohmann) Kamptner-Stradner, p. 1140, 

pI. 30, fig. 4; pI. 30, fig. 5. 
Description: The subspherical to spherical test is highly variabIe in size, 
consisting of small polygonal elements pierced by minute central holes. 
The "buccal opening", if present, occupies nearly one fourth the diameter 
of the test. 

The electron micrographs show that the test consists of numerous 
polygonal crystallites arranged in an alternate-concentric fashion and 
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piereed by a smaH central pore (due to the excess calcite, the position 
of pores is not discernable). Each crystal unit is equidimensional and 
measures about 1.5 p, to 2 p, in size (best seen in the buccal opening). 
Dimensions: Diameter of the test: 11 p,-22 p,. 

Size of the elements: 1.5 p,- 2 p,. 
Discussion : This is one of the best known species of the genus, commonly 
found in the modern oceanic plankton of the major oceans of the world 
and also in sediments dating back to Miocene. The characteristic polygonal 
shape of the individual crystallites, each pierced with a small central 
pore is diagnostic. 

Associated with normal specimens are found certain forIllS which on 
account of excess calcite do not show the characteristic pores, but otherwise 
are similar in all respects. Such forIllS were named as Thoracosphaera 
imperforata Kamptner, a name which has been in use for over three 
decades in the literature. A detailed examination of the Rotti material 
(topotype for Th. imperforata Kmt.) has shown that associated with 
normal specimens of Th. heimi are specimens which do not show any 
pores, but under strong illumination do reveal the presence of pores. 
Su eh specimens are much more common than the ones showing typical 
pores. It may be pointed out that af ter repeated examination of Rotti 
material, Kamptner has not on ce reported the presence of Th. heimi. 

A species of Thoracosphaera similar in all respects to the weIl known 
Th. heimi and differing only in lacking the pores was fust noticed by 
Kamptner in a sample from "AmphisteginaMergel ofNuBberg" (Tortonian
equivalent sediments of the Vienna basin, KAMPTNER, 1948, p. 11). 
Later he found better specimens in the Rotti sample and named it 
Th. imperforata (K.AMPTNER, 1946, p. 100; nomen nudum). The fust 
valid name with a figure appears in 1952 (KAMPTNER, 1952, p. 236, fig . 12). 
The first doubt over the validity of Th. imperforata was raised by 
DEFLANDRE t1952, p. 458, figs. 35a-d) af ter the discovery of Th. heimi 
in the sediments of Miocene age. KAMPTNER (1955, p. 37, 66-71, fig. 98) 
had again discussed at length the relationship between the two species 
and favored retaining the name Th. imperforata. He commented: "Die 
phylogenetische Verwandtschaft zwischen den beiden Arten ist ohne Frage 
eine sehr enge. Es ist wahrscheinlich, daB Th. imperforata eine direkte 
Ahnenform von Th. heimi vorstellt. Die zweitgenannte Form hätte sich 
unter Erwerbung einer Coccolithenpore aus der anderen herausentwickelt". 
Sin ce then several authors recorded Th. heimi and commented that 
Th. imperforata differs from it only in lacking the pores. Coupled with 
authors own observation, it appears that only a single species is involved, 
Th. imperforata being morphologically, ecologically and stratigraphically 
similar to Th. heimi. As the latter name has priority, it should be retained 
and the name Th. imperforata Kamptner being superfluous shou ld be rejected. 

It is now largely beIieved that the presence or absence of a "buccal 
opening" in the test of Thoracosphaera has practically no taxonomie 
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significance. The recent specimens of Th. heimi without "buccal opening" 
were named Th. hartmanni (Schiller) Kamptner ex Pontosphaera hartmanni 
Schiller (KAMPTNER, 1955, p. 70). This name, therefore, should be rejected. 

From the Challenger station 338 of the South Atlantic, Kamptner 
described several species of Thoracosphaera, but due to the lack of type 
material and sufficient documentation, the validity of many species cannot 
be ascertained. Careful examination of the illustrated specimens of 
Th. corsena Kamptner, Th. reliana Kamptner and Th. sUbtilis Kamptner 
show that they are synonymous with Th. heimi {Lohmann) Kamptner. 
Occurrence: Few in the Rotti sample (but the most common species 
of Thoracosphaera present). Originally reported from the Recent sediments 
of the Adriatic Sea. Rare to common in sediments of Middle Miocene 
to Recent age. 

Thoracosphaera cf. Th. ellipsoidea Kamptner, 1967 
Plate 10, figs. 5-6 

* 1967 Thoracosphaera ellipsoidea Kamptner, p. 157-158, pI. 13, fig . 86. 
? 1971 Thoracosphaera cf. Th. deflandrei Kamptner-Haq & Lipps, pI. 6. 
Description: The test is ellipsoidal in shape with a thick wall, constructed 
of tightly interwoven, small elongated elements. 
Dimensions : Length: 32.5 ft. Width: 20.5 ft. 
Discussion : The Rotti specimen shows some resemblance with Kamptner's 
iIIustrated specimen in shape only and not with the original description 
of the species. In crossed-polarized light the texture of the test shows 
affinity with specimens of Th. deflandrei Kamptner. 
Occurrence: Rare in the Rotti sample. Originally reported from the 
South Atlantic Ocean. (Recent 1). 

Thoracosphaera cf. Th. rela Kamptner, 1967 
Plate 10, figs. 1-2 

* 1967 Thoracosphaera rela Kamptner, p. 158, pI. 19, figs. 107-108. 
Description: The spherical test is fairly large, with sm all polygonal 
elements pierced with pores (due to excess calcite the pores are not to 
be seen). 
Dimensions: Diameter of the test: 32.5 ft. 

Size of the elements: 1.5 ft-2 ft. 
Discussion : The Rotti specimens match the original description but not 
the original figure . It shows some resemblance to Th. heimi, but differs 
in being larger and in showing altogether different texture of the elements 
in crossed-polarized light. 
Occurrence: Rare in the Rotti sample . Originally reported from the 
South Atlantic Ocean. (Recent 1) 
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Thoracosphaera narena Kamptner, 1967 
Plate 10, figs. 3-4 

* 1967 Thoracosphaera narena Kamptner, p. 158, pI. 15, figs. 96, 97; 
pI. 16, figs. 98, 99; pI. 17, figs. 101, 103. 

Description ." The spherical test is fairly large with a thick wall, constructed 
of large elements joined together along irregular sutures. 
Dimensions ." Diameter of the test : 30 fl. 

Thickness of the wall: 4 fl. 
Size of the elements: 3.5 fl. 

DisCU8sion." This is a fairly distinctive species and differs from others 
in possessing a very thick wall and much larger elements. 
Occurrence ." Rare in the Rotti sample. OriginallY reported from the 
South Atlantic Ocean. (Recent 1) 

Thoracosphaera prolata Bukry & Bramlette, 1969 
Plate 14, fig. 5 

* 1969 Thoracosphaera prolata Bukry & Bramlette, p. 141, pI. 3, fig. 18. 
Remarks." This is a Eocene reworked species in Rotti. The specimens 
match the original description and figure. 

Thoracosphaera saxea Stradner, 1961 
Plate 14, figs. 1-2 

* 1961 Thoracosphaera saxea Stradner, p. 8, fig . 71. 
non 1969 Thoracosphaera saxea Stradner-Boudreaux & Hay, p. 265, pI. 4, 

figs. 2-5. 
Description." The spherical test is fairly large, constructed of large 
elements joined together along crenulated suture lines. 
Dimensions ." Diameter of the test: 30 fl. 

Size of the elements : 3-8 fl. 
DiscU88Ïon." This is quite a distinctive species and distinguished from 
others in possessing extremely large-sized elements joined together along 
crenulated suture lines. The Rotti specimens match the description and 
figure given by Stradner. At least figures 4 and 5 of Boudreaux & Hay 
show close resemblance to Th. operculata Bramlette & Martini. 
Occurrence." This is a reworked species from the Danian. 

Thoracosphaera deflandrei Kamptner, 1956 
Plate 14, figs. 3-4 

* 1956 Thoracosphaera deflandrei Kamptner, p. 448-456, figs . 1-4. 
Description." The spherical test is moderate- to large-sized, constructed 
of extremely fine equidimensional elements, showing a fine texture under 
crossed-polarized light. 
Dimensions ." Diameter of the test: 28 fl. 

Size of the elements: 1 fl or less. 
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Discussion : A re-examination of topotype material from Donzacq shows 
that this species is extremely rare and does not show a interference cross 
as earlier claimed by Kamptner (fig. 4). However, this species is readily 
recognized under crossed-nicols and differs from other known species in 
possessing the finest texture, the individual crystallites measuring about 
a micron or less. 
Occurrence: This is a reworked Eocene species, probably extcnding back 
to the Cretaceous. 

Thoracosphaera f08sata n. sp. 
Plate 11, figs. 1-2 

Holotype: (Plate 11, figs. 1-2 = SM.B 125 93 16. oN 18.0 E from the 
blue point). 
Dimensions of Holotype: Diameter of test: 28 /l. 

Thickness of wall: 2.5 /l. 
Size of elements: about 2 /l. 

Type locality: Thoracosphaera fossata n . sp. occurs rarely in sample 
number 168*, from Bebalain, Rotti, Series VIII of the First Netherlands' 
Timor expedition. This sample has been assigned by the present author 
to the Upper Middle Miocene, corresponding to the upper part of the 
standard nannoplankton Zone NN 9 (MARTINI & WORSLEY, 1970). 
Derivation of the name: Latin fossa = canal. 
Diagnosis .' A species of Thoracosphaera exhibiting finger-like bright 
elements under crossed-polarized light. 
Description: The spherical test is large-sized, constructed of elements 
joined along irregular sutures. Under crossed-polarized light, the surface 
exhibits bright finger-like structures interwoven in a complex manner. 
No sign of pores could be observed. 
Discussion : This is quite a distinctive species and can be readily 
recognized under crossed-nicols. It is distinguished from similar forms 
by exhibiting complexly interwoven canal-like bright elements under 
crossed-nicols (measuring about 0.5 /l in width). 
Occurrence: Rare in the Rotti sample. Other occurrences yet unknown. 

H olotype : (Plate 
blue point). 

Thoracosphaera reticulata n. sp. 
Plate 11, figs. 3-4, 6-7 

11, figs. 3-4=SM.B 12592 11.5 N/18.0 E from the 

Paratype.' (Plate 11, figs. 6-7=SM.B 12589 6.9 N/8.0 E from the 
blue point). 
Dimensions of Holotype: Diameter of test: 

Thickness of wall: 
Size of elements: 

Dimensions of Paratype : Diameter of test: 
Thickness of wall: 
Size of elements: 

12.5 /l. 
1.5 /l. 
1 /l. 

17.5 /l. 

2 /l. 
1 /l-1.5 /l. 
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Type locality: Same as for Th. fossata n. sp. 
Derivation of name: Reticulate = net-like. 
Diagnosis: Small- to moderate-sized species of Thoracosphaera showing 
net-work of small polygonal elements. 
Description: The small- to medium-sized spherical tests show reticulate 
sculpture of walI. 
Discussion : This is quite an unusual species of Thoracosphaera exhibiting 
a dark central core and reticulate sculpture of walI. Under crossed-nicols 
the sm all polygonal elements exhibit uniform character. Due to its pecuIiar 
behaviour, at first, it was thought to represent proloculii of planktonic 
foraminifera, but the specimens do not yield an interference cross typical 
for a foraminiferal test. Moreover, the specimens do not show any sign 
of damage either. 
Occurrence: Rare in the Rotti sample (in frequency of occurrence, next 
to Th. heimi). Other occurrences yet unknown. 
Genus: Pontosphaera Lohmann, 1902. 
Type species: Pontosphaera syracusana Lohmann, 1902, p . 129-130, pI. 4, 
fig. 10 (subsequent designation by Loeblich & Tappan, 1963, p. 193). 

Shallow lopadoliths, elliptic in outIine, possessing a moderate to high 
rim weIl . The bftsal plate is arched (faintly to strongly) and pierced by 
several pores arranged in concentric rows. 

Pontosphaera attentuatus (Kamptner) nov. combo 
Plate ll , figs. 5, 9-10; PI. 12, fig. 8 

1948 Discolithus sparsiforatus Kamptner, p. 5-6, pI. 2, fig. 13. 
* 1955 Coccolithites attentuatus Kamptner, p . 21, pI. 5, fig. 58a, 58b. 

1956 Discolithus attentuatus Kamptner, p . 6 (validated by reference to 
a figure and description previouslypu blished under an invalid name). 

Description: The shallow lopadoliths are elliptic in outline, moderate
sized and show fairly good re lief in the mounting medium. The rim wall 
is fairly high and straight, fl.aring distally and terminating simply without 
any inward or outward curvature. 

The scanning electron micrograph shows an arched basal plate pierced 
with numerous pores (not so clear in the SEM-micrograph shown here) . 
The wall flares out distally and terminates simply. 
Dimensions : Length along the long axis: 20 ft. 

Width: 13.5 ft . 

Height of the wall along vertical axis: 6.5 ft. 

Discussion : It appears that this species can possess a variabie number 
of pores in the basa} plate. The more thickened walls are due to the re sult 
of recrystallization. This species can be distinguished from similary 
looking forms by the presence of a high rim wall which terminates simply 
at the distal end. 
Occurrences: Few in the Rotti sample, from which it is originally reported. 
The upper and lower limits of this species are not yet known. 
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Pontosphaera curvatus (Kamptner) nov. combo 
Plate 12, fig. 5 

• 1955 Ooccolithites curvatus Kamptner, p. 18-19, pI. 3, fig . 29a, b. 
1956 Discolithus curvatus Kamptner, p. 6 (validated by reference to 

description and figure previously published under an invalid name). 
Description." The shallow lopadoliths are moderate- to small-sized, 
possessing an exceptionally arched basal plate. The rim wall is thick and 
rises up distally in a divergent fashion. 
Dimensions ." Width of the bas al plate: 10 ft. 

Diameter of lopadolith at the distal end: 15 ft. 
Discus8Ïon ." The practical value of this species does not seem to be very 
promising, as the essential diagnostic features such as the strong arching 
of the basal plate and the thickening of the wall may have been produced 
due to the overcalcification of specimens. Nevertheless this is quite a 
distinctive species and can be best recognized in side views. 
Occurrences ." Rare in the Rotti sample from which it is originally reported. 
The lower and upper limits of its occurrence are yet unknown. 
Genus." Discolithina Loeblich & Tappan, 1963, p. 192. 
Type 8pecies." Discolithina vigintiforata (Kamptner ex Deflandre) Loeblich 
& Tappan = Discolithus vigintiforata Kamptner ex Deflandre (original 
designation). 

Discoliths with slightly arched basal plate, pierced with numerous 
pores. The rim wall attains only small height. 

Di8colithina multipora (Kamptner ex Deflandre) Martini, 1965 
1948 Di8colithus multiporus Kamptner, p. 5, pI. 1, fig. 9 (invalid). 
1959 Di8colithus multiporus Kamptner-Deflandre, p. 148. 

1 1965 Di8colithina multipora (Kamptner ex Deflandre) Martini, 1965, 
p.400. 

Di8CUS8ion ." Extremely rare specimens were encountered in the Rotti 
sample. The specimens differ from species of Pontosphaera in lacking a 
high rim wall, otherwise show close resemblance. 

The number and the siza of pores in the basal plate show considerable 
variation. Di8COlithus trematotes Kamptner, 1956 (ex Ooccolithites trematotes 
Kamptner, 1955, p. 15, pI. 2, fig. 24) and Di8COlithus martini Kamptner, 
1956 (ex Ooccolithites martini Kamptner, 1955, p. 15, pI. 2, fig. 17) are 
referable to this taxon. A detailed account of its morphology is presented 
by Stradner & Edwards (1968, p. 34-37). Due to the lack of suitably 
preserved specimens it is not illustrated here. 
Occurrence ." Rare in the Rotti sample. OriginallY reported from the 
Miocene of Austria. Appears to range from the Palaeocene to Pliocene 
of many parts of the world. 

Di8colithina ani80trema (Kamptner) Bramlette & Wilcoxon, 1967 
Plate 12, fig. 9 

• 1955 Ooccolithites anisotrema Kamptner, p. 16, figs. 22a, 22b on plate 2. 
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1955 Ooccolithites deflandrei Kamptner, p. 16, pI. 9, figs. 141a, 141b. 
1956 Discolithus anisotrema Kamptner, p. 6 (validated by reference to 

figure, and description previously published under an invalidated 
name). 

1956 Discolithus deflandrei Kamptner, p. 6. 
1967 Discolithina cf. D. anisotrema. (Kamptner) Bramlette & Wilcoxon, 

p. 104, pI. 5, figs. 5-6. 
Description,' The discoliths are elliptical in shape, are small- to medium
sized and possess an extremely low rim wal!. The basal plate is pierced 
with a series of pores, out of which the outermost row has characteristically 
bigger pores (due to excess calcite on the specimens, this is only faintly 
discernabIe in the illustration). 
Dimensions " Length : 8 ft. Width: 5.5 ft. 
Discussion " This is a comparatively small but distinctive species and 
could be readily recognized due to the presence of larger pores in the 
outermost circle and by the presence of an extremely low rim walI. The 
figures 5 and 6 of Bramlette & Wilcoxon show a form which differs from 
typical forms in Rotti by the presence of a thicker and a higher rim wall, 
but otherwise seem to be identical. 
Occurrence " Rare in the Rotti sample from which it is originally reported. 
Also reported as sparsely occurring throughout Cipero section, Trinidad. 
The lower and upper limits of its occurrence are not yet known. 



VIII. A BRIEF REVIEW OF THE SPECIES 
DESCRIBED BY KAMPTNER, 1955 

Kamptner's publication of Rotti coccoliths in 1955 was a significant 
contribution, as it deals with more than a hundred species, of which 99 
were described as new. Beautifully handdrawn figures distributed in 
nine tables took the author nearly a decade to complete (Kamptner, 
oral communica,tion, November 1971). The material was investigated by 
him at irregular intervals and several hours or even days were spent 
to sketch the different views of a single coccolith species under the light 
microscope. But unfortunately, due to the lack of information regarding 
the frequency of occurrence of species, of realistic reproduction of specimens, 
of aotuallight micrographs in polarized light, of designated type specimens 
and sound nomenolatural practice, most of the species described as new 
may not be easy to rediscover in the sample. 

It may be pointed out that whiIe working with Rotti coccoliths and 
also later, Kamptner had used a concentrated solution of calcium chloride 
as the embedding medium (KAMPTNER, 1967, p . llS). This offered a 
better contrast to the visibility of coccoliths and also served as a mobile 
medium to turn and ob serve them under different views. But as this 
was no permanent mount, the type specimens of the large number of 
forms described as new could not be preserved. Kamptner at that time 
did not fully realize the phenomenon of reworking and overcalcification 
in calcareous nannofossils. As a result, large numbers of species described 
by him are undoubtedly reworked from older strata. Several features, 
diagnostic for many new species can be ascribed to the effect of over
calcification. About the organic origin of discoasters, he had serious doubts 
and therefore did not deal with them (KAMPTNER, 1955, p. 72-74). 

A total of 112 species were described by Kamptner, out of which 
13 species were already known at that time; the rest were new. A majority 
of the new species were assigned to the invalid provisional genus 
Coccolithite8 (72 species) and included several morphologic types such as: 
calyptroliths, discoliths, cycloliths, :z:ygoIiths, tremaliths and rhabdoliths. 
The remaining 27 new species were included in natural genera such as 
8cyphosphaera (12 new species), Cyclococcolithus (9 new species) and 
Coccolithus (6 new species). 

A re-examination of the material has yielded 20 additional species which 
were not described by Kamptner vi:z:. Discoaster 13 spp., Catinaster 2 spp., 
Triquetrorhabdulus 1 sp., Scapholithus 1 sp., Braarudosphaera 1 sp., 
Sphenolithus 2 spp. The 13 species redescribed by Kamptner, were: 
8cyphosphaera apsteini, S. intermedia, S . recta, S . pulcherrima, S. amphora, 
S . campanula, S. recurvata ; Cyclococcolithus leptoporus; Coccolithus 
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pelagicus.. Rhabdosphaera procera.. Thoracosphaera heimi.. H elicoponto
sphaera kamptneri.. and Pontosphaera scutellum. All the six new species 
of the genus Ooccolithus are validly published, but only one species, viz. 
Ooccolithus radiatus Kamptner could be recognized. Ooccolithus areolatus, 
O. brouweri, O. membranaceous, O. decussatus and O. cruciferus could not 
be recognized; the latter two species are referable to forms reworked 
from the Cretaceous. Under the rules ofthe I.C.B.N. all ofthe 9 new species 
of the genus Oyclococcolithus are invalidly published (alternative names), 
although two species viz. O. elatus and O. turgens were later revalidated 
by KAMPTNER (1956, p. 9-10). The taxonomie status of these species 
could not be confirmed and whether valid are invalid, they have been 
included in the synonymy list of other well-known species (see Systematic 
Paleontology) . 

Except for a few, all the new species (72) belonging to the provisional 
genus Ooccolithites are reworked from the older Tertiary and Cretaceous 
strata. No attempt was made to assign the large number of reworked 
specimens in the sample to these species. Whether valid or not, these 
species have absolutely no practical value. 

For detailed taxonomic status of Rotti coccoliths described by Kamptner, 
the "Annotated index and bibliography of the calcareous nannoplankton" 
by Loeblich & Tappan (1966) is indispensabIe. 
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PLATE 1 
(All figures light micrographs, 

Figures 
2,000 X, unless otherwise indicated) 

1,4-7 
9 

2-3 

8 

10-11 

12-13 

Figures 

Scyphosphaera apsteini Lohmann 
(1) Scanning electron micrograph, 5,000 X , side view; (4-7, 9) 
normal light. 
Scyphosphaera martinii n. sp. . . . . . . 
(2) Holotype SM. B 125 93; (3) X-nieols, long uis 45° to polarizer. 
Sayphosphaera globulosa Kamptner . 
(8) normal light. 
Scyphosphaera cantharellus Kamptner 
(10) normal light; (11) X-ni cols, long axis 45° to polarizer. 
Scyphosphaera cylindrica Kamptner. . . . . . . . . . . . 
(12) normal light; (13) X-nieols, long axis 30° to polarizer. 

PLATE 2 
(All figures light mierographs, 2,000 X) 

1 Scyphosphaera pirijormiB Kamptner . 
(1) norma.l light. 

2 Scyphosphaera ampla Ka.mptner 
(2) normal light. 

3-4 Scyphosphaera sp.. . . . . . . 
(3) normal light; (4) X·nieols, long axis 45° to polarizer. 

5-6 Scyphosphaera recta (Deflandre ) Kamptner .. . ... . 
(5) normal light; (6) X·nieols, long axis 30° to polarizer. 

7-8 Scyphosphaera cane8C13nB Kamptner . . . . . . . . . . . 
(7) normal light; (8) X-nieols, long axis 45° to polarizer. 

9-10 Scyphosphaera magna Kamptner .... . ...... . 
(9) norma.l light; (10) X-nieols, long axis 30° to polarizer. 

PLATE 3 
(All figures light mierographs, 2,000 x, uniess otherwÏBe indicated) 

Page 

27 

41 

29 

33 

32 

Page 
31 

29 

41 

30 

33 

37 

Figures Page 
1 Scyphosphaera cf. S. ampla Ka.mptner. . . . . . . . . . . . 29 

(1) Scanning eleetron.mierograph, 2,000 X, oblique distal view. 
2-3 Scyphosphaera turriB Ka.mptner ............ 35 

(2) norma.l light; (3) X-nieoIs, long axis 45° to polarizer. 
4-7 Scyphosphaera recurvata Deflandre . . . . . . . . . . . 31 

(4, 6) normal light; (5, 7) X-nieoIs, long axis 45° to polarizer. 
8,9-10 Scyphosphaera conica Ka.mptner . . . . . . . . . . . . . 34 

(8, 9) normal light; (10) X-nieols, long axis 45° to polarizer. 
11 Scyphosphaera galeana Kamptner. . . . . . . . . . . . . 37 

12-13 Scyphosphaera cf. S. aranta Kamptner . . . . . . . . . . 38 
(12) normal light; (13) X-nieols, long axis 45° to polarizer. 

14-15 Scyphosphaera aequatorialiB Kamptner .. . ....... 34 
(14) normal light; (15) X-nieols, long axis 40° to polarizer. 

PLATE 4 
(All figures light mierographs, 2,000 X, unless otherwise indieated) 

Figures 
1 Scyphosphaera lagena Ka.mptner 

(I) normal light. 

Page 
33 
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2-5 Scyphosphaera procera Ka.mptner . . . . . . . . . 30 
(2, 4, 5) nonnal light; (3) X-ni cols, long axis 450 to polarizer. 

6-8 Scyphosphaera amphora DeBandre .. . . . . . . . . . . . 40 
(6) nonnallight ; (7) X-nicols, long axis 450 to polarizer; (8) nonnallight. 

9-13 Scyphosphaera campanula DeBandre ... . . . ... . .. .. 36 
(9) nonnal light; (10) X-nicols, long axis 450 to polarizer; (U, 12) 
nonnal light; (13) scanning electron micrograph, 2,000 X, side view. 

14--15 Scyphosphaera intermedia DeBandre. . . . . . . . . . . . 39 
(14) nonnal light; (15) X-nicols, long axis 450 to polarizer. 

16-17 Scyphosphaera tubifera Ka.mptner. . . . . . . . . . . . . 35 
(16) nonnal light; (17) X-nicols, long axis 450 to polarizer. 

PLATE 5 
(All figures light micrographs, 2,000 X, unless otherwise indicated) 

I 

Figures 
1-2 

3-4 

5-6 

7-12 

Scyphosphaera rottiensis n. sp. . . . 
(1) Holotype SM. B 125 89, nonnal light; (2) X-nicols, long axis 
450 to polarizer. 
Scyphosphaera rottiensis n. sp. . . . 
(3) Paratype SM. B 125 89, nonnal light; (4) X·nicols, long axis 
450 to polarizer. 
Scyphosphaera intermedia DeBandre . 
(5, 6) nonnal light. 
Scyphosphaera pukherrima DeBandre 
(7-8) nonnal light; (9) scanning electron micrograph, 2,500 X , side 
view; (10-12) nonnal light. 

13-14 Discoaster calcaris Gartner. . . . . . . 
15 Discoaster hamatus Martini & BramIette 

PLATE 6 
(All figures light micrographs, 2,000 X, unless otherwise indicated) 

Page 
42 

42 

39 

38 

47 
49 

Figures Page 
1 Discoaster neohamatus Bukry & BramIette. . . . . . 50 
2 DiBcoaster neohamatus Bukry & Bra.mlette . . . . . . 50 

(2) better preserved specimen from sample TTOC 178 890 of 
Globorotalia menardii Zone of Trinidad to emphl.l8ize the degree of 
distortion suffered by Rotti discoasters. 

3 Discoaster cf. D. exilis Martini & Bra.mlette 48 
4 Discoaster cf. D. variabilis Martini & Bramlette 
5 Discoaster boUii Martini & Bra.mlette. . . . 
6 Discoaster aulakos Gartner. . . . . . . . . . 

52 
45 
45 

7-8 DiBcoaster adamenteus Bramlette & Wilcoxon . 44 
(7) Scanning electron micrograph, 2,500 X; (8) scanning electron 
micrograph, 5,000 X • 

9 DiBcoaster perplexus BramIette & Riedel 51 
10 DiBcoaster extensus Hay . . . . . . . . 49 

11-12 Catinaster calyculus Martini & Bra.mlette 54 
(U) medium focus; (12) high focus. 

13-14 Catinaster coalitus Martini & BramIette . 53 
(13) medium focus; (14) deep focus. 

15-16 Catinaster aff. C. coalitus Martini & Bramlette 53 
(15) medium focus; (16) deep focus. 

17-18 Discoaster stellulus Gartner . . . . . 52 
(17) medium focus; (18) high focus to show the median ridges. 
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PLATE 7 
(All figures light micrographs, 2,000 X, unleBB otherwise indica.ted) 

Figures 
1-2 Braarudoaphaera bigelowi (Gran & Bra.a.rud) Defl.a.ndre 

(1) normal light; (2) X-nicols. 
3-4 Rhabdosphaera procera Martini emend.. . . . . . . . 

(3) Scanning electron micrograph, . 5,000 X; (4) scanning electron 
micrograph, 2,500 X . 

5-7 DiBcoaster pentaradiatua Tan Sin Hok ........ . 
(5) six-rayed form; (6) five-rayed form; (7) four-rayed form. 

8-9 Sphenolithua moriformiB (Brönnimann & Stradner) Bra.mlette & 
Wilcoxon .. .......... .. ....... . ... . 
(8) scanning electron micrograph, 2,500 X, oblique ba.sa.l view; 
(9) scanning electron micrograph, 5,000 X, side view, small specimen. 

W-ll Triquetrorhabdulua rug08U8 Bram1ette & Wilcoxon . . . . . . . . 
(10) normallight, perpendicular to the polarizing direction; (11) normal 
light, para.1lel to the polarizing direction. 

12 DiBcoaster brouweri Tan Sin Hok. . . . . . . . . . . . . . . 
13-16 Sphenolithua moriformiB (Brönnimann & Stradner) Bram1ette & 

Wilcoxon . . .. .................. .. . 
(13, 15) normal light; (14, 16) X-nicoIs, long axis 0° to polarizer. 

17-18 Sphenolithua abie8 Deflandre . . . . . . . . . . . . . . 
(17) normal light; (18) X-nicoIs, long axis 0° to polarizer. 

19-20 SCOIpholithua f08BiliB Deflandre . . . . . . . . . . . . . 
(19) normal light; (20) X-nicols, long axis of parallelogram 45° to 
polarizer. 

21-22 Acanthoica sp. . . . . . . . . . . . . . 
(21) normal light, tilted specimen; (22) X-nicoIs, long axis 45° to 
polarizer. 

23-24 Rhalxi<Japhaera procera Martini emend.. . . . . . . . . . . 
(23) normal light, (24) X-nicols, long axis 45° to polarizer. 

25 Acanthoica sp. . . . . . . . . . . . . . . . . . 
(25) scanning electron micrograph, 5,000 X . 

PLATE 8 
(All figures light micrographs, 2,000 X, unieBB otherwÏBe indicated) 

Page 
58 

59 

50 

61 

55 

46 

61 

62 

57 

58 

59 

58 

Figures Page 
1 Reticulofeneatra ampla (Kamptner) nov. comb.. . . . . . 65 

(1) scanning electron micrograph, 5,000X, proxima.l view. 
2 Cyclococcolithua rotula (Kamptner) Kamptner emend.. . . 72 

(2) scanning electron micrograph, 5,000 X, proxima.l view. 
3 Cyclococcolithua leptopOruB (Murray & Bla.ckman) Kamptner 69 

(3) scanning electron micrograph, 2,500 x, distal view. 
4--5 Cyclococcolithua kreicigrafi n. sp. . . . . . . . . . . . . . 74 

(4) Holotype SM. B 12596; scanning electron micrograph 10,000 X ; 
distal view; (5) Paratype SM. B 125 97; scanning electron micrograph, 
10,000 X, distal view. 

6 Cyclococcolithua sp. I . . . . . . . . . . . . . . . 73 
(6) scanning electron microscope, 5,000 X ; distal view. 

7 Cyclococcolithua sp. 11 . . . . . . . . . . . . . . . 73 
(7) scanning electron micrograph, 5,000 x, distal view. 

8 Coccolithua pelagicua (Wallich) Schiller. . . . . . . . 64 
(8) scanning electron micrograph, 4,500 x, distal view. 
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9 

lO-H 

12-13 

14-15 

16-17 

18-23 

24-25 

CydococcolithU8 sp. m . . . . . . . . . . . . . . . . 
(9) scanning electron micrograph, 4,500 x, dista.l view. 
CydococcolithU8 macintyrei Bukry & Bra.mlette 
(10) norma.l light, proxima.l view; (H) X-niooIs. 
Reticulofeneatra ampla (Kamptner) nov. comb.. . 
(12) Coccosphere, low focus; (13) X-nicols, high focus . 
Reticulofeneatra ampla (Kamptner) nov. comb ..... 
(14) normallight, proximal view; (15) X-nicols, long axis 0° to polarizer. 
CoccolithU8 pelagicU8 (Wallich) Schiller . . . . . . . . . . . . . . 
(16) normallight, proxima.l view; (17) X-nicoIs, long a.xis 0° to pola.rizer. 
CyclococcolithU8 rotula (Ka.mptner) Ka.mptner . . . . . . . . . . 
(18, 20, 22) normallight, distal views; (19, 21, 23) X-nicols; (21, 23) 
photographed in strong light. 
Reticulofeneatra sp. . . . . 
(24) normal light, proximal view; (25) X-nicols, long axis 45° to 
polarizer. 

PLATE 9 
(All figures light micrographs, 2,000 X, unless otherwise indica.ted) 

74 

71 

65 

65 

64 

72 

66 

Figures Page 
1- 3 Helicopontoaphaera kamptneri Hay & Mohler. . . . . . . . . . . 76 

(1) normal light, high focus; (2) medium focus; (3) · X-nicoIs, high 
focus. Coccosphere. 

4-7 Helicopontoaphaera kamptneri Hay & Mohler . . . . . . . . . .. 76 
(4) scanning electron micrograph, 4,500 X , proximal view; (5) scanning 
electron micrograph, 2,500 x, dista.l view; (6) normal light, distal 
view; (7) X-niooIs, long axis 45° to polarizer. 

8-9 Cyclolithella sp. . . . . . . . . . . . . . . . 68 
(8) normal light, proximal view; (9) X-niools. 

10-11 OOCCOlithU8 rOOiatU8 Ka.mptner . . . . . . . . 63 
18 (10) normallight; (11) X-nicols, long axis 0° to pola.rizer; (18) isolated 

proxima.l shield, X-niools. 
12-13 OoroncyclU8 sp. I . . . . . . . 67 

(12) norma.l light; (13) X-niooIs. 
14-15 OoroncyclU8 sp. II . . . . . . 68 

(14) norma.l light; (15) X-niooIs. 
16-17, Helicopontoaphaera orientali8 (B1a.ck) nov. oomb. 77 
19-21 (16) norma.llight; (17) X-niooIs, long axis 5° to pola.rizer; (19) norma.l 

light; (20) X-niooIs, long axis 0° to pola.rizer; (21) X-niooIs, long a.xis 
45° to polarizer. 

22-25 OyclococcolithU8 8trOOneri n. sp.. . . . . . . . . . . . . . . .. 75 
(22) Holotype SM. B 125 89, normallight, proxima.l view; (23) X-nicoIs, 
photographed in strong light; (24) Paratype SM. B 125 89, normallight, 
proximal view; (25) X-niooIs, photographed in strong light. 

PLATE 10 
(All figures light miorographs, 2,000 X ) 

Figures Page 
1- 2 Thoracoaphaera of. Th. rela Ka.mptner . . . . . . 81 

(1) normal light, medium focus; (2) X-nicoIs, high focus. 
3-4 Thoracoaphaera narena Ka.mptner. . . . . . . . . . . . 82 

(3) normal light, medium foous; (4) X-niooIs, high focus. 
5-6 Thoracoaphaera of. Th. eUip80idea Ka.mptner . . . . . . . 81 

(5) normal light, medium focus; (6) X-niooIs, high foous. 
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PLATE 11 
(All figures light micrographs 2,000 X, unless otherwise indioated) 

Figures Page 
1-2 Tlwracosphaera fossata n. sp.. . . . . . . . . . . . . . . . .. 83 

(1) Holotype SM. B 125 93, nonnallight, medium focus; (2) X-nicoIs, 
high focus. 

3-4, Tlwracosphaera reticulata n. sp. ................ 83 
6-7 (3) Holotype SM. B 125 92, nonnallight, medium focus; (4) X-nicoIs, 

high focus; (6) Paratype SM. B 125 89, nonnallight, medium focus; 
(7) X-nicols, high focus. 

5 Pontosphaera attentuatus (Kamptner) nov. comb.. . . 84 
(5) scanning electron micrograph, 2,000 X, side view. 

8 Thoracosphaera heimi (Lohmann) Kamptner . . . 79 
(8) scanning electron micrograph, 2,500 X • 

9-10 Pontosphaera attentuatus (Kamptner) nov. combo . 84 
(9) nonnallight, distal view; (10) X-nicoIs, long axis 30° to polarizer. 

11 Tlwracosphaera heimi (Lohmann) Kamptner . . . . . . . . . .. 79 
(11) scanning electron micrograph, 2,500 X • 

PLATE 12 
(All figures light micrographs, 2,000 X ) 

Figures Page 
1-2 The juvenile test of a planktonic foraminifera 13 

(1) nonnal light, medium focus; (2) X-nicoIs. 
3-4, Tlwracosphaera heimi (Lohmann) Kamptner . . 79 
6-7 (3) nonnal light, medium focus; (4) X-nicoIs, high focus, elements 

with visible a.xial pore; (6) nonnallight, medium focus; (7) X-nicoIs, 
high focus, elements with closed pores. 

5 Pontosphaera curvatus (Kamptner) nov. comb.. . 85 
(5) nonnal light, side view. 

8 Pontosphaera attentuatus (Kamptner) nov. combo . 84 
(8) nonnal light, side view. 

9 Discolithina anisotrema (Kamptner) Bramlette & Wilcoxon 85 
(9) nonnal light. 

PLATE 13 
REWORKED SPECIES IN THE ROTTI SAMPLE 

(All figures light micrographs, 2,000 X, unless otherwise indioated) 

Figures 
1 Watznaueria barnesae (Bla.ck) Bukry 

(1) scanning electron miorograph, 5,000 X , distal view. 
2-3 Braarud<Jsphaera disctda Bramlette & Riedel 

(2) nonnal light; (3) X-nicoIs. 
4-5 EiUellithus turriseiUeli (Defla.ndre) Reinhardt 

(4) normal light; (5) X-nicols, long axis 30° to polarizer. 
6-7 Tetralithus ObscUruB Deflandre 

(6) nonnal light; (7) X-nicoIs, long axis 45° to polarizer. 
8-9 Oretarhabdus crentdatus Bramlette & Martini. 

10-11 Parhabdolithus embergeri (Noël) Stradner 
(10) nonnal light; (11) X-nicoIs, long axis 45° to polarizer. 

12-13 ArkhangelskieUa cymbiformis Vekshina 
(12) normal light; (13) X-nicoIs, long axis 45° to polarizer. 

14-15 OyclococcoZithus formo8U8 Kamptner 
(14) nonnal light; (15) X-niooIs. 
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16--18 Sphenolithus pseudoradians Bramlette & Wilcoxon 
(16) norma.llight; (17) X-nicols, long axis 0° to polarizer; (18) X-nicols. 
long axis 45° to polarizer. 

19 Sphenolithus sp. 
(19) X-nicoIs, long axis 45° to polarizer. 

20-21 M icrorhabdulus decoratus Deflandre 
(20) X-nicoIs, long axis 0° to pola.rizer; (21) X-nicoIs, long axis 30° 
to polarizer. 

22-23 Lithraphiditea helicoideus (Deflandre) Deflandre 
(22) nonnal light; (23) X-nicols, long axis 45° to polarizer. 

PLATE 14 
REWORKED SPECIES IN THE ROTTI SAMPLE 

(All flgures light micrographs, 2,000 X, unless otherwÏse indicated) 

Figures Page 
1-2 Thoracosphaera saa:ea Stradner . . . . . . . . . . . . . 82 

(1) norma.l light, medium focus; (2) X-nicols, high focus. 
3-4 Thoraco8phaera deflandrei Kamptner. . . . . . . . . . . 82 

(3) nonnal light, medium focus; (4) X-nicoIs, high focus. 
5 Thoracosphaera prolata Bukry & Bramlette . . . . . . . 82 

(5) nonna.l light, medium focus. 
6 Triquetrorhabdulus carinatus Martini 

(6) scanning electron micrograph, 10,000 X • 

PLATE 15 
REWORKED SPECIES IN THE ROTTI SAMPLE 

(All flgures light micrographs, 2,000 X, unless otherwÏse indicated) 

Figures 
1-2 Heliolithus kleinpeUi Sullivan 

(1) nonnal light; (2) X-nicoIs. 
3 Discoaste,. trinidadensis Hay 

(3) norma.l light. 
4 DisCOaBter deflandrei Bramlette & Riedel 

(4) scanning electron micrograph, 2,500 x. 
5 Discoaster barbadiensis Tan Sin Hok 

(5) norma.l light, stem view. 
6--7 Helicopontosphaera compacta (Bramlette & Wilcoxon) HBy 

(6) norma.l light; (7) X-nicoIs, long axis 45° to polarizer. 
8 DisCOaBte,. incomptus HBy 

(8) scanning electron micrograph, 2,600 X . 
9-10 Sphenolithus belemnos Bramlette & Wilcoxon 

(9, 10) X-nicoIs, long axis 0° and 45° to polarizer. 
11-12 Oatinaster umbereUus Bukry 

(11) norma.l light; (12) X-nicoIs, long axis 45° to polarizer. 
13-14 Oruciplacolithus tenuis (Stradner) HBy & Mohler 

(13) norma.l light; (14) X-nicoIs, long axis 45° to polarizer. 
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