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PREFACE 

At the amply attended conference on 'Reconstruction of marine paleoen
vironments' held in Utrecht in 1983, a number of participants formed the Inter
national Working Group on Benthic Foraminifera, with the purpose to join 
their research efforts on the taxonomy and the distribution of selected groups. 
This working group was subsequently accepted as accessory of the Subcommis
sion on Neogene Stratigraphy. 

At present, a considerable confusion in benthic foraminiferal taxonomy 
prevents meaningful synthetic research aiming at biostratigraphic, 
paleoecological and evolutionary analyses. In our first joint effort, on the 
Oligocene to Recent Uvigerina, we certainly reduced some of this confusion, 
although we did not strive to arrive at presenting some kind of 'final' taxonomy 
at all levels. We managed to outline a general taxonomic grouping of taxa, 
which subdivision could be shared by all participants. This resulted in the 
recognition of five major groups. After this step regional working teams were 
formed (for the eastern Atlantic Ocean, the North Sea basin, the Paratethys and 
the circum-Mediterranean) which established the subdivision at lower tax
onomic levels. These regional compilations are given in the successive papers 
of the present volume. We believe that in this way we ascertained a reasonable 
taxonomical homogeneity without imposing one taxonomic frame. Although 
all of us tried to adhere to the assemblage species concept for the recognition 
of species and subspecies, lower intraspecific categories have occassionally been 
appreciated in terms of trinomial nomenclature. Such instances may be clear 
to the reader from the accompanying texts. 

From the beginning our ultimate goal was to arrive at better conclusions on 
biostratigraphy, (paleo)ecology and evolution. The analysis of Uvigerina was 
considered to be especially rewarding in this respect and in each single paper 
the taxonomical notes are preceded by such conclusions. The data presented in 
these papers are combined and reviewed in the opening article. 

Two meetings were held to prepare the present volume. The first one took 
place in Hannover (March, 1984) and was attended by 28 participants. The se
cond was held in Budapest (September, 1985) and was attended by 15 par
ticipants. The final editorial tasks were carried out by the four authors of the 
introductionary review paper. Technical assistance was given by T. Van Hinte 
and P. Hoonhout for the drawings, and W. Den Hartog for the SEM 
photography; Mrs. A. Pouw-den Dolder gave secretarial assistance. C.W. 
Drooger is thanked for fruitful discussions and valuable suggestions. 
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UVIGERINA FROM THE EASTERN ATLANTIC, NORTH SEA BASIN,
 
PARATETHYS AND MEDITERRANEAN 

G.]. VAN DER ZWAAN, F.]. ]ORlSSEN, P.].].M. VERHALLEN AND C.H. VON DANIELS 

ABSTRACT 

In this paper the distribution of Oligocene to Recent Uvigerina in the Atlantic Ocean, North Sea basin, 
the Paratethys and the Mediterranean is reviewed. Five major groups of uvigerinids are distinguished on the 
basis of chamber arrangement, apertural features and ornamentation. It is concluded that particularly the 
costate uvigerinids, belonging to the U. peregrina and the U. bononiensis groups, are well adapted to burrow 
actively and are frequent in organic carbon-rich sediments. These groups evolved in the course of the Miocene 
as a response to paleo-environmental changes related with the changing global climate. 

In time-latitude diagrams the paleogeographic distribution of the five groups is summarized. These 
diagrams suggest that the distribution patterns of Uvigerina were greatly influenced by the production of 
southern hemisphere cool waters at 45 Ma and by changes in the northern hemisphere cool water production 
at 15 and 3-2 Ma. 

INTRODUCTION 

Uvigerina constitute an important group of benthic foraminifera: they are 
widespread, cover a wide range of environments and are potentially of great 
value for paleoecological reconstructions. During the past decades much has 
been done on Uvigerina taxonomy (e.g. Lamb, 1964; Meulenkamp, 1969; 
Thomas, 1980; Lamb and Miller, 1984; Boersma, 1984) and their use as (pa
leo-)environmental index-species has been pointed out in a considerable 
number of studies (e.g. Seiglie, 1968; Lohmann, 1978; Douglas and Woodruff, 
1982; Miller and Lohmann, 1982; Lutze and Coulbourn, 1984). The distribu
tion patterns of some uvigerinids are also used for the mapping of large-scale 
watermass movements during glacial-interglacial times (e.g. Streeter, 1973; 
Schnitker, 1979; Streeter and Shackleton, 1979). 

In spite of all research efforts, we know relatively little about the 
(paleo)ecology and (paleo)biogeography of Uvigerina. A major drawback in 
this respect is the confusion in the taxonomy of these benthic foraminifera. 
There is no general agreement on the species concepts to be adopted and conse
quently there is little chance of a good compilation of published data. 

In this paper we present a compilation of the relevant data which were 
gathered during the work on the taxonomy of Oligocene - Recent Uvigerina 
from a rather large area, comprising the NE Atlantic Ocean, North Sea Basin, 
Paratethys and Mediterranean. Firstly, we give a taxonomical review and we 
discuss some general morphological trends in Uvigerina development which 
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emerged during our work. Secondly, we summanze shortly the 
biostratigraphic applicability of Uvigerina, followed by a discussion on 
paleoecology. Finally, we present a review of the distribution in time of the 
various larger groups of Uvigerina on the basis of which the paleobiogeography 
of these groups is discussed. 

GROUPING OF SPECIES AND GENERAL MORPHOLOGICAL DEVELOPMENT 

Ifwe consider the general morphologies of Oligocene and Neogene Uvigerina 
occurring in the various regions, it appears that they can be classified rather 
easily in three larger groups (fig. 1). The biostratigraphic distribution of the 
taxa belonging to two of these groups is summarized in figure 2. 

The first group we named the U. semiornata group, after one of its most wide
ly known representatives. The main morphological features are: 1) the majority 
of the species has a triserial chamber arrangement throughout; 2) the apertural 
neck is short and stands in a more or less distinct depression; 3) the broad and 
high chambers strongly overlap the previous ones; 4) as far as we have observ
ed, pores have an elongate shape. Within this group all ornamentation types are 
found, although striate-costate ornamentations are by far the most frequent. 

It is the ornamentation which serves as a rather easy means to subdivide this 
large group into two subgroups. The costate to strongly costate species form 

a	 b c 

Fig. 1	 Schematic drawings of representatives of the three major groups of Uvigerina. a: U. semiornata 
group. b: U. peregrina group. c: U. bononiensis group. 
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one subgroup, the striate to smooth ones the other. If considered in more 
detail, these subgroups appear to differ in some more points. The costate 
subgroup seems to be a continuation of some Eocene-Oligocene uvigerinids and 
the species have only rarely a tendency to lower seriality. The striate subgroup, 
however, seems to have derived independently from more costate Oligocene 
ancestors; moreover, taxa of this subgroup show more often biserial adult 
stages. 

The second large group was named the U. peregrina group. The species 
belonging to this group are characterized by: 1) more or less inflated chambers 
which do not strongly overlap the preceding ones; 2) straight and often depress
ed basal chamber sutures; 3) a relatively long apertural neck which is not placed 
in a depression; 4) a rather frequent tendency to reduced seriality; 5) rounded 
pores. 

This group can also be subdivided into two subgroups, again mainly on the 
basis of ornamentation: a pustulous-hispid subgroup and a dominantly costate 
subgroup. The subgroup with hispid-pustulous ornamentation is geologically 
the oldest, arising from Eocene-Oligocene ancestors; the species are often very 
small and some have rather long biserial stages. The dominantly costate 
subgroup occurs higher in the geological record; its species are often larger than 
the pustulous ones, have more inflated chambers and a stronger tendency 
towards biseriality. Although the dominant ornamentation is costate, this 
subgroup contains completely hispid species as well (e.g. U. hispida). These can 
only be distinguished from representatives of the pustulous/hispid sub
group by their size and the i.nflated chambers. 

The third important group we distinguished was named the U. bononiensis 
group. The general morphology of the species belonging to this group is 
characterized by: 1) the reduced seriality in adult stages; 2) a predominantly 
costate ornamentation; 3) 'en crochet' sutures; 4) an apertural neck which is not 
placed into a distinct depression; 5) rounded pores. 

This five-fold subdivision of uvigerinids (three groups, two of which with 
two subgroups) represents in our opinion a rather natural classification. The 
further subdivision at species, subspecies and forma/variety levels is con
siderably less 'natural', although from a paleontological point of view it is of 
course completely valid. 

There seems to be a certain order of appearance in time of the morphological 
characteristics of the five groups c.q. subgroups. The semiornata group is con
sidered to be the most 'primitive', not only in the sense that it extends far back 
into the Eocene but also because it has a short apertural neck situated in a 
depression, which configuration is rather comparable to the Bulimina apertural 
morphology. The latter characteristic may point to a phylogenetic relationship 
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U. semiornata group U. peregrina group U. bononiensis group 

smooth 
mantaensis 
semio1"nata karreri 1) 

pudlingensis 

zandii 

semiornata kusteri 

semi orna ta sapl'ophila 
semiornata urnula 1) 
hosthantkeni ..... gallolJayi 
Qrbatula 

af. schwageri 
cocoaensis alazanensis 

hispida "" Qauleata 
l"ustiCQ 
pygmaea langenfeldensis 
farinosa = graai lis 
proboscidea 
Qubel'iana 
tenuipustulata 
pudica 

pygmaea langeri....., hollicki 
lappa 
romaniaca 
cf· pigmea 
peregr1"na pal'va 
peregrina dil'upta 
pygmaea 

venus ta neudorfensis 

pygmoides 
ciperana 
venusta venusta 
venusta saxonica 

venusta liesingensis 
venusta deurnensis 
rippensis 
peregrina bifurcata 

parviformis 
cylindl'ica cylindrica 
cylindrica gaudl'yinoides 
spinicostata 

2)parkeri parkeri 
parkeri brevifoP777is 2) 

graci liformis 

bononiensis bononiensis 
bononiensis cOMpressa 2) 

bononiensis pri~iformis 
bononiensis lueneburgensis 
phlegeri 

spinose! 

pustulous 

hispido! 

costate 

partly 

costate 

densely 

costate 

semiornata '" rutila 
semiornata adolfina 
semiornatQ albingensis 
semiol'nata brunnensis 
striatissima 
longistriata 
fLintii 
densistriata 
elongatastriata 

mediterranea 
acwninata 
moravia 
steYI'i ~ cocoaensis 
hantkeni 
beUicostata 
macI'ocarinata 

coarsely 

costate 

eocaena 

1) lumped under U. semi ornata in the North Sea Basin 
2) lumped under U. bononiensis in the Mediterranean 

Table 1 Summary of Uvigerina taxa described in this volume. 
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with this genus. The younger, striate offshoot of the semiornata group is 
already a little more advanced because its species have more often an adult stage 
characterized by a lower seriality. 

Between the semiornata subgroups and the peregrina group there are no ob
vious phyletic links. The pustulous species of the peregrina group are mor
phologically certainly more advanced. They have a terminal aperture which is 
not placed in a Bulimina-like depression and they have already rather globular 
chambers. Moreover, they show a stronger tendency towards reduced seriality. 
These characteristics are even more strongly developed in the geologically 
younger, costate subgroup. 

The geologically youngest addition, the bononiensis group, consists of the 
most advanced taxa. The group is characterized by a strong tendency to reduc
ed seriality, by the absence of a distinctly depressed area around the apertural 
neck and by globular chambers. 

Understanding the functional morphology of the enumerated test elements 
which appear to have been subject to change in the course of time, is of impor
tance to appreciate the overall change in Uvigerina morphology. It has been 
suggested (e.g. Scott, 1974) that reduced seriality leads to more slender forms 
early in the ontogeny and thus would facilitate burrowing activities of the 
animals. We have evidence indeed that many of the recent Uvigerina species do 
burrow through the sediment (Kitazato, 1981, 1984). As a consequence, the ex
planation for the general development towards reduced seriality might be 
found in differences in burrowing behaviour. In this volume evidence is 
presented (Van Leeuwen; Lutze; Borsetti et al.) that the species of the bononien
sis group and to a lesser degree those of the costate peregrina subgroup, are par
ticularly frequent in sediments rich in organic carbon. Therefore, it can be 
assumed that they tolerate relatively low oxygen conditions, which usually go 
together with the organic-rich sediments. In muddy environments, conditions 
of low oxygen and high organic carbon contents are found below the sediment
water interface, sometimes rather deep in the sediment. The animal has to bur
row actively in order to remain in the rather narrow sediment layer where 
abundant specific food is available and oxygen concentrations are still sufficient 
for survival. If this assumption is correct, the development of slender and 
costate species from the Middle Miocene onwards could be explained by large 
scale ecological changes which led to the occupation of niches rather deep in 
the sediment. This would have led to a niche partitioning between Uvigerina 
species, in which the more 'primitive' species of the semiornata group would 
have lived shallowest in the sediment (at least did not dig actively) whereas the 
more advanced and slender forms could survive deeper in the sediment. We will 
return to this subject in the last part of this paper. 
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Fig. 2 Distribution of taxa belonging to the U. semiornata and the U. peregrina group in the Paratethys, 
North Sea and Mediterranean. 
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SYNONYMY AND ENDEMISM 

Ifwe compare the about 80 species and intraspecific units which are described 
in the following chapters of this volume, it appears that there is relatively little 
synonymy between the various names adopted in the different regions. It is 
rather likely that only two pairs of species names are really synonymous: V. 
hispida with V. aculeata and V. /arinosa with U. gracilis. A much greater 
number of taxa which were described from the various regions, have rather 
similar counterparts in the other areas (see table 1), but in these cases minor 
differences can always be pointed out; the differences are estimated to be of 
subspecies or even variety level. These differences do not concern systematic 
morphological changes in the sense that ornamentation alters with for instance 
latitude. It seems to be more likely that we are dealing with regional modifica
tions in morphology owing to the relatively isolated character of the various 
basins. Yet, the number of 'endemic' taxa is rather low (see table 1): five occur 
only in the North Sea area, three are confined to the Paratethys and four to 
the Mediterranean. Whether we are dealing with true endemism is difficult to 
judge, because our records are biostratigraphically and geographically limited. 

BIOSTRATIGRAPHY 

The biostratigraphic distribution of all species is given in the separate papers 
on the distribution of Uvigerina in the North Sea, Paratethys and Mediterra
nean. Only for NW Germany a formal zonation based on Uvigerina has been 
established. In the Paratethys and in the Mediterranean, no such zonations are 
in existence; especially in the Mediterranean a Uvigerina zonation would pro
bably have a low potential if compared with other correlation tools already in 
use. 

The use of Uvigerina taxa for interregional correlation might be great (see 
Von Daniels, this volume) although it is clear from figure 2 that only a few 
species could be used directly between the three regions (e.g. FOD V. semior
nata, FOD V. hantkeni ). A calibration of regional zones based on figure 2 
might be useful for correlation; in view of the scarce occurrence and indistinct 
character of for instance planktonic foraminifera in the North Sea Basin and 
to a lesser degree in the Paratethys, the potential of Uvigerina compared with 
other biostratigraphic tools could be high. 

GENERAL DEVELOPMENT OF UVIGERINA 

In figure 2 we have summarized the biostratigraphic distribution of Uvigerina 
taxa in the North Sea area, Paratethys and Mediterranean. We restricted this 
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compilation to the semiornata and peregrina groups. The bononiensis group is 
extremely scarce in the North Sea area; moreover, in the Paratethys a number 
of taxa are distinguished which in Mediterranean material probably are not 
separated but lumped to only one species. For this reason, the records are rather 
incomparable. 

In figure 2 the biostratigraphic ranges of the most important taxa are arranged 
in such a way that morphologically close species or species between which tran
sitional forms were observed, are placed alongside each other. We do not intend 
to suggest, however, that such morphological resemblances indicate phyletic 
relations as well. 

On the basis of our present data it appears that the records of the semiornata 
group in the various regions are very similar. Although often based on different 
species or subspecies, we observed similar trends in the development of the or
namentation and a correspondence in time during which the actual changes 

+4 +3 +2 +1 

0 '80 Diversity of Uvigerina
Ma Bottom water temperature (number of species of semiornata 

(after Douglas & Woodruff, 1981) and peregrina group) 

- Paratethys 
.~- Mediterranean 

N. Sea 

10 

20 

30 

Fig, 3 Number of species of the U. semiornata and the U. peregrina groups, compared with a generalized 

oxygen isotope curve after Douglas and Woodruff (1981). 
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took place. Also the periods of accelerated diversification are the same. Equally 
corresponding patterns can be observed in the peregrina group, although a dif
ference between the records is that U. venusta and some related taxa are present 
in the North Sea and Paratethys but absent from the Mediterranean. 

For all important Miocene-Recent species but U. mediterranea and the costate 
species of the peregrina group, we could find morphologies which potentially 
could have been ancestors. Whether they really acted as parent stocks remains 
as yet uncertain. In the cases of U. peregrina and U. mediterranea we are dealing 
with rather sudden entries in the record and we have almost no idea as to where 
these taxa are coming from. 

In figure 3 the diversity of Uvigerina, expressed in the number of taxa, is plot
ted per million year time slice. As far as we have data, the periods of increased 
diversity are rather synchronous in the various areas. If this pattern is compared 
with a generalized stable isotope record, it can be seen that the associations are 
most diverse during cooling periods, and least diverse during climatic minima 
and maxima. This already indicates that temperature itself is probably not the 
most important controlling factor, although many uvigerinids seem to have 
some preference for warmer water. It is more likely that the diversification was 
caused by a complex interplay of factors related with large-scale climatic 
changes, as will be pointed out in the last chapter. 

ECOLOGY AND PALEOECOLOGY 

From the papers of Lutze and Van Leeuwen (this volume) it is clear that only 
one factor convincingly explains the Recent distributional pattern of the U. 
peregrina group and the U. bononiensis group : the content of organic matter 
in the sediments. This is confirmed by the distribution of these uvigerinids in 
the Neogene of the Mediterranean (Borsetti et aI., this volume). Also in a 
number of other studies such a hypothesis has been advanced (see papers of Van 
Leeuwen, Lutze, and Borsetti et aI., for references). Next to the organic carbon 
content, the nature of the sediments seems to be of prime importance, since 
uvigerinids clearly proliferate in the finest grain size fraction, i.e. in muddy 
sediments. Since the organic carbon content is negatively correlated with the 
grain size (Romankevich, 1984), this preference would fit the pattern. In none 
of the studies known to us an equally convincing correlation with other 
ecological parameters has been described, thus neither temperature nor salinity 
and depth are likely to be primary controlling ecological factors. 

If it is really true that the distribution of uvigerinids is mainly dependent on 
one factor, we are faced with the problem to differentiate the niches of in
dividual species by means of this single ecological parameter, in other words 
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to explain the necessary niche separation. When we consider the distribution 
pattern of organic carbon in sediments with varying latitude, it appears that in 
general low latitude sediments have considerably lower contents than high 
latitude ones (Romankevich, 1984). This difference may be responsible for the 
latitudinal separation as indeed observed by Lutze (this volume). When we con
sider the distribution of organic carbon with water depth, it appears that also 
with depth (or more precisely with the distance from the continent) the 
amount of organic matter diminishes (Romankevich, 1984; compare Van 
Leeuwen, this volume). This could cause separation in a second dimension. A 
third separating dimension could be the habitat in the sediments. Uvigerinids 
which are ecologically not well separated by means of the two earlier described 
means, might be separated by their burrowing depth: with increasing burrow
ing depth decreasing amounts of oxygen and increasing amounts of organic C 
are available (Romankevich, 1984). In such environments, and in patches with 
extremely high quantities of organic matter, well-adapted animals will take ad
vantage by their ability to burrow. In this context, it has already been argued 
that especially the species of the U. bononiensis group and to a lesser extent 
those of the U. peregrina group, are well adapted. It might thus be argued that 
one parameter (organic carbon) could cause a sufficient three-dimensional niche 
separation for Uvigerina. In figure 4 a theoretical plot is given for the different 
groups within such niche dimensions. 

decreasing 
depth in 
sediment 

U. peregrina 

hispid 

lower 
latitude 

Fig. 4 

increasing 
depth / distance 

from continent 

Three-dimensional diagram illustrating the distribution of the various groups of Uvigerina with 
water depth, latitude and depth in the sediment. 
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PALEOBIOGEOGRAPHY 

In figure 5 the various distributional patterns are summarized in time-latitude 
plots. We realize that especially the older parts of the records are not well 
documented and that these parts are geographically biassed because we have on
ly data from the Mediterranean, Paratethys and North Sea. The Holocene to 
Recent is well documented (see Lutze, this volume; Van Leeuwen; this volume) 

Yet, if we compare these tentative reconstructions, a very consistent pattern 
can be observed. The semiomata group and the peregrina group show notable 
shifts in their distributional patterns at four rather distinct time levels. After 
45 Ma , the hispid/pustulous peregrina subgroup expanded northward. At 
about 30-25 Ma the modern costate and the striate representatives of the semior
nata group entered the record; the costate subgroup occurred somewhat earlier 
in the Paratethys and Mediterranean than in the North Sea. Between 25 and 
15 Ma there is a certain stationary situation during which not much happended 
with respect to the biogeography. At about 15 Ma the patterns changed con
siderably; the two groups mentioned retracted southwards. At about the same 
time the costate peregrina group entered the record. Immediately after this the 
distributional area of the various morphotypes of this peregrina subgroup 
shifted southward. An extremely strong southward change in the 
biogeographic patterns seems to have taken place at about 3-2 Ma; all the groups 
retracted southward with increasing pace and U. mediterranea entered the 
record a little later displaying a southward extension reaching nowadays to 
about 35° N. 

If we compare the paleo-biogeographic distribution with the 
paleotemperature curve of figure 3, it is obvious that the major events at 45, 
15 and 3-2 Ma coincide with coolings. Since the species belonging to the hispidl 
pustulous subgroup of U. peregrina (e.g. U. proboscidea) are restricted to sub
tropical and tropical associations (see Borsetti et aI., this volume; compare 
Drooger and Kaasschieter, 1958; Boltovskoy and Wright, 1976; Poag, 1981), 
the northward expansion of this subgroup between 45-20 Ma indicates a con
tribution of cooler waters from the south. This contribution of cooler waters 
from the southern hemisphere probably was connected with the increasing for
mation of Antarctic cool waters at that time (Kennett, 1978, 1982). The first 
occurrence of the semiomata group at about 25 Ma coincided with a temporal 
climatic optimum (see figure 3 and Woodruff and Douglas, 1981), probably 
related with a slow-down in the production of southern cool water. From 
about 15 Ma onwards, however, the patterns reversed and one can observe a 
dominantly southward directed change of the biogeographical patterns. At that 
time, the Antarctic ice-cap developed. But probably more important in this 
context is the intrusion of cool northern waters into the Atlantic Ocean and 
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its satellite basins, caused by the subsidence of the Iceland-Faroe Ridge (Ken
nett, 1984). This cool water, with its particular physical/chemical properties, 
counterbalanced the effects of the cool southern water, and caused the migra
tion of the bioprovinces to the south. From 3-2 Ma onwards, this effect was 
strengthened by the onset of the Arctic glaciation, which enhanced the forma
tion of cool northern waters and consequently the bioprovinces shifted even 
further southward. 
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UVIGERINA SPECIES OF THE EASTERN NORTH ATLANTIC 

GERHARD F. LUTZE 

ABSTRACT 

The distributional patterns and related environmental parameters for nine Uvigerina species occurring in 
the eastern North Atlantic, mainly off the north-west African coast, are discussed. An attempt is made to 
subdivide the U. peregrina group (as previously used by the author) into three taxa: U. hollocki, U. peregrina 
s.s. and U. peregrina forma parva. U. mediterranea is considered a seperate entity. The controlling ecological 
factor of the U. peregrina-group is availability of food. 

INTRODUCTION, MATERIAL AND METHODS 

The main purpose of this chapter on recent Uvigerina in the eastern Atlantic 
is to supply the user of this volume with information on the ecology of modern 
species, which might be useful for the reconstruction of former biotopes of 
their Neogene and Pleistocene forerunners. It was not possible to treat the en
tire North Atlantic. Such a study would have to be based extensively upon 
literature data, but the taxonomic information which is supplied with such data 
is usually insufficient to allow application of a refined taxonomic concept as 
proposed in this study. In addition, the distribution pattern resulting from the 
literature data would actually be a combination of modern, Holocene and even 
Pleistocene distributions, since older data are often derived from core-top 
samples, as has been pointed out by Douglas and Woodruff (1981). As a conse
quence , these data are not easy to relate to the observed environmental condi
tions. For these reasons, the present study is restricted to samples which are at 
hand in our laboratory. These samples were collected during several cruises of 
German research vessels over the past 15 years and cover the continental 
margin and the upper part of the basins between the Cape Verde Islands in the 
south and the Iberian peninsula in the north (10 0 

- 42 0 N). 
Sample locations and other data, as well as methods, were published by Seiler 

(1975), Haake (1980), Lutze (1980) and Lutze and Coulbourn (1984). It has to 
be noted that the distributional data were exclusively based on stained samples 
and that a separate census was carried out for the living fauna and the 
assemblage of empty tests. In many cases two different fractions were analyzed: 
63 - 2000 micron (Lutze, 1980, approximately 50% of all stations) and larger 
than 250 micron. In the rest of our stations the census was restricted to the 
larger than 250 micron fraction, which proved to be appropriate for most of 
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the Uvigerina species and - for this reason - was used to outline the distribution 
pattern. Only in the case of two small-sized species (u. bononiensis and U. cylin
drica) the distribution diagrams (figs. 7, 8) had to be based upon the 63 - 2000 
micron fraction. 

UVIGERINA GROUPS 

The species concept applied in this contribution is of common usage in many 
animal groups and was discussed in detail with regard to Foraminifera by Bet
tenstaedt (1962) and more recently by Zachariasse (1975) and Van der Zwaan 
(1982). It implies that a species is not defined by a single morphotype, but 
covers at least the entire range of variation as is found in the association at its 
type locality. 

Several problems in Uvigerina taxonomy evolved from dis-observance of 
such an assemblage-based species concept and the application of an old
fashioned typological concept. It adds to the resulting confusion that spinosity, 
a striking character of many Uvigerina species, is very variable and often over
estimated as a diagnostic feature. As an example might serve the taxon U. 
peregrina dirupta Todd, 1955, which is widely used to name hispido-costate 
species and/or morphotypes. Studies of topotype series clearly show that the 
holotype of dirupta is merely the hispid end-member of a continuous sequence 
of morphotypes which as a whole should be assigned to U. curticosta Cushman 
1927, a Californian member of the peregrina group (see below). The taxon 
dirupta is consequently a synonym of curticosta and therefore not applicable to 
other Uvigerina with a similar degree of spinosity. In the present study it was 
tried to define the Uvigerina species of the present North Atlantic according 
to morphological features displayed by the majority (average) of its mor
photypes. Spinosity was regarded only as one character among others and more 
emphasis was laid upon the following characteristics: 
1) pore pattern and shape of pores, 
2) shape and density of costae, 
3) presence and frequency of pustules between costae and 
4) tendencies to uncoil, i.e. to develop biserial to uniserial final stages. 

Not investigated were wall-structures and proloculus size (proportions of dif
ferent generations in relation to environment and/or ornamentation). 

Four different major groups can be distinguished in the eastern North Atlan
tlc: 

1) The peregrina group (plates 1-3), including the costate U. peregrina sensu 
stricto, the elongate hispido-costate U. hollicki Thalmann in deeper water and 
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the small-sized slope variety U. peregrina forma parva. This latter form is provi
sionally named here, since a clear assignment is at present not possible. In the 
separation of peregrina and hollicki I now follow Phleger, Parker and Peirson 
(1953) in contrast with Lutze (1980) and Lutze and Coulbourn (1984). Addi
tional studies of the intraspecific variation proved Parker's (1958) taxonomy 
very well applicable to eastern Atlantic uvigerinids. 

2) The non-spinose group of 'shallow water' Uvigerina (plate 4). It comprises 
the densely costate U. sp. 221 and the more coarsely costate U. d. bifurcata d' 
Orbigny. Since bifurcata shows partly elongated pores, the species might 
belong to the next group, but it is included here for practical reasons: the two 
species were counted in Lutze and Coulbourn (1984) as one group under code
m. 221	 and a separation would require additional research. 

3) The group with elongated pores (plates 5,6). Three species were tentatively 
assigned to this group: U. mediterranea Hofker, U. elongatastriata Colom and 
its Miocene ancestor U. semiornata d'Orbigny. They usually develop only low 
and rounded costae; even in U. mediterranea plate-like costae appear to be 
restricted to certain extreme variants (morphoytpes) and/or local races. 

4) The rectuvigerinid group (plate 7) with two species showing a pronounced 
uniserial stage: U. bononiensis Fornasini and U. cylindrica (d'Orbigny). 

depth range 

Uvigerina spec1es liVing dead 
temperature 
bottom water 

ogygen 
ml I 1 

COl'g in 

sur face sediment 

1. U. peregrina 900 - 2000 III 950 - 2500 III 
3.2 - 6' 2.9 - 5.3 2.5 - 4% 

max. 12(1'] - 1800 III max. 130[· - 1800 III 
(up to 61) (incomplete) 

2. U. hoHidi 1500 - 3000 III 1500 - ]]00 III 
2.7 - 4' (4) 5 - 5.3 1.0 - 3.1% 

2300 - 2900 III max. 2200 - 2900 III 

J. U. peregrina forma 300 - 1100 III 300 - 1100 III 
6 - 11' Z - 4 0.8 - 3% 

PQrvQ 600 - 1000 III 500 - 1000 III 

4. U. .p. 221 100 - 300 III 100 - 400 III 
12 - IS' 2 - 4.6 17

100 - 200 III ISO - 450 III 

5. U. bifu,rcata 300 - .1,50 III 300 - 450 III 10 - 12' 0.5 - 1. 5% 

5. U. mediterranea 150 - 1200 III 100 - 1300 III 
6 - 15' 2.5 - 6 1 - 2.3% 

300 - 1100 III 200 - 700 III 

0.5 - ca. 2%7. U. e longa tas tria ta 150 - 750 III 150 - 750 III B - 13' 1.5 - 4.5 

8. U. cyLindrica 150 - 900 m 150 - YOO m 
6 - 13° 0.5 - 2.5% 

250 - 500 m 

lBo 0.2 - ca. 2%9. U. bononiensis 40 - 150 m 40 - 150 m 14 - 2.0 - 5 

Table 1	 Ranges of depth, temperature, oxygen and organic carbon of the Uvigerina taxa mentioned in 
this paper. 
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It must be noted that these are morphological species groups: only the U. 
peregrina group might comprise phyletically related species. In group 3 a 
phyletic relationship might be assumed between U. elongatastriata and the 
Miocene species U. semiornata. However, a close relationship between these 
species and U. mediterranea is less likely. The relationship might be substan
tiated by a similar pore shape only. 

GEOGRAPHICAL DISTRIBUTION AND ECOLOGICAL SIGNIFICANCE 

The geographical distribution of these nine species is outlined in figures 1 
8. The diagrams are based on proportions of the total benthic foraminiferal 
population or assemblage, given in percentages. They are latitude/depth plots 
as introduced by Lutze (1980), and are used instead of maps to avoid graphical 
disadvantages caused by the dense clumping of depth lines on maps showing 
the continental slope. To understand the arrangement of the stations (sampling 
points) in such a diagram, one has to imagine a theoretical cross section on a 
distance of approximately 300 miles from the European and Westafrican coast. 
The stations are projected on this section according to their depth and latitude. 
Environmental parameters in the area under study were published in several 
diagrams by Lutze (1980) and Lutze and Coulbourn (1984). The deduced en
vironmental conditions, referable to the species in this paper, are summarized 
in table 1. 

Phleger et al. (1953) found Uvigerina to be the most conspicuous elements in 
the benthic foraminiferal fluctuations during the Late Pleistocene. Streeter 
(1973) re-analyzed and completed their data, and DSDP studies revealed these 
fluctuations to begin already in the Late Miocene/Pliocene (Lutze 1977, 1979). 
Since the observed changes appeared to be climate-induced, interest arose to in
terpret the ecological significance of the Uvigerina distribution. In his 1973 
study, Streeter related the Uvigerina peaks to lower bottom water temperatures 
caused by the circulation changes of oceanic watermasses during glacial periods. 
Lohmann (1978) found Uvigerina associated with low oxygen values and 
Streeter and Shackleton (1979) considered low oxygen values in watermasses 
originated in the south, generally to be responsible for Uvigerina peaks. 
However, in a study comprising areas with different degrees of fertility, Lutze 
(1980) observed no correlation with oxygen but with organic carbon and sug
gested the controlling factor to be ' not oxygen but food availability' (p. 78). 
This was supported by the study of Miller and Lohmann (1982), who excluded 
a relation with the oxygen of the bottom water but showed a strong correlation 
with organic carbon (which they believed to reduce oxygen in the' thin water 
layer immediately overlying the sediments'). Van der Zwaan (1982, p. 120) 
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summarized most of the previous literature on this matter and clearly worked 
out that food and competition for food are more likely to regulate Uvigerina 
frequencies than the oxygen content of the bottom water and other watermass 
properties. 

Within the limits of this study we may claim that the U. peregrina group (see 
table 1 and figs. 1-3) indicates high productive areas in the ocean, or times of 
increased fertility. An increased flux of organic matter from surface waters can 
be restricted to short seasons but might affect the faunal composition in the 
same way as a continuously high production during the entire year. 

The inferred relationship with productivity is not so evident in the distribu
tional patterns of other uvigerinid species, such as the 'non spinose' group and 
U. elongatastriata. In the high productive area these species 'replace' the 
peregrina group in waters shallower than 500 metres depth (see figs. 4 and 6). 
Additional distribution patches off Moroccan river mouths indicate a relation
ship with higher fertility caused by river discharge. A general relation of 
shallow water uvigerinids to high organic carbon was already discussed by 
Seiglie (1968). 

U. cylindrica (fig. 7) is limited to the high productive areas in the South and 
its distributional maximum is in bottom waters with an extremely low oxygen 
content (South Atlantic Central Water; see table 1). These observations fully 
support the paleoecological interpretation arrived at by Van der Zwaan (1982) 
for Mediterranean occurrences of Late Miocene age. 

U. bononiensis (locally replaced by the intergrading U. phlegeri) is a clear shelf 
species (fig. 8); it prefers medium water depths around 50 metres and (in the 
dead assemblage) fine grained sediments. 

The environmental factor controlling the extensive distribution of U. 
mediterranea can not be deduced from our present evidence: the species is prac
tically absent in the high productivity area in the South, but at the same time 
diminishes in the contrasting 'unfertile' area between 27° and 22° north (see 
fig. 5). 
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Uvigerina sp. 221
 
PI. 4, figs. 1-4
 

1952 U. peregrina bradyana Cushman - Colom, Bol. Inst. Esp. Oceanogr., 51, p. 27, pI. 4/10-12. 
1980 U. peregrina peregrina Cushman - Haake, Meteor Forsch. Ergebn., C, 32, pI. 2/30. 
1982 U. juncea Cushman and Todd - Miller and Lohmann, Bul. Geol. Soc. Amer., 93, pI. 1/9,10. 

Diagnosis 
Small, very densely costate Uvigerina with sharp edged and relatively low costae. Many small pustules bet

ween costae, sometimes in two rows. Costae only on the penultimate chamber slightly serrate and sometimes 
changing into small, aligned spines. Final chamber covered with small pustules. 

Related species 
Was combined with U. bi/urcata as 'nonspinose shallow water Uvigerina' in Lutze (1980) and Lutze and 

Coulbourn (1984), since small pustules (or spines?) on final chambers are hardly visible under the light 
mICroscope. 

Remarks 
Similar to forms previously assigned to U. excellens Todd; however, topotypes of this Californian shallow 

water Uvigerina show distinct differences in ornamentation under SEM (no pustules). Pores are circular and 
ranging in diameter between 0.5 and 0.8 micron. Length between 500 and 700 micron. 

Occurrence 
Between 100 and 300 metres depth, restricted to areas of high productivity (see textfig. 4). 

Figures 
Figs. 1-4: from 201 metres depth in the eastern North Atlantic (off Cape Verde, Station GIK 12340). Figs. 

1,2: typical specimen; fig. 3: extreme form with wider spaced costae; fig. 4: pores of not figured specimen, 
magnification 2400 x. 

Uvigerina d. U. bifurcata d' Orbigny 1839
 
PI. 4, figs. 5-8
 

*	 1839 U. bi/urcata - d'Orbigny, Voyage Amerique Meridionale, p. 53, pI. 7/17. 
1932 U. bifurcata d' Orbigny - Heron-Allen and Earland, Disc. Rep., 4, pI. 12/29. 
1947 U. peregrina Cushman - Hoeglund, 2001. Bidr. Uppsala, 26, p. 279, fig. 291. 

Diagnosis 
A nonspinose Uvigerina with slender, elongate test and partly elongate pores. Costae non-serrate; nearly 

no pustules. 

Related species 
Pore shape may suggest relationship with U. mediterranea and other species with elongated pores. 

Remarks 
This species reaches comparatively high proportions of the dead assemblages (more than 70% at station 

12342) but is rare in living populations (1-5 %). Some smaller, less elongate non-spinose Uvigerina co-occur 
with U. d. U. bi/urcata and were provisionally counted together with this species, but might actually be a 
variety of our Uvigerina sp. 221 (plate 4, fig. 5). The pore shape is variable, but mainly elongate; length of 
pores between 0.9 and 1.0 micron, width 0.5 . 0.7 micron. Length of the test varies between 600 and 900 

mIcron. 

Occurrence 
Between 300 and 450 metres depth, isolated patch off Cape Verde (see textfig. 4). 

Figures 
Fig. 5: U. sp. d. sp. 221, from 324 metres depth (off Cape Verde, Station 12341). Fig. 6: from 405 metres 

depth (off Cape Verde, Station 12 342.1). Fig. 7: pores of specimen of fig. 6, magnification 2700 x. Fig. 8: 
pores of an unfigured specimen. 



Uvigerina peregrina Cushman, 1923
 
PI. 1, figs. 1-6
 

.. 1923 U. peregrina - Cushman, Bull. U.S. Nat. Mus., 104, pt. 4, p. 166, pI. 42/7-10. 

1976 U. peregrina dirupta Todd - Pflum and Frerichs, Cushm. Found. Foram. Res., Spec. Publ., 14, pI. 
8/4,5. 

1981 U. peregrina Cushman forma hispidocostata Cushman and Todd - Poag, Ecol. Atlas Gulf of Mexico, 
pI. 27/2 and pI. 28/2 a-b. 

1982 U. peregrina - Miller and Lohmann, Bull. Geol. Soc. Amer., 93, pI. 1/11-12 (close to type locality). 

Diagnosis 

Uvigerina with high, plate-like costae; those of younger chambers increasingly serrate, final chambers and 

initial end are often spinose. Only few pustules between costae. 

Related taxa 

U. peregrina is closely related to U. hollicki and U. peregrina forma parva (this paper). These three taxa 
might be considered to form the 'peregrina group'. Not belonging to this group is U. mediterranea, because 

of the elongated pores and other deviating characteristics. 

Remarks 
Most specimens within a population are costate with only one entirely spinose chamber. The spines on 

final chambers are aligned in rows which indicate relationship to the costate arrangement of preceding 
chambers. The pores are relatively small, between 0.4 and 0.8 micron (see plate 1, fig. 5) and usually circular, 
sometimes irregular. A series of specimens from the vicinity of the type locality show more pustules between 
the costae than populations from the eastern side of the Atlantic, which often comprise specimens without 
pustules. Length usually between 700 and 1000 micron. 

Occurrence 
In the eastern North Atlantic between 1000 and 2200 metres depth in areas of high organic productivity 

(Lutze, 1980; Lutze and Coulbourn, 1984). For details see textfigure 1. Similar correlation with organic car
bon was observed by Miller and Lohmann (1982) off Cape Cod. 

Figures 
Figs. 1 and 2: from 1517 metres depth in the eastern North Atlantic (off Cape Verde, NW Africa, Station 

GIK 12346). Fig. 3: quasi-topotype from 1984 metres depth off Cape Cod (Station V 32-1-12). Fig. 4: details 
of costae, same specimen as fig. 2. Fig. 5: costae and pustules of specimen of fig. 3. Fig. 6: pores of the 

specimen of fig. 1. 

32 



Plate 1
 

33 



Uvigerina hollicki Thalmann, 1950
 
PI. 2, figs. 1-6
 

* 1923 U. peregrina var. bradyana - Cushman, Bull. U.S. Nat. Mus., vol. 104, pt. 4, p. 168, pI. 42/12; 1950 
renamed by Thalmann because of homonymy. 

1953 U. hollicki Thalmann - Phleger, Parker and Peirson, Repts. Swed. Deep Sea Exped., 7, pI. 8/1-3. 
1978 U. peregrina Cushman - Lohmann, Journ. Foram. Res., 8, pI. 4/15. 
1981 U. peregrina Cushman forma typica - Poag, Ecol. Atlas Gulf of Mexico, pI. 27/1 and pI. 28/1a,b. 
1982 Uvigerina sp. 'abyssal' - Miller and Lohmann, Bull. Geol. Soc. Amer., 93, pI. 1/13,14 (close to 

the type locality of U. hollicki). 

Diagnosis 
Uvigerina with serrate costae, gradually changing in ontogeny into rows of spines. Most specimens have 

at least three fully spinose last chambers. Extreme variants entirely spinose. Dense series of pustules between 
all costae. Often tendency to become bi- and uniserial and thus more elongated. More densely costate than 
U. peregrina. 

Related species 
Very close to U. peregrina (see above) and related spinose species. Possibly a modern subspecies of 

Pliocene/Holocene deep sea species, as described from DSDP-cores (Lutze, 1979, leg 47 B; Thomas, in prep., 
leg 94). 

Remarks 
Costae are less plate-like and less high than in U. peregrina and a provisional biometric analysis showed 

U. hollicki off W-Africa to develop on the average 7-10 % more costae per chamber. The pores are circular 
and range between 0.5-1.8 micron in diameter, smaller in well preserved living species (0.4-0.6 micron). 
Length between 850 micron and 1150 micron (larger than peregrina in accordance with Cushman, 1923). 

Occurrence 
Living between 1500 and 3000 metres, mainly between 2300 and 2900 metres (see textfig. 2). 

Figures 
Figs. 1 and 3: 2710 metres depth, eastern Nonh Atlantic, off Cape Verde (Station GIK 12 347). Specimen 

of fig. 3 shows preserved phialine lip. Fig. 2: 2822 metres depth, eastern North Atlantic (Station GIK 12 328). 
Fig. 4: detail of serrate costae, specimen of fig. 1. Figs. 5 and 6: pores in 1050 and 4000 x magnification; 
specimen from 2710 metres depth (Station GIK 12 347). 
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Uvigerina peregrina forma parva
 
PI. 3, figs. 1-5
 

1980 U. pygmea d' Orbigny -- Van der Zwaan, Proc. Kon. Ned. Akad. Wet., ser. B, 83, pI. 2/2. 
1980 U. dirupta Todd - Haake (partim), Meteor Forsch. Ergebn., C, 32, pI. 2/31. 

Diagnosis 
Uvigerina with plate-like and usually serrate costae, which change gradually into rows of spines on the later 

chambers. Final chambers appear to be more pustulous rather than spinose and the pustules are not aligned 
but more or less randomly distributed. Final chambers sometimes slightly reduced in size or inflated (Plate 
3, fig. 3). Smaller than U. peregrina and U. hol/irki. 

Related species 
Often named U. dirupta Todd or U. pigmea d' Orbigny, but our 'forma' might prove to be merely a dwarf

ed U. peregrina. 

Remarks 
Quasi-topotypes of U. pigmea from the Pliocene of Castell'Arquato are figured to facilitate comparison 

with our 'forma' (plate 3, figs. 6-9). The costae of these tapatypes are much thinner and lower than those 
of forma parva from the eastern North Atlantic (plate 3, figs. 1-4). The difference with U. peregrina: smaller 
size and different ornamentation on the final chamber; difference with U. hol/irki: idem and in addition the 
lack of tendency towards bi- and uniseriality. Pores are circular and range in size between 0.7 and 1.2 micron. 
Length between 600 and 700 micron. 

Occurrence 
In the eastern North Atlantic between 300 and 1100 metres with a maximum between 600 and 1000 metres. 

More abundant in the highly productive area south of 22° North (see textfigure 3). 

Figures 
Figs 1-5: from 506 metres depth, eastern North Atlantic (off Cape Verde, Station GIK 12 343-3). Fig. 5: 

pores of specimen of fig. 4 (magnification 2375 x). 

Uvigerina pygmea d' Orbigny, 1826
 
PI. 3, figs. 6-8
 

'f 1826 U. pigmea - d' Orbigny, Tableau methodique, p. 269, pI. 12/8-9. 
1984 U. pygmea d' Orbigny - Jonkers, Utrecht MicrQpal. Bull, 31, p.136, pI. 7/2,3. 

Diagnosis 
Small Uvigerina with sharp and relatively low costae, which are only partially serrate. Final chambers of 

adult specimens are often reduced in size and pustulous to spinose. Pustules between costae. 

Related species 
Phylogenetic relations to the modern U. peregrina group are not fully understood and require further in

vestigation. 

Remarks 
The pores are circular to irregular and vary between 0.8 and 1.4 micron. Length between 400 and 600 

mIcron. 

Figures 
Figs. 6-8: quasi-topotypes of U. pygmea from Lugagnano brick pit, near Castell'Arquato, Lower Pliocene. 

Fig. 8: pores of specimen of figure 7 in 5000 x magnification. Fig. 9: from outcrop near Castell'Arquato (Mid

dle Pliocene), detail of costae. 
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Uvigerina mediterranea Hofker, 1932
 
PI. 5, figs. 1-7
 

*	 1932 U. mediterranea - Hofker, Publ. Sta. Zool. Napoli, 12, p. 118, fig. 32. 

*	 1952 U. finisterrensis - Colom, Bol. Inst. Esp. Oceanogr., 51, fig. 4. 
1958 U. mediterranea Hofker -- Parker, Repts. Swed. Deep Sea Exped., 8, pI. 2/39,40. 
1977 U. peregrina Cushman - Haake, J. Foram. Res., 8, pI. 3/9. 
1980 U. mediterranea Hofker -- Van der Zwaan, Proc. Kon. Ned. Akad. Wet., ser. B, 83, pI. 2/1. 
1980 U. finisterrensis Colom - Haake, Meteor Forsch. Ergebn., C, 32, pI. 2/29. 
1981 U. peregrina Cushman -- Sejrup et aI., J. Foram. Res., 7, pI. 2/12. 
1984 U. peregrina finisterrensis Colom - Lutze and Coulbourn, Mar. Micropal., 8, p. 390 (no figure, 

distribution chart). 

Diagnosis 
Test more rounded in outline and less elongated than in U. peregrina or U. hollicki. Between costae nearly 

no pustules. Pores mainly elongated. Costae at least partly 'rounded' in cross section. Largest Uvigerina 

species in the investigated area. 

Related species 
Supposed relationship with other Uvigerina having elongated pores: i.e. U. bifurcata, U. elongatastriata and 

U. semiornata. 

Remarks 
Only extreme forms show serrate costae at the sutures and close to the apertural neck. Length of the pores 

between 0.8 micron and 1.3 micron; width 0.2-0.3 micron. Length of the test 800-1100 micron. 

Occurrence 
Continuous distribution pattern between the Bay of Biscay in the North and Cape Blanc in the south, 

depth between 100 and 1300 metres; south of 26° N 700-1000 metres (see textfig. 5). 

Figures 
Fig. 1: eastern North Atlantic off Morocco, depth 487 metres (Station GIK 15 663). Fig. 2: same area, depth 

607 metres. Fig. 3: Mediterranean specimen, Adriatic Sea, depth 125 metres (Station 830 in Haake, 1977). Fig. 
4: basal part of costae, showing 'rounded' appearance; specimen of fig. 2, magnification 600 x. Fig. 5: 
elongated pores of an unfigured specimen (Station GIK 10 808, off Portugal), magnification 2000x. Fig. 6: 
elongated and sometimes circular pores in the specimen of fig. 3, magnification 4000 x. Fig. 7: detail of costae 
and sutural area, off Morocco, depth 487 meters (Station GIK 15 663), magnification 500 x. 
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Uvigerina elongatastriata (Colom, 1952)
 
Pi. 6, figs. 1-8
 

*	 1952 Angulogerina elongatastriata - Colom, Bol. Inst. Esp. Oceanogr., 51, p. 29, pI. 4/6-9; fig. 5. 
1975 Trifarina elongatastriata (Colom) - Seiler, Meteor Forsch. Ergebn., C, 23, p. 68, pI. 2/5-6. 
1980 Tri/arina elongatastriata (Colom) - Haake, Meteor Forsch. Ergebn., C, 32, p.l3, pI. 2/35. 

Diagnosis 
Large, elongated Uvigerina with low costae, no pustules or spines and a tendency to become biserial to 

uniserial in the adult stage. Pores elongated to circular in varying proportions. Test rounded-triangular in 
cross-section (often referred to as Trifarina or Angulogerina ), final chambers increasingly less ornate. 

Related species 
Pore shape and ornamentation suggest close relationship with the semiornata group from the Miocene of 

the Vienna Basin (U. semiornata and U. urnula d'Orbigny, see von Daniels and Spiegler, 1977) and U. rutila 
Cushman and Todd, 1941, from the Pliocene of Algeria. 

Remarks 
Elongated pores measure 0.8-1.2 micron in length and 0.3-0.4 in width; circular pores are between 0.5 and 

0.7 micron. Length of the test between 800 and 1100 micron. 

Occurrence 
Restricted distribution areas: a) off the European coast, and b) off Cape Verde in front of the Senegal 

Estuary, depths between 100 and 750 metres (see textfigure 6). 

Figures 
Figs. 1-3: specimens from 395 metres depth, eastern North Atlantic (off Morocco, Station GIK 15 660). 

Fig. 4: specimen of fig. 3, apertural area in higher magnification, showing tooth in apertural neck and very 
low costae, magnification 150 x. Fig. 5: aperture of specimen of fig. 2 with reduced tooth, magnification 300 
x. Fig. 6: pores of unfigured specimen, 324 metres depth (off Cape Verde, Station 12341), magnification 4000 
x. Fig. 7: pores, elongated and circular, specimen of fig. 1, magnification 2000x. Fig. 8: the same specimen 
as fig. 1, sutural area, showing circular and elongated pores, magnification 600 x. 
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Uvigerina cylindrica cylindrica (d'Orbigny, 1826)
 
PI. 7, figs. 1-6
 

*	 1826 Clavulina cylindrica - d'Orbigny, Tableau methodique, p.268. 
1852 Clavulina cylindrica - d'Orbigny, Prodrome, p. 194. 

1963 Uvigerina gaudryinoides arquatensis. - Papp, Mitt. Geoi. Ges. Wien, p. 253, pI. 6/11-13. 
1966 U. gaudryinoides arquatensis Papp - Hottinger, Proc. 3d Sess. CMNS, Berne, 1964, p. 68, fig. 37-41. 
1980 Rectuvigerina arquatensis Papp - Lutze, Meteor Forsch. Ergebn., C, vol. 32, p. 72 (distribution 

chart). 

Diagnosis 
Small and slender Uvigerina with a pronounced uniserial part of usually 3-4 chambers, therefore commonly 

referred to as Rectuvigerina. Circular pores and very fine costae, which gradually change into small, elongated 
pustules on the last three chambers. 

Related species 
For a detailed synonymy see Thomas (1980, p. 150), who proposed a wider species concept for this group 

and placed several younger taxa into the synonymy of d'Orbigny's species. 

Remarks 
Pores 0.4 - 0.6 micron in diameter; length of the test 550-700 micron, width 170-200 micron. 

Occurrence 
In the eastern North Atlantic between 150 and 900 metres depth, with a distinctive maximum between 

200 and 500 metres. Restricted to the highly productive area south of 23 0 N and the oxygen minimum zone 
(see textfigure 7). 

Figures 
Figs. 1,2: from 514 metres depth at 23 0 N (off Cape Barbas, NW. Africa, Station GIK 12 324). Fig.3 : 

specimen with final chamber broken off, 324 metres depth (off Cape Verde, Station GIK 12 341). Figs. 4-6: 
specimen of fig. 2, costae and apertural details in 600 x magnification. 

Uvigerina bononiensis Fornasini, 1888
 
PI. 7, figs. 7-12
 

1888 U. bononiensis - Fornasini, Boll. Soc. Geol. ItaI., vol. 7, p. 48, pI. 3/12. 
'f 1925 U. compressa - Cushman, Contr. Cushm. Lab. Foram. Res., vol. 1, p. 10, pI. 4/2. 

1941 U. bononiensis Fornasini - Cushman and Todd, Contr. Cushm. Lab. Foram. Res., 17, p. 74, pI. 
19114-16. 

1980 U. bononiensis Fornasini - Lutze, Meteor Forsch. Ergebn., C, 32, NW. Mrica, p. 72 (no figure, 
distribution chart). 

1984 U. bononiensis Fornasini - Jonkers, Utrecht Micropal. Bull., 31, p. 134, pI. 1011-12. 

* 

Diagnosis 
Small 'compressed' Uvigerina with rounded costae and circular pores, an extended biserial part and usually 

one uniserial final chamber. Relatively short apertural neck. 

Related species 
Sometimes transitions to U. (Rectuvigerina) phlegeri Le Calvez which replaces U. bononiensis in certain areas 

(see textfigure 8). U. phlegeri resembles the 'thin type' of the Pliocene U. bononiensis from Crete, as introduc
ed by Thomas (1980, pI. 2/3,4). She regarded these forms as ecophenotypes which interpretation might be 
supported by the recent distribution of U. phlegeri and U. bononiensis. I combined the data of both forms 
to one distribution chart (textfigure 8). 

continued on p. 46 
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Remarks 
Pores between 0.6 and 1.2 micron in diameter; length of the test between 320 and 400 micron, width bet

ween 170 and 180 micron. 

Occurrence 
A typical shelf species of the eastern North Atlantic. Together with U. phlegeri (see 'related species') con

tinuously distributed from 45° to 15° N (see textfigure 8). 

Figures 
Figs. 7-9: from 62 metres depth off Cape Barbas (Station GIK 12312-5); fig. 7: specimen in side view. Fig. 

10: apertural neck, specimen of fig. 8, magnification 1200 x. Figs. 11, 12: details of specimen of fig. 9, showing 
aperture with tooth plate and rounded costae, magnification 600 x. 
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THE DISTRIBUTION OF UVIGERINA IN THE LATE QUATERNARY 
SEDIMENTS OF THE DEEP EASTERN SOUTH ATLANTIC 

R.].W. VAN LEEUWEN 

ABSTRACT 

The taxonomy and distribution of Uvigerina in the present-day eastern South Atlantic are discussed. Three 
intergrading morphotypes, U. peregrina, U. dirupta and U. hispida constitute the peregrina complex. The dif
ferent types have distinct distribution patterns, but only U. dirupta shows some relations with a definite 
watermass, the AABW. 

Along the African continental margin, the peregrina complex is limited to depths less than 3000 metres 
and U. peregrina predominates. A similar distribution was found for the warmest intervals of the past 150,000 
years. During the cooler periods, the peregrina complex was abundant also in deeper waters. During those 
times U. dirupta predominated at great depth, which might be explained by an increased influx of AABW. 

INTRODUCTION 

This paper forms part of a more comprehensive study on the distribution of 
planktonic and benthic foraminifera in Late Quaternary sediments of the 
eastern South Atlantic. We were primarily interested in the latter group of 
foraminifera because, apart from the studies by Gofas (1978) and Kouyoumont
zakis (1979), no research had been done on the benthos in this area. Our study 
follows on research initiated by the Netherlands Institutute for Sea Research 
(NIOZ), which concerns the Zaire deepsea fan and the adjacent Angola Basin. 
Piston cores collected during the cruises of 1978 and 1980 form the basis of our 
material. The study was extended with piston cores and tops of cores from the 
collections of the Centre Oceanologique de Bretagne, the Lamont-Doherty 
Geological Observatory and the Woods Hole Oceanographic Institution. 

MATERIAL AND METHODS 

To get insight in the present-day distribution of the foraminifera, over one 
hundred tops of cores were studied. Because of allochthony, the occurrence of 
relict faunas, or carbonate dissolution, only 76 tops proved to be suitable for 
further study. Our study focussed on the more abyssal parts of the Angola 
Basin. Consequently, it is geographically biased and depths less than 2000 
metres are not well covered. 

Downcore studies were performed on six cores from depths between approx
imately 2000 and 4000 metres. Two of them were taken in the area of the 
deepsea fan (T80-10, 1988 m., and T78-45, 4070 m.). Four cores originate from 
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the Guinea Rise (VM 29-143, 2756 m.; KW26, 3038 m; VM 19-283, 3442 m.; 
KW25, 3994 m.). The results of T78-45 were published previously (Zachariasse 
et al., 1984). The stratigraphy of the cores is based on the Globorotalia menardii 
zonation of Ericson and Wollin (1968) as applied by Zachariasse et al. (op. cit.), 
who placed the X/Y boundary at the last occurrence of Globorotaloides hex
agona. 

The counts were performed on the fraction larger than 150 micron; in 
general, at least 100 specimens were counted. However, in the case of core 
T80-10 the sample size did not always make this possible, the number of 
specimens frequently being between 60 and 100. 

TAXONOMICAL CONCEPT 

Our taxonomy is essentially based on the assemblage concept (Zachariasse, 
1975), in which the assemblage is defined as a morphologically homogeneous 
group of specimens within an individual sample. The species is considered as 
a morphologically homogeneous complex of assemblages. It may include 
various morphotypes, which in the literature appear as separate species. If one 
chooses to retain the morphotypes as distinct units, they should be named on 
a formal or informal, but intraspecific level. The assemblages are named after 
the dominating morphotype. 

It should be realized, however, that the species remains an ideal unit and that 
the larger the variation, the more subjective its boundaries. In our study, the 
intergrading types of Uvigerina span so wide a range of variation, that con
siderable nomenclatural confusion would be created if we would apply this ap
proach too strictly. We therefore chose to name the different morphotypes as 
separate species and to gather them, whenever they showed intergradation, in
formally in a 'complex'. 

MORPHOTYPES 

In Uvigerina we observed two different types of chamber-form, a mediterranea 
type and a peregrina type. In the South Atlantic the first one is represented only 
by one species, U. mediterranea. Within the second group, five morphotypes 
have been distinguished. Three intergradational types form the U. peregrina 
complex: U. peregrina which is fully costate, U. dirupta, a hispido-costate 
form, and the fully hispid U. hispida. U. auberiana is fully hispid as well, but 
it never shows intergradation to the U. peregrina complex. Finally, we 
distinguished the ampullacea morphotype. Because this type shows mor
phological intergradation to both U. hispida and U. auberiana, we have treated 

. it informally as a 'forma'. 
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DISTRillUTION IN TOPS OF CORES 

The Uvigerina peregrina complex is widespead in the eastern S. Atlantic, The 
different morphotypes show rather distinct distributional patterns (figs, 1 and 
2), 

Along the African continental margin we find costate to hispido-costate 
assemblages, which are dominated by the peregrina type. The peregrina com
plex occurs continuously in percentages over 2.5 down to depths of about 3000 
metres in the north and of at least 3600 metres in the south. Highest frequencies 
are found south of the deepsea fan, where it reaches over 30% at depths of 
2400-2800 metres. Deeper than 4000 metres this complex is virtually absent, 
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Fig. 1	 Location of the core-top samples; cores also studied downcore are indicated by triangles, Core 

KW 25, which was only studied down-core, is indicated by a square, Numbers indicate percentage 
distribution of the U peregrina complex. Assemblages predominated by U dirupta are indicated 
by shading; assemblages predominated by U hispida are indicated by hatching. The approximate 
position of the 4000 metres depth contour is given. 
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Fig. 2	 Depth-latitude diagram of the distribution of U. peregrina. Horizontal hatching indicates the 
predominance of U. hispida and vertical hatching the predominance of U. dirupta. 

Uvigerina hispida is rarely found in the assemblages. If present, however, mor
phological intergradation to more costate uvigerinids could not be observed. 

Around the southwestern tip of the Angola Basin, the Uvigerina peregrina 
complex is found at greater depth. Here it is present in rather low percentages 
(2-8%) in all studied samples, which range in depth from 4100 to approximately 
4500 metres. The assemblages are dominated by U. dirupta and the variation 
ranges from fully costate to fully hispid. A similar assemblage is found in one 
sample from the Romanche Fracture Zone, at a depth of 4195 metres. 

On the Mid Atlantic Ridge the U. peregrina complex is very frequent in two 
tops from intermediate depth (2630 and 3290 metres). Noticeably, only fully 
hispid forms are encountered and U. hispida forma ampullacea predominates. 
It is questionable whether these assemblages can be considered as 
autochthonous, since we observed high frequencies of transported, shallow 
water species in the 63-150 micron fraction. 
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Uvigerina auberiana is only found in two samples: at 605 metres on the Zaire 
fan, where it co-occurs with the peregrina complex and south of the fan at 2078 
metres, where it is the only uvigerinid present. Uvigerina mediterranea is en
countered in three tops, all from rather shallow water (225, 267 and 719 metres) 
off the African coast. It is never frequent (less than 5%) and it co-occurs with 
the U. peregrina complex. 

DOWNCORE DISTRIBUTION 

Only U. auberiana and the U. peregrina complex were found in the downcore 
studies. U. auberiana is restricted to the shallowest core, T80-10 and it is 
definitely more frequent in the cooler intervals, during which it reached up to 
13%. 

The peregrina complex is more frequent and often forms a major faunal con
stituent. The first thing to notice is an interesting difference in the distribution 
of the various morphotypes (table 1). In the shallowest cores (T80-10, VM 
29-143) U. peregrina dominates the assemblages and fully hispid forms are vir
tually absent. In KW26 U. peregrina is dominant in all but the lowermost 
samples studied. Here, the variation of the ornamentation ranges from truly 
hispido-costate to fully costate. Only in four samples from around the X/Y 
boundary, U. dirupta dominates the assemblages, in which fully hispid forms 
are frequently encountered. In VM 19-283 hispido-costate forms are generally 
dominant and the variation spans the whole morphological range. Only in a 
few samples from the top and from the X zone, the few specimens found are 
predominantly costate. In the deepest cores U. dirupta is the dominant type, 
but the costae are rarely well developed. Fully hispid specimens are frequent 
and the costate type is lacking. 

Table 1 Range of morphological variation and dominant ornamentation type (indicated by +) of U. 
peregriYUl as observed in downcore studies. 
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In figure 3 the downcore distribution of the U. peregrina complex is shown 
for five of the studied cores. For T78-45 we refer to Zachariasse et aI. (1984); 
this core is omitted here since a different size fraction (larger than 63 micron) 
was studied. 

In the three shallowest cores, the U. peregrina complex is almost always pre
sent as a rather important faunal constituent. In general, this complex shows 
slightly higher frequencies in the interglacial periods (X and Z zones). In VM 
29-143 it is persistently more frequent. 

The percentage distribution in the deeper cores is definitely different. In VM 
19-283 the peregrina complex is of minor importance during the warm periods, 
whereas we observed two pronounced maxima in the last glacial periods. 
Especially just above the X/Y boundary it is extremely frequent (over 60%). 
The record of KW 25 is incomplete, because the youngest sediments are not 
represented. Nevertheless, it is clear that in the Y zone a similar pattern exists 
as in VM 19-283. The peregrina complex is highly frequent above the X/Y 
boundary. This maximum is followed by an interval in which the group is 
almost absent, above which it again becomes important. In the X zone the 
peregrina complex is very frequent, up to approximately 50 %, except towards 
the zonal boundaries where minimal values are reached. These minima can also 
be recognized in VM 19-283, although there the contrast is less clear. We think 
it likely that these minima correspond to the isotopic substages Sa and 5e. If 
true, it is tempting to correlate the maxima with fully glacial conditions. In 
T78-45 the pattern in the X zone is very similar to the one found in KW25. 
There the minima are thought to correspond to the substages Sa and 5e as well 
(Zachariasse et aI., 1984). Although also in this core highest frequencies are at
tained in the Y zone, the picture is rather obscure due to carbonate dissolution. 
The peregrina complex is absent in the top of the Z zone. 

DISCUSSION 

In this discussion we will confine ourselves to the U. peregrina complex 
because the few data on the other species do not permit generalization. We have 
seen that the three morphotypes show different distributions in the eastern 
South Atlantic. Firstly, however, we would like to comment on the distribu
tion of the hispida type. This morphotype is practically absent along the con
tinental margin, but it dominates the assemblages from the Mid Atlantic Ridge. 
These assemblages are in fact monotypical and only fully hispid specimens were 
encountered. This is particularly remarkable because any other assemblage 
studied shows a high degree of variation in ornamentation. In our view, this 
suggests that a relation with the hispid form as found in our downcore studies, 
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is questionable. On the risk of oversimplifying reality, we therefore prefer to 
leave these U. hispida out of the discussion. 

All assemblages along the continental margin are dominated by the peregrina 
type. It is common over a wide depth range, but it becomes insignificant deeper 
than 3000 metres - with the possible exception of the area adjacent to the Walvis 
Ridge. The distribution in the different regions of the Atlantic has been inter
preted in terms of watermasses by several authors (a.o. Schnitker, 1974 and 
Lohmann, 1978). According to Van Bennekom and Berger (1984) all water 
deeper than 1500 metres in the eastern South Atlantic is fairly homogeneous. 
It consists mainly of North Atlantic Deep Water (NADW), which is in clear 
contrast with the hydrography west of the Mid Atlantic Ridge (Tchernia,1980). 
There, at depths over 4000 metres another watermass is found, the Antarctic 
Bottom Water (AABW). The absence of AABW in the studied area is explained 
by the fact that both the Mid Atlantic Ridge in the west and the Walvis Ridge 
in the south are sills, which impede the inflow of AABW to the eastern basins. 
Only in the extreme southwest of the Angola Basin and in the Romanche Frac
ture Zone in the north, gaps exist through which minor quantities of AABW 
can enter. There, it can make up more than 50% of the bottom water in rather 
restricted areas. It appears from these data, that the watermass distribution can 
not explain the absence of the peregrina type, neither at the Mid Atlantic Ridge, 
nor at depths of more than 3000 metres along the continental margin. 

An alternative explanation was given by Streeter and Shackleton (1979), who 
suggested a relation between U. peregrina and water with a low dissolved ox
ygen content. In the Angola Basin a pronounced minimum layer is found at 
about 400 metres depth along the continental margin (Bubnov, 1972). Neither 
this layer, nor deeper relative minima (Van Bennekom and Berger, 1984), show 
any clear relation with the distribution of U. peregrina. 

In our view, any interpretation of the distribution of the peregrina type 
should take into account that it seems to be confined to the continental margin 
- though we must emphasize that our study is geographically biased. Miller and 
Lohmann (1982) found a distinct relation between the abundance of U. 
peregrina and maxima of organic carbon in the sediment. If we consider the 
generally high amounts of organic detritus in sediments along the continental 
margins, such a relation might offer an explanation though perhaps in a very 
general sense. But it would make it understandable that this morphotype avoids 
very deep water. 

The distribution of the dirupta type must be explained by other factors. 
Where the U. peregrina complex is present in deeper water, around 4000 
metres, this morphotype dominates the assemblages. Depth alone, however, 
does not satisfactorily describe its distribution , because in many studied 
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samples at this depth U. dirupta is absent. 
If we consider the present-day hydrography (Van Bennekom and Berger, 

1984), it appears that this type is only present where AABW is the most impor
tant constituent of the bottom water. A possible exception is the distribution 
in the Romanche Fracture Zone, where its presence in one sample (4195 m.) 
is opposed by its absence in two deeper samples. Gofas (1978), who studied a 
transect over the eastern part of the Walvis Ridge, arrived at a similar conclu
sion. He found that in the Angola Basin U. peregrina is absent in waters deeper 
than 4000 metres, whereas south of the ridge it is abundant at this depth. He 
attributed this to the non-existence of AABW north of the Walvis Ridge. We 
must however, point out that Gofas simply mentioned U. peregrina without 
discussing its possible morphological variation. 

Differences in taxonomy make our data rather incomparable with the results 
from the other Atlantic studies mentioned. In spite of this, it seems that U. 
peregrina and other uvigerinids are almost absent in AABW over large areas in 
the Atlantic. So, although occasionally a relation exists, the distribution of U. 
dirupta can not be solely contributed to the presence of AABW. Hence, we 
think that AABW, possibly because of its low temperature, is only one out of 
more factors. 

From downcore studies it appears that the distribution of the U. peregrina 
group along the continental margin was similar to today's only during parts of 
the last interglacial, presumably corresponding to the warm isotopic substages 
Sa and 5e. During the greater part of the last 150,000 years however, its distribu
tion was totally different, since it also abounded in much deeper water down 
to at least 4070 metres. Especially in the last glacial it often reached its greatest 
relative frequencies at a depth of over 3000 metres. A similar increase in fre
quency of Uvigerina, which are presumably similar to our peregrina complex, 
was described from the abyssal North Atlantic by Streeter (1973) and by 
Streeter and Shackleton (1979). Consequently, we consider it probable that this 
was an Atlantic-wide phenomenon. Yet, we are not simply dealing with an in
crease in frequency of the U. peregrina complex in the deeper waters of the 
studied area. During these periods a distinct relation existed between depth and 
ornamentation. The peregrina complex became more hispid with increasing 
depth. Although a certain gradualness might exist, a clear break can be observed 
between 3038 and 3442 metres, beneath which U. dirupta dominates. Hence, 
the change in the peregrina complex is more properly described as the occa
sional introduction of large numbers of U. dirupta in water deeper than about 
3000 metres. Considering the present day distribution, it is not unlikely that 
this could partly be explained by the introduction of water, which was in one 
or more aspects similar to AABW, at this depth. An increase on the production 
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of AABW in relatively cold periods was assumed by Gardner (1975), to explain 
intensified carbonate dissolution in the eastern equatorial Atlantic. We must, 
however, bear in mind that other, as yet unknown factors may have played a 
part as well. 
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Uvigerina peregrina Cushman, 1923
 
PI. 1, figs. 1-5
 

* 1923 U. peregrina - Cushman, BuII.U.S.Nat.Mus., 104, pt. 4, p. 166, pI. 42, figs. 7-10. 
1976 U. peregrina mediterranea Hofker - Pflum and Frerichs, Cushm.Found.Foram.Res., Spec.Publ., 14, 

pI. 8, fig. 1. (non U. mediterranea Hofker, 1932). 

Diagnosis 
The Uvigerina peregrina morphotype includes all specimens of the U. peregrina complex, which are fully 

costate, at least if the last formed chamber and the oldest ones are disregarded. 

Remarks 
The last chamber is disregarded for determination because we find specimens with a hispid last chamber 

in all assemblages. Apart from its deviating ornamentation, this chamber is generally more inflated and the 
apenure is situated on a very elongated neck. These forms resemble U. pigmea d'Orbigny. In our view, they 
should be named informally on an intraspecific level. 

The proloculus is always hispid in the peregrina complex, and the oldest few chambers are generally in
completely costate. 

Variation in this morphotype mainly concerns size and general shape of the test and details of the ornamen
tation. Specimens from less than 2000 metres are seldomly longer than 0.6 mm They are relatively stout, 
with a length/width ratio between 1.2 and 1.5 and they attain the largest width above the middle of the test. 
In deeper water they are usually more slender and more fusiform, with a length/width ratio of up to 2.7, 
while the length of the test can reach more than 1 mm. 

Most common are forms which have low costae on all but the oldest chambers. The costae are generally 
somewhat irregular and pustules occur between them. Coarsely costate individuals, with almost no pustules 
in between, are less frequent and they never dominate the assemblages. 

U. peregrina shows intergradation to the more hispido-eostate U. dirupta. 

Figures 
Fig. I: Uvigerina peregrina, typical specimen; top of KW 23 (2330 m), continental margin. 
Fig. 2: U. peregrina, coarsely costate specimen; top of RC 13-220 (1760 m), continental margin. 
Fig. 3: U. peregrina, finely costate specimen, X-zone, VM 19-283 (3442 m), continental margin. 
Figs. 4, 5: U. peregrina, specimens intergrading to U. dirupta; top of T 18-23 (74 m), shelf. 

Scale bars equal 100 micron. 
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Plate 1
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Uvigerina dirupta Todd, 1948
 
PI. 2, figs. 1-5
 

*	 1948 U. peregrina Cushman var. dirupta - Todd, A.Hancock Pacif.Exp., 6, no. 5, p. 267, pI. 34, fig. 3. 
1953 U. hollicki Thalmann variants - Phleger, Parker and Peirson, Repts.Swed.Deep Sea.Exped., 7, p. 38, 

pI. 8, figs. 2,3 (non U. hollicki Thalmann, 1950). 
1976 U. peregrina dirupta Todd - Pflum and Frerichs, Cushm.Found.Foram.Res., pI. 8, figs. 4,5. 
1976 U. spinicostata Cushman and Jarvis -- Pflum and Frerichs, op.cit., pI. 8, figs. 6,7. 

Diagnosis 
U. dirupta shows the largest variation in ornamentation, because it is the central form in the U. peregrina 

complex. Specimens closest to U. hispida show inflated chambers and do not possess proper costae. However, 
the spines on at least one chamber tend to coalesce and are arranged in rows. At the other side of the varia
tion, we find U. dirupta with one ore more fully costate chambers. 

Remarks 
The same variation in size and test shape is observed as in U. peregrina, but U. dirupta is generally more 

slender. 

Figures 
Fig. 1: Uvigerina dirupta, specimen close to the peregrina type; top of T 78-23 (74 m), shelf. 
Fig. 2: idem, detail. 
Fig. 3: U. dirupta, top of VM 29-143 (2756 m), continental margin. 
Fig. 4: U. dirupta, top of T 80-26 (4115 m), SW Angola Basin. 
Fig. 5: Uvigerina dirupta, specimen close to U. hispida, showing alignment of spines; Y-zone, KW 25 (3994 

m), continental margin. 
Scale bars equal 100 micron, 25 micron for details. 
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Plate 2
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Uvigerina hispida Schwager, 1866.
 
PI. 3, figs. 1-3
 

1866 U. hispida - Schwager, Kar Nicobar, v. 2, pt. 2, p. 249, pI. 7, fig. 95. 
1976 U. hispida Schwager - Pflum and Frerichs, partim, Cushm.Found.Foram.Res., Spec.Publ., 14, pI. 

8, figs. 9-10 (non fig. 8). 
1976 U. senticosa Cushman - Pflum and Frerichs, op.cit., pI. 8, figs. 11-12. (non U. senticosa Cushman, 

1927). 
1978 U. auberiana d'Orbigny 1839 - Zobel and Ranke, Met.Forsch.Ergebn., c, 29, p. 34, pI. 1, fig. 22 

(non U. auberiana d'Orbigny, 1839). 
1978 U. asperula Czjzek 1847 - Zobel and Ranke, op.cit., p. 34, pI. 1, fig. 24 (non U. asperula Czjzek, 

1847). 

Diagnosis 
U. hispida is a fully hispid form; spines are placed at random. Normally it intergrades with the dirupta type 

in the assemblages, but fully hispid assemblages were also found. 

Remarks 
It is a rather large type, ranging in length up to 1.2 mm The length/width ratio varies usually between 

2.0 and 2.7, and the test reaches its largest width at or slightly above the middle. 
Sometimes the test has a rather smooth appearance, e.g. in core T78-45, because the spines are reduced to 

low irregularities. We assume that this must be ascribed to post-mortem dissolution. 

Uvigerina hispida Schwager forma ampullacea Brady, 1884.
 
PI. 3, fig. 4
 

1884 U. asperula Czjzek var. ampullacea - Brady, Rept. Challenger Exp., pt. 22, vol. 9, p. 579, pI. 75, 
figs. 10-11. 

1953 U. auberiana d'Orbigny - Phleger, Parker and Peirson, partim, Repts.Swed.Deep Sea Exped., 7, p. 
37, pI. 7, figs. 31-32 (non fig. 30; non U. auberiana d'Orbigny, 1839). 

1978 U. asperula Czjzek ampullacea Brady 1884 - Zobel and Ranke, Meteor Forsch.Ergebn., c, 29, p. 34, 
pI. 1, fig. 23. 

Diagnosis 
Resembles U. hispida but with a very elongated last part of the test, usually consisting of only one or two 

chambers, and with a tubular apertural neck. 

Remarks 
Similar, aberrant forms were encountered in U. auberiana assemblages: U. auberiana forma ampullacea. 

Figures 
Fig. 1: Uvigerina hispida; top of VM 22-174 (2630 m), Mid Atlantic Ridge. 
Fig. 2: idem, detail. 
Fig. 3: U. hispida Y-zone, KW 25 (3994 m), continental margin. 
Fig. 4: U. hispida forma ampullacea; top of VM 22-174 (2630 m), Mid Atlantic Ridge. 

Scale bars equal 100 micron, 25 micron for details. 
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Plate 3
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Uvigerina auberiana d'Orbigny, 1839
 
PI. 4, figs. 3-5
 

1839 U. auberiana -- d'Orbigny, Cuba, p. 106, pI. 2, figs. 23- 24. 
1953 U. senticosa Cushman - Phleger, Parker and Peirson, Repts.Swed.Deep Sea Exped., 7, p. 38, pI. 8, 

figs. 4-5 (non U. senticosa Cushman, 1927). 

Diagnosis 
A very finely hispid, slender form, spines never show alignment. Length/width ratio usually between 2.5 

and 3.2, and it can be up to 0.9 mm long. In our samples the specimens show a clear tendency to become 
biserial. 

Remarks 
U. auberiana can be distinguished from U. hispida by its finer ornamentation and its more slender form; 

it never shows intergradation to more costate forms. 

Uvigerina mediterranea Hofker, 1932.
 
PI. 4, figs. 1-2
 

1932 U. mediterranea - Hofker, PubbI.Staz.ZooI.Napoli, 12, p. 118, fig. 32 a-g. 
1978 Uvigerina aff. U. peregrina Cushman, 1925 - Zobel and Ranke, partim, Meteor Forsch.Ergebn., c, 

29, p. 35, pI. 1, figs. 18,19 (non fig. 17; non U. peregrina Cushman, 1925). 

Diagnosis 
Although only very few specimens were found, this Uvigerina seems to have rather constant features. It 

is a large and fairly stout form, which measures about one mm in length and has a length/width ratio of 
about 2.1. All specimens are regularly costate and between the costae the wall is smooth. 

Remarks 
This is the only uvigerinid with a mediterranea type of chamber in the eastern South Atlantic. 

Figures 
Fig. 1: Uvigerina mediterranea; top of T 78·25 (267 m), continental margin. 
Fig. 2: U. mediterranea; top of T 78-25 (267 m), continental margin. 
Fig. 3: U. auberiana, elongated specimen showing tendency to become biserial; Z-zone, T 80-10 (1988 m), 

continental margin. 

Fig. 4: U. auberiana; top of T 78-26 (605 m), continental margin. 
Fig. 5: idem, detail. 

Scale bars equal 100 micron, 25 micron for details. 
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UVIGERINA IN THE NW EUROPEAN NEOGENE
 

C.H. VON DANIELS 

ABSTRACT 

The occurrence of Uvigerina in the Neogene of the North Sea Basin is reviewed. The NW German region 
is treated in more detail and a Uvigerina biozonation is presented together with the paleobiogeographic distribu
tion of a number of species. Eightteen species and subspecies are shortly described and figured with details. 

INTRODUCTION 

The genus Uvigerina is known to be present in the NW-European Neogene 
since Reuss (1863) mentioned Uvigerina rugulosa in his paper on the 
foraminifera of the Antwerpen Crag. Later, Hosius (1893, 1895) described 
Uvigerina acuminata from the Miocene of Dingden, Westfalia. In this century, 
numerous authors from different countries dealt with Neogene Uvigerina 
species. As far as known, their work is cited in the following review. 

This paper does not intend to solve the taxonomical problems concerning the 
various Uvigerina species. Our intention is a more practical one: to stress the 
important role of Uvigerina in the Neogene boreal stratigraphy, and to present 
a manual for determination by figuring the different species and subspecies in 
detail. The question whether the one or the other name is valid or· not should 
of course not be neglected, but this would require much more time for compar
ing collections, not only from contemporaneous investigators, but from earlier 
ones as well. This is the more difficult since old collections are sometimes in 
a bad state or even have completely disappeared (e.g. the material of Reuss). 

SPECIES CONCEPT 

Following the morphotypic concept proposed in the introduction of this 
volume, we may group our Uvigerina species in a scheme, which can be used 
for determination as well (table 1). 

General features of the semiomata-group are the mostly triserial test, strongly 
embracing chambers with a typical form and relatively large pores. 

General features of the pygmaea/venusta group are the mostly biserial test in 
adult stage, only slightly embracing, more inflated chambers and relatively 
small pores. 

67 



spinos@ 
-

pustu!ous 

SEMI ORNATA 
GROUP 

"INTER
GROUP" 

2andii 

PYGMEA/ 
VENUSTA
GROUP 

tenuipustuZata 

pygm. Zangenf· 

OTHERS 

spinose 
-

costate 
sem. kusteri pygm. Zangeri 

C 

0 

S 

partly 

densely 

8em. 

8em. 

8em. 

sapY'Oph. 

semiorn. 

bY'unnens. densistr. 
bononiensis 
tuenebuY'gensis 

T 
coarsely acwninata ven. deurn. 

gY'aciZiformis 

A 

T 
accas
ionally 8em. aZbing. ven. saxonica 

hemmooriensie 

hantkeni 
~ 

E cos tae 
crossing 
sutures 

~ner-
ally 

macr-GcaY'. 

Table 1 Species treated in this paper, grouped according to morphological characteristics. 
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The 'inter'-group was separated because of the 'puzzle'-pattern ultrastructure 
of the wall. Judging by its other features it probably belongs to the semiornata
group. The species in the column 'others' cannot be classified in one of the 
three groups. 

As was stated by Hornibrook (1969, p. 22) there is a certain danger for 
micropaleontologists to become splitters in their species concept 'for essentially 
utilitarian reasons'. This is true indeed for our species concept, especially regar
ding the members of our in some cases transitional subspecies series as for in
stance U. pygmaea langeril pygmaea langenfeldensis or U. pygmaea langerilU. 
venusta deurnensis or sometimes in U. acuminatalmacrocarinata. But just these 
minor differences, which may become apparent to the stratigrapher only after 
reviewing large numbers of samples, allow us to refine the stratigraphic scale 
of zonation. 

GEOGRAPHIC DISTRIBUTION OF UVIGERINA 

Belgium 

As already mentioned, it was Reuss (1863) who introduced U.rugulosa from 
the Antwerpen Crag. Batjes (1958) figured a specimen from the Antwerpen 
Sand (Middle Miocene) under this name which might be a Trifarina 
(Angulogerina). De Meuter (1965) reported again U. rugulosa, but this time from 
the Edegem Sands (Lower Miocene) and later transferred this species to 
Trifarina gracilis rugulosa (De Meuter and Laga, 1976). In the latter paper a ben
thic foraminiferal zonation for the Belgian Neogene is introduced including the 
new subspecies U. hosiusi deurnensis which is recorded from the Deurne Sands 
and the Kattendijk Formation (Middle and Upper Miocene). As was pointed 
out by Von Daniels and Spiegler (1979), we regard this subspecies as belonging 
to the pygmaealvenusta group. Several other Uvigerina species were mentioned 
by De Meuter and Laga as well: U. tenuipustulata, U.hosiusi hosiusi (which we 
regard as conspecific with U.semiornata semiornata), U. graciliformis and U. 
pygmaea. The Houthalen Sands (Lower Miocene) seem to contain no Uvigerina 
(De Meuter 1970). Van Voorthuysen and Toering (1969) mentioned U. 
tenuipustulata from the Antwerpen Sands. 
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The Netherlands 

The occurrence of several Uvigerina species in Neogene deposits of the 
Netherlands was reported by Ten Dam and Reinhold (1941, 1942). They men
tioned U. hosiusi, which they introduced in 1941, as common in the Middle 
Miocene, and U. asperula, U. canariensis and U. urnula as rare species in 
Oligocene/Miocene sediments. However, they did not figure the latter three. 

It is noteworthy that Ten Dam and Reinhold (1942) observed species described 
first from the Paratethys, like U. urnula and U. asperula, in the boreal Neogene. 
According to our results (Von Daniels et al., 1986) this is correct for U. urnula, 
which we lumped with U. semiornata semiornata in agreement with Papp and 
Schmid (1978). We never found, however, specimens of U. asperula. 

Van Voorthuysen (1950) introduced the new species species U. tenuipustulata 
which is meanwhile recorded from many different parts of the North Sea Basin. 
He also reported U. hosiusi and U. d. cookei. 

Doppert (1980) and Doppert and Neele (1983), in a benthic foraminiferal 
zonation for the Tertiary of the Netherlands, mentioned U. hosiusi deurnensis, 
U.tenuipustulata and U. pygmaea from the Dutch Neogene. Letsch and Sissingh 
(1983) slightly modified Doppert's zonation scheme and mentioned U. hosiusi 
and U. tenuipustulata. Doppert, in Van Rooijen et al.(1984), made the in
teresting observation of U. parkeri parkeri in samples with a fauna of his 
FC2-zone (corresponding to our Lower Langenfeldian). In this paper he also 
noted the presence of U. semiornata semiornata, U. tenuipustulata, U. pygmaea, 
U. acuminata and U. graciliformis. 

British North Sea 

The Uvigerina record in the North Sea (King, 1983) is very similar to the NW 
German one as described by Von Daniels and Spiegler (1977, 1979). InKing's 
zonation of 'North Sea Benthic Foraminifera' (NSB-zones) U. tenuipustulata 
occurs in NSB 10, U. acuminata in NSB 10-11, U. semiornata in NSB'10-12a, 
U. pygmaea langenfeldensis in NSB 12b-13a, U. pygmaea langeri in NSB 12b-13a, 
U. d. hemmooriensis in NSB 12b and U. venusta deurnenis in NSB 12b-13b. This 
corresponds in close detail to the NW-German distribution. King (1983, fig.6) 
presented a valuable correlation scheme for different parts of the North Sea 
Basin as well. 

Denmark 

Little is known of Neogene uvigerinids from Danish Neogene deposits. Only 
Kristoffersen (1972, fig. 1) published a zonation containing some Uvigerina 
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species: U. tenuipustulata and U. acuminata from the Hodde Formation (Middle 
Miocene) and 'u. pigmaea' from the Gram Formation (Upper Miocene). The 
Uvigerina species content of this latter locality, important for the boreal Late 
Miocene, was also described by Langer (1969). His 'u. d. pygmaea' was later 
transferred to U. pygmaea langeri (Langer, 1969, pl.3, fig. 29-32) by Von Daniels 
and Spiegler (1979) and his U. aculeata (Langer, 1969, p1.3, fig.27) to U. pygmaea 
langenfeldensis (Von Daniels and Spiegler, 1977). 

Poland 

Neogene deposits of the Polish Lowlands are regarded as belonging to the an
cient North Sea Basin. Luczkowska and Dyjor (1971) described some Uvigerina 
species from Lower Silesia: U. acuminata, U. howei and U. bradyana. Later, 
Odrzywolska-Bienkowa and Pozaryska (1981) additionally mentioned the 
species. U. hosiusi and U. pygmea from the Polish Miocene. 

Germany 

The Neogene distribution of Uvigerina species was reported on in detail by 
Von Daniels and Spiegler (1977) with a supplement in 1979. Wick (1939, pI. 23, 
fig.10) was the first author to observe the presence of U. semiornata (originally 
described from the Paratethys by d'Orbigny, 1846) in the Neogene of the 
North Sea Basin. However, he obviously did not recognize U.acuminata which 
in our opinion was figured by him on pl.21, fig.15 and pl.22, fig.H, using for 
both the name Bulimina buchiana d'Orbigny. For his fig.16 on pl.21, which 
seems also to be a U.acuminata, Wick used the name u.pygmea. Also Staesche 
and Hiltermann (1940) figured an excellent U.acuminata-bearing fauna from 
Woltrup near Osnabriick (Lower Reinbekian) proposing, however, the name 
'u. aff. cocoaensis Cushman' (see also their pl.46, fig.3). These authors further 
figured on pI. 45, fig. 8, specimens which they named U. canariensis d'Orbigny 
but in our opinion belong to U.semiornata semiornata. Later it was Kowing 
(1956) who first applied the nomenclature of Papp and Turnovsky (1953) for 
Neogene Uvigerina species of NW Germany. Indans (1962) described several 
Uvigerina species which are referred to in Von Daniels and Spiegler (1977). 

In the next paragraphs the Neogene Uvigerina distribution in the NW Ger
man region is treated in detail. The data of Von Daniels and Spiegler (1977, 
1979) on the biostratigraphic and paleogeographic distribution are updated and 
some conclusions on the paleoecology are drawn. In the systematic part 18 
species and subspecies are described and figured. 
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Biozonation 

The zonal scheme based on Uvigerina as published by Von Daniels and Spiegler 
(1977, 1979), was established after the investigation of samples from several 
hundreds of groundwater supply wells penetrating Neogene sediments in the 
northern and northeastern part of Lower Saxony (Kuster and Von Daniels, 
1986, in press). The studied area is bordered by the rivers Weser, Aller and Elbe 
(see figs.3-7). If we compare these paleo-biogeographic maps, it is clear that only 
a relatively small area yields complete sections, with all Uvigerina-zones in one 
single well, because the land-sea distribution changed considerably in the course 
of the Neogene. This is probably valid as well for other marginal parts of the 
North Sea Basin. The most complete record is to be expected in the central 
North Sea Basin, which was demonstrated by King (1983). He established a 
benthic foraminiferal zonation which fits ours fairly well. 
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Fig. 1 Biostratigraphic distribution of Uvigerina in the NW German Oligo-Miocene. 
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Uvigerina hemmooriensis-zone 

base: F.O. of U.hemmooriensis 

top: L.O. of Uhemmooriensis 

distribution: fig. 4 
status: total-range zone 
accomp.fauna: assemblage of Lower Hemmoorian (Spiegler, 1974) 

Uvigerina tenuipustulata-zone 

base: F.O. of U. tenuipustulata 

top: L.O. of U. tenuipustulata 
distribution: fig. 5 
status: total-range-zone 
accomp. fauna: assemblage of the Upper Hemmoorian (Oxlund.) (Spiegler, 1974) 

Uvigerina acuminata-zone 

base: F.O. of U.acuminata 

top: F.O. of U.macrocarinata 

distribution: fig. 6 
status: partial-range-zone 
accomp.fauna: assemblage of the Lower Reinbekian (Spiegler, 1974) 

Uvigerina macrocarinata-zone 
base: F.O. of U.macrocarinata 

top: L.O. of Umacrocarinata 

distribution: fig. 6 
status: total-range-zone 
accomp.fauna: assemblage of the Lower to Middle Reinbekian (Spiegler, 1974) 

Uvigerina semiornata brunnensis-zone 

base: F.O. of U.semiornata brunnensis 

top: L.O. of Usemiornata brunnensis 
distribution: fig. 6 
status: total-range-zone 
accomp.fauna: assemblage of the Upper Reinbekian (Spiegler, 1974) 

Uvigerina pygmaea langeri-zone 

base: F.O. of Upygmaea langeri 
top: F.O. of Uvenusta saxonica 

distribution: fig. 7 
status: partial-range-zone 
accomp.fauna: assemblage of the Langenfeldian (Spiegler, 1974) 

Uvigerina venusta saxonica-zone 

base: F.O. of Uvenusta saxonica 
top: L.O. of U.venusta saxonica 

distribution: fig. 7 
status: total-range-zone 

accomp.fauna: assemblage of the Langenfeldian to Gramian (Spiegler, 1974) 
remark: U.venusta saxonica is the last Uvigerina species occurring in the NW German Neogene sequence. 
Since the upper limit of this zone is obviously influenced by a regressional phase, its position may vary 
in comparison with other regions. 

Table 2 Definitions of Uvigerina zones treated in this paper. 
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Seven Uvigerina zones (fig. 1) were proposed by Von Daniels and Spiegler 
(1977), the definitions of which are shortly repeated here (table 2) with their 
status according to the zone definition scheme of Blow (1979). The present 
author agrees with Blow's statement that total range zones are in most cases 
local range zones. 

The acme occurrence of Uvigerina semiornata saprophila in the Upper 
Vierlandian was not used to define a separate zone since this subspecies occur
red during three different time intervals. 

The stratigraphic ranges given in figure 1 differ in some details from those 
given by Von Daniels and Spiegler (1977, 1979). Due to contamination pro
blems, not recognized so far and caused by cuttings, ranges became shorter in 
some cases. 

INTERREGIONAL CORRELATION 

A proposal for correlation of NW German Neogene stages with those of the 
Paratethys region has been published by Von Daniels, Spiegler and Cicha 
(1986). Their table is repeated here (fig. 2). 

Intensive work for intra-basinal correlation in the North Sea Basin area was 
done during the IGCP-124 project, the results of which will be published soon 
(Vinken (ed.), in press). 

DEVELOPMENT 

In some of the NW german Uvigerina assemblages there is a tendency of size 
increase. This has been noted earlier by Papp and Schmid (1971) for material 
from the Vienna Basin and they proposed a statistical method measuring the 
Mx-value. 

Mx = M1 + M2	 + ... + Mn; M K·L 
n 10 

whereby 
K = number of chambers (beginning with 0.16 mm test diameter to exclude 
microspheric growth) 
L = length of test; one measuring unit corresponds to 16 micron 

This method was applied by Von Daniels and Spiegler (1977) for Reinbekian 
and Langenfeldian/Gramian Uvigerina associations. In both cases the Mx
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Fig. 3 Distribution of U. semiornata saprophila in the Upper Vierlandian. 
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moorien is indicated by dotted line. 
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values increased throughout the investigated sections. Whether this kind of 
repeated development for both the semiornata-group and the pygmaealvenusta
group was caused by an evolutionary trend or by influences of a changing en
vironment remains an open question. 

PALEO-BIOGEOGRAPHIC DISTRIBUTION 

Assuming that the Uvigerina species described in this paper generally occur
red in outer shelf to upper bathyal (300-600 ft to 600-1500 ft; see Pflum and 
Frerichs, 1976) paleoenvironments, figures 3-7 are useful to detect major 
changes of sea level and sea/land distribution in the investigated area. Figure 
3 marks an Early Miocene transgressive phase, showing the distribution of the 
Uvigerina semiornata saprophila acme in the Upper Vierlandian. Figure 4 shows 
the distributional pattern of Uvigerina hemmooriensis during the Early Hem
moorian and indicates a reduced depth of the basin at that time, compared with 
the Vierlandian. It thus indicates the beginning of a regressional phase which 
culminated during the Late Hemmoorian (the Uvigerina tenuipustulata-zone, 
fig.5), when the limno-fluvial lignite formation ('Braunkohlensand' formation) 
reached its largest westward extension (Kuster & Von Daniels, 1986, in press). 
Subsequently, a large transgression followed at the beginning of the Early 
Reinbekian (fig.6), drowning the whole area. We found an ubiquitous distribu
tion of Uvigerina species during the Reinbekian acuminata-, macrocarinata- and 
brunnensis-zones. A presumable coastline of this time's basin could not be trac
ed in the area since the marine sediments extended farther to the east and have 
later been eroded. The occurrence area of Uvigerina species slightly retracted 
during the Langenfeldian (fig.7). Later in the Langenfeldian and during the Ear
ly Gramian, the distribution area of Uvigerina saxonica further decreased, in
dicating the onset of a regression which led to the disappearance of Uvigerina 
from this part of the basin. These inferred major sea level changes have been 
demonstrated in adjacent parts of the basin as well (Vinken et aI, in press). 

PALEOECOLOGY 

The lower the number of still existing species in a faunal association is, the 
more difficult becomes the reconstruction of paleoenvironments. Although 
Neogene foraminiferal faunas generally contain a fairly low number of extinct 
species, there nevertheless remains a considerable room for interpretation. 
Moreover, it should be kept in mind that certain species may have changed 
their environmental preference, as was pointed out by Van der Zwaan (1982, 
1983). Since all the Uvigerina species occurring in Neogene faunas of the North 

77 



Schleswig -Holstein /, 
f'- .-' 

~._.< l 
f·_J '. 

t--.,;( b ?l ",}-lam U~.1 

''''~''v> 

°Celie 

• 

Distribution 
of 

UVigerina tenuipustulata 

U. fenu;pu stu/ala ~~~~~(:~ce 
durt-ng 

Upper Hemmoori a n 

AmmOnlQ beccQrII mass occurrence 

Eadem boundary of marine Upper 

HemmOOflQn strata 

DDR 

( 

Fig. 5 Distribution of U. tenuipustulata in the Upper Hemmoorien; subcrop boundary of Upper Hem
moorien is indicated by dotted line. 

Distribution =.J
of 

............. UVigerina brunnensIs
~M:ij~ u mocrocannoto-} zone species 

U. acummota -
dUring Reinbekian 

". 

Schleswig -Holstei~_ '] 
~,-{ l 

r _J \ 

,.... ,( / 
r "Hambu1'.' 

.,.. ~ 

"'0,,,, 

°Celie 

,., 
., 

'<? 

DDR 

I 
a 5 '0 15 20 2Skm I 

Fig. 6 Distribution of U. semiarrl4ta brunnensis, U. macracarinata and U. acuminata in the Reinbekian; 
subcrop boundary of Reinbekian is indicated by dotte line. 

78 



". 

Schleswig-Holstei~J) 

r"_S ~ 
f"-·..l \

l ......v'~klmbura..., J 
or 
"~-1........... 

°Celie 

Distri buti 0 n 
of 

UVigerina pygmaea &venusta group 
du",'9 Longenfeldion/ Gromian 

~ U plangen 

rtJfffffi~ Up langert - zonE' I scallered occurrence 

nu///,.

~ U lIenusfa SOXOIllCO 

~ Upper LongenfeldlOl'l/Lawer Gramlon 

DDR 

Fig. 7	 Distribution of U. pygmaea langeri and U venusta saxonica in the Langenfeldian and Gramian; 
subcrop boundaries are indicated by dotted lines. 

Sea Basin are extinct and their recent relatives have diverse distributional pat
terns (see Lutze, this volume) use has to be made of the accompanying faunal 
elements which are known to be still living. To use them as environmental in
dicators requires that their environmental distribution is well defined and nar
rowly limited. Hoeglundina elegans (d'Orbigny), which is present in several of 
our Uvigerina-bearing faunas, is recorded as an isobathyal species by various 
authors. Pflum and Frerichs (1976, p.12, tab.l) reported it from the Gulf of 
Mexico bathymetrically ranging from about 100 m down to the abyssal zone. 
Comparable results are shown on the distribution map of Hoeglundina elegans 
of Culver & Buzas (1980, pA33) for the North American Atlantic coast: only 
some occurrences are above the 200 m depth contour line, whereas the majority 
of occurrences are below 2000 m depth. This suggests that the Hoeglundina 
elegans distribution is beginning at the shelf edge or at least at the deeper part 
of the shelf. Drooger and Kaasschieter (1958) reported the shallowest occur
rence of Helegans at a depth of 50 m. 

H.elegans is present in our faunal associations of the Rupelian containing also 
Uvigerina hantkeni. We agree with Brouwer (1977) who inferred a depositional 
environment for the Rupelian clay indicating the upper bathyal zone by the 
presence of more than 20 benthic foraminiferal species typical for this zone and 
also present in our associations. The species Hoeglundina elegans is present again 
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in sediments of the Vierlandian Stage occurring together with Uvigerina 
semiomata saprophila. High organic carbon contents of the sediment and the 
faunal associations with only few planktonic foraminifera allow us to deduce 
a restricted marine environment on the deeper shelf or the upper slope. In the 
Hemmoorian Stage Hoeglundina elegans is lacking in hemmooriensis-zone as 
well as in tenuipustulata-zone faunal associations. Therefore these two 
Uvigerina species seem to indicate a shelf paleoenvironment above at least 100 
m depth, probably even shallower. The occurrence of U.tenuipustulata 
coincides with a regression peak which is documented by Ammonia beccarii 
mass occurrences (see fig. 5). All other Uvigerina-zone faunal associations (three 
for the Reinbekian, two for the Langenfeldian) contain again Hoeglundina 
elegans and we agree with Szczechura (1982), who deduced a deeper water 
(deeper shelf or upper slope) environment from this occurrences. 

To estimate the effect of paleotemperature changes on the Uvigerina 
distribution is even more difficult, since oxygen isotope measurements for our 
part of the North Sea Basin are not available. The Early and Middle Miocene 
omnipresence of Asterigerina gurichi staeschi Dam and Reinhold may yield a 
clue since it is regarded as a warm-water species by Langer (1969) and by 
Murray (1973), suggesting that in those times the marginal North Sea Basin was 
situated in a considerably warmer climatic zone than today. A climatic change 
or at least a change of water masses took place at the boundary of the 
Reinbekian and Langenfeldian Stages when Asterigerina and the Uvigerina 
semiomata group suddenly disappeared from the basin. An influx of colder 
water masses from the North Atlantic might have taken place, together with 
an invasion of new species (the Uvigerina pygmaealvenusta-group) adapted to 
these cooler water masses and replacing the warm-water preferring species. 

The disappearance of uvigerinids at the top of the saxonica-zone is connected 
with a major regressive trend (Kuster and Von Daniels, 1986, in press). This last 
occurrence of Uvigerina in the marginal North Sea Basin is clearly related with 
a reduction of water dephts down to values where the genus was not able to 
surVIve. 
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Uvigerina (Hopkinsina) bononiensis lueneburgensis Von Daniels, 1986 
PI. 4, figs. 1-2. 

1986 Uvigerina (Hopkinsina) bononiensis ll«!neburgensis - Von Daniels et al., Korr.Neog., in press. * 

Diagnosis 
The test is small to medium sized, the early stage is triserial, the later stage biserial. The test is finely costate 

(40 - 50 costae per whorl). The chambers are slighty inflated, strongly embracing each other. The sutures 
are depressed, strongly curved, and s-shaped at the younger part of the test. There are numerous, densely 
arranged pores between the costae. The apertural neck is costate with a rounded lip and a distinct toothplate. 

Related subspecies 
-- U. bononiensis primiformis Papp and Turnovsky, 1953 
-- U. bononiensis compressa Cushman, 1925 
-- U. bononiensis bononiensis Fornasini, 1888 

Remarks 
This very rare species (only one occurrence near Liineburg) gives evidence for the presence of the 

bononiensis-group in the boreal North Sea Basin Neogene. It may, however, be an extraordinary occurrence 
due to drag-in by other organisms. 

This subspecies is found in deposits from the outer shelf.
 
Length: 400 - 500 micron
 
Pore size: 1 micron
 

Stratigraphical distribution 
Reinbekian (Middle Miocene) 

Figures 
Fig. 1: no. 12730, A 90, 78-82 m, Reinbekian, paratype. 
Fig. 1a: Idem, detail, aperture. . 
Fig. 1b: Idem, detail, pores and wall thickness. 
Fig. 2: no. 12729, same locality, holotype re-figured. 
Fig 2a,b: Idem, detail, pores and costae. 

Scale bar equals 100 micron, except on figs. 1b, 2b,c = 10 micron 

Uvigerina graciliformis Papp and Turnovsky, 1953
 
Pl. 4, figs. 3-4.
 

1953 U. grtUiliformis .- Papp and Turnovsky, Jb.GeoI.B.A., 96, p. 122, p1.5, Abb. A, figs. 5-7.* 

Diagnosis 
The test is in early stage triserial, later biserial, small to medium sized, and coarsely costate (16 - 20 costae 

per whorl). The costae end at the depressed chamber sutures in sharp spinose angles, thus giving a saw-tooth
like outline. the apertural neck is ornamented with pustules, a toothplate is present. 

Remarks 
Only one occurrence (the Wursterheide research well) shows that this species is extremely rare in NW Ger

many and probably in the whole North Sea Basin. Nevertheless it is an important link for correlation of 
the Upper Ottnangian and Karpatian of the Paratethys with the Upper Hemmoorian in NW Germany (Von 
Daniels et aI., 1985). This species is found in deposits from neritic depth. 

Length: 400 - 500 micron
 
Pore size: I micron
 

Stratigraphical distribution 
Upper tenuipustulata-zone (youngest Early Miocene). 

Figures 
Fig. 3: no. 12735,Wursterheide, 289 m, Upper Hemmoorian. 



Uvigerina hantkeni Cushman and Edwards, 1937
 
PI. 1, figs. 1-3
 

*	 1937 U. hantkeni - Cushman and Edwards, Contr. Cushm. Lab. Foram. Res., 13, p. 60, pI. 8, figs. 15-16. 
1975 U. hantkeni Cushman and Edwards - Papp, Chronostrat.Neo strat., Eger., p. 282, pI. 1, figs. 9-10 
1984 U. hantkeni Cushman and Edwards - Boersma, Handb. Comm.Tert.Uvig., p. 67-69. 

Diagnosis 
The test is triserial, medium sized, coarsely costate, and ornamented with about 20 costae per whorl. The 

costae frequently cross the slightly depressed chamber sutures, but can also end there with partly sharp to 
spinose and partly rounded ends. The chambers are inflated. There is a more or less smooth apertural neck 
with a rounded lip and a distinct tooth plate (fig. 2b). 

Related species 
- U cocoaensis Cushman, 1925 
- U jacksonensis Cushman, 1925 
- U steyri Papp, 1975 

Remarks 
Strakos (1983, p. 133) includes U. hantkeni in his concept of U cocoaensis cocoaensis, which means a relative

ly large variation in ornamentation. Since our specimens are all distinctly costate, we prefer to separate it 
as U. hantkeni. 

This species is' found in deposits from an upper bathyal depth.
 
It is rare in Upper Rupelian sediments and probably indicates a culmination point of the NW-European
 

Rupelian transgression with upper bathyal conditions at some places (compare Brouwer, 1977). 
Length: 600 - 700 micron 
Pore size: 1 micron or less. 

Stratigraphical distribution 
Upper Rupelian, 'Rupel 4' according to Spiegler, 1965 (= uppermost Middle Oligocene). 

Figures 
Fig. 1: no. 12742, UWO 50, 173 m, Rupelian. 
Fig. 1a: Idem, detail, aperture. 
Fig. Ib: Idem, detail, pores. 
Fig. 2: no. 12743, same locality. 
Fig. 2a: Idem, detail, last chamber broken. 
Fig. 3: no. 12744, same locality 
Fig. 3a: Idem, detail, aperture. 

Scale bar equals 100 micron, except on fig. Ib: 10 micron 
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Plate 1
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Uvigerina hemmooriensis Von Daniels and Spiegler, 1977
 
PI. 2, figs. 1-4
 

* 1977 U. hemmooriensis - Von Daniels and Spiegler, Geol. Jb., A40, p. 35, pI. 6, figs. 6-7. 

Diagnosis 
The test is large, up to 1 mm or more, triserial, costate, with 15 - 20 frequently sharp-edged costae per 

whorl, sometimes crossing the depressed sutures. The chambers are slightly inflated. There are large pores 
between the costae that may end rounded or spinose and sharp-angled. The aperture is situated on a short, 
smooth neck, a tooth is present. 

Related species 
- U. posthantkeni Papp, 1971 

Remarks 
Early in the Hemmoorian the occurrence of this species is rare but persistent in a certain area (fig. 2). Thus 

it is a useful marker for the middle Lower Miocene. 
The specimen figured by King (1983) as U. d. U. hemmooriensis on pI. 2, fig. 30, from a younger level is 

in our opinion a typical transitional form between U. macrocarinata and U. acuminata, indicating a 
Reinbekian Age. 

U. hemmooriensis has probably been living on the outer shelf.
 
Length: 700 - 1000 micron
 
Pore size: up to 2 micron
 

Stratigraphical distribution 
Lower Hemmoorian (hemmooriensis-zone, middle Early Miocene). 

Figures 
Fig. 1: no. 10334, Holotype re-figured, Kl. Aspe A20, 204-207 m, hemmooriensis-zone (Lower Hem

moorian).
 
Fig. la: Idem, detail, aperture.
 
Fig. Ib: Idem, detail, pores.
 
Fig. 2: no. 10335, same locality.
 
Fig. 3: no. 12745, UE 10, 216-219 m, hemmooriensis-zone.
 

Fig. 4: no. 12746, same locality.
 
Scale bar equals 100 micron, except on fig. 1b: 10 micron 
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Plate 2
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Uvigerina tenuipustulata Van Voorthuysen, 1950
 
PI. 3, figs. 1-6
 

*	 1950 U. tenuipustulata - Van Voorthuysen, Meded. GeoI.St., n. ser., 4, p. 60, fig. 2, pI. 2, fig. 13. 
1962 U. tenuipustulata Van Voorthuysen - Indans, Fortschr. GeoI.RheinI.Westf., 6, p. 60, pI. 9, fig. 3. 
1977 U. tenuipustulata Van Voorthuysen - von Daniels and Spiegler, GeoI.Jb., A40, p. 27, pI. 4, figs. 5-7. 
1979 U. tenuipustulata Van Voorthuysen - Doppert, Laga and de Meuter, Meded.Rijks Geol.Dienst, 31-1, 

pI. 1, fig. 5.
 
1983 U. tenuipustulata Van Voorthuysen - King, Biostrat.North Sea, pI. 2, fig. 35.
 

Diagnosis 
The test is small to medium sized, the early part is triserial, the later part biserial, with a twisted axis. Large 

specimens show a tendency to become uniserial. the test is covered by small pustules or spines, which are 
mostly broken off, and are only preserved in areas of depressed sutures. The chambers are strongly inflated, 
bulbose, and without retrally embracing parts. The aperture is situated on a short neck covered with pustules 
or spines, a tooth plate is present. 

Related species 
- U. senticosa Cushman, 1927 
- U. proboscidea Schwager, 1866 
- U. chirana Cushman and Stone, 1947 
- U. auberiana d'Orbigny, 1826 

Remarks 
U. tenuipustulata occurs in sediments which are without doubt of neritic origin, indicating a culmination 

point of regression. The fine spinose/pustulous ornamentation of the species does not fit the rule (in 
Uvigerinids) of increasing spinosity with increasing depth (Lamb and Miller, 1984, Pflum and Frerichs, 1972). 

In the whole North Sea basin U. tenuipustulata is an excellent marker for the younger part of the Early 

Miocene. 
Length: 300 - 600 micron 
Pore size: 05 micron 

Stratigraphical distribution 
tenuipustulata-zone of the Upper Hemmoorian (youngest part of the Early Miocene). 

Figures 
Fig. 1: no. 10266, UE 62, 216-219 m, tenuipustulata-zone of the Upper Hemmoorian. 

Fig. 1a: Idem, detail, aperture. 
Fig. 2: no. 10267, same locality. 
Fig. 2a: Idem, detail, aperture. 
Fig. 3: no. 12747, UE 148, 177-180 m, tenuipustulata-zone. 

Fig. 3a: Same specimen, etched. 
Fig. 4: no. 10268, same locality as figure 1. 

Fig. 4a: Idem, detail, pores and spines. 
Fig. 5: no. 12748, same locality as figure 1. 
Fig. 6: no. 12749, same locality as figure 3. 
Fig. 6a: Same specimen, etched. 
Fig. 6b: Idem, detail, internal pores. 

Scale bar equals 100 micron, except on figs. 4a, 6b: 10 micron 
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Plate 3
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Plate 4
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Uvigerina acuminata Hosius, 1893
 
PI. 5, figs. 1-8
 

1893 U. aculeata -- Hosius, Verh.naturhist.Ver.RheinI.Westf., 49, p. 108, pI. 2, fig. 9. 

*	 1895 U. acuminata Hosius - Hosius, J.ber.naturwiss.Ver.Osnabrlick. 10, p. 167 (footnote) 
1962 U.acuminata Hosius - Indans, Fortschr.Geol. RheinI.Westf., 6, p. 61, pI. 9, figs. 8-9. 
1969 U. acuminata Hosius - Langer, N.Jb.GeoI. Palaont., Abh., 133, p. 49, pI. 4, figs. 1-4. 
1977 U. acuminata Hosius - Von Daniels and Spiegler, GeoI.Jb., 40A, p. 26, pI. 3, figs. 9-12. 

Diagnosis 
The test is triserial and medium sized. The costae (20 - 30 costae per whorl) are covering the inflated 

chambers; generally they do not cross the chamber sutures. The basal parts of the costae are spinose, especial
lyon the older part of the test. The younger chambers are frequently smooth. The aperture is situated at 
the end of a short neck with a rounded lip, a tooth is present. 

Related species 
-- U. grilli Schmid, 1971 
-- U. ex gr. barbatula MacFadyen -- Cicha et aI, 1983 
-- U. macrocarinata Papp and Turnovsky -- Boersma, 1984 
-- U. uniseriata Jedlitschka, 1927 

Remarks 
The U. acuminata-group invaded the North Sea Basin and the Paratethys area at the onset of the early Mid

dle Miocene (Von Daniels et aI., 1985), indicating one of the larger transgressions in these regions. In our 
opinion, the specimens figured by Boersma (1984) as U. macrocarinata belong to this group. See Langer (1971, 

p. 327) for more nomenclatural remarks. 
U. acuminata has probably been living from outer shelf to upper bathyal depth.
 
Length: 600 - 750 micron
 
Pore size: 1 - 1.5 micron
 

Stratigraphical distribution 
Reinbekian; acuminata· and macrocarinata-wnes (lower part of the Middle Miocene). 

Figures 
Fig. 1: no. 10251, Langen 22, 259-261 m, acuminata-zone of the Reinbekian. 
Fig. 2: no. 12750, 171-174 m, acuminata-zone. 

Fig. 3: no. 12751, Twistringen, Reinbekian. 
Fig. 4: no. 10252, same locality as fig. 1. 
Fig. 4a: Idem, detail, pores. 
Fig. 5: no. 12752, UE 147, 138-141 m, acuminata-zone. 

Fig. Sa: Same specimen, etched. 
Fig. 6: no. 10253, Dingden, Reinbekian. 
Fig. 6a: Idem, detail, aperture. 
Fig. 7: no. 12753, same locality as fig. 6. 
Fig. 8: no. 12754, same locality as fig. 3, internal pores of crushed specimen. 

Scale bar equals 100 micron, except on figs. 4a, 8 = 10 micron 
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Plate 5
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Uvigerina macrocarinata Papp and Turnovsky, 1953
 
PI. 6, figs. 1-6
 

*	 1953 U. macrocarinata -- Papp and Turnovsky, Jb. GeoI.B.A., 96, p. 123, pI. 5, Abb. B, figs. 1-3. 
1977 U. macrocarinata Papp and Turnovsky - Von Daniels and Spiegler, GeoI.Jb., A40, p. 26, pI. 26, figs. 

1·2. 
1978	 U. macrocarinata Papp and Turnovsky -- Papp and Schmid, Chronostrat.Neostrat., Baden., p. 280, 

pI. 9, figs. 1·4, pI. 11, figs. 2·4. 

Diagnosis 
The test is triserial, stout, medium sized, and covered by lamella-like longitudinal costae (16.20 per whorl), 

crossing the chamber sutures, and disappearing on the youngest chambers. The basal parts of the costae are 
mostly rounded, sometimes sharply angled or spinose. The aperture is situated on a short neck; a tooth is 
present. The pores are relatively large. 

Related species 
-- U. costata Bieda, 1936 

.- U. mioschwageri Finlay, 1939 
_. U. guayacanemis Bermudez, 1949 

Remarks 
In the North Sea Basin as well as in the Paratethys area U. macrocarinata in its typical form is an excellent 

marker for the Middle Miocene (Von Daniels et aI., 1985). Transitional species between U. macrocarinata 

and U. acuminata exist, and should perhaps be named at the subspecies level. The specimens figured by 
Boersma (1984, p. 99) as U. macrocarinata are closely related, but should in our opinion be placed in U. 

acuminata. 

U. macrocarinata is found in deposits from outer shelf to upper bathyal depth.
 
Length: 600 - 800 micron
 
Pore size: 1 . 2 micron
 

Stratigraphical distribution 
Only present in the macrocarinata·zone of the Middle Reinbekian (Middle Miocene). 

Figures 
Fig. 1: no. 10263, Twistringen, Reinbekian. 
Fig. 1a,b: Idem, detail, pores. 
Fig. 2: no. 10260, same locality. 
Fig. 3: no. 10262, same locality. 
Fig. 4: no. 10259, same locality. 
Fig. 5: no. 12755, same locality. 
Fig. 5a: Idem, detail, aperture. 
Fig. 6: no. 12756, DE 62, 171-174 m, Reinbekian. 
Fig. 6a,b,c: Idem, detail, a,b: pores, c:aperture. 

Scale bar equals 100 micron, except figs. 1a,b and 6a,b,c = 10 micron 
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Plate 6
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Uvigerina semiornata semiornata d'Orbigny, 1846
 
PI. 7, figs. 1-5, PI. 8, figs. 1-6
 

"	 1846 U. semiornata - d'Orbigny, Foram.Bass.Tert.Vienne, p. 189, pI. 11, figs. 23-24. 

*	 1846 U. urnula -- d'Orbigny, Foram.Bass.Tert.Vienne, p. 189, pI. 11, figs. 21-22. 
1978 U. semiornata d'Orbigny -- Papp and Schmid, Chronostrat. Neostrat., Baden., p. 281, pI. 10, figs. 

4-7.
 

1984 U. semiornata d'Orbigny -- Boersma, Handb.Comm.Tert.Uvig., p. 148-50.
 

Diagnosis 
The test is triserial, medium sized, and of oval outline. It is completely covered with longitudinal costae 

(20 - 30 per whorl), ending at the chamber sutures. There is a high variability in sculpture from costate to 

smooth specimens. The sutures are depressed, the chambers inflated. The smooth or partly costate apertural 
neck has a phialine lip and a distinct toothplate. 

Related (sub)species 
-- U. semiornata albingensis Von Daniels and Spiegler, 1977 
-- U. semiornata brunnensis Karrer, 1877 
-- U. semiornata kusteri Von Daniels and Spiegler, 1977 
-- U. semiornata saprophila Von Daniels and Spiegler, 1977 
-- U. densistriata Von Daniels and Spiegler, 1977 
-- U. rutila Cushman and Todd, 1941 
-- U. aubertae Boersma, 1984 

Remarks 

We follow the concept of Papp and Schmid (1978) who transferred the smooth U. semiornata karreri Papp 
and Turnovsky, 1953, to the semiornata subspecies. We follow Langer (1971) in regarding U. hosiusi as a 
junior synonym of U. semiornata. The figures of U. aubertae and U. rutila in Boersma (1984, p.8, p. 145) 
show a striking similarity with U. semiornata semiornata as figured on our plates 7 and 8. 

U. semiornata semiornata has been living from outer shelf, probably to upper bathyal depth.
 
Length: 600 - 700 micron
 
Pore size: 1 micron
 

Stratigraphical distribution 
Rare in the Lower Miocene, abundant in the Reinbekian (Middle Miocene). 

Figures 
Fig. 1: no. 10175, Riispel AB 9, 114-117 m, Reinbekian. 
Fig. 2: no. 10176, UE 62, 159-162 m, Reinbekian. 
Fig. 3: no. 12757, A 19, 84-90 m, Reinbekian. 
Fig. 4: no. 12758, UE 147, 132-135 m, Reinbekian. 
Fig. 4a: Same specimen, etched. 
Fig. 4b: Idem, detail, internal pores. 
Fig. 5: no. 12738, same locality as fig. 2. 

Scale bar equals 100 micron, except fig. 4b 10 micron 
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Uvigerina semiornata semiornata d'Orbigny, 1846 

Figures 
Fig. 1a-c: Same specimen as pI. 7, fig. 1, details, a: aperture, b,c: pores. 
Fig. 2: no. 12759, Schonberg, 137-138 m, Reinbekian. Smooth specimens of this type were formerly 

separated as U. semiornata karreri but are now included in this subspecies. 
Fig. 3: no. 10178, UE 62, 159-162 m, Reinbekian, juvenile specimen. 
Fig. 3a: Idem, detail, aperture. 
Fig. 4: no. 10182, Twistringen, Reinbekian. 
Fig. 5: no. 10184, same locality as fig. 3. 
Fig. 6: no. 12760, same locality as fig. 3. 
Fig. 6a-c: Idem, details, a: wall and pore channels, b: external pores, c: internal pores. 

Scale bar equals 100 micron, except figs. 1b,c and 6a-e = 10 micron 
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Uvigerina semiornata albingensis Von Daniels and Spiegler, 1977 
PI. 9, figs. 1-4 

1977 U. semiornata albingensis -- Von Daniels and Spiegler, Geo!. lb., A40, p. 22, p!. 2, figs. 3-5. 

Diagnosis 
The test is large, triserial, and costate (circa 30 costae per whorl). The costae are frequently crossing the 

depressed sutures; the chambers are inflated, having a typical semiornata-shape. The pores are relatively large, 
mostly oval between the costae. The aperture is placed on a short neck, covered with pustules, and with a 
rounded lip. A tooth plate is present. 

Remarks 
This subspecies of U. semiornata is the only Uvigerina taxon able to re-enter after the Reinbekian

Langenfeldian transitional time, when all others dis'appeared from the basin. Its occurrence marks a small 
interval of the lower saxonica-zone. 

This subspecies slightly resembles U. pygmoides Papp and Turnovsky (1953), but never shows the typical 
triangular-shaped last chamber of that species. 

U. semiornata albingensis has been living from outer shelf to upper bathyal depth.
 
Length: 800 - 1000 micron
 
Pore size: 1 micron
 

Stratigraphical distribution 
Lower part of the saxonica-zone, Langenfeldian (late Middle Miocene). 

Figures 
Fig. 1: no. 10209, UE 67, 156 m, saxonica-zone of the Langenfeldian. 
Fig. 2: no. 10208, same locality. 
Fig. 3: no. 10207, same locality. 
Fig. 3a,b: Idem, details, a: aperture, b: pores. 
Fig. 4: no. 12761, UE 148, 57-60 m, saxonica-zone. 

Fig. 4a: Same specimen, etched. 
Fig. 4b: Idem, detail, internal pores. 

Scale bar equals 100 micron, except figs. 3b and 4b = 10 micron 
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Uvigerina semiornata brunnensis Karrer, 1877
 
PI. 10, figs. 1-5
 

*	 1877 U. brunnensis - Karrer, Abh.K.K.GeoI.R.A., 9, p. 385, pI. 16b, fig. 49. 
1953 U. semiornata brunnensis Karrer - Papp and Turnovsky, ]b.GeoI.B.A., 96, p. 130, pI. 5, Abb. C, 

fig. 8. 
1977 U. semiornata brunnensis Karrer - Von Daniels and Spiegler, Geol.]b., A40, p. 21, pI. 2, fig. 1-2. 
1978 U. brunnensis Karrer -- Papp and Schmid, Chronostrat.Neo strat., Baden., p. 282, pI. 10, fig. 8-11. 

Diagnosis 
The test is large, triserial but with a tendency to become biserial. The ornamentation consists of 30 - 40 

costae per whorl, sometimes interrupted on the younger part of the test. The chambers are inflated, the 
sutures are slightly depressed. The aperture is placed on an elongate, costate neck with a tooth. 

Related (sub)species 
-- U. semiornata semiornata d'Orbigny, 1846 
-. U. densiscriata Von Daniels and Spiegler, 1977. 

Remarks 
This subspecies forms an excellent marker for the Upper Reinbekian where it only occurs in the nominate 

brunnensis-zone. We follow the concept of Papp and Turnovsky (1953), who considered this taxon as a 
subspecies U. semiornata. Later Papp and Schmid (1978) regarded it as a separate species. Although we found 
many transitional specimens between the two subspecies, the typical larger ones do only occur in the Upper 
Reinbekian, which is well comparable to the Middle Badenian (Wielician) of the Paratethys (Von Daniels 
et al., 1985). 

U. semiornata brunnensis has probably been living from outer shelf to upper bathyal depth.
 
Length: 800 - 1100 micron
 
Pore size: 1.5 - 2 micron
 

Stratigraphical distribution 
brunnensis-zone of the Upper Reinbekian (Middle Miocene). 

Figures 
Fig. 1: no. 12762, Twistringen, Reinbekian. 
Fig. 2: no. 12763, same locality. 
Fig. 3: no. 12764, same locality. 
Fig. 3a: Idem, detail, aperture. 
Fig. 4: no. 12765, same locality. 
Fig. 5: no. 10202, same locality. 
Fig. 5a: Idem, detail, pores. 

Scale bar equals 100 micron, except fig. 5a = 10 micron 
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Uvigerina semiornata kusteri Von Daniels and Spiegler, 1977
 
PI. 11, figs. 1-7
 

* 1977 U. semiornata kusteri -- Von Daniels and Spiegler, Geol.Jb. A40, p. 24, pI. 3, figs. 1-8. 

Diagnosis 

The test is of medium size; the ornamentation is costate, spinose or pustulous, with all possible transitions. 
The chambers are inflated, the sutures depressed. The aperture is situated on a smooth neck, a tooth is pre

sent.
 
Related (sub)species
 

-. U. semiornata semiornata d'Orbigny, 1846
 
-- U. zandii Von Daniels and Spiegler, 1977
 
-- U. semiornata saprophila Von Daniels and Spiegler, 1977
 
-- U. pudica Luczkowska, 1955
 

Remarks 
This subspecies of U. semiornata is typical for the Middle and Upper Reinbekian, and seems to be closely 

related to U. pudica from the Middle Badenian of the Paratethys (Von Daniels et a!., 1985). It has probably 
been living from outer shelf to upper bathyal depth. 

Length: 500 - 700 micron
 
Pore size: 1 micron
 

Stratigraphical distribution 
Rare in the Middle, and common in the Upper Reinbekian (Middle Miocene). 

Figures 
Fig. 1: no. 10243, Schonberg, 142-143 m, Reinbekian, holotype re-figured. 
Fig. 2: no. 10242, Barme K5, 36.8-39 m, Reinbekian. 
Fig. 3: no. 10244, same locality as fig. 1. 
Fig. 4: no. 10766, same locality as fig. 2. 
Fig. 4a: Idem, detail, pores and spines. 
Fig. 5: no. 12768, same locality as fig. 2, specimen with reconstructed last chamber (arrows). 
Fig. 5a: Idem, detail, pores. 
Fig. 6: no. 12767, A 19, 84-90 m, Reinbekian. 

Fig. 6a: Idem, detail, aperture. 
Fig 7: no. 12769, same locality as fig. 2, detail of broken specimen, showing wall thickness and pores. 

Scale bar equals 100 micron, except figs. 4a, 5a and 7 ~ 10 micron 
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Uvigerina semiornata saprophila Von Daniels and Spiegler, 1977
 
PI. 12, figs. 1-6
 

.. 1977 U. semiornata saprophila -- Von Daniels and Spiegler, Geol.Jb. A40, p. 23, pI. 2, figs. 6-12. 

Diagnosis 
The test is medium sized, triserial, and partly costate (20 - 30 costae per whorl). The costae, which are pro

vided with distinct, often spinose, aboral ends, gradually vanish on the upper pans of the individual 
chambers. This results in the typical appearance with an older spinose, and a younger more or less smooth 
part of the test. The aperture is placed at the end of a mostly smooth neck with a phialine lip. 

Related subspecies 
-- U. semiornata semiornata d'Orbigny, 1846 

Remarks 
This subspecies of U. semiornata occurs repeatedly, thus indicating possible 'refugia' in the more central 

part of the basin. Its occurrence is always connected with high contents of organic carbon in the sediment, 
indicating conditions of oxygen deficiency. The acme-occurrence in the Upper Vierlandian is a typical exam
ple. This subspecies has probably been living from outer shelf to upper bathyal depth. 

Length: 500 - 700 micron 
Pore size: 1 micron 

Stratigraphical distribution 
Rare in the Chattian (Upper Oligocene), common in the Upper Vierlandian (Lower Miocene), and occa

sionally in the Upper Reinbekian (Middle Miocene). 

Figures 
Fig. 1: no. 10223, Twistringen, Reinbekian. 
Fig. la: Idem, detail, aperture. 
Fig 2: no. 10219, HWW 129, 180/183 m, Chattian, holotype re-figured. 
Fig. 3: no. 10222, SchOnberg, 130-131 m, Reinbekian. 
Fig. 4: no. 10224, Hahnheide, 51-54 m, ReinbekianlLangenfeldian. 
Fig. 4a: Idem, detail, aperture. 
Fig. 5: no. 10225, same locality as fig. 3. 
Fig. 6: no. 12770, same locality as fig. 4. 

Scale bar equals 100 micron, except fig. 4a = 10 micron 
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Uvigerina densistriata Von Daniels and Spiegler, 1977
 
PI. 13, figs. 1-5
 

* 1977 U. densistriata -- Von Daniels and Spiegler, Geol.Jb. A40, p. 33, pI. 5, figs. 11-15. 

Diagnosis 
The test is medium to large sized, triserial in the early stage with a tendency to become biserial. The or

namentation is densely costate (30 - 40 costae per whorl), the individual costae are mostly provided with a 
sharp-angled or spinose aboral end, and gradually vanish on the younger part of the test. The aperture is 
situated on an elongated smooth neck with a rounded lip, a tooth is present. The wall has a remarkable 
'puzzle-pattern' ultra-structure. 

Related species 
-' U. semiornata brunnensis Karrer, 1877 

Remarks 
This species was erected because of its strange wall ultrastructure. It may be confused with U. semiornata 

brunnensis, but since both taxa are restricted to the brunnensis-zone of the Reinbekian, this is without 

biostratigraphic consequences. This species has probably been living from outer shelf to upper bathyal depth. 
Length: 650 - 850 micron 
Pore size: 1 - 1.5 micron 

Stratigraphical distribution 
brunnensis-zone of the Upper Reinbekian (Middle Miocene). 

Figures 
Fig. 1: no. 12771, Woltrup, Reinbekian. 
Fig. 2: no. 12772, UE 81, 255-258 m, Reinbekian. 
Fig. 3: no. 10313, Langen 22, 249-251 m, Reinbekian. 
Fig. 3a: Idem, detail, pores and 'puzzle pattern'. 
Fig. 4: no. 12773, same locality as fig. 3. 
Fig. 4a: Idem, detail, pores and 'puzzle pattern'. 
Fig. 5: no. 10311, same locality as fig. 3, holotype re-figured. 
Fig. 5a: Idem, detail, aperture. 
Fig. 5b: Idem, detail, pores and 'puzzle pattern'. 

Scale bar equals 100 micron, except figs. 3a, 4a and 5b = 10 micron 
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Uvigerina zandii Von Daniels and Spiegler, 1977
 
PI. 14, figs. 1-6
 

.. 1977 U zandii -- Von Daniels and Spiegler, Geol.Jb. A40, p. 34, pI. 6, figs. 1-5. 

Diagnosis 
The test is medium sized, triserial, with a finely pustulous-spinose ornamentation covering the whole test. 

The chambers are inflated, the sutures are depressed. There are relatively large pores between the spines or 
pustules. The aperture is situated on top of a short, mostly smooth neck. The wall has a remarkable 'puzzle
pattern' ultrastructure. 

Related species 
-- U. semiorrl4ta kusteri Von Daniels and Spiegler, 1977 

Remarks 
This species was erected because of its strange wall ultrastructure. It may be confused with totally spinose 

specimens of U semiorrl4ta kusteri, but since both taxa are restricted to the brunnensis-wne of the Upper 
Reinbekian, this has no biostratigrahic implications. The coarser ornamented taxa U aculeata, U asperula 
and U orbignyana from the Vienna Basin do not seem to be related with this species. U. zandii has probably 
been living in outer shelf to upper bathyal depth. 

Stratigraphic distribution 
brunnensis-wne of the Upper Reinbekian (Middle Miocene). 

Figures 
Fig. 1: no. 12774, Twistringen, Reinbekian. 
Fig. 2: no. 10321, same locality. 
Fig. 3: no. 12775, UE 44, 183-186 m, Reinbekian. 
Fig. 4: no. 12776, same locality. 
Fig. 4a: Idem, detail, aperture. 
Fig. 5: no. 12777, same locality as fig. 1. 
Fig. Sa: Idem, detail, pores. 
Fig. 6: no. 12778, UE 147, 132-135 m, Reinbekian. 
Fig. 6a: Same specimen, etched. 
Fig. 6b: Idem, detail, internal pores. 

Scale bar equals 100 micron, except figs. 2a, Sa and 6b = 10 micron 
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Uvigerina pygmaea langenfeldensis Von Daniels and Spiegler, 1977
 
PI. 15, figs. 1-4.
 

•	 1969 U. aculeata d'Orbigny 1846 - Langer, N.Jb.GeoI.PaI.Abh., 133, p. 49, pI. 3, fig. 27. 

*	 1977 U. pygmaea langenfeldensis -- Von Daniels and Spiegler, GeoI.Jb., A40, p. 30, pI. 5, figs. 1-5. 

Diagnosis 
The test is medium to small sized, the early stage is triserial, the later stage biserial, with a twisted chamber 

arrangement. The ornarpentation consists of small spines and pustules covering the inflated chambers, 
sometimes nearly smooth specimens occur. The sutures are depressed. There are relatively small pores bet
ween the spines. The aperture is situated at the end of a short, pustulous neck, a tooth is present. 

Related (sub)species 
-- U. pygmaea langeri Von Daniels and Spiegler, 1977 

Remarks 
An unusually sharp faunal break between the Reinbekian and Langenfeldian is marked by the disap

pearance of the semiornata-group, and the first appearance of the pygmaea·venusta group. No evidence for 
a hiatus in the fully marine sequence is found. A major change of water mass flow may be the explanation 
for this break. U. pygmaea langenfeldensis forms an excellent marker for the Lower Langenfeldian and seems 
to be present in the Paratethys at a similar level (Von Daniels et aI., 1985). This subspecies has probably been 
living from outer shelf to upper bathyal depth. 

Length: 400 - 500 micron
 
Pore size: 0.5 micron
 

Stratigraphical distribution 
Lower part of the langen-zone, Langenfeldian (Middle Miocene). 

Uvigerina venusta deurnensis De Meuter and Laga, 1976
 
PI. 15, figs. 5-8
 

*	 1976 U. hosiusi deurnensis -- De Meuter and Laga, Bull. Soc. Bel. GeoI.Pal.Hydr., 85, p. 144, pI. 1, figs. 7-8. 
1979 U. hosiusi deumensis De Meuter and Laga -- Doppert et aI., Meded.Rijks Geol.Dienst, 31-1, pI. 1, 

fig. 4. 
1980	 U. hosiusi deurnensis De Meuter and Laga - Doppen, Meded.Rijks Geol.Dienst, 32-16, pI. 14, figs. 

2-3. 

Diagnosis 
The test is medium sized, the early stage is triserial, the later stage biserial. The ornamentation is costate (20 

- 30 costae per whorl), with small spines or pustules between the costae. The aperture is placed at the end 
of a short spinose neck, a tooth is present. 

Related species 
-- U. venusta saxonica Von Daniels and Spiegler, 1977 
-- U. pygmaea langeri Von Daniels and Spiegler, 1977 

PI. 15 

Figs. 1-4: U. p. langenfeldensis, Appen, 33.5-34.5 m, langeri-zone. 
Fig. 3: holocype refigured. 

Figs. 5-8: U. venusta deurnensis, DE 62, 126-129 m, Langenfeldian. 

Scale bars equal 100 micron, except figs. 2a, 3a, 5b and 6a = 10 micron. 
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Remarks 
This subspecies was transferred to the pygmaea·venusta group by Von Daniels and Spiegler (1979) and is 

regarded as a morphological link between U. pygmaea langeri and U. venusta saxonica, the latter taxon having 
nearly the double size, and being dominantly biserial. The stratigraphic occurrence of U. venusta deurnensis 

corresponds with this supposed intermediate position. This subspecies has probably been living from outer 
shelf to upper bathyal depth. 

Length: 500 - 700 micron 
Pore size: 0.5 micron 

Stratigraphical distribution 
Upper part of the langeri-zone to lower part of the saxonica-zone of the Langenfeldian (Middle Miocene). 

Uvigerina pygmaea langeri Von Daniels and Spiegler, 1977
 
PI. 16, figs. 1-8.
 

1969 U. d. pygmaea d'Orbigny - Langer, N.Jb.GeoI.PaI.Abh., 133, p. 49, pI. 3, figs. 29-32. 
1977 U. pygmaea langeri -- Von Daniels and Spiegler, GeoI.Jb., A40, p. 28, pI. 4, figs. 8-12." 
1980 U. pygmaea d'Orbigny - Doppert, Meded.Rijks Geol.Dienst, 32-16, pI. 14, fig. 3. 

Diagnosis 
The test is small to medium sized, the early stage is triserial, the later stage biserial with a twisted chamber 

arrangement. The ornamentation is spinose, pustulous or costate with all possible transitions. Sometimes the 
chambers in the younger part of the test are nearly smooth. The chambers are inflated, the sutures are 
depressed. The aperture is situated on a short, pustulous neck, with a tooth. 

Related (sub)species 
-- U. pygmaea pygmaea d'Orbigny, 1826 
-- U. pygmaea langen/eldensis Von Daniels and Spiegler, 1977 
-- U. venusta deurnensis De Meuter and Laga, 1976 
-- U. venusta saxonica Von Daniels and Spiegler, 1977 

Remarks 
This morphologically highly variable subspecies of the pygmaea-venusta-group seems to be present also in 

the Paratethys area (Von Daniels et al., 1985). It has probably been living from outer shelf to upper bathyal 
depth. 
. Length; 400 micron 

Pore size: 0.5 micron 

Stratigraphical distribution
 
langeri-zone and lower part of the saxonica-zone of the Langenfeldian (Middle Miocene).
 

Figures 
Fig. 1: no. 10278, Wingst AB 14, 109-113 m, Langenfeldian, langeri-zone, holotype refigured. 
Fig. 2: no. 10282, UE 62, 126-129 m, langeri-zone. 
Fig. 3: no. 12780, UE 44, 93-96 m, langeri-zone, upper part, transitional morphotype with U. venusta sax

onica. 
Fig. 4: no. 10279, UE 62, langeri-zone. 

Fig. 4a: Idem, detail, aperture. 
Fig. 4b: Idem, detail, pores. 
Fig. 5: no. 10281, Wingst AB 14, 105-113 m, langeri.zone. 

Fig. Sa: Idem, detail, aperture. 
Fig. 5b: Idem, detail, pores. 
Fig. 6: no. 10280, same locality as fig. 5. 
Fig. 7: no. 10282, same locality as fig. 4. 
Fig. 7a: Idem, detail, pores. 
Fig. 8, no. 12781, same locality as fig. 4, internal pores. 

Scale bar equals 100 micron, except figs. 4b, 5b, 7a and 8 = 10 micron 
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Uvigerina venusta saxonica Von Daniels and Spiegler, 1977
 
PI. 17, figs. 1-6, pI. 18, figs. 1-5
 

* 1977 U. venusta saxonica - Von Daniels and Spiegler, Geol.Jb. A40, p. 31, pI. 5, figs. 6-10. 

Diagnosis 

The test is large, triserial in the early stage, later becoming biserial. The ornamentation is costate (25-35 
costae per whorl), the costae sometimes crossing the depressed sutures. Frequently pustules or spines are 
developed between the costae. The chambers are inflated. The aperture is situated at the end of a short 
pustulous or spinose neck, a tooth is present. 

Related species 
-- U. venusta venusta Franzenau, 1894 
-- U. venusta deurnensis De Meuter and Laga, 1976 
-- U. pygmaea langeri Von Daniels and Spiegler, 1977 

Remarks 
This taxon of the pygmaea·venusta group represents the largest and also the last occurring Uvigerina mor

photype in the Neogene of the marginal part of the North Sea Basin. It has probably been living from outer 
shelf to upper bathyal depth. 

Length: 800 - 1200 micron 
Pore size: 0.5 - 1 micron 

Stratigraphical distribution 
saxonica-zone of (the upper part of) the Langenfeldian to the lower part of the Gramian (lower Upper 

Miocene). 

Figures 
Fig. 1: no. 10301, 144-147 m, saxonica-zone, Langenfeldian, holotype re-figured. 
Fig. la: Idem, detail, aperture. 
Fig. 1b: Idem, detail, pores. 
Fig. 2: no. 12782, 90-93 m, saxonica-zone. 

Fig. 2a: Same specimen, etched. 
Fig. 2b: Idem, detail, pores. 
Fig. 3: no. 12783, Cuxhaven TB 1, 177-180 m, saxonica-zone. 

Fig. 4: no. 10303, same locality as fig. 1. 

Fig. 5: no. 12784, UE 44, 93-96 m, Langenfeldian, transitional morphotype with U. pygmaea langeri. 

Fig. 6: no. 12785, Wingst 1, 85 m, saxonica-zone, internal pores of crushed specimen. 
Scale bar equals 100 micron, except figs. Ib, 2b and 6 = 10 micron 
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Uvigerina venusta saxonica Von Daniels and Spiegler, 1977 

Figures 
Fig. 1: no. 12786, Wingst I, 85 m, saxonica-zone. 

Fig. la: Idem, detail, aperture. 
Fig. 2: no. 10302, UE 67, 144-147 m, saxonica-zone. 

Fig. 2a: Idem, detail, pores. 
Fig. 3: no. 12787, Cuxhaven TB 1, 180-183 m, saxonica-zone. 

Fig. 3a: Idem, detail, pores. 
Fig. 4: no. 12788, UE 146, 90-93 m, saxonica-zone. 

Fig. 4a: Same specimen, etched. 
Fig. 4b: Idem, detail, internal pores. 
Fig. 5: no. 12789, UE 62, 126-129 m, saxonica-zone. 

Scale bar equals 100 micron, except figs. 2a, 3a and 4b = 10 micron 
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OLIGOCENE AND MIOCENE UVIGERINA FROM THE WESTERN
 
AND CENTRAL PARATETHYS
 

I. CICHA, J. KRHOVSKY, R. BRZOBOHATY, J. CTYROKA, C.H. VON DANIELS, TH.
 

HAUNOLD, M. HORVATH, E. LUCZKOWSKA, H. REISER, CH. RUPP, L. RIJAVEC AND W.
 

WENGER.
 

ABSTRACT 

The distribution of Oligocene and Miocene Uvigerina in the western and central Paratethys is discussed. 
It is concluded that the distribution of Uvigerina was closely related with the geodynamic development of 
the Paratethys. During the Oligocene Uvigerina associations in the Paratethys and Mediterranean were 
similar. In the course of the Miocene, the Paratethys-Mediterranean connection was severed, preventing 
exchange between the two areas and leading to a separate development in the Paratethys. 

INTRODUCTION 

During the past decades special attention has been paid to the distribution of 
the genus Uvigerina in Oligocene and Miocene sediments from the western and 
central Paratethys. This research has been reported on in a great number of 
papers: Cushman (1925), Papp and Turnovsky (1953), Luczkowska (1955), 
Subbotina et al. (1960 and 1962), Papp (1963, 1964 a, b), Cicha et al. (1967, 
1983), Schmid (1971), Papp and Schmid (1971), Verglinskij (1975), Rijavec 
(1976, 1978), Papp et al. (1978), Strakosz (1978), J. Szczechura (1982) and 
Nagyne Gellai (1983). 

This paper is the result of the collaboration of a number of authors. The 
Oligocene and Miocene Uvigerina species from the western Paratethys were 
studied by Wenger and Reiser, those from the Oligocene of the western 
Carpathians by Krhovsky (using data of M. Horvath), those from the Vienna 
and Sava-Drava Basin as well as those from the western Carpathians (Miocene) 
by Cicha, Ctyroka, Von Daniels, Haunold, Luczkowska, Rijavec and Rupp. In 
the present compilation we also considered earlier published data concerning 
the Carpathian foredeep in Poland and the Ukraine (USSR), the Rumanian 
Tertiary basin and the Bulgarian Central Paratethys. 

DEVELOPMENT OF THE PARATETHYS DURING THE OLIGOCENE AND MIOCENE 

It has been assumed (especially by Baldi, 1980, 1983) that the first signs of 
endemism and isolation, indicating the development of the Paratethys as an 
independent basin, occur in the older part of the regional stage Kiscellian 
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(Lower Oligocene). This event affected a sedimentation realm from 
Switzerland to central Europe (Alpine foredeep, Carpathian range, Balkanids 
and Dinarides) and coincides with the first occurrence of Spiratella horizons 
and especially with the occurence of sediments with the species Reticulofenestra 
ornata, Cardium lipoldi and Ergenica cimlanica. In Baldi's view, (1983) these 
events in the biorecord indicate the complete separation of Tethys and 
Paratethys. 

A detailed study of the development of the sedimentary basins in the 
Kaukasus, the south of the USSR, the western Carpathians and the Alpine 
foredeep, leads to different conclusions, however. 

The Alpine and Carpathian foredeep regions were developing from the 
beginning as elements of the external zone of the orogene; this development 
was mainly decided by two factors: the tectonic evolution of the external zone 
(mainly the flysch zone) and the character, the tectonic structure and the 
mobility of the old 'platform' basement. The origin and development of the 
external Alpine-Carpathian molasse is closely related with the history of the 
flysch zone. Its sedimentation followed the sedimentation in the flysch zone 
and was partly synchronous to the formation and movements of the flysch 
nappes. The comprehensive sedimentation realm of the Tethys was broken up 
and the Paratethys sensu stricto came into existence during the transition from 
flysch to molasse sedimentation, owing to the gradual closure of the flysch 
basins. 

In the Alpine and Carpathian foreland, molasse sedimentation can only be 
recognized from the Early Egerian onwards; molasse sedimentation in the 
classical sense (partly in the basins next to the flysch basins and partly on top 
of flysch nappes) does not occur before the Eggenburgian. Therefore we place 
the time of the beginning of the development of the Paratethys proper, 
somewhat in contrast with Baldi's view, at about the Egerian-Eggenburgian 
boundary (Krystek and Cicha, 1985). 

Generally, bituminous (so-called 'Menilithornsteine' containing) clay beds of 
Oligocene age, can be observed between the flysch complex and the typical 
molasse. Characteristically developed, these sediments are neither flysch- nor 
molasse-like sediments, although the upper part is locally represented by the 
Krosno facies, which if well-developed, is clearly flysch-like. We assume that 
the onset of the anoxic regime (indicated by the occurrence of bituminous 
shales) signifies the beginning isolation of the Paratethys from the Tethys, but 
during that time the Paratethys sedimentation realm was still badly delimited. 
In our opinion the anoxic sediments represent a transitional phase in the 
destruction of the old Tethys, which in the end culminated in the formation 
of an independent Paratethys sedimentation realm. 
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The environmental development of the Paratethys strongly affected the 
dev.elopment of the genus Uvigerina. The closure of the Paratethys brought the 
marine sedimentation to an end during the Late Ottnangian (Early Miocene). 
This resulted in a gap in the Uvigerina record. The following marine cycle 
reached its maximum during the Karpatian and led to a re-newed occurrence 
of Uvigerina bearing associations, which were highly diversified. During the 
Middle Badenian, the marine influence gradually diminished; during the Late 
Badenian the last Uvigerina disappeared from the record. 

UVIGERINA IN THE PARATETHYS 

All the species mentioned in this paper were assigned to the genus Uvigerina 
d'Orbigny, 1826, although on the basis of chamber arrangement, wall or
namentation and pore distribution a number of other genera might be 
distinguished. For practical reasons, however, we used a broad genus concept. 

Development of Uvigerina in the Paleogene 

The development of the various Uvigerina lineages from Eocene to Early 
Kiscellian was rather identical in the whole Tethys area. From the Middle 
Kiscellian onwards, however, faunas became different due to the restricted or 
severed communication between the northern parts of the Tethys area and the 
Mediterranean. During the Oligocene the Uvigerina development was com
pletely interrupted twice due to isolation of the northern basins and the ensu
ing lowering of the salinity. For the first time this took place during the 
Kiscellian, and corresponding to the upper part of zone NP22 and zone NP23. 
For the second time such an interruption of the Uvigerina development took 
place during the early Egerian, i.e. in the upper part of zone NP 24 and zone 
NP25. After these two periods of restricted communication the connection 
with the Tethys was restored during the Late Kiscellian and during the Late 
Egerian, respectively. A similar sequence of isolation and re-newed exchange 
between the two areas took place during the Miocene. 

These paleogeogeographic changes are well traceable in the Uvigerina 
development and this is the reason that Uvigerina species can be used successful
ly for correlation purposes. Changes in the Uvigerina reord are attributable 
to immigration of (partly old and re-migrating, partly new) species and to adap
tation of the autochthonous Uvigerina populations to the change of en
vironmental conditions. 

This can be demonstrated when we consider the development of the highly 
costate uvigerinids. During the Late Eocene U. moravia Boersma developed in 
environments with a low oxygen content from the mocphologically stable 

123 



--

--

---------

group of U. eocaena Gumbel, a species typical for outer shelf and bathyal en
vironments (Grunig, 1984; Boersma, 1984). After the re-newal of the com
munications with the Tethys area, at the end of the Kiscellian and during the 
Early Egerian, U steyri Papp immigrated, followed during the Early Eggen
burgian by U. posthantkeni Papp. Thus in the group of the costate uvigerinids 
we are dealing with the superimposed effects of immigration and local develop
ment due to ecophenotypic variation. Within the group of U moravia, 
however, a possible example of an evolutionary change can be found; at the end 
of its range one observes a considerable increase in the number of costae, which 
cross the chamber sutures. The same trend was observed in the morphological
ly similar American species U jacksonensis Cushman and U tumeyescens Lamb 
(Lamb, 1964). 

In the taxonomy of Uvigerina the ornamentation pattern plays an important 
role; as a consequence, it is used for the reconstruction of phylogenetic lineages. 
However, the ornamentation is strongly influenced by ecological factors. Vella 

Eggen - Ottnan-. Badenian 
Regional stages Prrabo- Kiscelhan Egerran burgtan glan Karpatlan Mora". I Wiel. Koso\{. 

nian I t I
Rupel. Chatt. I AqWt.1 Burdlgal. 5.1. Lan. Serravatlian Medi!. stages 

I I 
I 

Nannoplankton Zones NP 20: 21 : 22-24: 24 NN 1-22 ------ 45 : 5 5 I 6-7 
I I I I I 

p P: p p I NB : 9 ------12 Plank!. Foram. Zones 16 17 118-20 21 N 4 iN 5 ----- , 

U. eocaena 
U. moravia 
U. steyri 
U. hantkeni 
U. posthantkeni 
U. rippensis 

- U. cf. rippensis 
U. lappa 
U. farioosa 
U. parviformis 
U. rudlingensis-
U. cf. bononiensis 
U. bononiensis prltlliformis 
U. bononiensis compress8--r--
U. bulbacea 
U. cf. acuminata 
U. acuminata 
U. parkeri breviformis 
U. parked parked 
U. graciliformis-
u. pygmoides 
U. maccocacinata-
u. semiornata semiornata 
u. semiornata urnula 
U. semiornata brunnensis 
u. semiornata karreri 
U. semiornata adolfina 
U. aculeata aculeataf------
U. aculea ta orbignyana 
U. venus ta venus ta 
U. venusta liesingensis 
U. venusta neudorfensis 
U. cf. pygmaea 
U. pudica 

- U. bellicostata 
U. romaniaca 

Fig. 1 Biostratigraphical distribution of Uvigerina species in the Paratethys. 
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(1961) for instance, described a transition from costate to hispido-costate recent 
U. peregrina Cushman and considered this to be dependent on ecological fac
tors. We observed a similar variation from costate to hispido-costate in our 
material of the lower bathyal species U. rippensis. Another trend, a reduction 
of the height of the costae and even a complete reduction of the costae, was 
observed by Grunig (1984) in U. eocaena Gumbel; she attributed this to a 
decrease of the water depth. The same phenomenum however, can be caused 
by other factors as the oxygen content of the bottom waters and/or the content 
of dissolved carbonate.The strongly costate Oligocene Uvigerina, like U. rip
pensis or U. moravia, are mostly frequent in upper bathyal sediments with a 
high content of organic matter, indicating deposition under a lowered oxygen 
content. 

In the various regions many changes in the Paleogene Uvigerina associations 
were controlled by bathymetry and to a lesser extent by other ecological fac
tors. The Priabonian associations of middle and upper bathyal depths are 
characterized by the species U. rippensis Cole and U. lappa Cushman and Ed
wards. Typical for upper bathyal and outer sublittoral environments were U. 
eocaena Gumbel, if there was ample oxygen, and U moravia Boersma if oxygen 
deficiency took place. With decreasing depth the height of the costae within 
this group diminished (Grunig, 1984). In outer sublittoral to middle sublittoral 
environments representatives of the genus Trifarina were frequent. 

The mentioned Uvigerina associations persisted until the Early Oligocene 
(NP21). The paleogeographic and paleoecological changes induced by the 
destruction of the northern part of the European Tethys, caused a substantial 
change in the composition of the Uvigerina associations. In zone NP 22 (Lower 
Kiscellian) U moravia and transitional forms from U moravia to U. eocaena 
are still typical. The decrease of the salinity and the development of anoxic en
vironments corresponding to zone NP 23 led to the impoverishment of the 
foraminiferal associations. During the Late Kiscellian (NP 24), when the com
munication with the open sea was re-established, U. steyri and U. farinosa 
entered the record in outer sublittoral environments. In upper bathyal en
vironments very ornate forms as U. hantkeni are more frequent while also U. 
eocaena stili occurred. After a second renewal of the communication during the 
Egerian U. steyeri and U hantkeni re-appeared and U cf. U. acuminata, U. 
farinosa, and in shallow water sediments U d. U. bononiensis, entered the 
record. 

Development of Uvigerina in the Miocene 

The Miocene uvigerinids are morphologically extremely variable. Whether 
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we are dealing with biological species remains unclear in many cases and the 
definition of taxonomic categories is very difficult. 

In addition to the species U. posthantkeni, scarce specimens of U. parviformis 
Papp (for instance in the area of Waschberg) occur in associations of Early Eg
genburgian age. With the onset of the great Eggenburgian transgression, U. 
bononiensis primiformis Papp and Turnovsky appears for the first time in the 
investigated area. It can not be excluded that U. d. U. bononiensis is the ancestor 
of U. bononiensis primiformis. The Oligocene species U. /arinosa ranges up to 
this stratigraphic level. Only in the Eggenburgian and older Badenian (Mora
vian) have we established up to now the presence of U. bulbacea Galloway and 
Heminway, a species which by its morphology and especially by its sculpture 
suggests a certain relationship with U. pygmoides Papp and Turnovsky. It is in
teresting to note, that in our Eggenburgian material representatives of the U. 
d. acuminata group are not present. The typical representatives of this group 
are only found in the younger Miocene sediments from the Ottnangian to Kar
patian onwards. 

The major part of the Ottnangian is sterile with respect to Uvigerina. Scarce 
U. acuminata have been observed in the Braunauer Schlier and in the Varpalota 
area (Hungary). U. parkeri breviformis and U. bononiensis primiformis occur in 
the upper Ottnangian sediments of Oberbayern and Northern Austria, as well 
as in southern Slowakia and the northern Hungarian basin. The Uvigerina 
associations of the marine upper Ottnangian are poor and dwarfed but already 
rather close to the associations known from the Karpatian. 

A closer look at the Karpatian Uvigerina associations proves that the species 
present are distinctly different from those present in the Eggenburgian and in 
the older Ottnangian. The overall character of the benthic foraminiferal 
associations is particularly characterized by the abundance and morphological 
variability of Uvigerina, especially so in the Vienna basin and Carpathian 
foredeep. This change in the Uvigerina record coincides with the renewal of the 
marine sedimentation. During and after the maximum of the Karpatian tran
sgression three groups started to proliferate, two of which were new: the U. 
bononiensis group, the U. semiornata group and the U. pigmea-venusta group. 

In the Karpatian, relatively slender, long and biserially developed Uvigerina 
are characteristic, e.g. morphotypes of U. bononiensis. Papp (1975) assumed that 
U. parviformis is the oldest representative of this group and that also U. bono
niensis primiformis belongs to this stock. The presence however, of U. d. U. 
bononiensis already in the Upper Egerian shows that the stock of U. parviformis 
is a lineage which branched off during the Eggenburgian and did not survive 
the Ottnangian regression. The very ornate and slender species U. graciliformis 
has a range which is almost completely restricted to the Karpatian; sometimes 
this species becomes very abundant. 
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As already remarked, Uvigerina of the semiornata lineage appear for the first 
time in the central Paratethys area during the Karpatian; in Bayern (Western 
Germany) however, the first representatives of this group were found in the 
Egerian. Apart from the species mentioned, also U. pygmoides is indicative for 
the Karpatian, although it is rare. 

The origin of the U. acuminata group is probably earlier than the Karpatian, 
but during that time it became really abundant. The group is characterized by 
high plate-like costae which end at the chamber sutures; in most of the previous 
publications this group was named as U. ex gr. acuminata. The ancestor is pro
bably U. d. U. acuminata, a species which we found in the Upper Egerian 
(Boudky-Schichten). In previous work this form was mostly named as U. d. 
U. barbatula, U. barbatula fanousi Souaya, U. uniserialis Jedlitschka or U. grilli 
Schmid. In our opinion, however, we are dealing here with morphological 
varieties of U. d. U. acuminata. 

During the Early Badenian (Moravian), U. macrocarinata developed from the 
group of U. acuminata. At about the same time, the developments in two im
portant groups changed the Uvigerina associations completely. U. semiornata 
became highly variable and abundant, particularly the subspecies U. semiornata 
urnula and a new subspecies only occurring in the Middle Badenian, which we 
named U. semiornata ado/fina. Other index species of the Middle Badenian are 
U. semiornata brunnensis and the morphologically similar U. semiornata kar
reri. Papp (1978) considered the earlier described taxa U. cochlearis Karrer and 
U. semiornata neudorfensis Toula as aberrant forms of U. semiornata karreri. U. 
semiornata brunnensis is typical for the Wieliczian and for part of the Kosovian. 

The second group of importance which developed mainly during the Wielic
zian, was the U. venusta- pigmea group. In short time this group became mor
phologically highly variable; all types of ornamentation, from hispid to heavily 
costate, are represented. During the Late Badenian the diversity of the 
Uvigerina associations strongly decreased. Only two new species entered the 
record, U. bellicostata and U. romaniaca, of which the first mentioned has a par
ticular distribution. It has only been found in the eastern part of the Central 
Paratethys, except for rare occurrences in the Steyr Basin. Papp (1978) assumed 
that only in the eastern part of the Central Paratethys area U. bellicosta Luc
zkowska (synonymous with U. costatoides Papp) developed from U. 
macrocarinata. The greatest development of Uvigerina took place in the Karpa
tian and Badenian ; the beginning of the final isolation of the Paratethys in the 
Middle Badenian, and the lowering of the salinity during the Kosovian, strong
ly reduced the distribution of this group. 
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Uvigerina eocaena Gumbel, 1868
 
Pi. 1, figs. 1-6
 

*	 18.68 U. eocaena -- Gumbel, Abh.K.Bayer.Akad.Wiss., Math.Phys.CI., 10, Abt. 2, p. 645, pI. 2, figure 78 
1956 U. eocaena - Hagn, Paleontographica, Abt. A, 107, p. 149, pI. 13, figs. 9-10. 

Diagnosis 
stout, costate Uvigerina. The aperture has a very distinct, smooth neck and lip, and is situated in a slight 

depression. The costae, 6 to 10 per chamber, gradually become less prominent towards the younger part of 
the test. The basal part of the costae may be connected with the costae of earlier chambers, thus giving the 
impression of being continuous. The individual chambers are often obscured by the ornamentation. 

Relations 
U. eocaena belongs to the very variable U.cocoaensis· U.jacksonensis-group. The species is morphologically 

close to U. moravia Boersma, 1984. Forms described as U. mexicana Nuttall from the western Tethys region 
are possibly a clinal variation of our species. 

Differential diagnosis 
U. eocaena Gumbel differs from U. moravia by having more, and heavier, costae and a more pronounced 

tendency to reduce ornamentation in the later part of the test. U. mexicana Nuttall differs from the present 
species by a stouter test, and in generally having more costae. The differences between the specimens describ
ed by Cushman and Edwards (1937, pI. 8, figs. 1-2) as U. eocaena and the species concept of Gumbel were 
pointed out by Hagn (1956, p. 149), who put these specimens in the synonymy of his Hopkinsina acuto
costata. 

Remarks 

The pores are elongate to slit-like, having a tendency to be arranged in rows. Pore size 0.5 - 1.5 micron, 
slit-like pores 1 - 5 micron long and 0.25 micron wide. Length of the test for macrospheric specimens 0.5 
- 0.8 mm, for microspheric specimens 0.8 - 1.0 mm. 

A pointed initial portion of the test is typical for microspheric specimens; in macrospheric specimens the 
basal parts of the costae are sharply angular, or even projecting if not broken off. 

In the area studied, this species is bound to the upper bathyal zone. Grunig (1984) has described 
ecophenotypic variation of decreasing height of the costae with decreasing water depth. In shelf deposits she 
found extreme, nearly smooth morphotypes, previously described as U. mexicana nuda by Gohrbandt (1962). 

Biostratigraphical distribution 

Middle Eocene - Kiscellian (Lower Oligocene). 

Plate 1 

Uvigerina eocaena Gumbel 

Figs. 1-2,5-6: Borehole Strachotin 2, 1079-1085 m, Pouzdrany Unit, Czechoslovakia, Lower Kiscellian. 
Fig. 1: microspheric specimen. 
Fig. 2: macrospheric specimen. 
Fig. 5: apertural view of specimen illustrated in figure 1. 

Fig. 6: detail of wall surface of specimen illustrated in figure 1. 
Figs. 3,4: Pouzdrany wine-cellars, Pouzdrany unit, Czechoslovakia, Lower Kiscellian. 

Fig. 3: microspheric specimen. 
Fig. 4: macrospheric specimen. 

Scale bars equal 100 micron, except figure 6 10 micron. 
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Plate 1
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Uvigerina moravia Boersma, 1984
 
PI. 2, figs. 1-7, pI 12, figure 7
 

* 1984 U. moravia - Boersma, Handb.Comm.Tert.Uvig., p. 114, pI. 1, figs. 1-4. 

Diagnosis 
A stout Uvigerina, ornamented with 4 to 6 costae per chamber. The sutures are somewhat depressed, 

sometimes giving the chambers a squared impression. Aperture with a prominent neck, set into a depression, 
and a distinct lip. 

Relations 

U. moravia forms part of the morphologically very variable u.cocoaensis - U.jacksonensis group. Within this 
group, there is a large (dina!!?) variation in ornamentation pattern. Since most of the morphotypes are bound 
to a specific stratigraphic level, we prefer to name them differently. However, many transitional forms may 
be found even in one paleopopulation. 

Differential diagnosis (mainly after Boersma, 1984) 
The present species differs from U. gallowayi Cushman (1929), which has three or four costae continuous 

over the whole test, and has a final stage where some chambers are added uniserially. Low costate mor
photypes of U. cocoaensis Cushman (1925) differ from U. moravia by having more rounded chambers and 
having coarser costae. U. moravia differs from U. steyri Papp (1975) by having fewer, better individualized 
chambers, and costae only sometimes continuing over the chamber sutures. A transitional morphotype bet
ween the two species is shown on plate 3, figure 5. U. hantkeni Cushman and Edwards and Uvigerina nuttalli 

Cushman and Edwards, differ from U. moravia in having more costae per chamber. 

Remarks 
The pores are basically round; however, in the uppermost lamina of the shell they often become elongate 

or even slit-like. Diameter 0.4 - 1 micron, and up to 2 micron when slit-like. The length of the test ranges 
from 0.29 - 0.95 mm, the width from 0.22 -0.52 mm. 

All transitions from almost smooth to heavily costate specimens have been found. Highly costate mor
photypes may be distinguished from U. eocaena Gumbel (1868) because their costae are more plate-like and 
less continuous over the sutures. Also short morphotypes with few, very plate-like costae, described as U. 

curta by Cushman and Jarvis (1929), are present in our material. 
U. moravia is mainly found in deposits from shallow water to upper bathyal depth, the sediments being 

rich in organic matter. An exhaustive treatment of the paleoecology of this species is given by Boersma 
(1984). 

Biostratigraphical distribution 
Upper Eocene - Lower Kiscellian (Lower Oligocene). 

Plate 2
 
Uvigerina moravia Boersma
 

Figs. 1-6: Pouzdrany, wine-cellars, Pouzdrany Unit, Czechoslovakia, Lower Kiscellian. 
Fig. 1: macrospheric specimen. 
Fig. 2: apertural view of specimen figured in figure 3. 
Fig. 3: macrospheric specimen showing the characteristic sinus of the basal suture of the last chamber. 
Fig. 4: microspheric specimen. 
Fig. 5: macrospheric specimen, highly costate. 
Fig. 6: longitudinal section of macrospheric specimen showing tooth plates. 

Figure 7: Kyzyl Dzhar, Crimea, USSR., Almian, Upper Eocene. Morphotype showing widely truncated last 
chamber. 

All scale bars equal 100 micron. 
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Plate 2
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Uvigerina steyri Papp, 1975
 
PI. 3, figs. 1-6, pI. 5, fig. 4,6
 

* 1975 U. steyri - Papp, Chronostrat.Neostrat., Egerien, p. 282, pI. 1, figs. 5-6. 

* 1975 U. steyri praetypica -- Papp, Chronostrat.Neostrat., Egerien, p. 283, pI. 1, figs. 7-8. 

Diagnosis 
An elongate Uvigerina with the older and middle part of the test ornamented by 4 - 6 costae per chamber, 

often continuing across the sutures. Therefore, the individual chambers may be difficult to distinguish. A 
distinct smooth neck with round aperture and lip, is set into a depression. 

Relations 
This species belongs to the very variable U. cocoaensis - U. jacksonensis group, and is morphologically close 

to U. moravia Boersma. 

Differential diagnosis 
U. steyri differs from U. moravia Boersma (1984) by the strong tendency of the costae to cross the sutures, 

especially in the older part of the test. It differs from U. eocaena Gumbel (1868) by the more elongate test 
and the lower number of costae. 

Remarks 
The pores are round to elongate, their diameter ranges from 0.4 - 1.0 micron, and their length up to 3 

micron if elongate. The length of the test varies from 0.4 - 1.0 mm. 
The species name U. steyri is here reserved for the Paratethys, where populations dominated by this species 

may be found. In our opinion specimenS' with a similar morphology from other regions could better be in
cluded in the variation of other (related) species of the U.cocoaensis-U.jacksonensis group. 

The trend towards a more longitudinal sculpture by the confluence of costae over the sutures (going from 
U. moravia towards U. steyrt) has also been demonstrated in the U. jacksonensis Cushman (1925) - U. 

tumeyescens Lamb (1964) lineage from circum-Caribbean sequences of comparable age (Lamb and Miller, 
1984). U. steyri is almost completely homeomorphic with its circum-Caribbean counterpart U. tumeyescens. 

Highly costate morphotypes of U. steyri (e.g. pI. 3, figure 6) closely resemble U. adelinensis Palmer and Ber
mudez (1949). U. steyri is found in deposits from shallow water to upper bathyal depth. At shallower depth 
the ornamentation becomes less prominent, in extreme cases leading to almost smooth morphotypes (e.g. 
pI. 5, figs. 4,6), in our opinion often erroneously determined as U. rudlingensis Papp (1975). 

Biostratigraphical distribution 

Upper Kiscellian (upper part of Lower Oligocene) - Egerian (Lower Miocene). 

Plate 3
 
Uvigerina steyri Papp
 

Figs. 1-2,5: Buda, Hungary, Upper Kiscellian 
Fig. 5: apertural view of specimen illustrated in figure 2. 

Fig. 4: Pouzdrany, Kolby Hill, Pouzdrany Unit, Czechoslovakia, Upper Egerian. 

Fig. 6: Pouzdrany-Popice, water pipe-line, 172.4 m, Pouzdrany Unit, Czechoslovakia, Upper Kiscellian. 
Fig. 3: Transitional form between U. steyri Papp and U. moravia Boersma; Pouzdrany wine-cellars, Pouz

drany unit, Czechoslovakia, Lower Kiscellian. 
All scale bars equal 100 micron. 
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Plate 3
 



Uvigerina hantkeni Cushman and Edwards, 1937 
PI. 4, figs. 1-6 

1937 U. hantkeni - Cushman and Edwards, Contr. Cushm. Lab. Foram. Res., 13, p. 60, pI. 8, figs. 15-16. 

Diagnosis 
A stout Uvigerina species with inflated chambers, somewhat depressed sutures, and a round aperture on a 

distinct short neck, set into a depression. The test is ornamented with numerous (10 - 20 per chamber) costae, 
often crossing the sutures. 

Relations 
This species is morphologically very close to U. steyri Papp, 1975 (transitional forms occur in the Upper 

Kiscellian, Lower Oligocene) and the group of U. semiornata d'Orbigny, 1846 (transitional forms occur in the 
Egerian, Lower Miocene). 

Differential diagnosis 
U. hantkeni differs from U. steyri by its much larger number of lower costae. U. hantkeni differs from U. 

semiornata by having a much lower LIW ratio, the test therefore being much stouter. 

Remarks 
The pores are round to elongate, with a diameter of 0.4 to 1.0 micron and up to 3.0 micron long. The length 

of the test varies from 0.5 - 0.8 mm. 
Boersma (1984, p. 67, figs. 1-3) figured as U. hantkeni specimens with much fewer costae than the types of 

Cushman and Edwards. Perhaps these specimens should partly be included in the range of variability of U. 

moravia (fig 1-2) and partly in that of U. steyri (figure 3). 
In our opinion U. hantkeni is the European counterpart of U. nutalli Cushman and Edwards, 1938, and is 

it extremely difficult to find differences in morphology between these two species. Also specimens from the 
Upper Eocene from the northern Caucasus, figured by Subbotina (1953, pI. 12, figs. 1-6) may well belong to 
this species. 

U. hantkeni is found in upper bathyal deposits. 

Biostratigraphical distribution 
Upper Kiscellian (upper Lower Oligocene) - Egerian (Lower Miocene). 

Plate 4 
Uvigerina hantkeni Cushman and Edwards 

Figs. 1-2,6: Torokbalint, Hungary, Upper Kiscellian. 
.- Fig 1-2: Two views of same specimen. 
-- Fig 6: Detail of wall surface of same specimen. 

Figs. 3-5: Pouzdrany, Kolby Hill, Pouzdrany Unit, Czechoslovakia, Upper Egerian. 
Scale bars equal 100 micron, except figure 6 = 10 micron. 
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Uvigerina posthantkeni Papp, 1971
 
PI. 5, figs. 1-3,5,7
 

1971 Uvigerina posthantkeni - Papp, Chronostrat.Neostrat., Eggenb., p. 264, pI. 14, figs. 1-4. 

Diagnosis 
A stout Uvigerina species with well individualized, inflated chambers. The test is ornamented with 6 - 10 

costae per chamber which are discontinuous and very variable in height. The apertural neck with a distinct 
lip, is situated in a depression. 

Relations 
This species is close to other species of the U. cocoaensis-U. jacksonensis group. Papp (1971) supposed a close 

morphogenetic relation with U. hantkeni Cushman and Edwards (1937). 

Differential diagnosis 
U. posthantkeni differs from U. hantkeni by its lesser number of costae, and (also from U. steyri Papp, 1975) 

by its costae being restricted to individual chambers. U. eocaena Gumbel (1868) differs from this species by 
the stronger tendency to reduce ornamention on the younger part of the test, and by the continuous costae 
on the older part of the test. U. posthantkeni differs from U. moravia Boersma (1984) in having more costae 
per chamber. Furthermore, these two species are separated in time. 

Remarks 
Papp (1971) described U. posthantkeni as being only weakly costate (as the specimen shown on pI. 5, figure 

1); however, in clay-rich sediments with high amounts of carbonate more robust morphotypes with high 
plate-like costae are found (pI. 5, figs. 3,5,7). 

In our opinion U. posthantkeni is an endemic Paratethys species, that evolved from the Tethys species U. 
schwageri Brady (1884), which is also highly costate, after the Egerian and especially after the Eggenburgian 
transgression. 

This species is found in deposits from shallow water to upper bathyal depth. 

Biostratigraphical distribution 
Egerian - Eggenburgian (Upper Oligocene - Lower Miocene). 

Plate 5
 
Uvigerina posthantkeni Papp
 

Fig. 1: Borehole Ortenburg CF 1002,417,0 - 437,0 m, Molasse Basin, Federal Republic of Germany, Upper 
Egerian. 

Smooth morphotype. 
Fig. 2: Nantesbuch, Molasse basin, Bavaria, Federal Republic of Germany, Lower Egerian. 
Figs. 3,5,7: Pouzdrany-Popice water pipe-line III, 70 -75 m, Pouzdrany Unit, Czechoslovakia, Eggenburgian. 

Highly costate morphotypes, especially figure 7, resembling the Middle Miocene species U. bellicostata 
Luczkowska. 

Uvigerina steyri Papp 

Figs. 4,6: Pouzdrany, Kolby Hill, Pouzdrany Unit, Czechoslovakia, Upper Egerian. 
Smooth morphotypes of shallower depth. 

All scale bars equal 100 micron. 
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Uvigerina d. U. rippensis Cole, 1927
 
Pi. 6, figs. 5-6
 

* 1927 U. rippensis -- Cole, BuII.Am.Pal., 14, p. 11, pI. 2, figure 16. 

Diagnosis 
A stout elongate Uvigerina with slightly compressed chambers; the initial chambers are broad and low, 

later ones subspherical. Some specimens show a tendency towards biseriality. The test is ornamented with 
20 to 30 costae in total, being discontinuous over the deeply incised sutures. The costae on the last chamber 
continue on the apenural neck. The initial stage of the test may be ornamented with blunt spines. 

Relations 
Because of the highly comparable form of the test and ornamentation pattern, there is likely to be a relation 

with U. rippensis. 

Differential diagnosis 
This form differs from U. rippensis Cole in having more inflated chambers, a less pronounced development 

towards biseriality, and ¥:ss pronounced costae. Furthermore, in most cases, in U. rippensis the costae of the 
last chamber are broken up (see also Sztrakos, 1983, pI. 1, figs. 5, 14-23 and Cushman and Edwards, 1937b, 
pI. 12, figure 6). 

Also Hopkinsina acutocostata and Hopkinsina citae as described by Hagn (1956) from the Upper Eocene 
of Northern Italy (the former species also occurring in the Lower Oligocene of Haering in Tirol, Austria) 
show less inflated chambers and a stronger tendency towards biseriality than our form. 

U. costellata Morozova differs from the present form in having lower and broader chambers in its younger 
part, and by having serrate costae. 

U. havanensis Cushman and Bermudez, as described by Bizon et a!. (1981, pI. 18, figure 9) from an 
Oligocene/Miocene boundary sequence in Western Greece, shows a chamber arrangement quite similar to 
our form, but differs in being ornamented with discontinuous costae. 

Remarks 
The pores are round, 9-15 in an area of 10 x 10 micron, and 0.5 - 2.0 micron in diameter. The length of 

the test ranges from 0.4 - 0.55 mm, the width from 0.23 - 0.3 mm. 

Biostratigraphical distribution 
Lower Egerian (Upper Oligocene) and Ottnangian (Lower Miocene) of the Bavarian Molasse, Western Ger

many. 

Plate 6 
Uvigerina d. U. acuminata Hosius 

Figs. 1-3: Pouzdrany, Kolby Hill, Pouzdrany Unit, Czechoslovakia, Upper Egerian. 
Fig. 4: Pouzdrany, Railway Station, Pouzdrany Unit, Czechoslovakia, Upper Egerian. 

Uvigerina d. U. rippensis Cole 

Figs. 5-6: Nantesbuch, Molasse Basin, Bavaria, Federal Republic of Germany, Lower Egerian. 

Uvigerina d. U. semiornata d'Orbigny 

Figs. 7-8: Zillergrabens, Molasse Basin, Bavaria, Federal Republic of Germany, Upper Egerian. 

Uvigerina rudlingensis Papp 

Figs. 9-10: Borehole Ampfing 1, 1020 - 1023 m, Molasse Basin, Austria, Upper Egerian. 
-- Fig. 10: Detail of wall surface of specimen illustrated in figure 9. 

Scale bars equal 100 micron, except figure 10 = 10 micron. 
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Uvigerina rudlingensis Papp, 1975
 
PI. 6, figs. 9,10
 

* 1975 U. rudlingensis - Papp, Chronostrat.Neostrat., Eger., p. 283, pI. 1, figs. 1-4. 

Diagnosis 

An elongate species of Uvigerina with inflated chambers, characterized by the nearly complete absence of 
ornamentation. The distinct apertural neck with lip, is set into a slight depression. 

Relations 

The sparse ornamentation found in some specimens could point to a relation with the U. cocoaensis . U. 
jacksonensis group, for instance with U. steyri Papp (1975). 

Differential diagnosis 

This species differs from U. semiornata urnula d'Orbigny (1846) by its less elongate and stouter outline, 
and by the absence of any tendency towards a biserial chamber arrangement in the younger part of the test. 

Remarks 

The length of the test ranges from 0.45 - 0.9 mm, the width from 0.3 - 0.36 mm. The pores are small, 0.5 
- 2 micron in diameter, widely scattered (6 - 9 per 100 square micron), and round or elongated in shape. 

Biostratigraphical distribution 
Egerian (Upper Oligocene - Lower Miocene). 

Plate 7
 
Uvigerina acuminata Hosius
 

Figs. 1,5,7,10: Borehole Vlkos 1, 167 - 168 m, Carpathian Foredeep, Czechoslovakia, Lower Badenian - Mora
vian. 
-- Fig. 7: apertural view of specimen illustrated in figure 5. 
-- Fig. 10: detail of wall surface of same specimen. 

Fig. 2: Borehole Tynec 70, 880 m, Vienna Basin, Czechoslovakia, Lower Badenian - Moravian. 
Figs. 3-4,9: Saratice no. 162, Carpathian Foredeep, Czechoslovakia, Karpatian. 

-- Fig. 9: apertural view of specimen illustrated in figure 4. 
Figs. 6,8: Borehole Litobratrice HV-302, 28,0 - 29,S m, Carpathian Foredeep, Czechoslovakia, Karpatian. 

- Fig. 8: apenural view of specimen illustrated in figure 6. 
Scale bars equal 100 micron, except in figs. 9-10 = 10 micron. 
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Uvigerina acuminata Hosius, 1895
 
PI. 7, figs. 1-10
 

* 1893 U. aculeata -- Hosius (non d'Orbigny), Naturw.Ver. Preuss. RheinI.Westf., Verh.Jahrg. 50, p. 108, 
pI. 2, figure 9.
 

1895 U. acuminata - Hosius, Naturw.Ver.Osnabriick, Jahrsber., nr. la, p. 167.
 

* 1930 U. barbatula - Macfadyen, GeoI.Surv.Egypt, p. 92, pI. 3, figure 26. 

* 1932 U. pygmaea var. uniseriata - Jedlitschka, Mitt. Naturw.Ver.Troppau, 38, p. 62, figure 15. 

* 1965 U. barbatula fiznousi -- Souaya, Micropal., 11, p. 317, pI. 2, figs. 8, 17, 27. 

* 1971 U. grilli -- Schmid, Verh.GeoI.B.A., p. 43, figs. 1-2. 

* 1984 U. basiquadrata - Boersma, Handb.Comm. Ten.Uvig., pI. 18, figs. 2,4. 

Diagnosis 
A morphologically variable Uvigerina species !Jrnamented with 6 - 12 costae per chamber which do not 

cross the sutures. There is a tendency to reduce ornamentation in the younger part of the test. The distinct 
apenural neck (often broken off) with lip, is set into a distinct depression. 

Relations 
This species belongs to the group of U. semiornata, and is morphologically close to U. macrocarinata. 

Differential diagnosis 
U. acuminata differs from U. macrocarinata because the costae do not cross the sutures. 

Remarks 
The length of the test is maximally 0.9 mm, the width 0.45 mm. 
In the Paratethys U. acuminata is an obiquitous species. The various morphotypes were in the past con

sidered as separate species, such as U. barbatula, U. uniseriata, and U. grilli. As between all these morphotypes 
intermediate forms do occur, it is hardly possible to define criteria to separate them. However, a detailed 
study of this group might produce some results. 

U. acuminata occurs in neritic assemblages; it is sometimes found abundantly in associations with a low 
species diversity. 

Forms showing a high degree of similarity with U. acuminata from the Upper Egerian (Pouzdrany Unit, 
upper bathyal depth, pI. 6, figs. 1-4), have tentatively been determined as U. cf U. acuminata. 

Biostratigraphical distribution 
(Rare in the) Upper Ottnangian - Lower Badenian (Middle Miocene). 

Plate 8
 
Uvigerina semiornata semiornata d'Orbigny
 

Figs. 1,6: Borehole Zidlochovice Z-10, 11.5 - 12.0 m, Carpathian Foredeep, Czechoslovakia, Lower Badenian 
- Moravian. 

Fig. 6: detail of wall surface of specimen illustrated in figure 1. 
Figs. 2,5: Soos, Vienna Basin, Austria, Middle Badenian - Wieliczian. 

Fig. 5: apertural view of specimen illustrated in figure 2. 
Figs. 3,7: Borehole Lozorno 3, 953 - 957 m, Vienna Basin, Czechoslovakia, Middle Badenian - Wieliczian. 

Fig. 7: apenural view of specimen illustrated in figure 3. 

Uvigerina semiornata urnula d'Orbigny 
Fig. 4: Slovenske Gorice, Sava-Drava Basin, Yougoslavia, Middle Badenian - Wieliczian. 
Scale bars equal 100 micron, except figure 6 = 10 micron. 
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Uvigerina semiornata d'Orbigny, 1846 

Diagnosis 

An elongate species of Uvigerina having the apertural neck set into a prominent depression. On the basis 
of the ornamentation pattern and the number and shape of the chambers, five subspecies are recognized. 

U. semiornata semiornata d'Orbigny, 1846
 
PI. 8, figs. 1-3, 5-7
 

1846 U semiornata - d'Orbigny, Foram.Foss.Bass. Tert.Vienne, p. 189, pI. 11, figs. 23-24.
 
1914 U. tenuistriata - Toula, Jb.Geol.,R.A., 64, p. 638, 651, pI. 39, figure 10.
 

Diagnosis 

An elongate Uvigerina with inflated chambers and depressed sutures. The ornamentation pattern is highly 
variable, consisting of 17 . 30 low costae per whorl discontinuous across the sutures. The aperture is on 
a broad and short neck, which is placed into a depression. 

Relations 

This subspecies intergrades with U. semiornata ado/fina and U. semiornata urnula d'Orbigny (1846). 

Differential diagnosis 
U. semiornata ado/fina can be distinguished because its costae end in spines at the basis of the chambers. 

U. semiornata semiornata differs from U. semiornata urnula because that subspecies has a strongly reduced 
ornamentation, especially on the youngest part of the test. U. semiornata brunnensis Karrer (1877) has many 
more chambers and a higher L/W ratio. U. acuminata Hosius (1895) is more ornate and has a higher number 
of costae per chamber. 

Remarks 
The maximum length of the test is 0.8 mm, the maximum width being 0.4 mm. There are 4 . 15 pores 

on 100 square micron, with a diameter of 0.4 - 3.6 micron. 
d'Orbigny (1846) figured a weakly ornamented microspheric specimen with a low L/W-ratio. Such types 

are common in the Lower Badenian. Extremely broad types occur in the 'Sandschaler-Zone' of the Middle 

Badenian. 
The first appearance of the present subspecies probably is already in the Upper Egerian of Bayern (observa

tion Reisser and Wenger, plate 6, figs. 7-8). These forms which we determined tentatively as U. d. semiornata 
semiornata, differ from U posthantkeni Papp (1971) in the finer, more numerous costae. They are rather dif
ficult to distinguish from U. rudlingensis Papp (1975), but the latter is much more weakly ornamented. 

U. semiornata semiornata is found in deposits from bathyal, but mainly from neritic depth. 

Biostratigraphical distribution 
Central Paratethys: Karpatian . Middle Badenian. 
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Uvigerina semiornata urnula d'Orbigny, 1846
 
PI. 8, figure 4
 

* 1846 U. urnula - d'Orbigny, Foram.Foss.Bass.Tert.Vienne, p. 189, pI. 11, figs. 21-22. 
1953 U. semiornata urnula d'Orbigny -- Papp and Turnovsky, Jahrb.Geol.,B.A., p. 129, pI. 5, Abb. C, 

figs. 2, 6. 

Diagnosis 
A subspecies of U. semiornata which is characterized by a strong reduction of the ornamentation on the 

younger part of the test; often the last chambers are completely smooth. 

Relations 
This subspecies is with numerous intermediate forms linked to U. semiornata semiornata d'Orbigny (1846). 

Differential diagnosis 
U. semiornata urnula differs from other U. semiornata subspecies by its strong reduction of ornamentation 

on the younger part of the test. 

Remarks 
The length of the test ranges from 0.5 - 0.8 mm, the width from 0.2 - 0.35 mm. The pores are very small 

and elongate, having a diameter of 0.05 - 0.1 micron. 
This subspecies is relatively rare in the deeper neritic facies of the Badenian. 

Biostratigraphical distribution
 
Central Paratethys: Lower Badenian (Moravian) - Middle Badenian (Wieliczian); Middle Miocene.
 

Uvigerina semiornata brunnensis Karrer, 1877
 
PI. 9, figs. 1-2, 4, 6
 

* 1877 U. brunnensis - Karrer, Abh.K.K.Geol.,R.A., p.385, pI. 16b, figure 49. 
1953	 U. semiornata brunnensis Karrer - Papp and Turnovsky, Jb.GeoI.B.A., 96, p. 130, pI. 5, Abb. C, 

figure 8. 

Diagnosis 
A very elongate subspecies ornamented with weakly developed ornamentation; ornamentation reduced on 

younger part of the test. The last chambers may be added biserially. The aperture has a well developed lip 
and is on a prominent neck which is set into a depression. 

Relations 
U. neudorfensis Toula, 1900 (pI. 13, figs. 5,9) has long been considered as an intermediate form between 

this subspecies and U. semiornata semiornara. The present authors, however, consider U. neudorfenis as a 
subspecies of U. venusUl Frankenau, 1894. The present subspecies intergrades with U. semiornata karreri Papp 
and Turnov9ky (1953). 

Differential diagnosis 
U. semiornata brunnensis differs from other subspecies of U. semiornata by having a higher number of 

chambers, a tendency towards biseriality, and a more slender outline. 

Remarks 
The length of the test is about 1 mm, the width between 0.3 and 0.4 mm. The pores are round or oval; 

a large variability in form and density was observed. The mean diameter is 0.5 micron. Typical specimens 
show only in the middle part of the test a distinct costate ornamentation. Forms without or with a reduced 
ornamentation were included in this species by Karrer (1877), but were named U. semiornata karreri by Papp 
and Turnovsky (1953). This subspecies is mainly found in deposits from shallow water and neritic depth. 

Biostratigraphical distribution 
Central Paratethys: Middle Badenian (Wieliczian, Middle Miocene). 



Uvigerina semiomata karreri Papp and Turnovsky, 1953
 
Pi. 9, figs. 3, 5, 7
 

* 1953 U. semiomata karreri - Papp and Turnovsky, lb. Geol.B.A., p. 130, Abb. C, figure 5. 

Diagnosis 
A slightly ornate, slender Uvigerina with a tendency towards biseriality. 

Relations 
There are many intermediate forms between U. semiomata karreri and U. semiomata brunnensis Karrer, 

1877. 

Differential diagnosis 
This subspecies differs from the other subspecies of U. semiomata by the nearly complete absence of or

namentation. U. semiomata karreri differs from unornamented forms of the u. venusta group by its more 
inflated chambers with a rounded instead of a horizontal basis. Furthermore, the apertural neck is set into 
a depression. 

Remarks 
The length of the test is maximally 1 mm, the width between 0.3 and 0.4 mm. The pores are round to 

oval, with a mean diameter of 0.3 micron. This subspecies is mainly found in deposits from a neritic depth. 

Biostratigraphical distribution 
Central Paratethys: Middle Badenian, r~re in the Upper Badenian (Middle Miocene). 

Plate 9
 
Uvigerina semiornata brunnensis Karrer
 

Figs. 1, 4, 6: Walbersdorf, Vienna Basin, Austria, Middle Badenian - Wieliczian. 
Fig. 4: apertural view of specimen illustrated in figure 1. 

Fig. 6: detail of wall surface of same specimen. 
Fig. 2 Borehole Cf-Novosad 25, 51 - 60 m, East Slovakian Basin, Czechoslovakia, Upper Badenian - Kosovian. 

Uvigerina semiomata karreri Papp and Turnovsky 

Figs. 3, 5, 7: Walbersdorf, Vienna Basin, Austria Middle Badenian - Wieliczian. 
Fig. 5: apertural view of specimen illustrated in figure 3. 
Fig. 7: detail of wall structure of same specimen. 

Scale bars equal 100 micron in figs. 1-3, 40 micron in figs. 4-5 and 10 micron in figs. 6-7. 
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Uvigerina semiornata adolfina n. subsp. Von Daniels and Cicha
 
PI. 10, figs. 1-5
 

1951 Uvigerina multicostata Leroy 1939 -- Marks, p. 61, pI. 7, figure 1. 

* 1960 U. perornata - Pishvanova (partim), figure 10 (non figure 11) 

Derivatio nominis 

This subspecies is named in honour of the late Prof. Dr. Adolf Papp. 

Holotype 

Specimen U1I18, pI. 10, figure 1. 

Type locality 

Ziegelei Soos, Baden, Austria. 

Typelevel 
Middle Badenian, Wieliczian, Middle Miocene. 

Paratypes 
Specimens U1/14-15, 127/1-4, 79-92/14, 16-17. 

Diagnosis 
A subspecies of U. semiornata d'Orbigny (1846) with prominent costae abruptly ending in spinose projec

tions at the basis of the chambers. 

Description 
The strongly costate test of this Uvigerina shows an overall triserial structure. At the basal part of the 

costae, provided with small spinose projections, the chambers show a characteristic offset. The sutures bet
ween the chambers are slightly depressed and flush. The aperture is situated at the end of a terminal smooth 

neck with a lip. A toothplate is present. 

Dimensions 
Length: 0.6 - 0.75 mm. 

Width: 0.25 - 0.35 mm. 
Number of costae per whorl: 24 - 28. 
Mx-value (Von Daniels and Spiegler, 1977): 22 - 36. 
Thickness of the wall: 10 - 20 micron. 

Wall structure: granular-smooth. 
Number of pores per 100 square micron: 10 - 12. 
Diameter of the pores: 1 - 1.5 micron. 

Differential diagnosis 
In the type locality, intermediate specimens between his subspecies and U. semiornata semiornata occur. 

They are distinguishable by their ornamentation. U. perornata differs from the present subspecies by the 

lower number of costae and the stouter form of the test. 

Remarks 
In some populations a gradual transition from costae towards aculeate forms is observed. 

Biostratigraphical distribution 

Central Paratethys: Middle Badenian (Middle Miocene). 

Plate 10
 

Uvigerina semiornata adolfina Von Daniels and Cicha
 

Figs. 1-5: Soos, Vienna Basin, Austria, ·Middle Badenian - Wieliczian. 

- Fig. 1: Holotype, no. U 1118, 127/1/1802. 
- Fig. 2: Paratype, no. 127/112004, showing internal structure of a macrospheric specimen. 

Fig. 3: Paratype. 
__ p;~ 4. na,o:! ~. moll '''''o~a 
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Uvigerina bellicostata Luczkowska, 1955
 
PI. 11, figs. 1-3, pI. 12, figs. 1, 5-6.
 

* 1955 U. bellicostata - Luczkowska, Rocznik Pol. Tow. GeoI., 23, p. 118, pI. 8, figs. 10-13. 

* 1978 U. costatoides - Papp and Schmid, Chronostrat. Neostrat., Baden., p. 283, pI. 11, figs. 5-8. 

Diagnosis 
A stout Uvigerina species, ornamented with 6 - 10 distinctive, heavy plate-like costae, which in most cases 

do not cross the slightly depressed sutures. The ornamentation tends to diminish toward the younger part 
of the test, in extreme cases leading to an almost smooth last chamber. The chambers are somewhat inflated. 
The aperture has a very distinct neck set in a slight depression, with a prominent lip and toothplate. 

Relations 
This species belongs to the U. semiornata group, and seems to be closely related to U. macrocarinata Papp 

and Turnovsky (1953). 

Differential diagnosis 
U. bellicostata differs from U. macrocarinata because most of the costae are interrupted at the sutures. The 

tendency to reduce ornamentation towards the younger part of the test is not as strong as in U. macrocarinata 

which has the apertural neck placed in a much deeper depression. 

Remarks 
The pores are oval to elongate with a mean diameter of 0.35 micron. The length of the test varies from 

0.5 - 0.9 mm, the width from 0.35 - 0.45 mm. Boersma (1984) considered U. costatoides Papp and Schmid, 
1978 to belong to U. macrocarinata. In our opinion U. costatoides is a junior synonym of U. bellicostata. 

Biostratigraphical distribution 
Upper Badenian (Kosovian), Middle Miocene. 

Plate 11
 
Uvigerina bellicostata Luczkowska
 

Figs. 1,2: Valea Morilor, Transsylvanian Basin, Romania, Upper Badenian - Kosovian. 
Fig. 3: Borehole Cf-Novosad 24, 256 - 285 m, East Slovakian Basin, Czechoslovakia, Upper Badenian - Koso

vlan. 

Uvigerina macrocarinata Papp and Turnovsky 

Fig. 4: Borehole Vlkos 1, 197 - 198 m, Carpathian Foredeep, Czechoslovakia, Lower Badenian - Moravian. 
Figs. 5,7: Borehole Zidlochovice Z-10, 11.5 - 12.0 m, Carpathian Foredeep, Czechoslovakia, Lower Badenian 

- Moravian.
 

Fig. 5: typical form.
 

Fig. 7: transitional morphotype between U. macrocarinata and U. acuminata Hosius.
 
Fig. 6: Slovenske Gorice, Sava-Drava Basin, Yougoslavia, Lower Badenian - Moravian, typical form. 
All scale bars equal 100 micron. 
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Plate 11
 



Uvigerina macrocarinata Papp and Turnovsky, 1953
 
PI. 11, figs. 4-7, pI. 12, figs. 2-4
 

* 1953 U. maerocarinata - Papp and Turnovsky, Jb. Geol. B. A., 96, p. 123, pI. 5(B), figs. 1-3. 

Diagnosis 
A stout Uvigerina ornamented with heavy costae which cross the sutures. The ornamentation diminishes 

strongly towards the younger part of the test, the last chamber often being smooth. The short apertural neck 
(mostly broken off), is set into a deep depression. 

Relations 
U. maerocarinata belongs to the U. semiomata group, and seems to be closely related to U. acuminata on 

the one side, and to U. bellicostata on the other side. 

Differential diagnosis 
U. maerocarinata differs from U. acuminata Hosius (1895) because in the latter the costae do not cross the 

sutures and the test is more slender. U. maerocarinata differs from U. bellicostata Luczkowska (1955) because 
its apertural neck is placed in a much deeper depression and because it has a less ornate younger part of the 
test. 

Remarks 
The length of the test varies from 0.3 - 0.85 mm, the width from 0.2 - 0.45 mm. The round or irregularly 

oval pores have a diameter ranging from 0.6 - 2.0 micron. Their number varies from 9 - 15 per 10 square 
mIcron. 

U. maerocarinata belongs to the semiomata - group, branching off from U. acuminata in the Lower Bade
nian (Von Daniels and Spiegler, 1977). According to Papp and Schmid (1978) U. costatoides Papp and Schmid 
(1978) (=U. bellicostata) develops from this species in the Upper Badenian. 

In our opinion, the species concept of Boersma is much to wide and includes probably specimens belonging 
to U. bellicostata and to U. tumeyensis Lamb (1964). 

U. maerocarinata occurs in clayey and fauna-rich sediments from neretic to bathyal depth. 

Biostratigraphical distribution 
Central Paratethys: Lower Badenian (Moravian, Middle Miocene). According to Von Daniels et al. (1985) 

this species has identical ranges in the North Sea Basin, the Paratethys and the Mediterranean. 

Plate 12
 
Uvigerina bellicostata Luczkowska
 

Figs. 1,5: Valea Morilor, Transsylvanian Basin, Romania, Upper Badenian - Kosovian. 
Fig. 1: detail of wall surface of specimen illustrated on pI. 11, figure 1. 
Fig. 5: apertural view of same specimen. 

Fig. 6: Borehole Cf-Novosad 24, 256 - 285 m, East Slovakian Basin, Czechoslovakia, Upper Badenian - Koso
VIano 

Apertural view of specimen illustrated on pI. 11, figure 3. 

Uvigerina maerocarinata Papp and Turnovsky 

Figs. 2-4: Borehole Zidlochovice Z-10, 11.5 - 12.0 m, Carpathian Foredeep, Czechoslovakia, Lower Badenian 
- Moravian. 

Fig. 2: Detail of wall surface of specimen illust.ated on pI. 11, figure 5. 
Fig. 3: Apertural view of same specimen. 
Fig. 4: Detail of wall surface of specimen illustrated on pI. 11, figure 7; intermediate morphotype bet
ween U. macrocarinata and U. acuminata Hosius. 

Uvigerina moravia Boersma 

Fig. 7: Pouzdrany wine-cellars, Pouzdrany Unit, Czechoslovakia, Lower Kiscellian. 
Detail of wall surface of specimen illustrated on pI. 6, figure 1. 





Uvigerina lappa Cushman and Edwards, 1937 
\ PI. 13, figs. 1-7 

1937 U. lappa - Cushman and Edwards, Contr.Cushm. Lab.Foram.Res., vol. 13, p. 58, pI. 8, figure 10. 

Diagnosis 
A relatively large species; the ornamentation varies from spinose via hispido-costate to fully costate. The 

chambers are slightly inflated, and the sutures are somewhat depressed. The apertural neck is ornamented 
by twisted rows of spines and/or costae, and has a small phialine lip. 

Relations 
The entirely costate morphotypes (pI. 13, fig. 4), found in the Pouzdrany Marls (Lower Oligocene, 

Czechoslovakia), closely resemble small specimens of U. havanensis Cushman and Bermudez (1936). U. lappa 
is closely related to forms with a more pustulous ornamentation such as U. rustica Cushman and Edwards 
(1938) and U. rugosa d'Orbigny (1825). 

Differential diagnosis 
This species differs from U. farinosa Hantken by its much larger test and its coarser ornamentation. Also 

U. chirana Cushman and Stone and U. spinosa Boersma (= U. spinulosa Coryell and Embich, non Hadley, 
1934) have a much finer, densely spinose ornamentation pattern. 

Remarks 
The pores are round to elongate, 0.4 - 1.0 micron in diameter; if elongate up to 2 micron. The length of 

the test ranges from 400 - 800 micron. This species usually occurs in deposits from middle to upper bathyal 
depth. 

Biostratigraphical distribution 
Upper Eocene - Lower Kiscellian (Lower Oligocene). 

Plate 13
 
Uvigerina lappa Cushman and Edwards
 

Figs. 1-2: Pouzdrany above the mill, Pouzdrany Marls, Pouzdrany Unit, Czechoslovakia, Lower Kiscellian. 
Fig. 1: Specimen with broken spines of 'bluntly' rounded appearance, in correspondance with the 
holotype of Cushman and Edwards. 
Fig. 2: Specimen showing rows of spines and costae breaking up into spines. 

~ Figs. 3-7: Borehole Strachotin 2, 1079 - 1085 m, Pouzdrany Unit, Czechoslovakia, Lower Kiscellian. 
Fig. 3: apertural view of specimen illustrated in figure 5. 
Fig. 4: specimen with only slightly serrate costae, strongly resembling U. havanensis Cushman and Ber
mudez. 
Fig. 6: detail of apertural area of specimen illustrated in figure 5, showing characteristic swirling of 
the rows of spines around the apertural neck. 
Fig. 7: Detail of the wall surface. 

Uvigerina farinosa Hantken 

Figs. 8-9: Pouzdrany, Kolby Hill, Boudky Marls, Pouzdrany Unit, Czechoslovakia, Upper Egerian.
 
Fig. 10: Pouzdrany, Railway Station, Boudky Marls, Pouzdrany Unit, Czechoslovakia, Upper Egerian.
 
Figs. 11-12: Matyashegy, Budapest, Holzpach Brickyard, Kiscell Clay, Upper Kiscellian.
 

Scale bars equal 100 micron, except figure 7 = 10 micron.
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Uvigerina farinosa Hantken, 1875
 
PI. 13, figs. 8-12
 

* 1875 U. farinosa .• Hantken, K.Ungar.GeoI.Anst.,Mitt.Jahrb., Bd. 4, Heft 1, p. 62, pI. 7, figure 6. 

Diagnosis 
A relatively small species with a coarse spinose ornamentation and a tendency to add some chambers (up 

to 5) biserially. The distinct neck is rounded, covered by small spines, and has a small phialine lip. 

Relations 
This species belongs to the U. auberiana - U. proboscidea group. U. gracilis Reuss, 1851 (considered to be 

synonymous with U. farinosa by Sztrakos, 1983) is probably no more than a clinal variety of U. farinosa. 

Differential diagnosis 
U. farinosa differs from other species of the U. auberiana - U.proboscidea group by having its biserial portion 

more tightly coiled. U. gracilis differs by having a smooth upper portion of the final chamber. 

Remarks 
The pores are round, 0.3 - 0.4 micron in diameter. The length of the test ranges from 300 - 600 micron. 

The variability in chamber arrangement has been well described by Subbotina (1953, pI. 11, figs. 6-10, her 
U. proboscidea) for Upper Eocene forms from the Ukraine (USSR). U. farinosa usually occurs in deposits 
from outer neretic to upper bathyal depth. 

Biostratigraphical distribution 
Lower Kiscellian (Lower Oligocene) - Eggenburgian (Lower Miocene). 

Uvigerina aculeata d'Orbigny, 1846 

Diagnosis 
A slender Uvigerina with a spinose ornamentation pattern. On the basis of the positioning of the spines 

(random or arranged in rows) and the size of the test, two subspecies are distinguished. 

Relations 
The transition of costae into spines can be observed in a lot of species (Papp & Schmid, 1978), making the 

separation of species on the basis of ornamentation pattern problematically. Therefore, Papp & Schmid 
(1985) interpreted d' Orbigny's type material of U. aculeata as a spinose variation of U. grilli Schmid. In our 
opinion, however, as intermediate specimens are often found (PI.2, figure 5, PI. 3, figure 5), U. aculeata should 
be considered as being related to U. venusta (as was suggested by Papp and Schmid in 1978). 
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Uvigerina aculeata aculeata d'Orbigny, 1846
 
PI. 14, figs. 14
 

* 1846 U. aculeata - d'Orbigny, Foram.Foss.Bass.Tert.Vienne, p. 191, pI. 11, figs. 27-28. 
1953 U. aculeata aculeata -- Papp & Tl,lrnovsky, Jb.GeoI.B.A., p.127, pI. 5, Abb. A, figure 12. 

Diagnosis 
A long and slender Uvigerina, ornamented with short, coarse spines irregularly placed on the test. The aper

ture has a slender neck with weakly developed spines, a lip, and a folded toothplate. The chamber sutures, 
which are covered by the ornamentation, are hardly visible. 

Differential diagnosis 
This subspecies differs from U. aculeata orbignyana by having its spines irregularly distributed over the test, 

and by its less developed aperture. 

Remarks 
The pores are rounded, 0.5 - 1 micron in diameter. Length of the test 550 - 800 micron, width 250 - 300 

micron. 
In the Badenian this subspecies occurs in upper neritic, sandy facies, as well as in levels with Lithothamnium 

limestone. 

Biostratigraphical distribution 
In the Central Paratethys: Middle Miocene: upper part of the Lower Badenian (Moravian), frequent in the 

Middle Badenian (Wieliczian). 

Uvigerina aculeata orbignyana Czjzek, 1847
 
PI. 14, figs. 2-3, 5-7
 

* 1847 U. orbignyana - Czjzek, Haidingers Naturw. Abh. 2, p. 11, pI. 13, figs. 16-17. 

* 1847 U. asperula - Czjzek, Haidingers Naturw. Abh. 2, p. 10, pI. 13, figs. 14-15. 

Diagnosis 
A long Uvigerina ornamented with rows of spines. The aperture is broad, the neck is well developed and 

has a distinct lip. 

Differential diagnosis 
This subspecies differs from U. aculeata aculeata by having its spines distributed in rows, and by having 

a more prominent apertural neck. 

Remarks 
The pores are often oval in outline, the average diameter is 0.05 micron. Length of the test up to 1 mm. 

We follow Papp and Turnovsky (1953) in considering U. asperula as being synonymous with this subspecies. 
It has the same paleoecological distribution as U. aculeata aculeata. 

Biostratigraphical distribution 
In the Central Parathethys: Lower - Middle Badenian (Middle Miocene). 
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Plate 14
 
Uvigerina aculeata aculeata d'Orbigny
 

Figs. 1,4: Borehole Vlkos 1,295.0 - 296.0 m, Carpathian Foredeep, Czechoslovakia, Lower Badenian - Mora
VIan. 

Fig 1,4: apertural view of specimen illustrated in figure 1. 

Uvigerina aculeata orbignyana Czjeck 

Figs. 2,6: Borehole Vranov Cf-Vr 36, 16.0 - 20.0 m, East Slovakian Basin, Czechoslovakia, Middle Badenian 
- Wieliczian. 

Fig. 6: apertural view of specimen illustrated in figure 2. 
Figs. 3,5,7: Walbersdorf, Vienna Basin, Austria, Middle Badenian - Wieliczian. 

Fig. 5: apertural view of specimen illustrated in figure 3. 
Fig. 7: detail of wall surface of same specimen. 

Scale bars equal 100 micron, except figure 7 = 10 micron. 
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Uvigerina pudica Luczkowska, 1955
 
PI. 15, figs. 1-7
 

* 1955 U. pudica - Luczkowska, E.Polsk.Tow.GeoI.Rocz.Krakow, 23, p. 150, pI. 8, figure 17. 

Diagnosis 
An elongate species with inflated chambers and depressed sutures, ornamented with irregularly placed 

spines; sometimes it has low and broad costae on the older part of the test. The aperture is round, without 
a lip, but with a toothplate. 

Relations 
As intermediate forms are found (e.g. pI. 3, figure 2), this species may be related to U. venusta. 

Differential diagnosis 
This species can easily be distinguished by the coarse spinose ornamentation on the youngest part of the 

test. 

Remarks 
The pores are very small (smaller than 0.5 micron). The length of the test ranges from 0.7 - 0.9 mm, the 

width frorri 0.35 - 0.5 mm. 
Our specimens are considerably more and coarser spinose than the type specimen figured by Luczkowska 

(1955). This species is mostly occurring in a neritic facies, together with Pseudotriplasia spp. and Spiroplectam. 
mina cannata. It is typical for the Carpathian foredeep. 

Biostratigraphical distribution 
Central Paratethys: Wieliczian (Middle Badanian, Middle Miocene). 

Plate 15
 
Uvigerina pudica Luczkowska
 

Figs. 1-7: Borehole Kravare 05-1, 341.0 - 342.0 m, Carpathian Foredeep, Czechoslovakia, Middle Badenian 
- Wieliczian. 

Figs. 1-2: typical form. 
Fig. 4: apertural view of specimen illustrated in figure 1. 

-- Fig. 6: detail of wall surface of same specimen. 
Fig. 5: apertural view of specimen illustrated in figure 2. 
Fig. 7: detail of wall surface of same specimen. 
Fig. 3: a-typical specimen. 

Scale bars equal 100 micron, except figs. 6,7 = 10 micron. 
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Uvigerina romaniaca Papp and Schmid, 1978
 
PI. 16, figs. 1-4
 

.. 1978 U romaniaca - Papp and Schmid, Chronostrat.Neostrat., Baden., p. 283, pI. 11, figs. 15-17. 

Diagnosis 
U. romaniaca is a strongly ornamented form with a distinct, elongate aperture. The ornamentation consists 

of costae, often broken up into spines. The slender neck has a weakly developed lip-like termination. 

Relations 
This species is morphologically close to U. venusta Franzenau (1894) and to U. cf.U. pygmaea d'Orbigny 

(1826). 

Differential diagnosis 
U romaniaca can be distinguished from related species by its smaller dimensions and by its costae which 

break up into rows of individual spines. 

Remarks 
The pores are round, 0.2 • 0.3 micron in diameter. The length of the test ranges from 400 • 650 micron, 

the width from 200 - 250 micron. 
According to Papp and Schmid (1978) this species branched off from U venusta in the Badenian. 

Biostratigraphical distribution 
Central Parathethys: Kosovian (Upper Badenian, Middle Miocene). 

Plate 16
 
Uvigerina romaniaca Papp and Schmid
 

Figs. 1-4: Valea Morilor, Transsylvanian Basin, Roumania, Upper Badenian - Kosovian. 
Fig. 1: detail of wall surface of specimen illustrated in figure 3. 
Fig. 4: detail of the last chamber of the same specimen. 

Uvigerina cf. U. pygmaea d'Orbigny 

Fig. 5 : Walbersdorf, Vienna Basin, Austria, Upper Badenian - Kosovian. 

Uvigerina bulbacea Galloway and Heminway 

Figs. &-7: Borehole Vlkos 1, 197 - 198 m, Carpathian Foredeep, Czechoslovakia, Lower Badenian - Moravian. 
Fig. 7: detail of wall surface of specimen illustrated in figure 6. 

Scale bars equal 100 micron, except figures 1 and 7 = 10 micron. 

164 



Plate 16
 

165 



Uvigerina d. U. pygmaea d'Orbigny, 1826
 
PI. 16, figure 5
 

1826 U. pygmaea -- d'Orbigny (non 1846), Ann.Sci.Nat.,7, p. 269.
 
1953 U. d. pygmaea - Papp and Turnovsky, Jb.GeoI.B.A., 96, p. 127, pI. 5, Abb. B, figs. 9-10.
 

* 

Diagnosis 
An elongate Uvigerina, showing a sharp break between the older part with costate ornamentation and the 

younger part (two or three chambers) with a spinose ornamentation. The species has a distinct neck and a 
small lip. 

Relations 
This species is morphologically close to the fully costate species U. venusta. 

Differential diagnosis 
This species differs from U. venusta by its partially spinose ornamentation and by its somewhat larger size. 

U. d. pygmaea can be distinguished from U. romaniaca by its clear bipartition in ornamentation and by its 
somewhat larger size. 

Remarks 
The pores are round, rarely oval, 0.4 - 0.7 micron in diameter. The average length of the test is 0.6 mm, 

the average width is 0.25 mm. It usually occurs in shallow water to deeper neritic deposits (Lithothamnium 
limestone). 

Biostratigraphical distribution 
Central Paratethys: Badenian (Middle Miocene): Upper part of the Moravian ('Sandschalerzone', Wielic

zian), rare in 'Bulimina-Bolivina '-Zone (Kosovian). 

Uvigerina bulbacea Galloway and Heminway, 1941
 
PI. 16, figs. 6,7
 

1941 Uvigerina bulbacea - Galloway and Heminway, New York. Acad.Sci, 3, p. 427, pI. 33, figs. 1-2.* 

Diagnosis 
A small, elongate but bulbous form, rapidly enlarging from the basal end to the greatest width at about 

one-third of the length, then gradually tapering. The chambers are inflated and separated by depressed 
sutures. The ornamentation is predominantly costate. The aperture is situated on a short neck, ornamented 
by costae continuing from the last chamber. 

Relations 
Not well known 

Differential diagnosis 
This form, characterized by its bulbous form, is easy to distinguish from other Uvigerina species. 

Remarks 
The length of the test is maximally 0.5 mm, the width 0.2 mm. This species is very rare, and always very 

badly preserved. 

Biostratigraphical distribution 
In the Paratethys: Eggenburgian - Lower Badenian ( Middle Miocene). 
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Uvigerina rippensis Cole, 1927
 
PI. 17, figs. 1-8
 

* 1927 U. rippensis - Cole, BuII.Am.Pal., 14, p. 11, pI. 2, fig. 16. 
1984	 U. rippensis - Boersma, Handb.comm.Tert.Uvig., p. 137, pI. 1, figs. 1-4, pI. 2, figs. 1-4, pI. 3, figs. 

1-6. 

Diagnosis 
Stout form with very prominent ornamentation of high plate-like costae. The initial part, and sometimes 

also the last chamber, is ornamented with spines. The aperture is rounded, the neck is ornamented with swirl
ing costae; phialine lip. 

Relations 
In our opinion the nearest relatives of U. rippensis are U. spinicostata Cushman ans Jarvis (1929), and U. 

peregri1Ul Cushman (1923). As was suggested by Boersma (1984, p. 138), this species may also have some rela
tion with U. lappa Cushman and Edwards (1937). 

Differential diagnosis 
This species can easily be separated from related forms by its very prominent costate ornamentation. 

Remarks 
The pores are round, 0.3 - 0.5 micron in diameter. The length of the test varies from 0.4 - 1.0 mm. The 

younger chambers of some macrospheric specimens show a tendency to be placed biserially. 
The specimens from the upper bathyal (low oxygen) facies of the Pouzdrany Marls (Czechoslovakia) (PI. 

17, figs. 1-3, 7-8) differ from the type species in having spines at the initial part of the test; the last chamber 
is fully costate, the costae extend up to the apertural neck. These morphotypes, which have also been found 
by Horvath and Horvathne-Kollanyi in Middle - Upper Eocene deposits in Hungary, may well be compared 
with U. havanensis as figured by Boersma (1984, p. 70). However, U. havanensis as described by Cushman 
and Bermudez (1936) differs from this form in having more costae, which on the last chamber may be oblique 
or transversal. 

In the middle bathyal facies of the Zdanice Unit (Czechoslovakia), a smaller (and more typical) mor
photype occurs, which has the costae broken up into spines on the last chamber (pI. 17, figs. 4-5). 

Biostratigraphical distribution 
Middle Eocene - Lower Kiscellian (Lower Oligocene). 

Uvigerina venusta Franzenau, 1894 

Diagnosis 
An elongate, mainly triserial species of Uvigeri1Ul, ornamented by prominent costae. The aperture has a 

terminal neck, which is not placed in a depression, with a lip. On the basis of the ornamentation and 
chamber arrangement three subspecies are distinguished. 
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Uvigerina venusta venusta Franzenau, 1894
 
PI. 18, figs. 1-3, 5, 7
 

.. 1894 Uvigerina venusta -- Franzenau ( partim ), Hrvatsko Narav. Drusto, Glasnik 7, p. 284, pI. 6, figure 
60 (non figure 61). 

1953 Uvigerina venusta venusta - Papp and Turnovsky, Jahrb.GeoI.B.A., 96, p. 125, pI. 5, Abb. B, figs. 
8, 13. 

Diagnosis 
A relatively long and slender form. In the older part of the test the chambers are triserially arranged, but 

in the younger part they show a tendency to biseriality. The sutures are depressed and the chambers are or
namented by strong costae. The aperture is on a terminal neck with a weakly developed phialine lip. 

Relations 
On basis of the test outline, chamberform and aperture, this form might be related to Uvigerina d. U. 

pygmaea d'Orbigny. 

Differential diagnosis 
This subspecies differs from U. venusta liesingensis Toula (1914) in being much smaller (having a lower 

number of chambers) and in having a relatively large triserial part. U. venusta venusta differs from U. cf. U. 
pygmaea by its continuous costate ornamentation. 

Remarks 
The average length of the test is 0.7 - 0.8 mm, the width 0.3 mm. The pores are mostly round or slightly 

oval, rarely elongate to oval; the diameter ranges from 0.5 - 0.9 micron. 
Franzenau (1894) figured two entirely different specimens under U. venusta. Papp and Turnovsky (1953) 

chose the triserial form (figure 60 of Franzenau) as the type of U. venusta, and considered the more biserial 
form (figure 61 of Franzenau) as belonging to the subspecies U. venusta liesingensis Toula (1914). 

U. venusta venusta is found in deposits from a neritic depth. 

Biostratigraphical distribution 
Central Paratethys: Wieliczkian - Kosovian (Middle - Upper Badenian). 

Plate 17
 
Uvigerina rippensis Cole
 

Figs. 1-3, 6-8: Pouzdrany, above the mill, Pouzdrany Unit, Czechoslovakia, Lower Kiscellian. 
Figs. 1,3,8: microspheric specimens. 
Fig. 2: apertural view of specimen illustrated in figure 1, showing characteristic swirling of costae 
around the apertural neck. 
Fig. 6: Detail of the wall structure. 
Fig. 7: megalospheric specimen. 

Figs. 4-5: Popice-Pouzdrany water pipe-line, 473.5 - 474.5 m, Zdanice Unit, Czechoslovakia, Priabonian. 
Smaller morphotypes having their costae broken up on the last chamber. 

Scale bars equal 100 micron, except figure 6 = 10 micron. 
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Uvigerina venusta liesingensis Toula, 1914
 
PI. 18, figs. 4, 6, 8
 

* 1894 U. venusta - Franzenau ( partim ), Hrvatsko Narav. Drusto , Glasnik 7, p. 284, pI. 6, figure 61. 

* 1914 U. liesingensis - Toula, K.Leop.CaroI.Deutsch. Akad.Naturf.Abh., Nova Acta, 100, p. 10. 
1953	 U venust4 liesingensis Toula -- Papp and Turnovsky, ]b.GeoI.B.A, 96, p. 126, PI. 5, Abb. B, figs. 

11-12. 

Diagnosis 
A large Uvigerina, with a relatively small triserial and large biserial part. The biserial part is often somewhat 

compressed. The test is ornamented by heavy costae. The aperture is at the end of an elongated, terminal 
neck with a prominent lip. 

Differential diagnosis 
This subspecies differs from Uvigerina venust4 venust4 by having a larger biserial part of the test, being 

larger (more chambers), and having a better developed apertural neck. 

Remarks 
The average length of the test is 1 mm, the width 0.4 mm. 

The round pores are very large, between 1 and 3 micron in diameter. The chamber arrangement and the 
ornamentation are very variable. In the Middle Badenian (in the so-called 'Buliminen-&livinen Zone) this 
species oftenstrongly dominates the associations. 

Biostratigraphical distribution 
Central Paratethys: Middle - Upper Badenian. 

Plate 18 
Uvigerina venust4 venust4 Franzenau 

Figs. 1,5,7: Miillendorf, Vienna Basin, Austria, Middle Badenian - Wieliczian. 
Fig. 5: apertural view of specimen illustrated in figure 1. 
Fig. 7: detail of wall surface of same specimen. 

Fig. 2: DevinsH Nova Ves, Vienna Basin, Czechoslovakia, Upper Badenian - Kosovian. 
Fig. 3: Walbersdorf, Vienna Basin, Austria, Upper Badenian - Kosovian. 

Uvigerina venust4 liesingensis Toula 

Figs. 4,6,8: Borehole Hainburg Ha-l06, 20 m, Vienna Basin, Austria, Upper Badenian - Kosovian. 
Fig. 6: apertural view of specimen illustrated in figure 4. 
Fig. 8: detail of wall surface of same specimen. 

Scale bars equal 100 micron for figs. 1-4, 40 micron for figs. 5-6 and 10 micron for figs. 7-8. 
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Uvigerina pygmoides Papp and Turnovsky, 1953
 
PI. 19, figs. 1-2, 4-5
 

1846 Uvigerina pyglnaea d'Orbigny -- d'Orbigny (non 18261), Foram.Foss.Bass.Tert.Vienne, p. 190, pIll, 
figs. 25-26. 

* 1953 Uvigerina pygmoides - Papp and Turnovsky, Jb.GeoI.B.A., 96, p. 131, pI. 5, Abb. C, figure 4. 

Diagnosis 
The test is relatively large and stout. The chambers are inflated, especially in the center of the test, and 

the sutures are slightly depressed. The ornamentation consists of smooth costae. The neck is short and broad, 
with a poorly developed lip, and a pronounced internal tooth. 

Relations 
Although Papp and Turnovsky (1953) supposed a relationship with U. semiornata, we think that because 

of the short neck a link with the group of U. venusta is more logical. 

Differential diagnosis 
This species differs from all species of the U. semiornata group by the position of the apertural neck, which 

is not placed in a depression. It differs from all subspecies of V. venusta by its more stout outline. 

Remarks 
The length of the test is maximally 1.3 mm, the width varies between 0.35 and 0.55 mm. The pores are 

round, with a diameter between 0.9 and 1.2 micron. 
In 1846 d'Orbigny determined this form as U. pygmaea. Because it differs from V. pygmaea d'Orbigny 1826, 

Papp and Turnovsky (1953) proposed the name U. pygmoides. U. pygmoides is mainly found in deposits from 
neritic depth. 

Biostratigraphical distribution 
Central Paratethys: Karpatian (rare) - Middle Badenian 

Plate 19 
Uvigerina pygmoides Papp and Turnovsky 

Fig. 1: Borehole Racice RV-12, 30 m, Vienna Basin, Czechoslovakia. 
Figs. 2,4-5: Baden, Vienna Basin, Austria, Lower Badenian - Moravian. 

-- Fig. 4: apertural view of specimen illustrated in figure 2. 
-- Fig. 5:detail of wall surface of same specimen. 

Uvigerina venusta neudor/ensis Toula 

Figs. 3,6: Teufelsjoch at Jois/Burgenland, Vienna Basin, Austria, Upper Badenian - Kosovian. 
-- Fig. 6: detail of wall surface of specimen illustrated in figure 3. 

Scale bars equal 100 micron for figs. 1-3, 40 micron for fig. 4, and 10 micron for figs. 5-6. 

172 



Plate 19
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Uvigerina venusta neudorfensis Toula, 1900
 
PI. 19, figs. 3, 6
 

1900 U. neudorfensis -- Toula, Ver.Natur.Heilk., Verh., p. 12, figure 3. 
1915 U. neudorfensis Toula - Toula, Jahrb. Geol. Reichsanst., 64, p. 638, pI. 39, figure 11. 
1953 U. semiomata neudorfensis Toula - Papp and Turnovsky, Jahrb.GeoI.B.A., 96, p.130, pI. 5, Abb. 

A, figure 13. 

Diagnosis 
A large Uvigerina which is initially triserial, and later biserial. The chambers are strongly inflated, the 

sutures depressed. The ornamentation is very weakly developed, often only consisting of some rudimentary 
costae on the oldest chambers. The aperture is provided with a prominent neck (terminal, not set into a 
depression) with a well developed lip. 

Relations 
Papp and Turnovsky (1953) considered this form as a subspecies of V. semiomata d'Orbigny (1846). 

Because of the chamber arrangement, the terminal apertural neck, and the large round pores, we consider 
it much more likely that this form is related to V. venusta. 

Differential diagnosis 
U. venusta neudor/ensis differs from other subspecies of U. venusta by its strongly reduced ornamentation. 

Remarks 
The length of the test can reach more than 1 mm, the width is circa 0.35 mm. The pores are round and 

very large, the diameter lies between 1.5 and 2 micron. 
Toula (1900) figured U. neudorfensis as a costate species. In 1915, however, he gave better pictures of the 

same species, which showed only a very weak costate ornamentation. On the basis of this description, Papp 
and Turnovsky (1953) placed specimens with a reduced ornamentation in this taxon. Because the original 
material of Toula is no longer available, we consider the material of Papp and Turnovsky as neotypes. 

Biostratigraphical distribution 
Central Paratethys: rare in Middle - Upper Badenian. 

Uvigerina parviformis Papp, 1953 
PI. 20, figs. 1-4 

1953 U. parviformis - Papp, Kober-Festschr. Wien, p.305, pI. 1, figs. 1-3. 
1971 U. parviformis Papp -- Cicha et a!', Chronostrat.Neostrat., Eggenb., p. 265, pI. 14, figs. 5-8. 

Diagnosis 
A small Uvigerina with inflated chambers and depressed sutures, sometimes showing some tendency 

towards biseriality. The test is ornamented by inconspicuous costae, which may be interrupted and/or par
tially grade into pustules. The aperture is round with a distinct smooth neck. 

Relations 
According to Papp (1953,1963) this species is one of the oldest representatives of the U. bononiensis group 

in the Paratethys. We consider it unlikely that this species has a relation with U. farinosa Hantken (1875). 
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Differential diagnosis 
U. parviformis can be distinguished from U. farinosa by having a more regular chamber arrangement 

(especially the last chambers are more tightly coiled than in U. farinosa) and a less well developed spinose 
ornamentation. 

Remarks 
The length of the test varies from 0.25 . 0.5 mm, the width from 0.17 - 0.25 mm. There are 6 - 17 round 

pores on a surface of 10 x 10 micron. 
In the topotype material from the Pechschnaitgraben near Traunstein (Bavaria, Western Germany) 

numerous totally smooth specimens were found next to specimens with a weak ornamentation. 

Biostratigraphical distribution 
Uppermost Egerian (Lower Miocene) - lowermost Ottnangian (Lower Miocene). 

Uvigerina d. U. bononiensis Fornasini, 1888
 
PI. 20, figs. 5-8
 

* 1888 U. bononiensis - Fornasini, BolI.Soc.Geol.Ital., 7, p. 48, figure 12. 

Diagnosis 
The test is small for Uvigerina, 1.5 - 2 times as long as broad. The early portion of the test is triserial, the 

later part is mostly biserial. The chambers are well individualized, somewhat inflated, with slightly depressed 
sutures. The wall is ornamented by numerous fine longitudinal costae. The aperture is somewhat compressed, 
having a distinct neck with striae continuing from the last chamber, and a small phialine lip. 

Relations 
We consider this form as being transitional between the Paleogene species U. biserialis Cushman and Ed

wards (1937) and the Neogene U. bononiensis primiformis Papp and Turnovsky (1953). 

Differential diagnosis 
U. bononiensis Fornasini differs from the present form by its more prominent biserial chamber arrange

ment, often even showing a tendency to become uniserial. U. d. U. bononiensis differs from U. bononiensis 
primiformis by having far more costae. It differs from U. biserialis in being somewhat more slender and more 
laterally compressed. 

Remarks 
The lenght of the test ranges from 0.4 - 0.46 mm, the width from 0.18 - 0.19 mm, the thickness is about 

0.14 mm. The pores range in diameter from 1 - 2 micron. 

Biostratigraphical distribution 
Egerian (rare) - Eggenburgian (Upper Oligocene - Lower Miocene). 

Uvigerina bononiensis Fornasini, 1888. 

Diagnosis 
A small and slender Uvigerina, with a biserial, or even uniserial, younger part. The test is often laterally 

compressed. Apart from the typical form, which was not found in our material, two subspecies are 
distinguished on the basis of chamber form and arrangement. 
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Uvigerina bononiensis compressa Cushman, 1925
 
PI. 20, figs. 9-11
 

* 1925 U. compressa - Cushman, Contr.Cushm.Lab. Foram.Res., 1, p. 10, pI. 4, figure 2. 

* 1936 U. szaklensis -- Majzon, Magyar K.Foldt.Int., Evkonyve, 31, p. 124, figs. 5-6. 
1953	 U. bononienis compressa Cushman - Papp and Turnovsky, Jb.GeoI.B.A., 96, p. 120, pI. 5(A), 

figure 8. 

Diagnosis 
A small very elongate form (L/W-ratio about 4), laterally compressed except for the earliest portion. The 

chamber arrangement becomes biserial, or even uniserial in the younger part of the test. The chambers are 
numerous and very distinct, the sutures are deeply depressed. The test is ornamented with numerous fine 
costae, in the earliest chambers ending into short spines. The aperture has a short cylindrical neck and a 
phialine lip. 

Differential diagnosis 
This subspecies differs from U. bononiensis primiformis in being more elongated and more compressed in 

the (larger) biserial part. However, the tendency towards uniseriality and the 'en crochet' sutures are not as 
distinct as in U. bononiensis bononiensis. U. bononiensis lueneburgensis Von Daniels and Spiegler (1977) differs 
from U. bononiensis compressa in the lack of the characteristic chamberform (Von Daniels et a!., 1985). 

Remarks 
The length of the test varies from 0.6 - 0.7 mm, the width from 0.15- 0.20 mm. The pores are round to 

slightly oval, with a diameter of 1 - 1.6 micron. On 100 square micron 16 - 18 pores are distributed evenly. 
This subspecies is mainly found in diverse associations from the neritic facies. 

Biostratigraphical distribution 
Central Paratethys: Lower (Moravian) - Middle (Wieliczkian) Badenian. 

Plate 20
 
Uvigerina parviformis Papp
 

Figs. 1,2,4: Pechschnaitgraben, Molasse Basin, Bavaria, Federal Republic of Germany, Eggenburgian. 
Fig. 4: detail of wall surface of specimen illustrated in figure 1. 

Fig. 3: Traunstein, Molasse Basin, Bavaria, Federal Republic of Germany, lowermost Ottnangian. 

Uvigerina d. U. bononiensis Fornasini 

Figs. 5-8: Popice-Pouzdrany water pipe-line III., 70 - 75 m, Pouzdrany Unit, Czechoslovakia, Eggenburgian. 
Fig. 5: side view of specimen illustrated in figure 6. 
Fig. 7: apertural view of same specimen. 
Fig. 8: detail of wall surface of same specimen. 

Uvigerina bononiensis compressa Cushman 

Figs. 9-11: Borehole Vlkos 1, 197 - 198 m, Carpathian Foredeep, Czechoslovakia, Lower Badenian - Moravian. 

Fig. 9: apertural view of specimen illustrated in figure 10. 
Fig. 11: detail of wall surface of same specimen. 

Scale bars equal 100 micron, except figs. 4,8,11 = 10 micron. 
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Uvigerina bononiensis primiformis Papp and Turnovsky, 1953
 
PI. 21, figs. 1-3
 

.. 1983 U. bononiensis primiformis -- Papp and Turnov sky, ]ahrb.GeoI.B.A., 96, p. 121, pI. 5, Abb. A, figs . 
1-2. 

Diagnosis 
A slender, somewhat compressed, Uvigerina with a triserial early stage and distinctly biserial adult stage. 

The inflated chambers are as broad as high. The ornamentation consists of fine longitudinal costae, not cross
ing the sutures. 

Differential diagnosis 
This subspecies differs from U. bononiensis bononiensis Fornasini (1888) in having less elongated chambers 

and not having a uniserial adult stage. It differs from U. bononiensis compressa Cushman (1925) in being less 
elongated, having a longer triserial stage, not having its chambers 'en crochet' and in being less compressed. 

Remarks 
The length of the test varies between 0.35 - 0.6 mm, the width ranges from 0.17 - 0.21. The number of 

pores per 100 square micron ranges from 2 - 12, having a diameter of 1 - 3 micron. 

Biostratigraphical distribution 
Western and Central Paratethys: Ottnangian - Karpatian (Oligocene). 

Uvigerina parkeri Karrer, 1877 

Diagnosis 
A comparatively small species of Uvigerina, always with a well developed biserial younger part of the test. 

The ornamentation is very weakly developed. Mainly on the basis of the relative dimensions of the triserial 
basal part, two subspecies are distinguished. 

Uvigerina parkeri parkeri Karrer, 1877 
.. 1877 Uvigerina parkeri -- Karrer, Abh.K.K.GeoI.R.A., 9, p. 385, pI. 16, figure 50. 

1953 U. parkeri parkeri Karrer -- Papp and Turnovsky, ]b.Geol. B.A., 96, p. 121, pI. 5, Abb. A, fig. 9. 

Diagnosis 
The test is relatively small, and compressed. Only in the oldest part of the test the remains of a triserial 

chamber arrangement can be observed, for the rest the chambers are placed biserially. The ornamentation 
is sometimes weakly developed. The aperture is on a short neck with a lip. 
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Differential diagnosis 

This subspecies differs from U. parkeri brevi/ormis Papp and Turnovsky (1953) by its much smaller 
triserial basal part and the well developed' en crochet' sutures. The test has a somewhat more elongated 
outline, and is more compressed. 

Remarks 
The length of the test ranges from 0.5 - 0.65 mm, the width from 0.15 - 0.25 mm. The round pores (14 

- 18 on 100 square micron) are unevenly distributed over the test, having a diameter between 1.2 and 1.6 
micron. 

This subspecies is only (rarely) found in deposits from well oxygenated deeper neritic environments. 

Biostratigraphical distribution 
Western and Central Paratethys: rare in the Lower Badenian (Moravian). In populations of U. parkeri 

brevi/armis single specimens of this morphotype already occur in the Karpatian (upper Lower Miocene). 

Uvigerina parkeri breviformis Papp and Turnovsky, 1953
 
PI. 21, figs. 4-5
 

* 1953 U. parkeri brevi/ormis - Papp and Turnovsky, Jb.GeoI.B.A., 96, p. 122, pI. 5, Abb A., figs. 3-4. 

Diagnosis 
A relatively small subspecies; the lower half of the test has a triserial and the upper half a biserial chamber 

arrangement. The chambers are inflated and separated by depressed sutures. The test is sometimes or
namented with very weakly developed longitudinal costae. 

Relations 
This subspecies is probably the ancestor of U. parkeri parkeri, in the same way as U. bononiensis primi/ormis 

can be considered as the ancestor of U. bononiemis compressa. Both older forms may have originated from 
the Eggenburgian species U. parvi/ormis Papp (Papp and Turnovsky, 1966 and Cicha et aI., 1971). 

Differential diagnosis 
This subspecies differs from U. parkeri parkeri in having a much larger triserial part of the test, in being 

less compressed, and by the lack of 'en crochet' sutures. 

Remarks 
The length of the test ranges from 0.4 - 0.55 mm. the width from 0.17 - 0.25 mm. The round pores (12 

- 18 on 100 square micron), having a diameter between 0.6 and 1.0 micron, are unevenly distributed Over 
the test. 

U. parkeri brevi/ormis seems to be a highly tolerant form for varying oxygen concentration in the neritic 
zone. 

Biostratigraphical distribution 
Central Paratethys: Ottnangian - Karpatian (Miocene). 
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Uvigerina graciliformis Papp and Turnovsky, 1953
 
PI. 21, figs. 6-8
 

* 1953 U. gracili/ormis -- Papp and Turnovsky, Jb.Geol. B.A., 96, p. 122, pI. 5, Abb. A, figs. 5-7. 

Diagnosis 
A relatively small and slender Uvigerina, which is not laterally compressed. The basal part of the test is 

triserial, followed by a biserial and often a uniserial part. The chambers are strongly inflated and separated 
by depressed sutures. The costate ornamentation is variable. The aperture has a short neck with a lip. 

Relations 
This species shows a great morphological similarity with U calvertensis Cushman (1948) from the Miocene 

of Maryland. 

Differential diagnosis 
This species differs from U. bononiensis compressa Cushman (1925) in not being laterally compressed. The 

test has less costae per chamber than the various subspecies of U. bononiensis (6 - 10 instead of 10 -20). 

Remarks 
The length of the test ranges from 0.3 - 0.6 mm, the width from 0.15 - 0.25 mm. The round pores (14 

18 on 100 square micron) are evenly distributed over the test and have a diameter between 0.9 and 1.1 micron. 

Biostratigraphical distribution 
Central Paratethys: common in the Karpatian. 

Plate 21 
Uvigerina bononiensis primi/ormis Papp and Turnovsky 

Fig. 1: Ginshall, Carpathian Foredeep, Bavaria, Federal Republic of Germany, Middle Ottnangian. 
Figs. 2,3: Ujezd near Brno, Carpathian Foredeep, Czechoslovakia, Karpatian. 

-- Fig. 3: detail of wall surface of the last chamber of the specimen illustrated in figure 2. 

Uvigerina parkeri brevi/ormis Papp and Turnovsky 

Figs. 4-5: Drienov, East Slovakian Basin, Czechoslovakia, Karpatian. 
-- Fig. 5: detail of wall surface of the last chamber of the specimen illustrated in figure 4. 

Uvigerina gracili/ormis Papp and Turnovsky 

Figs. 6-8: Krenovice no. 42, Carpathian Foredeep, Czechoslovakia, Karpatian. 
-- Fig. 8: detail of wall surface of the last chamber. 

All scale bars equal 100 micron. 
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THE NEOGENE DEVELOPMENT OF UVIGERINA IN THE
 
MEDITERRANEAN 

A.M. BORSETTI, S. IACCARINO, F.]. JORISSEN, A. POIGNANT, K. SZTRAKOS, G.]. VAN DER 

ZWAAN AND P.J.J.M. VERHALLEN. 

ABSTRACT 

The Oligocene to Recent distribution patterns of 30 Uvigerina taxa in the Mediterranean are discussed. 
Two major events in the Uvigerina biorecord are attributed to the Middle Miocene and Late Pliocene cooling 
events. The most important (paleo)ecological factors which influenced the distribution of Uvigerina are the 
organic carbon content of the sediments and the oxygen content of the bottom waters. The morphology of 
Uvigerina is related to both factors. 

INTRODUCTION 

Uvigerina species are conspicuous and quantitatively important constituents 
of the Oligocene to Recent Mediterranean benthic foraminiferal associations. 
Some of them can be considered as very successful in view of their occurrence 
in a wide range of environments over the complete Mediterranean realm, often 
during prolonged periods of time. 

One of the greatest problems in the reconstruction of the development of the 
Mediterranean Uvigerina is posed by the lithological record. The younger part 
of the onland record is rather continuous and well exposed. Our knowledge 
concerning the Oligocene to Early Miocene Uvigerina however, is poor due to 
the lack of suitable sections. This necessarily induces a bias in our story and 
prevents a detailed view on the Early Neogene uvigerinids. 

From d'Orbigny (1826) onwards, most of the research has been dealing with 
the morphology and taxonomy of the Uvigerina species. In the AGIP atlas 
(Foraminiferi Padani, 1957, 1982), the biostratigraphical ranges of a number of 
Uvigerina species are compiled. Further, some local biostratigraphical studies 
have been carried out, especially by Italian researchers (e.g. Lipparini, 1932; Di 
Napoli Alliata, 1951; Gianotti, 1953; Longinelli, 1956; Salvatorini, 1966; Bar
bieri, 1967; Iaccarino, 1967). Comprehensive biometrical research is even more 
scarce. Studies designed to establish the biostratigraphical value of uniserial 
uvigerinids were initiated by Meulenkamp (1969) and continued by Thomas 
(1980). The latter author doubted the value of these uvigerinids for reliable 
biostratigraphical correlations. 

Systematic research in order to discern the ecology and paleoecology of 
Uvigerina has been developed only lately. The ecology of recent Mediterranean 
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uvigerinids is still enigmatic, although the work of for instance Parker (1958), 
Blanc-Vernet (1969) and Bizon and Bizon (1985) gives some clues as to the 
causes of the distribution and abundance of some Uvigerina species. Statistical 
treatment of large amounts of quantitative data on the distribution of benthic 
foraminifera has recently resulted in a number of models concerning the 
paleoecology of Uvigerina (Meulenkamp et al., 1978; Van der Zwaan, 1982, 
1983; Van der Zwaan and Den Hartog Jager, 1984; Jonkers, 1984). 

In this contribution we will confine ourselves to a general outline of the 
development of Uvigerina. First, we will shortly discuss the species concept we 
used and the species or groups of species we distinguished. After a discussion 
on the biostratigraphy and the development of Uvigerina we will treat the 
paleoecology of the genus in some detail. 

SPECIES CONCEPT 

A look at the present state of the Uvigerina taxonomy learns that a large 
number of species names can only be used on a local scale. Further, it appears 
that the biostratigraphical range of some of the species is very restricted. This 
situation is clearly the result of a long tradition of local taxonomy based on a 
typological species concept and forms a serious obstruction for discussions bet
ween specialists studying different regions and!or stratigraphical intervals. We 
tried to avoid this problem by adopting the assemblage species concept. This 
procedure leads to less but larger species categories, because as long as in
tergradational populations (not merely some transitional morphologies) are 
observed between specimens of a given association, they are considered to 
belong to one species. Of course, characteristic regional or biostratigraphically 
short-ranging taxa are not to be neglected but they are distinguished at a lower 
taxonomic level and given the status of subspecies or variety. 

BIOSTRATIGRAPHICAL DISTRIBUTION 

We distinguished three main groups of uvigerinids: 1) the U. semiornata 
group, 2) the U. peregrina group, and 3) the U. bononiensis group (for definition 
of the groups see Van der Zwaan et al., this volume). 

In figure 1 the distributional patterns, as far as we know them by now, are 
given. As stated before, the poor coverage of the Oligocene and Lower Miocene 
is obvious and is due to the lack of suitable sections. 
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The semiornata group. We distinguished two subgroups on basis of the mor
phology; one is dominantly costate, the other striate. The oldest representatives 
of the group probably occur earlier than the Oligocene. In the Oligocene, a 
number of morphotypes are recorded which are known as U. cocoaensis (in
cluding the subspecies cocoaensis, alazanensis and hantkeni), U. gallowayi, and 
U. eocaena. All the Oligocene species, except U. eocaena, are relatively small
sized, certainly if compared with the Miocene ones. Between the U. cocoaensis 
subspecies mentioned there seems to be a rather gradual transition from 
specimens with a high number of low costae to specimens with a low number 
of high costae. The latest chambers are often smooth. Particularly the 
specimens with a low number of high costae are very close to U. schwageri, 
which is frequent in the Miocene. Apparently, we are dealing with mor
phologically already quite variable predecessors of the Miocene representatives 
of this group. 
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Fig. 1 Biostratigraphical distribution of Uvigerina species in the Mediterranean. 
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In the Lower Miocene, a morphologically different form can be found. It con
cerns a rather smooth Uvigerina, being striate rather than costate and mor
phologically very close to U. semiornata as it is known from the North Sea 
Basin and the Paratethys. Comparison of this material with the oldest recorded 
U. rutila renders the impression that U. semiornata and U. rutila are almost 
identical. U. rutila has finer costae and the youngest part of the test is often 
smooth. Up to now we have not found intermediates between the striate 
subgroup and the costate subgroup. Therefore, we assume for the time being 
that from the Miocene onwards two subgroups (stocks?) have characterized the 
U. semiornata group as a whole. 

Although the Lower Miocene record is not very well covered, it seems that 
the greatest development of the group as a whole took place not earlier than 
the Langhian to Serravallian. From that time onwards a considerable mor
phological variation can be observed. In a quantitative sense it reached a peak 
during the Serravallian to Tortonian; were they rather subordinate elements of 
the Oligocene - Early Miocene associations, during the Middle Miocene these 
Uvigerina reached considerable frequencies. 

U. rutila forms the central morphology of the striate subgroup. This species 
gradually changed through time: with decreasing abundances towards the Early 
Pliocene, it became smoother and smaller. During its bloom time, the Torto
nian, it was characterized by a considerable variability. Even low costate 
specimens occurred which resemble U. schwageri, but there is never a clear tran
sition to the latter species. There is, however, a gradual transition from U. rutila 
to the less frequently occurring U. striatissima, characterized by many narrowly 
spaced striae. In the Serravallian assemblages even striate-hispid morphotypes 
do occur, close to or identical with U. semiornata kusteri. 

Also the costate subgroup, with dominantly costate ornamentation, was 
characterized by a high morphological variability and high frequencies. during 
the Serravallian - Tortonian. The rather few and low costate specimens of U. 
schwageri are found together with the highly costate form U. bellicostata. Bet
ween these species transitional forms can be observed. 

In the Pliocene the semiornata group as a whole is rapidly diminishing and 
not longer an important constituent of the associations. Yet, some new mor
photypes appeared: U. longistriata, U. flintii and U.mediterranea. Only the lat
ter is a really successful species; it first occurred in the Middle Pleistocene and 
it is a frequent species in modern Mediterranean associations. 

The peregrina group. The Oligocene associations contain two pustulous mor
photypes which belong to this group and which persist up into the Miocene: 
U. rustica and U. gracilis. These species are morphologically close but can be 
distinguished by the roundness of the chamber outline and the coarseness of 
the ornamentation. 
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U. gracilis is morphologically very close to the finely pustulous U. pro
boscidea, that ranges from Lower Miocene to Upper Pliocene. Probably we are 
dealing here with evolutionary somewhat more progressed forms or even 
synonymous species. The same holds for U. rustica which is morphologically 
very close to morphotypes which occur in the Lower Miocene of Italy and have 
been named U. auberiana. U. auberiana however, has a considerably shorter 
range than U. proboscidea: its last occurrence is at some ill-defined level in the 
Upper Tortonian. Earlier, in the Seravallian, another species entered the 
record: U. hispida. Also this species, ornamented with coarse spines, has a rather 
restricted biostratigraphical range. 

The costate representatives of the group have a distinctly different 
stratigraphic range than the pustulous/hispid forms. From the Oligocene no 
costate specimens belonging to this group are known. The first report concerns 
U. ciperana, a costate species from the Aquitanian, that may have been an 
ancestor of the costate and hispido-costate morphotypes which are first record
ed in the Langhian-Seravallian. Initially, the representatives of the peregrina 
group are of subordinate importance: they occur in very low abundances. 
Gradually, however, the group gains in importance and simultaneously the 
morphological variability increases. In the Miocene sediments the associations 
are dominated by low costate specimens of U. peregrina hollicki, characterized 
by the presence of pustules between the costae. Identical morphologies occur 
in Lower Pliocene sediments. From the middle of the Pliocene onwards 
however, a morphological shift took place. The Late Pliocene morphotypes 
formed considerably higher and much wider spaced costae, sometimes clearly 
constructed by fusion of spines (U. peregrina peregrina). The occurrence of 
pustules in between the costae became drastically reduced. From the Lower 
Pleistocene onwards some types within this association are clearly 
distinguishable by their high, non-serrate costae (Uvigerina peregrina bifurcata). 
Within the assemblages of the latter two subspecies, morphotypes do occur 
which are characterized by an irregular and sometimes interrupted pattern of 
costae or even a coarse pustulous pattern on the last chamber (dirupta type). 

The U. bononiensis group. The species with a tendency towards reduced seriali
ty are placed in the U. bononiensis group. Apart from their bi- or uniseriality, 
they can be distinguished by their chamber form and typical 'en crochet' 
sutures. 

The oldest representatives of the group are probably found in the Oligocene 
- Aquitanian. U. spinicostata is a strongly costate to spinose form, which on 
basis of suture - and chamber-form is placed in this group. Between the last oc
currence of this species and the first occurrence of U. bononiensis is a con
siderable time gap. U. bononiensis is first reported from the Serravallian. 
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Especially during the Tortonian and Messinian, and to a lesser extent in the 
Pliocene, this species reached extreme frequencies and was an important ele
ment in the benthic foraminiferal associations. The same holds for the species 
with a tendency towards uniseriality, U. cylindrica cylindrica and U. cylindrica 
gaudryinoides, which are supposed to have descended from U. bononiensis 
(Thomas, 1980). The morphology of U. cylindrica is extremely well studied 
(Meulenkamp, 1969; Thomas, 1980), in contrast with the morphology of U. 
bononiensis. 

There is probably a small time gap between the last occurrence of U. cylin
drica cylindrica and the first occurrence of U. phlegeri. The latter species has not 
been described as yet from Pleistocene sediments, thus for the time being we 
assume that we are dealing with a very recent addition to the Mediterranean 
faunal associations. 

MORPHOLOGICAL TRENDS 

Through time there are a number of conspicuous morphological changes in 
the groups we have discussed sofar. They concern the chamber arrangement, 
the size and the ornamentation. Some of these can be interpreted as a response 
to the changing environment, others might be related with evolutionary 
changes and still others might be random variation. 

One of the most conspicuous trends in chamber arrangement occurs within 
the U. bononiensis group. From the predominantly biserially ending U. bono
niensis, the bi- to uniserially ending group of U. cylindrica branched off during 
the Miocene. This transition is extremely badly documented but it appears to 
be a real evolutionary 'step' (Thomas, 1980). From that point onwards the U. 
cylindrica group exhibited a rather great morphological variability concerning 
the test form (small /thin and large/thick morphotypes) and the size of the 
uniserial part of the test. Thomas (1980) interpreted test size and thickness as 
ecophenotypic variation, the larger and thicker variant being frequent in ox
ygen poor and organic carbon rich sediments. The relative length of the 
uniserial part of the test, however, seems to have fluctuated rather randomly; 
Thomas could not find any correlation with an ecological parameter. 
Therefore, she attributed the variation to a random walk. Also in other species 
tendencies to bi- and even uniseriallity do occur, especially in U. proboscidea 
and U. peregrina, but also for these species the reason is obscure. 

All species studied exhibit through time a trend in size. Although we did not 
perform a statistical analysis, we noticed in all groups the same pattern: from 
the first occurrence of a species onwards, the size increases with increasing 
abundances, being greatest during the 'bloom' of a species. At the end of its 
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biostratigraphical range, size and abundances decrease again. Changes in size, 
however, are so badly documented up to now that we refrain from drawing any 
conclusion. For all groups holds, that during the periods of their maximum 
abundances, variability in ornamentation is highest. For instance, the bloom 
period of the semiornata group during the Serravallian-Tortonian was 
characterized by morphologically variable associations. A rather systematic 
trend through time, however, can be observed in the U. peregrina group. In the 
older sediments the assemblages are dominated by hispido-costate morphotypes 
(u. peregrina hollicki). During the Pliocene, however, these types disappeared 
and were replaced by a costate subspecies (U. peregrina peregrina ), the costae 
sometimes being extremely high. During the Pleistocene another subspecies 
entered the record, U. peregrina bifurcata. A rather similar morphological varia
tion of the peregrina group could be distinguished by Van Leeuwen (this 
volume) and Lutze (this volume) in the Atlantic Ocean, where these forms co
exist. We are therefore probably not dealing with an evolutionary sequence 
but with environmentally decided morphological variation. 

A noteworthy example of variation of the ornamentation with changing en
vironmental conditions, was observed in recent material from the Adriatic Sea. 
U. mediterranea changes its ornamentation with increasing depth: the deeper, 
the lower the costae are and the wider they are spaced. 

PALEOECOLOGY OF MEDITERRANEAN UVIGERINA 

Recent studies indicate that some of the Mediterranean Uvigerina species can 
be very frequent during conditions related with oxygen deficiency and high 
organic carbon contents at the bottom (Bizon and Bizon, 1985). In this they 
seem to behave similarly as their oceanic counterparts (Seiglie, 1968; Lohmann, 
1978; Douglas and Heitman, 1979; Douglas and Woodruff, 1981 ; Miller and 
Lohmann, 1982). Also in fossil associations there is a statistically significant cor
relation between the abundance of some Uvigerina species and the occurrence 
of laminated, organic-rich sediments which are indicative of oxygen depletion 
(Thomas, 1980 ; Van der Zwaan, 1982,1983; Van der Zwaan and Den Hartog 
Jager, 1984; Jonkers, 1984). During the Miocene and Early Pliocene, U. bono
niensis and U. cylindrica gaudryinoides proliferated extremely under these con
ditions. In the course of the Pliocene, however, highly costate specimens of U. 
peregrina played this role (Van der Zwaan, 1983; Verhallen, in preparation). In 
other words, costate morphotypes proliferated in oxygen poor environments. 
Some of the striate or striate/smooth (u. rutila ) species seem to have tolerated 
only moderate oxygen deficiency. The other striate, pustulous or hispid mor
photypes avoided these particular bottom conditions. 
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The distribution of Uvigerina with depth is less clear. The species of the U. 
bononiensis group probably had a preference for shallow water (water depth 
less than 200 metres) and U. hispida possibly preferred considerable water 
depths (more than 500 metres) since it is always found in deeper water associa
tions. Generally, however, the distribution seems to have been more dependent 
on the percentage of organic matter or the oxygen content of the bottom 
waters, than on depth. 

If the biostratigraphical distribution pattern of the Uvigerina species is con
sidered, one can observe a clear succession of ornamentation types through 
time. There are roughly two periods characterized by rapid changes in the 
Uvigerina record; the first occurred during the Serravallian, the second during 
the Late Pliocene. 

During the Serravallian new morphotypes entered the record and the 
representatives of the genus (especially the U. semiomata group) became more 
abundant. Important is the entry of U. peregrina. Hispid and costate ornamen
tation types remained both present. These changes roughly coincided with a 
considerable cooling connected with the Antarctic glaciation, which also af
fected the Mediterranean (e.g. Van der Zwaan and Gudjonsson, in press), and 
with the closure of the old Tethys seaway in the east. 

A second important change took place during the Pliocene, when a number 
of first and mainly last appearances followed each other in rapid succession. 
The first species to disappear from the record are the smooth/striate and the 
striate forms (U.rutila and U. striatissima ) successively followed by the disap
pearance of the striate/costate U. bononiensis, the pustulous U. proboscidea and 
the costate U. cylindrica gaudryinoides. The really hispid forms already disap
peared from the record during the Late Tortonian. The Late Pliocene and re
cent associations are dominated by highly costate forms, U. mediterranea, U. 
peregrina peregrina and U. peregrina bifurcata. A considerable reduction in the 
variation of the ornamentation thus took place. This roughly coincided with 
the Late Pliocene cooling connected with the onset of the Arctic glaciation, 
which is well documented by now for the Mediterranean record (Thunell and 
Williams, 1983; Zachariasse and Spaak, 1983; Van der Zwaan, 1983; Van der 
Zwaan and Gudjonsson, in press; Verhallen, in preparation). 

Our general impression is therefore, that the development of Uvigerina in the 
Mediterranean is clearly related with changes affecting the world's and the 
Mediterranean climate. If this is true, than it may imply that the various or
namentation types of Uvigerina are linked to temperature and climate as well. 
Hispid morphotypes would represent relatively warm water conditions, 
whereas co-occurrence of pustulous, striate and costate morphotypes would 
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characterize increasingly cooler waters. Purely costate associations would in
dicate subtropical-boreal conditions. Of course, the actual ecological relations 
are probably much more complex. It seems to be likely that the hispid 
Uvigerina inhabited sediments which contain a low amount of organic C and 
ample oxygen. Therefore, they are probably related to low productive warm' 
waters. In analogy the costate Uvigerina probably preferred organic rich 
sediments which are most likely to occur under cooler, more productive 
waters. 
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Uvigerina cocoaensis Cushman, 1925 

Diagnosis 
A group of relatively large and stout Uvigerina, triserial throughout, with variable (costate) ornamentation 
pattern and L/W ratio. Distinction on subspecies level is made mainly by the number and the height of 
the costae. 

Relations 
This species is morphologically close to U. gallowayi and clearly belongs to the semiomata group on basis 
of chamber form, pore pattern and the depressed area around the aperture. 

Uvigerina cocoaensis cocoaensis Cushman, 1925
 
PI. 1, figs. 1-3, 8-9
 

* 1925 U. cocoaensis -- Cushman,Contr. Cushm. Lab. Foram. Res., vol. 1, p.68, pI. 10, fig. 12. 

* 1925 U. topilensis - Cushman, Contr. Cushm. Lab. Foram. Res., vol. 1, p. 5, pI. 1, fig. 5. 

* 1925 U. jacksonensis - Cushman, Contr. Cushm. Lab. Foram. Res.,vol. 1, p. 67, pI. 10, fig. 13. 

* 1926 U. alata - Cushman and Applin, Am. Ass. Petro Geol. Bull., vol. 10, p. 176, figs. 11-13. 

* 1929 U. curta - Cushman and Jarvis, Contr. Cushm. Lab. Foram. Res., vol. 5, p.13, pI. 3, figs. 13-15. 

* 1931 U. vicksburgensis -- Cushman and Ellisor, Contr. Cushm. Lab. Foram. Res., vol. 7, p. 54, pI. 7, fig. 7. 

* 1933 U. glabrans -- Cushman, Contr. Cushm. Lab. Foram. Res., vol. 9, p. 13, pI. 1, fig. 28. 

* 1933 U. bonairensis - Pijpers, Contr. Cushm. Lab. Foram. Res., vol. 8, p. 69, figs. 95-96. 

* 1944 U. atwilli - Cushman and Simonson, J. Pal., vol. 18, p. 200, pI. 33, figs. 2-4. 

* 1964 U. continuosa - Lamb, Micropal., vol. 10, p. 462, pI. 1, figs. 3-4. 

* 1971 U. posthantkeni -- Papp, Chronostrat. Neostrat., Eggenb., vol. 2, p. 264-265, pI. 14, figs. 1-4. 

* 1975 U. steyri - Papp, Chronostrat. Neostrat., Egerien, vol. 5, p. 282, pI. 1, figs. 5-6. 

* 1975 U. steyri praetypica. -- Papp, Chronostrat. Neostrat., Egerien, vol. 5, p. 283, pI. 1, figs. 7-8. 

* 1975 U. rudlingensis •• Papp, Chronostrat. Neostrat., Egerien, vol. 5, p. 283, pI. 1, figs. 1-4. 

Diagnosis 
Stout Uvigerina with a few plate-like costae (in total up to 16), some of which are crossing the sutures. 

Ornamentation less distinct in the later chambers. Sutures depressed, chambers moderately inflated. 

Relations 
Morphologically close to U. cocoaensis alazanensis and U. cocoaensis hantkeni, from which forms it differs 

by its fewer and wider spaced costae. U. gallowayi can be distinguished by its more slender test. 

Remarks 
L = 0.3 - 0.9 mm, W = 0.2 - 0.5 mm. In shallow water deposits the species becomes less ornate (u. 

rudlingensis-type). Regular pattern of very fine pores. 

Biostratigraphical distribution 
Eocene - Oligocene 
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Uvigerina cocoaensis alazanensis Nuttall, 1932
 
PI. 1, figs. 3-4
 

.. 

.. 1932 U. alazanensis - Nuttall, J. Pal., vol. 6, p. 22, pI. 5, fig. 10. 
1933 U. gesteri - Barbat and Estorff, J. Pal., vol. 7, p. 171, pI. 23, figs. 7, 18. .. 

.. 1936 U. cubana -- Palmer and Bermudez, Soc. Cubana Hist. Nat., mem., vol. 10, p. 292, pI. 17, figs. 5,6. 
1939 U. israelskyi - Garrett, J. Pal., vol. 13, p. 577, pI. 65, figs. 15-16. .. 1949 U. taberana - Bermudez, Cushm. Lab. Foram. Res., Spec. Publ., vol. 25, p. 211, pI. 13, fig. 25. .. 1949 U. taberana baitoana - Bermudez, ibid., vol. 25, p. 211, pI. 13, fig. 26. .. 1949 U. adelinensis -- Bermudez, ibid., vol. 25, p. 203. .. 1964 U. tumeyensis -- Lamb, Micropal., vol. 10, p. 463- 464, pI. 1, fig. 10; pI. 2, figs. 1-8; pI. 3, figs. 1- 2. 

Diagnosis 
Large and stout Uvigerina with a distinct costate ornamentation and rather inflated chambers; costae cross

ing the sutures. 

Relations 
This taxon differs from U. cocoaensis cocoaensis by its more fusiform test and the stronger ornamentation. 

The costae extend over the whole length of the test; last chamber often smooth. It differs from U. cocoaensis 
hantkeni by its lesser number of costae. 

Remarks 
L = 0.4 - 0.9 mm, W = 0.2 - 0.4 mm. Pores somewhat coarser than those of U. cocoaensis cocoaensis and 

mostly elongated. 

Biostratigraphical distribution 
Middle - Upper Oligocene 

Uvigerina cocoaensis hantkeni Cushman and Edwards, 1937
 
PI. 1, fig. 5
 

.. 1937 U. hamkeni - Cushman and Edwards, Contr. Cushm. Lab. Foram. Res., vol. 13, p. 60, pI. 8, figs . 
15-16. .. 1938 U. nuttalli -- Cushman and Edwards, ibid., vol. 14, p. 82, pI. 14, figs. 3-5. 

Diagnosis 
Stout Uvigerina with high (in total 25.30) number of costae which often cross chamber sutures. Sutures 

depressed, chambers inflated. Pores are very fine. 

Relations 
Morphologically close to U. cocoaensis cocoaensis but differs from this subspecies by its higher number of 

costae. 

Remarks 
L = 0.4 . 1.1 mm, W = 0.2 - 0.5 mm, specimens with a high L/W ratio are probably microspheric. 

Biostratigraphical distribution 
Lower Oligocene - Lower Miocene 
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Uvigerina gallowayi Cushman, 1929
 
PI. 1, figs. 6-7
 

* 1929 U. gallowayi - Cushman, Contr. Cushm. Lab. Foram. Res., vol. 5, p.94, p1.13, figs. 33,34. 

* 1941 V. gallowayi basicordata -- Cushman and Renz, ibid., vol. 17, p. 21, pI. 3, fig. 18. 

* 1949 V. bealli - Bermudez, Cushm. Lab. Foram. Res., Spec. Publ., vol. 25, p. 201, pI. 13, fig. 5. 

* 1949 V. guayacanensis - Bermudez, ibid., vol. 25, p. 205, pI. 13, fig. 12 

* 1949 U. rivasensis - Bermudez, ibid., vol. 25, p. 210, pI. 13, fig. 4 

* 1949 V. woodringi -- Bermudez, ibid., vol. 25, p. 212, pI. 13, fig. 10 

* 1949 V. woodringi obsolet4 - Bermudez, ibid., vol. 25, p. 212, pI. 13, fig. 11. 

* 1956 V. gallowayi basiquadrata - Petters and Sarmiento, Micropal., vol. 2, p. 30, pI. 1, fig. 5 

Diagnosis 
Relatively slender Uvigerina with 12-18 irregularly distributed plate-like costae which cross the sutures; 

last chambers often smooth. Sutures depressed and chambers moderately inflated. Finely perforated. 

Relations 
Morphologically close to V. cocoaensis cocoaensis but differs from this subspecies by its more slender and 

less ornate test. Morphologically close to U. d. u.schwageri as well, which has a smaller L!W ratio, being 
more robust. 

Remarks 
L = 0.5 - 1.2 mm, W = 0.1 - 0.6 mm; specimens from shallow water deposits are relatively small and less 

ornate. 

Biostratigraphical distribution 
Upper Eocene to Lower Miocene 

Plate 1
 
Uvigerina cocoaensis cocoaensis Cushman
 

Figs. 1, 8-9: Escornebeou, France, Upper Oligocene. 
Fig. la: whole specimen. 
Fig. lb: detail of same specimen. 
Fig. 8 : detail of aperture of not figured specimen. 
Fig. 9 : detail of wall of not figured specimen. 

Fig. 2 : Costa dell'Angelo section, Sicily, CA 16, Upper Oligocene. 

Uvigerina cocoaensis alazanensis Nuttall 

Fig. 3: St. Etienne d'Orthe (Landes), France, Upper Oligocene, transitional form between V. cocoaensis and 
U. alazanensis. 

Fig. 4: Escornebeou, France, Upper Oligocene; microsphere. 

Uvigerina cocoaensis hantkeni Cushman and Edwards 

Fig. 5: Case Cocuzza section, Sicily, CC 15, Upper Oligocene. 

Uvigerina gallowayi Cushman 

Fig. 6: Case Cocuzza section, Sicily, CC 27, Upper Oligocene. 
Fig. 7: Escornebeou, France, Upper Oligocene. 

--Fig. 7a: whole specimen. 
--Fig. 7b: detail of aperture of same specimen. 

Scale bars equal 100 micron, in details 25 micron. 
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Uvigerina eocaena Gum bel
 
PI. 2, figs. 1, 3, 5
 

* 1868 Uvigerina eocaena -- GUmbel, K. Bayr. Akad. Wis, Bd. 10, Abt. 2, p. 645, pI. 2, fig. 78. 

* 1932 Uvigerina mexicana - Nuttall, J. PaL, vol. 6, p. 22, pI. 5, figs. 12-13. 

* 1937 Uvigerina semivestita - Bermudez, Soc. Cubana Hist. Nat., Mem., vol. 11, p. 143, pI. 17, figs. 8-9. 

* 1937 Uvigerina camagueyana - Bermudez, ibid., vol. 11, p. 144, pI. 17, fig. 10. 

*	 1941 Uvigerina mexicana bulbosa -- Galloway and Heminway, New York Acad. Sc., vol. 3, p. 431, pI. 
33, fig. 10. 

* 1941 Uvigerina ranunculus - Galloway and Heminway, ibid., vol. 3, p. 431, pI. 33, fig. 11. 

* 1962 Uvigerina mexicana nuda - Gohrbandt, Geol. Ges. Wien, Mitt., vol. 54, p. 85, pI. 3, figs. 11-12. 

Diagnosis 
Uvigerina with a short and stout test; often strongly tapering, youngest part of the test having greatest 

width. About 20 costae, which cross sutures; last chambers can be smooth. Chambers moderately inflated. 

Relations 
No morphologically close species are known. 

Remarks 
L = 0.5 - 0.95 mm, W = 0.35 - 0.5 mm. Specimens with a length/width ratio larger than 2 are possibly 

microspheric forms. In shallow water environments, there is a tendency to a smoother test. 

Biostratigraphic distribution: Eocene - Aquitanian. 

Uvigerina mantaensis Cushman and Edwards, 1938
 
PI. 2, figs. 2,4.
 

*	 1938 Uvigerina mantaensis - Cushman and Edwards, Contr. Cushm. Lab. Foram. Res., vol. 14, pI. 14, 

fig. 8. 
* 1954 Uvigerina canariensis lakembaensis -- Kleinpell, Bull. Bernice P. Bishop Mus., 211, p. 54, pI. 2, fig. 

13. 

Diagnosis 
Test short and stout, chambers rounded and inflated; fine and densely distributed pustules on chambers, 

later chambers smooth. 

Plate 2 
Uvigerina eocaena GUmbel 

Figs. 1,3,5: Barranco Blanco Section, S. Spain (Upper Oligocene). 
-- Fig. la: Whole specimen. 
-- Fig. Ib: Detail of wall surface of same specimen. 
-- Fig. 3: Detail of wall of not figured specimen. 
-- Fig. 5: Detail of wall of not figured specimen. 

Uvigerina mantaensis Cushman and Edwards 

Figs. 2,4: Kiscell, Hungary, Upper Oligocene. 
-- Fig. 2a: Whole specimen. 
-- Fig. 2b: Detail of wall structure of same specimen. 
-- Fig. 4: Detail of aperture of not figured specimen. 

Scale bars equal 100 micron, in details 25 micron 
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Relations
 
No morphologically close species are known.
 

Remarks 
L = 0.4 - 0.8 mm, W = 0.25 - 0.45 mm. This species is rare, and occurs in sediments from epibathyal en

vironments. 

Biostratigraphic distribution 
Upper Eocene - Aquitanian. 

Uvigerina semiornata d'Orbigny, 1846 

Diagnosis 
A stout Uvigerina with the apertural neck set into a prominent depression; mostly triserial throughout, 

final stage rarely biserial. Mostly ornamented with low costae which do not cross sutures. Subspecies are 
distinguished on the basis of ornamentation. 

Uvigerina semiornata semiornata d'Orbigny, 1846
 
PI. 3, figs. 1-4
 

* 1846 Uvigerina semiornata d' Orbigny - Foram. Foss. Vienne, p. 189, pI. 11, figs. 23-24. 

Diagnosis 
Stout Uvigerina with apertural neck set into a prominent depression,the chambers are moderately inflated 

and the sutures are depressed. Ornamentation consists of low costae which do not cross the sutures. The 
youngest part of the test is sometimes smooth. 

Relations 
This subspecies is morphologically close to U. semiornata kusteri, but the latter is distinguished by its 

costate/ spinose ornamentation. It is also very close to Uvigerina rutila, which can be distinguished by the 
the fact that its costae are lower and more closely spaced; moreover, its later part of the test is smooth which 
is mostly not the case for U. semiornata. 

Remarks 
L = 0.4 - 0.7 mm, W = 0.2 - 0.3 mm. Pores are elongated and arranged in rows. 

Biostratigraphic distribution 
Upper Oligocene - ? Serravallian 

Plate 3 
Uvigerina semiornata semiornata d'Orbigny 

Figs. 1,3-4: Malta, Blue Clay, Serravallian. 
Fig. 1: No. 3660. 
Fig. 3a: No. 3657. 
Fig. 3b: detail of wall structure of same specimen. 
Fig. 4: No. 3610; transitional form with U. semiornata kusteri 

Fig. 2: Vigoleno, Northern Apennines, Aquitanian, G. kugleri Zone 
No. 3651. 

Uvigerina semiornata kusteri Von Daniels and Spiegler 

Fig. 5: Malta, Blue Clay, Serravallian; No.3609. 
Scale bars equal 100 micron, in details 25 micron 
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Uvigerina semiomata kusteri Von Daniels and Spiegler, 1976
 
PI. 3, figs. 4-5
 

* 1976 U. semiornata kusteri -- Von Daniels and Spiegler, GeoI. Jarhb., p. 24, pI. 3, figs. 1-8; pI. 7, fig. 6. 

Diagnosis 
Large Uvigerina with narrow and low costae on the earlier part of the test and hispid ornamentation on 

the later part. 

Relations 
Belonging to the V. semiornata group and morphologically close to V. rutila. Can be distinguished from 

V. semiornata semiornata and U. rutila by its hispid ornamentation. 

Remarks 
L = 0.4 - 0.6 mm, W = 0.2 - 0.3 mm. This subspecies is rare in the Mediterranean. 

Biostratigraphic distribution 
? Langhian - Serravallian 

Uvigerina d. U. schwageri Brady, 1884
 
PI. 4, figs. 1-2, 4
 

* 1884 V. schwageri -- Brady, Rept. Challenger, p. 575, pI. 74, figs. 8-10 

Diagnosis 
Large and very stout Uvigerina species with relatively few but heavy costae which sometimes cross the 

sutures. Chambers not very inflated, sutures slightly depressed. Short apertural neck set into a distinct depres
sIOn. 

Relations 
This species is morphologically close to V. bellicostata from which it differs by its less heavy ornamenta

tion. From the other species of the semiornata group it differs by its large size, robust outline and heavy 
costae. 

Remarks 
L = 0.5 - 0.9 mm, W = 0.3 - 0.5 mm. The pores are elongated but not clearly arranged in rows as is often 

seen in this group. Since V. schwageri has been described by Brady from recent assemblages, we prefer to 
assign our Miocene specimens only tentatively to this species by placing them in open nomenclature. 

Biostratigraphic distribution 
? Langhian - Tortonian. 

Plate 4 
Uvigerina d. U. schwageri Brady 

Figs. 1,4: Scardilli section, Sicily, Tortonian, N. acostaensis Zone. 
--Fig. 1a: No. 4324/1; whole specimen. 
--Fig. 1b: Same specimen, detail of wall structure. 
--Fig. 1c: Same specimen, detail of ornamentation. 
--Fig. 4a: No. 4324/2; whole specimen 
--Fig. 4b: Same specimen, detail of wall structure 

Fig. 2: Malta, Blue Clay, Serravallian; No. 3604. 

Uvigerina bellicostata Luczkowska 
Fig. 3: Rastignano, northern Apennines, No. 3612, Tortonian. 
Scale bars equal 100 micron, in details 25 micron 
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Uvigerina bellicostata Luczkowska, 1955
 
PI. 4, fig. 3
 

* 1955 Uvigerina bellicostata -- Luczkowska, Soc. Geol. Pologne, vol. 23, p. 118, pI. 8, figs. 10-13. 

Diagnosis 
A stout and large Uvigerina with extremely high, plate-like costae which do not cross the sutures. The aper

ture is placed on a neck which is set into a prominent depression. 

Relations 
This species is morphologically close to U. cf. U.schwageri with which it intergrades. It is distinguished 

mainly on the basis of the high plate-like costae and the fact that the younger part of the test of U. cf. 
U.schwageri is often smooth. 

Remarks 
L = 0.5 - 0.9 mm, W = 0.3 - 0.5 mm. The pores are elongated. 

Biostratigraphical distribution 
Serravallian - Tortonian 

Uvigerina barbatula Macfadyen, 1930
 
PI. 5
 

1930 Uvigerina barbatula - Macfadyen, Geol. Surv. Egypt, p. 92, pI. 3, figs. 26a,b.* 
1959 Uvigerina barbatula - Macfayden var. brevis - Cita, Boll. Soc. Geol. Ital., 77, p. 131, pI. 35.* 

* 1965 Uvigerina barbatula subsp. fanousi - Souaya, Micropal., 11, p. 317, pI. 2, figs. 8, 17, 27. 

Diagnosis 
A relatively large and stout Uvigerina with the apertural neck set into a marked depression. About 20 

costae, rounded in shape, irregularly distributed and crossing one or more chamber sutures, form short blunt 
spines. The last chamber or the upper part of the chambers of the last whorl are almost smooth. 

Remarks 
L = 0.4-0.8 mm, W = 0.4-0.2 mm. Regular pattern of fine pores. 

Biostratigraphical distribution 
Upper Langhian - Lower Tortonian 

Plate 5 
Uvigerina barbatula Macfadyen 

Figs. 1-4: Specimens from the northern Apennines, Serravallian. 
Scale bars equal 100 micron, in details 25 micron. 
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Uvigerina rutila Cushman and Todd, 1941
 
PI. 6, figs. 1-4
 

* 1941 U.rutila -- Cushman and Todd, Contr. Cushm. Lab. Foram. Res., p. 78, pI. 20, figs. 16-22 

Diagnosis 
A large and robust Uvigerina, ornamented with narrow and low costae or striae ( 8-10 to a chamber ), finely 

perforated with elongated pores. The chambers are moderately inflated, the sutures slightly depressed. The 
short apertural neck is set into a depression. 

Relations 
This species is morphologically very close to U. semiornata, from which it only differs in the ornamenta

tion. The costae of U. rutila often end sharply at the chamber base and the younger part of the test is often 
smooth. 

Remarks 
L = 0.4 - 0.8 mm, W = 0.2 - 0.4 mm. Specimen size decreases in the course of time, Pliocene specimens 

being distinctly smaller than Miocene ones. 

Biostratigraphical distribution 
Serravallian - Lower Pliocene. 

Plate 6 
Uvigerina rutila Cushman and Todd 

Fig. 1: Ripa del Zolfo section, northern Apennines, Tortonian, No. 3676. 
Figs. 2-4: Scardilli Section, Sicily, Tortonian (N. acostaensis Zone) 

Fig. 2a: No. 7401/2. 

Fig. 2b: Same specimen, detail of wall structure. 
Fig. 3: No. 740111, detail of aperture of not figured specimen 
Fig. 4a: No. 7401/3. 

Fig. 4b: Same specimen, detail of ornamentation and apertural area 
Scale bars equal 100 micron, in details 2S micron 
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Uvigerina longistriata Perconig, 1955
 
PI. 7, fig. 1
 

* 1955 Uvigerina longistriata - Perconig, Boll. Servizio Geol., vol. 77, p. 182, pI. 2, figs. 1-4. 

Diagnosis 
A large and stout Uvigerina ornamented with a high number of low costae which do not cross the sutures. 

In between the costae pustules occur; first chambers pustulous. The apertural neck is set into a depression. 
The chambers are moderately inflated, the sutures are depressed. 

Relations 
This species is close to U. rutila and U. striatissima. It can be distinguished from both on the basis of the 

ornamentation. U. rutila has more and lower costae and often a smooth younger part of the test. U. 
striatissima has more and lower costae. Moreover, both species never show pustules in between costae as is 
seen in U. longistriata. 

Remarks 
L = 0.6 - 1 mm, W = 0.3 - 0.5 mm. This species is rare in the Mediterranean. 

Biostratigraphical distribution 
Lower - Middle Pliocene 

Uvigerina striatissima Perconig, 1955
 
PI. 7, fig. 2
 

* 1955 Uvigerina striatissima - Perconig, Boll. Servizio Geol., vol. 77, p. 187, pI. 3, figs. 1-4. 

Diagnosis 
A large and stout Uvigerina ornamented with numerous low costae (striae) which may cross the chamber 

sutures. The sutures are not very depressed, the chambers are moderately inflated. The later part of the test 
can be smooth; the apertural neck is set into a depression. 

Relations 
This species is morphologically very close to U. rutila from which it can be distinguished on the basis of 

the more numerous costae. It differs from U. longistriata by its more numerous and lower costae and the 
lack of pustules in between the costae. 

Remarks 
L = 0.5 - 0.9 mm, W = 0.3 - 0.5 mm. Pores are elongated. This species is not frequent in the Pliocene. 

Biostratigraphical distribution 
Serravallian - Lower Pliocene. 

Plate 7 
Uvigerina longistriata Perconig 

Fig. 1: Core T-7D-44, Tyrrhenian Sea, Pliocene, G. puncticulata Zone. 
Fig. la: No. 3624. 
Fig. Ib: Same specimen, detail of ornamentation. 

Uvigerina striatissima Perconig 

Fig. 2: Core 78-35-380-2-3941, off the Balearic Island, Serravalli~. 
Fig. 2a: No. 3680. 
Fig. 2b: Same specimen, detail of ornamentation. 

Scale bars equal 100 micron, in details 25 micron 
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Uvigerina flintii Cushmann, 1923
 
PI. 8, figs. 1-3
 

* 1923 Uvigerina flintii - Cushman, u.s. Nat. Mus. Bull., vol. 104, p. 165, pI. 42, fig. 13. 

* 1964 Uvigerina torquata - Wezel, Riv. Ital. Pal. Strat., vol. 70, p. 139, pI. 9, figs. 1-6. 

Diagnosis 
A large and stout to elongate Uvigerina; sutures moderately depressed, chambers sometimes strongly in

flated. Ornamentation consists of a high number of low, sometimes bifurcating costae (striae), which always 
cross the chamber sutures. The aperture can be provided with rings around its neck, which is set into a 
depression. 

Relations 
This species is morphologically very close to U. stnatissima from which it differs by the number of costae 

and the fact that the costae cross the sutures. U. rutila is less ornate having lower costae and often a smooth 
later part of the test. Moreover, U. flintii is the only Uvigerina species which can have 'rings' around the 
apertural neck. 

Remarks 
L = 0.3 - 0.65 mm, W = 0.15 - 0.35 mm. The pores are very fine. 

Biostratigraphical distribution 
Upper Pliocene - Lower Pleistocene. 

Plate 8 
Uvigerina flintii Cushman 

Figs. 1-3: Semaforo section, Calabria, Upper Pliocene, G. crassa/ormis Zone 
- Fig. 1: No. 620611. 
-- Fig. 2a: No. 620612. 

-- Fig. 2b: Same specimen, detail of ornamentation. 
-- Fig. 3a: No. 620613. 

-- Fig. 3b: Same specimen, detail of ornamentation. 
Scale bars equal 100 micron, in details 25 micron 
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Uvigerina mediterranea Hofker, 1932.
 
PI. 9, figs. 1-5
 

.. 1932 Uvigerina mediterranea - Hofker, PubI.Staz.ZooI.Napoli, 12, p. 118, fig. 32. .. 1952 Uvigerina finisterrensis - Colom, Bol.Inst.Esp.Ocean., 51, p. 27, pI. 4, figs. 1-2, 13-14, p. 28, tf. 4. 

Diagnosis 
A large and stout Uvigerina species ornamented with prominent, broad, but relatively low, costae. The 

aperture is placed at the end of a well developed neck, with a prominent lip. The chambers are moderately 
inflated, the sutures depressed. 

Relations 
Pore pattern and chamber form suggest a relationship with the semiornata-group. Although there are no 

intermediate specimens, this species is often difficult to distinguish in the Adriatic Sea from U. peregrina bifur. 

cata, from which it differs by its more robust apertural neck, the less plate-like prominent costae, the larger 
size of the individual chambers in a comparable ontogenetic stage, a lower LIW ratio and the distinct elonga
t ion of the pores. 

remarks 
L = 0.5 -1.0 mm, W = 0.25 - 0.45 mm. The pores are elongate; in the Adriatic Sea the test becomes more 

densely costate with decreasing depth. Apart from one occurrence in the Middle Pleistocene of the 
Montelungo Section (Sicily), this species is only known from Recent and uppermost Pleistocene deposits. 

Biostratigraphical Range 
Middle Pleistocene - Recent. 

Plate 9
 
Uvigerina mediterranea Hofker
 

Fig. 1: Adriatic Sea, No. 40111; Holocene, water depth 797 m. 
Fig. 2: Adriatic Sea, No. 36/1; Holocene, water depth 260 m. 
Figs. 3,5: Adriatic £ea, Holocene, water depth 1150 m. 

Fig. 3: No. 292/2; juvenile specimen. 
Fig. 5: No. 292/3; aperture of not figured specimen. 

Fig. 4: Adriatic Sea, Core 365 (IN 68·7), water depth 1225 m., sample 7A (uppermost Pleistocene). 
Fig. 4a: No 365-6A/1, spinose variety. 
Fig. 4b: Same specimen, detail of wall structure. 

Scale bars equal 100 micron, in details 25 micron 
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Uvigerina gracilis Reuss, 1851
 
PI. 10, figs. 1,2,4
 

* 1851 Uvigerina gracilis -- Reuss, Deutch. Geol. Ges., vol. 3, p. 77, pI. 5, fig. 39. 

* 1875 Uvigerina /arinosa - Hantken, K. Ungar. Anst., Mitt. Jahrb., vol. 4, p. 62, pI. 7, fig. 6. 

Diagnosis 
Small Uvigerina with an elongate test; chambers rounded and inflated. Test including neck covered with 

spines, sometimes test partly smooth. The chamber arrangement is triserial, sometimes ending biserially. 
Chambers are moderately to strongly inflated. 

Relations 
This species is morphologically close to U. tenuistriata with which it intergrades. It is very close to or even 

synonymous with U. proboscidea. The only distinction we could establish is the difference in 
biostratigraphical distribution. 

Remarks 
L = 0.35 - 0.6 mm, W = 0.15 - 0.22 mm. According to Boersma (1984) there is an evolutionary lineage 

from U. elongata (Pl -P18) via U. gracilis (Oligocene) to U. auberiana (P21-N21). The distinction between these 
species is not altogether clear. Boersma writes' that they can be differentiated by the fact that they occur 
in different epochs'. 

Biostratigraphical distribution 
?Eocene-Oligocene-?Miocene. 

Plate 10 
Uvigerina gracilis Reuss 

Fig. 1: Case Cocuzza Section, Sicily, CC22, Upper Oligocene. 
Fig. 2: Barranco Blanco Section, Spain, BB6, Upper Oligocene. 

- Fig. 2a: Whole specimen. 
-- Fig. 2b: Detail of aperture of same specimen. 

Fig. 4: BeIus (Landes), France, Upper Oligocene. 
- Fig. 4a: Whole specimen. 
-- Fig. 4b: Detail of waH structure of same specimen. 

Uvigerina rustica Cushman and Edwards 

Fig. 3: Barranco Blanco section, Spain, BB19, Upper Oligocene. 
-- Fig. 3a: Whole specimen. 
-- Fig. 3b: Detail of wall structure of same specimen. 

Fig. 5: Lemme section, LE8, northern Apennines, Upper Oligocene. 
Scale bars equal 100 micron, in details 25 micron 
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Uvigerina rustica Cushman and Edwards, 1938
 
PI. 10, figs. 3,5
 

*	 1938 Uvigerina rustica -- Cushman and Edwards, Contr. Cushm. Lab. Foram. Res., vol.14, p. 83, pI. 14, 
fig. 6. 

*	 1939 Uvigerina garzaensis -- Cushman and Siegfus, Contr. Cushm. Lab. Foram. Res., vol. 15, p. 28, pI. 
6, fig. 15. 

Diagnosis 
Uvigerina with elongate test, inflated and rounded chambers. The width increases only gradually as 

chambers are added. The wall is ornamented with numerous coarse pustules which are also present on the 
neck. 

Relations 
This species is morphologically close to U. auberiana (PI. 12, fig. 5) from which it can be distinguished by 

its more slender test and coarser ornamentation. It seems to be almost similar U. tenuipustulata Van Voon
huysen. 

Remarks 
L = 0.6 - 0.9 mm, W = 0.25 . 0.45 mm. 

Biostratigraphic distribution 
Upper Oligocene - Aquitanian. 

Uvigerina hispida Schwager, 1866
 
PI. 11, figs. 1-4
 

* 1866 U. hispida - Schwager, Foraminifera Kar Nikobar, p. 249, fig. 95. 

Diagnosis 
A large and stout Uvigerina with well developed spines which have a random distribution all over the test. 

The chambers are inflated and the sutures depressed. The apenural neck is short with a phialine lip. 

Relations 
The pore pattern and chamber form suggest a relation with the U. peregrina group. In the Mediterranean 

associations we never found transitions to other species and the species forms a well delimited category. 

Remarks 
L = 0.5 - 0.8 mm, W = 0.2 - 0.3 mm. Pores are very smail and round. 

Biostratigraphical distribution 
Serravallian . Middle Tononian 

Plate 11
 
Uvigerina hispida Schwager
 

Figs. 1-4: Scardilli section, Sicily, Tortonian (N. acostaensis-zone). 
. Fig. la: No. 4324/1; Whole specimen. 
- Fig. Ib: Same specimen, detail of ornamentation. 
- Fig. 2: No. 4324/2. 
_. Fig. 3a: No. 4324/3; Whole specimen. 
_. Figs. 3b-d: Same specimen, details of ornamentation. 
- Fig. 4: No. 4324/4; Detail of aperture of not figured specimen. 

Scale bars equal 100 micron, in details 25 micron 
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.. 

Uvigerina proboscidea Schwager, 1866 
PI. 12, figs. 1-4 

1866 U. proboscidea •• Schwager, Foraminifera Kar Nikobar, vol. 2, p. 250, pI. 7, fig. 96. 

Diagnosis 
A small, hispid Uvigerina; the sutures are depressed and the chambers are moderately inflated, especially 

in the earlier part of the test. The later part of the test often shows a biserial chamber arrangement. The last 
chambers are often 'sacculiform'. 

Relations 
This species is morphologically very close to and perhaps even synonymous with U. gracilis, but it has a 

different biostratigraphical distribution. It can be distinguished from the morphologically close species U. 
auberiana by its more slender test, the finer and denser ornamentation and the less regular increase in size 
of the chambers as added. 

Remarks 
L = 0.25 - 0.6 mm, W = 0.1 - 0.25 mm. 

Biostratigraphical distribution 
Aquitanian - Upper Pliocene. 

Plate 12 
Uvigerina auberiana d'Orbigny 

Fig. 5: Vigolenon, northern Apennines,No. 3653, Aquitanian (G. kugleri Zone). 

Uvigerina proboscidea Schwager 

Figs. 1-3: Prassas section, Crete, Pliocene (G. margaritae Zone). 
-- Fig. la: No. GR753/8; whole specimen. 
-- Fig. 1b: Same specimen, detail of ornamentation. 
-- Fig. 2: No. GR753/10; detail of aperture of not figured specimen. 
-- Fig. 3a: No. GR753/9; whole specimen. 
-- Fig. 3b: Same specimen, detail of ornamentation. 

Fig. 4: Vigoleno, northern Apennines" no. 3645, Aquitanian, G. kugleri Zone. 

Uvigerina ciperana Cushman and Stainforth 

Fig. 6: Vigoleno, northern Apennines, No. 3647, Aquitanian, G. kugleri Zone. 
Scale bars equal 10 micron, in details 25 micron 
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---------------------------------------

Uvigerina auberiana d'Orbigny
 
PI. 12, fig. 5
 

1839 U. auberiana - d'Orbigny, de la Sagra, vol. 8, pI. 2, figs. 23-24. 

Diagnosis 
A hispid and relatively small Uvigerina with inflated chambers and moderately depressed sutures. The 

chambers increase regularly in size as added. The aperture is placed on a short neck. 

Relations 
This species is morphologically close to U. gracilis and U. proboscidea from which species it can be 

distinguished by the coarser ornamentation, the more inflated chambers and the more regular size increase 
of the chambers as added. Moreover, this species is often larger than the two others mentioned. It is very 
close to U. rustica from which it can be distinguished by the less dense ornamentation, the more regular size 
increase of the chambers as added and the more inflated chambers. 

Remarks 
L = 004 - 0.7 mm, W = 0.15 - 0.25 mm. The chamber form and pore pattern suggest that this species belongs 

to the peregrina group. 

Biostratigraphical distribution 
Upper Oligocene - Lower Tortonian. 

Uvigerina ciperana Cushman and Stainforth, 1945
 
PI: 12, fig. 6
 

1945 U. ciperana -- Cushman and Stainforth, Cushman Lab. Foram. Res., Spec. Publ., no. 14, p. 49, pI. 
7, figs. 19-20. 

Diagnosis 
A small, fully costate Uvigerina, with the costae not crossing the chamber sutures. Chambers are inflated 

and sutures are moderately depressed. Costae are fine (about 10 to a chamber) and extend along the apertural 
neck. 

Relations 
No morphologically close species are known. 

Remarks 
L = 0.3 - 0.5 mm, W = 0.15 - 0.25 mm. This species is rare in the Mediterranean. 

Biostratigraphical distribution 
Up to now only found in the Aquitanian. 

Plate 13
 
Uvigerina peregrina hollicki Thalmann
 

Figs. 1-7: Prassas section, Crete, Pliocene (0. margaritae Zone) dirupta-type 
.- Fig. 1: No. GR753/7. 

Fig. 2a: No. GRI081/3; intermediate morphotype between U. proboscidea and U. peregrina hollicki.
 
Fig. 2b: Same specimen, detail of ornamentation.
 
Fig. 3: No. GR753/4.
 
Fig. 4: No. GR753/2.
 
Fig. 5: No. GR753/5; detail of ornamentation of not figured specimen.
 
Fig. 6: No. GR753/6; detail of aperture of not figured specimen.
 
Fig. 7: No. GR753/3; detail of ornamentation of not figured specimen.
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Uvigerina peregrina Cushman, 1923
 
PI. 13-17
 

Diagnosis 
Morphologically highly variable species, ornamented with costae and spines. Sutures straight and moderate

ly depressed. Well developed apertural neck and phialine lip. Round pores. Three subspecies are distinguished 
on the basis of the ornamentation. 

Relations 
U. hispida is morphologically close to U. peregrina but can easily be distinguished by its hispid ornamenta

tion. 

Uvigerina peregrina hollicki Thalmann
 
PI. 13, figs. 1-7, pI. 14, figs. 1-4
 

*	 1925 U peregrina var bradyana - Cushman (not Fornasini, 1900), U.S. Nat. Mus. Bull., 100, pt. 4, p. 
168, pl. 42, fig. 12. 

* 1950 U hollicki - Thalmann, Contr. Cushm. Found. F~ram. Res., vol. 1, p. 45. 

Diagnosis 
A relatively large and slender Uvigerina with a hispido-costate ornamentation pattern. Pustules are arrang

ed in one or two rows in between the costae, which do not cross the chamber sutures. In this subspecies 
there is a strong tendency towards biseriality. 

Relations 
This subspecies is closely related to U. peregrina peregrina from which it can be distinguished by its low 

and regular costae and the occurrence of pustules in between the costae. 

Remarks 
L = 0.3 - 1.0 mm, W = 0.15 - 0.3 mm. 

Within this group one can often observe the occurrence of a completely hispid, aberrant end-chamber. These 
types are distinguished as 'pigmea < types. 

Biostratigraphical distribution 
? Serravallian - Middle Pliocene. 

Plate 14 
Uvigerina peregrina hollicki Thalmann 

Figs. 1-2: Italy, Upper Tortonian. 
-- Fig. la: No. 3636; whole specimen. 
-- Fig. 1b: Same specimen, detail of ornamentation. 

Figs. 3-4: Prassas section, Crete, Pliocene (G. margaritae Zone). 
.- Fig. 3a: No. GRI081/1; whole specimen. 
-- Fig. 3b: Same specimen, detail of wall structure. 
-- Fig. 4: No. GR75311. 

Scale bars equal 100 micron, in details 25 micron 
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Uvigerina peregrina peregrina Cushman, 1923
 
PI. 15, figs. 1-2, pI. 16, figs. 1-3
 

* 1826 U. pigmea - d'Orbigny, Tableau methodique, Ann. Sci. Nat., Paris, p. 269, pI. 12, figs. 8,9. 

* 1923 U. peregrina - Cushman, U. S. Nat. Mus. Bull., vol. 104, p. 166, pI. 42, figs. 7-10. 

* 1948 U. peregrina var. dirupta -- Todd, Allan Hancock Exped., vol. 6, p. 267, pI. 43, fig. 3. 

Diagnosis 
A large and relatively robust Uvigerina with a dominantly costate ornamentation pattern. The high, plate

like costae do not cross the chamber sutures and are clearly formed by fusion of spines. Chamber sutures 
are rather depressed but often obscured by the ornamentation. 

Relations 
This subspecies can be distinguished from the morphologically close subspecies bifurcata by its more 

numerous and less thick costae, formed by fusion of spines. 

Remarks 
L = 0.3 -0.8 mm, W = 0.25 - 0.5 mm. 

Within this taxon a morphotype can be distinguished characterized by short costae not covering the total 
chamber length or by an irregular costate-hispid pattern. These 'dirupta'types show gradual transitions to 
the peregrina peregrina types. Next to this type, one can often observe the occurrence within the assemblages 
of the 'pigmea' type, specimens with a smooth or hispid aberrant end-chamber. These morphotypes are close 
to the U. pigmea described by d'Orbigny. Since this is the oldest available name, it should have priority over 
U. peregrina. Nevertheless, we prefer the name peregrina because the species concept of U. pigmea is based 
on an extreme part of the variation in this group of Uvigerina. Moreover, the name peregrina is well establish
ed. 

Biostratigraphical distribution 
Middle Pliocene - Recent. 

Plate 15 
Uvigerina peregrina peregrina Cushman 

Figs. 1-2: Semaforo section, Calabria, Pliocene (G. crassaformis Zone). 
-- Fig. la: No. JT6154/1; whole specimen. 
-- Fig. Ib: Same specimen, detail of ornamentation. 
-- Fig. 2a: No. JT6166/1; whole specimen. 
-- Fig. 2b: Same specimen, detail of ornamentation. 

Scale bars equal 100 micron, in details 25 micron 
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Uvigerina peregrina bifurcata d'Orbigny
 
PI. 16, figs. 4-6, pI. 17, figs. 1-4
 

*	 1839 U. bifUrcata -- d'Orbigny, Voyage dans l'Amerique Meridionale; Foraminifhes, vol. 5, pt. 5, p. 
53, pI. 7, fig. 17. 

Diagnosis 
A large Uvigerina with a variable number of heavy costae which do not cross the chamber sutures. The 

costae are sometimes ending in spine-like projections at the chamber base. Short apertural neck and well 
developed phialine lip. 

Relations 
This subspecies can be distinguished from peregrina peregrina by its heavier ornamentation, fewer costae 

and the robust test form. Sometimes it is difficult to distinguish the subspecies from U. mediterranea which 
has a different chamber form. Moreover, the pores of U. mediterranea are elongated which is not the case 
for bifUrcata. 

Remarks 
L = 0.4 - 1.2 mm, W = 0.25 - 0.4 mm. 

As in U. peregrina also in the assemblages of this subspecies one can find 'dirupta'types. It concerns mostly 
the end-ehamber, which shows a coarse costate-hispid ornamentation pattern or is ornamented with short, 
irregular costae. 

Biostratigraphical distribution 
Pleistocene - Recent. 

Plate 16 
Uvigerina peregrina peregrina Cushman 

Figs. 1-3: Adriatic Sea, Core 365 (In 68-7), depth 1225 m., uppermost Pleistocene. 
-- Fig. la: No. 365-7All; whole specimen. 
.- Fig. lb: Same specimen, detail of wall structure. 
-- Fig. 2: No. 365-18AI1. 

-- Fig. 3: No. 365-7A/2; detail of aperture of not figured specimen. 

Uvigerina peregrina bifurcata d'Orbigny 

Figs. 4,6: Adriatic Sea, Core 394 (IN 68-21), 252 m., uppermost Pleistocene. 
-- Fig. 4a: No. 394/1; 4,02 - 4,32 m., whole specimen. 
-- Fig. 4b: Same specimen, detail of ornamentation. 
-- Fig. 6: No. 394/2; wall structure of not figured specimen from the same level. 

Fig. 5: Adriatic Sea, Core 365 (IN 68-7), 1225 m., Holocene; No. 365-4A/1. 

Scale bars equal 100 micron, in details 25 micron. 
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Plate 17 
Uvigerina peregrina bifuTcata d'Orbigny 

Figs. 1,3-4: Montalbano lonico section, southern Italy, Pleistocene. 
-- Fig. 1: No. JT699/1. 
-- Fig. 3: No. JT699/3; extreme morphotype. 
-- Fig. 4: No. JT699/2; detail of aperture of not figured specimen. 

Fig. 2: Caltagirone section, Sicily, Pleistocene. 
- Fig. 2a: No. JT5973/I, whole specimen. 
-- Fig. 2b: Same specimen, detail of ornamentation. 

Scale bars equal 100 micron, in details 25 micron. 
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Uvigerina cylindrica (d'Orbigny), 1826 

Diagnosis 
A variable group of elongated Uvigerina with a uniserial part, ornamented by longitudinal costae. The 

species is divided (according to Thomas, 1980) into two subspecies on the basis of length/width ratio, and 
number of chambers in the uniserial part of the test. 

Uvigerina cylindrica cylindrica (d'Orbigny), 1826
 
PI. 18, figs. 1-2
 

* 1826 Clavulina cylindrica - d'Orbigny, Ann.Sci.Nat., p. 268. 

*	 1932 U tenuist7'iata Reuss var. siphogenerinoides -- Lipparini, Giorn.Geol., ser. 2, vol. 7, p. 64, partim, pI. 
3, figs. 5-6 (not figs. 2-4). 

* 1945 Rectuvigerina nicoli - Mathews, Journ. Pal., vol. 19, nr. 6, p. 593, pI. 81, fig. 2. 

*	 1963 U. gaudryinoides Lipparini subsp. arquatensis -- Papp, Mitt.GeoI.Ges.Wien, vol. 56, p. 253-254, pI. 
6, figs. 11-15. 

*	 1966 Rectuvigerina cylindrica - Salvatorini, Atti.Soc.Tosc.sci.Nat.,Mem.,ser. A, vol. 73, p. 664, p1.2, figs. 
1-5. 

* 1969 Ufelixi - Meulenkamp, Utrecht Microp. Bull. 2, p. 138, pI. 2, figs. 23-24, p1.3, figs. 1-2. 

*	 1969 U cretensis -- Meulenkamp, Utrecht Microp. Bull. 2, p. 141, partim, pI. 5, figs. 12-19 (not pI. 5, figs. 
10.11, not pI. 3, figs. 16-21). 

*	 1969 U. lucasi - Meulenkamp, Utrecht Microp. Bull. 2, p. 142, partim, pI. 4, fig. 5, 11-15, 19, 20 (not 
pI. 4, figs. 1-4, 6-10,16-18), pI. 5, figs. 20.24, pI. 6, figs. 1-10 16-18. 

1980	 U cylindrica cylindrica d'Orbigny - Thomas, Utrecht Microp. Bull. 23, p. 150, pI. 1, figs. 1a-c, pI. 
5, figs. 3,5. 

Diagnosis 
A finely striate, sometimes hispid, slender Uvigerina with a comparatively large uniserial part of 'the test 

and a regular arrangement of the uniserial chambers. 

Relations 
This subspecies has a much more slender test, a usually higher mean value of the number of uniserial 

chambers and a lower mean value of the number of biserial chambers than Ucylindrica gaudryinoides, The 
uniserial chambers are arranged more regularly. 

Plate 18 
Uvigerina cylindrica cylindrica d'Orbigny 

Fig. 1: Apostoli section, Crete, Tortonian. 
-- Fig. 1a: No. CP 870/1. 
-- Fig. 1b: Same specimen, detail of wall structure in last chamber. 

Fig. 2: Finikia section, Crete, Pliocene, No. CP 2117/1. 

Uvigerina cylindrica gaudryinoides Lipparini 

Fig. 3: Finikia section, Crete, Pliocene, No. CP 2005/1. 
Fig. 4: Apostoli section, Crete, Tortonian. 

- Fig. 4a: No CP 870/2. 
-- Fig. 4b: Same specimen, detail of wall structure. 

Fig. 5: No 1081/5, Prassas section, Crete, Pliocene, detail of aperture of not figured specimen. 
Scale bars equal 100 micron, in details 25 micron. 
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Remarks 
L = 0.4 - 0.6 mm, W = 0.1 - 0.2 mm. 

A detailed synonymy and diagnosis is given in Thomas, 1980. In that paper (p. 152, pI. 5, fig. 6) a group 
of Uvigerina assemblages, morphologically intermediate between U. cylindrica cylindrica and U. cylindrica 
gaudryinoides, is placed in Uvigerina ex.interc. gaudryinoides-cylindrica. According to Thomas the following 
species belong to this intermediate group: 
* 1969 U. pappi -. Meulenkamp, Utrecht Microp. Bull. 2, p. 135-136, pI. 2, figs. 3-11. 
* 1969 U. melitensis - Meulenkamp, Utrecht Micropal. Bull. 2, p. 136-137, pI. 2, figs. 12-15. 
* 1969 U. gaulensis - Meulenkamp, Utrecht Micropal. Bull. 2, p. 137, p1.2, figs. 16-22. 

U. cylindrica cylindrica is found in low numbers in diversified open marine associations. U. cylindrica 
gaudryinoides was able to proliferate under conditions of oxygen minimum and!or high nutrient availability. 

Biostratigraphical distribution 
Serravallian - Upper Pleistocene 

Uvigerina cylindrica gaudryinoides Lipparini, 1932
 
PI. 18, figs. 3-5
 

*	 1932 U. tenuistriata Reuss var. gaudryinoides - Lipparini, Giorn. Geol., ser. 2, vol. 7, p. 65, pI. 3, figs. 
7-8. 1932 U. tenuistriata Reuss - Lipparini, Giorn. Geol., ser. 2, vol. 7, pI. 6, fig. 1. 

*	 1932 U. tenuistriata Reuss var. siphogenerinoides -- Lipparini, Giorn. Geol., ser. 2, vol. 7, p. 64, partim, 
pI. 6, figs. 2-4 (not pI. 6, figs. 5-6). 

*	 1961 Rectuvigerina cylindroides .- Moncharmont Zei, Boll. Soc. Nat. Napoli, vol. 69, p. 149, pI. 4, figs. 
14-17. 

* 1969 U. selliana - Meulenkamp, Utrecht Micropal. Bull. 2, p. 138, pI. 3, figs. 3-15, pI. 5, figs. 1-4. 

*	 1969 U. cretensis - Meulenkamp, Utrecht Micropal. Bull. 2, p. 141, partim, pI. 3, figs. 16-21, pI. 5, figs. 
10-11 (not pI. 5, figs. 12-19). 

*	 1969 U. lucasi - Meulenkamp, Utrecht Micropal. Bull. 2, p. 142, partim, pI. 4, figs. 1-4,6-10, 16-18 (not 
pI. 4, figs. 5, 11-15, 19-20, pI. 5, figs. 20-24, pI. 6, figs. 1-10, 16-18). 

*	 1974 U. praeselliana - Fortuin, Proc. Kon. Ned. Akad. Wetensch., ser. B, vol. 77, p. 40-45, pI. 1, figs. 1-6, 
text-fig. 2. 

1980	 U. cylindrica gaudryinoides Lipparini -- Thomas, Utrecht Micropal. Bull. 23, p. 150-51, pI. 1, figs. 
2a-c, pI. 4, figs. 5-6, pI. 5, figs. 2,4,7. 

Diagnosis 
A relatively thick Uvigerina with inflated chambers, having few or no uniserial chambers, often in a stag

gered arrangement. 

Relations 
In comparison with U. cylindrica cylindrica this subspecies has a thicker test, a lower mean value of the 

number of uniserial chambers and a higher mean value of the number of biserial chambers. The uniserial 
chambers are less regularly arranged. 

Remarks 
See under U. cylindrica cylindrica. L = 0.4 - 0.6 mm, W = 0.2 . 0.35 mm. 

Biostratigraphical distribution 
Serravallian - Upper Pliocene 
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Uvigerina phlegeri Le Calvez, 1959 

* 1959 Rectuvigerina phlegeri -- Le Calvez, Rec.Trav. Inst.Peches Maritimes, 23, p. 263, pI. 1, fig. 11. 
* 1961 Rectuvigerina raricosta - Moncharmont Zei, BolI.Soc.Nat.Napoli, 69, p. 149-150, pI. 4, figs. 18-20. 

Diagnosis 
Elongate Uvigerina with a large uniserial part, ornamented with well developed costae. 

Relations 
The large uniserial part of the test, and the absence of compression of the test suggest a close relation with 

U. cylindrica. However, the costate ornamentation is better developed, the specimens are smaller and the 
uniserial part is longer. 

Remarks 
L = 0.2 - 0.4 mm, W = 0.05 - 0.15 mm. 

Biostratigraphical distribution 
Recent 

Uvigerina spinicostata Cushman and Jarvis, 1929
 
PI. 19, figs. 1-2
 

*	 1929 U. spinicostata - Cushman and Jarvis, Contr. Cushm. Lab. Foram. Res., vol. 5, pt. 1, p. 12, p1.3, 
figs. 9-10. 

* 1936 U. havanensis - Cushman and Bermudez, ibid., vol 12, pt. 3, p. 59, pI. 10, figs. 19-21. 

* 1937 U. longa - Cushman and Bermudez, ibid., vol.13, pt. 4, p. 109, pI. 16, figs. 5-6. 

* 1937 U longa var. denticostata - Cushman and Bermudez, ibid. vol. 13, pt. 4, p. 109, pI. 16, figs. 2-3. 

Diagnosis 
Elongate Uvigerina with a tendency towards uniseriality, ornamented with plate-like costae which may be 

broken up. 

Relations . 
Because of the tendency towards uniseriality and the terminal position of the aperture we tentatively placed 

this species in the U bononiemis group. 

Remarks 
The terminal position of the aperture, not lying in a depression, with a well-developed neck is typical for 

the U. bononiensis group. L = 0.5 - 0.8 mm, W = 0.15 - 0.25 mm. 

Biostratigraphical distribution 
Oligocene - Aquitanian 
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Uvigerina bononiensis Fornasini, 1888
 
PI. 19, figs. 3-7
 

* 1888 U. bononiensis -- Fornasini, Tav. Paleoprotist., BoII.Soc.Geol.Ital., vol. 7, p. 48, pI. 3, figs. 12-12a. 

* 1877 U. parkeri -- Karrer, Abh. K. K. Geol. Reichsanst., vol. 9, p. 385, pI. 16b, fig. 50. 

* 1925 U. compressa - Cushman, Contr. Cushm. Lab. Foram. Res., vol. 1, p. 10, pI. 4, fig. 2. 

*	 1953 U. parkeri brevi/ormis -- Papp and Turnovsky, Jahrb. Geol. Bundesanst. Austria, vol. 96, p. 122, pI. 
5, figs. A(3-4). 

Diagnosis 
A compressed Uvigerina with longitudinal costae and typical, 'en crochet' sutures and a biserial adult stage; 

a uniserial part may be developed. 

Relations 

U. bononiensis differs from U.cylindrica by its compressed test. Furthermore, in U. bononiensis the 
chambers are more long-drawn, the sutures have a more marked 'en crochet' shape, and the ornamentation 
is heavier. 

Remarks 
L ~ 0.3 - 0.7 mm, W = 0.1 - 0.25 mm. 

This species seems to have a very wide variation. A detailed diagnosis is given in Thomas (1980). She describes 
a bipartition between a group of thick and a group of thin specimens. The latter group has a slightly higher 
mean value of the number of uniserial chambers; rare specimens with 3 or 4 uniserial chambers were noticed. 
In her (Miocene) sections the thick morphotypes are often fauna-dominating elements, the thin morphotypes 
are never fauna-dominating. The same situation is found by Jonkers (1984) in his Pliocene sections. 
In our opinion the thick morphotype is the typical U.bononiensis. The thin morphotype, with more loosely 
packed chambers and with the costae ending in spines, may be indicated as compressa-type. 

Biostratigraphical distribution 
Burdigalian. Upper Pliocene. 

Plate 19 
Uvigerina spinicostata Cushman and Jarvis 

Fig. 1: Vigoleno, northern Apennines, No. 3643, Aquitanian (G. kugleri Zone). 
Fig. 2: Tesi Davari, northern Apennines, No. 3633, Chattian (G. opima Zone). 

Uvigerina bononiensis Fornasini 

Figs. 3,5-7: Prassas section, Crete, Pliocene. 
Fig. 3: No. GR 998/1; thin type. 
Fig. 5: No. GR 998/2; parkeri.type. 
Fig. 6: No. GR 1081/6; detail of wall structure of not figured specimen. 
Fig. 7: No. GR 1081/7; detail of aperture of not figured specimen. 

Fig. 4: Kalithea 2 section, Crete, Pliocene, No. GR 2202/1; thick type. 
Scale bars equal 100 micron, in details 25 micron 
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