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ABSTRACT

Neogene uvigerinids with uniserial chambers were investigated biometri-
cally. They were obtained from some 400 closely spaced samples from
Upper Miocene and Lower Pliocene sediments in sections on the island of
Crete (Greece). In each assemblage counts and measurements were carried
out on a number of characteristics of the test of some fifty individuals. Five
of these characteristics were believed to give the best information about the
changes in the morphology in Uvigerina. These five are the total length and
the maximum breadth of the test, the numbers of the uniserial and of the
biserial chambers, and a factor describing the shape of the uniserial cham-
bers, and a factor describing the shape of the uniserial chambers. In a few
samples we also measured the diameter of the protoconch, and a number of
specimens was dissolved stepwise to obtain data about the early growth
stages.

Univariate, bivariate and multivariate statistical methods were applied to
get more insight in the huge amount of data. For some samples we measured
and calculated the oxygen and carbon isotopic ratios.

No obvious pattern of sustained change is observed for any of the para-
meters; instead we meet with large fluctuations and no consistent shift in the
parameter mean values.

Two morphotypes could be separated, a thick and a thin one, but small
numbers of intermediate individuals are present in many of the samples, and
a group of samples in the lowermost Pliocene contains only intermediate
morphotypes.

The separate groups of thick and thin uvigerinids show no sustained
changes either, but a pattern of statistically significant fluctuations without
a perceivable net change. In our opinion the morphotypes are ecophenotypes
of a single species. The thick Uvigerina proliferates in laminated sediments in
the Upper Miocene. These sediments are probably deposited under nutrient-
rich and oxygen-minimum conditions in stagnant bottom waters in (semi-)
isolated basins. The thin types are never numerous; they are the normal
marine forms, which tolerate low nutrient levels. Both types are indifferent
to high salinities.

In the Pliocene we only find the thin type in our lowermost samples.
Higher in the sections these uvigerinids change fluctuatingly, but gradually
into homeomorphs of the Miocene thick type, at about the level where the
sediments change as well. Open marine marls pass gradually into an alterna-
tion of grey and brown clays. The latter clays were probably deposited under



oxygen-minimum conditions, comparable to those of the Upper Miocene
laminated marls, and the thick type once again becomes very numerous. Still
higher in the Pliocene sections the thick uvigerinids are replaced by thin
ones, but it is not understood in which way this replacement took place.
Whether there was a direct descendance in situ or a sudden immigration of
the thin uvigerinids from other parts of the Mediterranean cannot be decid-
ed.

Morphologically the thin uvigerinids in the highest Pliocene samples are
not different from those in the lowest Miocene sections. We have no good
explanation for the large, statistically significant, fluctuations in the mean
values of the parameters in the separate groups. An environmental control is
likely. However, a contribution from random processes cannot be precluded;
the staggered course of the development might be the result of a random
walk of the succession of many asexual generations without correction by
sufficient sexual interludes.

If the changes in the morphology of Uvigerina are primarily dependent
upon the environment, they can be used for a facies correlation, which will
have a limited value within separate basins only. Uvigerinids cannot be used
for a time-bound zonation over larger distances.

Taxonomically we consider our thick and thin uvigerinids as subspecies
of Uvigerina cylindrica (d’Orbigny). The thin type is named Uvigerina
cylindrica cylindrica (d’Orbigny), the thick one Uvigerina cylindrica gau-
dryinoides Lipparini, and intermediate assemblages are given a hyphenated
notation.



Chapter I

INTRODUCTION

I.1. GENERAL

Evolutionary lineages in many groups of foraminifera have been studied,
especially in planktonic and larger foraminifera. Some groups of species of
benthonic smaller foraminifera, notably species of Uvigerina also yielded
well-documented lineages. Some species groups of Uvigerina have been
extensively investigated. Biozonations based on evolutionary stages of
different groups of Uvigerina have been proposed in North Western Germany
(Von Daniels & Spiegler, 1977), the Vienna basin (Papp, 1953, 1963, 1964,
Papp and Schmid, 1971), the Mediterranean region (Papp, 1963, Hottinger,
1966, Meulenkamp, 1969, Fortuin, 1974, 1977) and New Zealand (Vella,
1964).

Similar trends are described in ontogeny as well as in phylogeny for many
unrelated groups of Uvigerina; trends from a triserial chamber arrangement
towards a mainly biserial or mainly uniserial chamber arrangement.

From previous authors it is known that in the Neogene deposits of Crete
huge numbers of well-preserved fossils of Uvigerina are found in closely
spaced samples in many sections (Meulenkamp, 1969, Fortuin, 1977). The
main points in the evolution of these Uvigerina were thought to be clear,
though many problems remained unsolved. The Neogene paleogeography
of Crete and the geological context of the sections are well known (Meulen-
kamp, 1969, Freudenthal, 1969, Fortuin, 1977, Meulenkamp, in prep.
1980). Within the scope of the I1.G.C.P.-project nr. 74/1/1, “Accuracy in
time” a detailed study of the Cretan uniserial uvigerinids seemed to us to
be worthwhile, and was expected to give an idea of the reliability and
accuracy of biozonations.

Our investigation aimed at getting more information concerning the
progress in time of the morphological changes and the possible environ-
ment-dependence of such changes. If we know the pattern in time of the
morphological changes we may get some insight into the resolution of the
time correlations to be attained with the evolutionary stages of Uvigerina.

I.2. REVIEW OF PREVIOUS RESEARCH

Papp (1963, 1966) was the first to describe an evolutionary trend in



a group of uniserial uvigerinids he had sampled in Neogene deposits in the
Rio Mazzapiedi valley, near Sant’ Agatha Féssili (Piemonte basin, Northern
Italy). Uvigerina specimens with up to three or four uniserial chambers are
met with in the Tortonian blue clays, together with triserial Uvigerina
proboscidea Schwager. Papp believed these uniserial uvigerinids to be inter-
mediate forms between U. proboscidea and Uvigerina gaudryinoides gau-
dryinoides Lipparini. In the Messinian Papp reports the presence of two
subspecies, U. gaudryinoides gaudryinoides and Uvigerina gaudryinoides
_siphogenerinoides Lipparini. The latter subspecies he considered more
advanced; it has five or more uniserial chambers. In Pliocene deposits from
Castell’ Arquato, Asti and Piacenza Papp recognized another subspecies,
Uvigerina gaudryinoides arquatensis Papp, which he considered as a highly
evolved descendant from U. gaudryinoides siphogenerinoides.

Papp alleges that the uvigerinids constitute a beautiful evolutionary
lineage. All transitional forms are found. The uvigerinids show a directional,
rectilinear development from a wholly triserial to a mainly uniserial chamber
arrangement. This author gives no explanation of the co-occurrence of
U. gaudryinoides gaudryinoides and U. gaudryinoides siphogenerinoides.

Hottinger (1966) discovered the same lineage with the same taxonomic
units in Morocco. He remarks that in the Messinian deposits very large speci-
mens of U. gaudryinoides gaudryinoides are seen with “en crochet” sutures
like Uvigerina bononiensis Fornasini.

Meulenkamp (1969) has revised the earlier work on uniserial uvigerinid
lineages, and has made the first biometrical study of these uvigerinids. He
does not agree with Papp that U. proboscidea is the ancestor of the uniserial
uvigerinids, because of the differences between juvenile uniserial Uvigerina
and U. proboscidea. He does not consider the co-occurrence of U. gau-
dryinoides gaudryinoides and U. gaudryinoides siphogenerinoides as typical
for sediments of Messinian Age.

Meulenkamp distinguishes two different lineages of uniserial uvigerinids
in the Mediterranean Neogene. Both lineages show the same sustained
changes; an increase in the average number of uniserial chambers and a
development towards a more regular arrangement of the uniserial chambers.
He divided both lineages on the same criteria into four biometrical species,
and considered it impossible to compromise between the typological ap-
proach of the taxa of the earlier authors and the results of his own bio-
metrical analysis. Actually, every species of the literature might fit in with
several of Meulenkamp’s adjoining taxonomic units, so he preferred to coin
new species names for almost all (seven out of eight) of his new species
units. From the pre-existing names he made use only of Uvigerina arquaten-
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sis Papp for his youngest species after studying topotype material of this
species (see fig. 1 for Meulenkamp’s specific names).

The oldest of the two lineages ranges from Serravallian to Tortonian. Its
three oldest representative species are known from Malta, the fourth species
in this lineage is known from Crete. This lineage is called the Uvigerina
melitensis one. The younger lineage ranges from the Late Tortonian into
the Pliocene, and has representatives in Italy, Spain and on Crete. It is
called the Uvigerina cretensis lineage. Meulenkamp regarded Uvigerina
bononiensis compressa Cushman as the ancestor of the U. melitensis lineage.
The ancestor of the U. cretensis lineage he did not know.

Felix (1973) has described foraminifera from the Oligo — Miocene de-
posits on Malta and Gozo. He made a calibration of the U. melitensis lineage
versus a biozonation based on planktonic foraminifera and benthonic fora-
minifera other than Uvigerina. The oldest species, Uvigerina pappi Meulen-
kamp originated, according to Felix, in the lower part of his Orbulina uni-
versa Zone (N 9 — N 10), which ranges in age from Late Langhian to Early
Serravallian. The next species, Uvigerina melitensis Meulenkamp probably
came into existence in the Serravallian. Transitional samples between U.
melitensis and the third species, Uvigerina gaulensis Meulenkamp Felix
observed in Upper Serravallian deposits, in the top of the O. universa Zone
(N 14). U. gaulensis appears in the Neogloboquadrina continuosa Zone
(N 15). Felix envisages the beginning of the U. melitensis lineage somewhat
earlier than Meulenkamp.

Zachariasse (1975) has made a study of planktonic foraminifera from the
Mediterranean region and has made a calibration of planktonic foraminiferal
versus uvigerinid zonations. The fit of the two zonations proved to be pro-
blematical between sections in Spain and those of Crete. The species bound-
ary between the third species of the U. cretensis lineage, Uvigerina lucasi
Meulenkamp and the fourth species of the same lineage, Uvigerina arquaten-
sis Papp is located in Crete within the Globorotalia margaritae Interval Zone.
In Spain U. arquatensis occurs together with Messinian planktonic assem-
blages characterized by Globorotalia dalii. Zachariasse suggested that evolu—
tion in Uvigerina might have proceeded more rapidly in Spain.

Fortuin (1974, 1977) dates his formations on eastern Crete with the aid
of Meulenkamp’s biozonation. He used the same taxonomic units. In Serra-
vallian deposits (his N. continuosa Oppel Zone) he found triserial to biserial
forms, which he considered as the ancestors of the U. cretensis lineage. For
these forms he created the new species Uvigerina praeselliana. According to
Fortuin members of the first three species of the U. melitensis lineage,
which were previously only known from Malta exist in the Serravallian de-
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posits of eastern Crete. He noticed transitienal forms between U. pappi and
U. melitensis as well as U. melitensis and U. gaulensis in his Kalamavka
Formation. In the upper part of this formation also U. felixi occurred, the
youngest species of the U. melitensis lineage. The Kalamavka Formation as
a whole is placed in the N. continuosa Zone. Fortuin gives no comment
on the differences in calibration with the planktonic zonation of the Cretan
and Maltese representatives of the U. melitensis lineage.

1.3. DEFINITION OF TERMS

1. Lithological sample: the amount of sediment taken at one level of a
stratigraphic section.

2. Population: used in a statistical sense, any set of individuals or objects
having some common observable characteristic. In our case all uvigerinids
that may possibly form uniserial chambers and do not possess a flattened
test constitute the population we are taking into consideration.

3. Assemblage: all uvigerinids that belong to the population, as they were
living at one time and place. Time in this context has a duration corre-
sponding with the thickness of the lithological sample. This concept of
the assemblage corresponds to a local representation of a suite of bio-
logical populations.

4. Sample: a subset of the population and the assemblage. A sample consists
in our work of all the specimens of uvigerinids picked from an aselect
split of the residue of one lithological sample.
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Chapter II

PROVENANCE OF THE SAMPLES

11.1. INTRODUCTION

Uvigerina specimens were studied from four Miocene and three Pliocene
sections, all located on Crete (fig. 2). In addition some samples from short
sections at a few other Cretan localities were employed. The localities are
also indicated in fig. 2.

The Miocene sections were chosen on the advice of Meulenkamp. The
Pliocene sections are key-sections in the 1.G.C.P.-project nr. 74/1/1. The
benthonic and planktonic foraminifera from the Miocene sections are being
examined by G. J. van der Zwaan. The planktonic foraminifera from the
Pliocene sections are being investigated by P. Spaak, the benthonic foramini-
fera by H. A. Jonkers.

SEA OF CRETE

Khaeretiana Ohia
.
Potamidha EXopolis *
%P Rethymndn ) ) 2
x w Iraklion a
LEVKA OR! Vrysse N XPrassa =
Apostoli FinikiaX xAg.viassios
PSILORITIS XAg.Silas  LASSITHI Ag Jlikolags

Males® X Kalamavka

o lerapetra

Gavdos >
010 20 30km.
e

LI BYAN SEA

Fig, 2 Location of the Cretan sections.

I1.2. THE SECTIONS

I1.2.1. Section Apostoli

The section (fig. 3) is located in the Western part of Crete, in the province
of Rethymnon. The section has been described by Meulenkamp (1969) and
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Fig. 3
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again by Meulenkamp (1979a). The section is in the steep side of a table
mountain. Its stratigraphic height is about 165 m. On the whole 280 lithol-
ogical samples were taken, most of them at mutual intervals of 50 cm. Of
the 280 samples 35 contained a sufficient number of Uvigerina.

The section is the type section of the Apostoli Formation of Meulenkamp
(1969).

Planktonic foraminifera from section Apostoli have been studied by
Zachariasse (1979). Although there are some problems concerning the
Globorotalia conomiozea entry level he is of the opinion that the sediments
must be placed in the Neogloboquadrina acostaensis Zone.

Lithology

The section Apostoli consists of bluish-grey, often silty clays and marls.
These overliec marine sands and conglomerates with Heterostegina, with
oysters, Pecten, and other molluscs, and with echinids (Clypeaster). The
sands are bioturbate and often contain concretions. The shallow-water,
marine sands overlie fresh water deposits, sands and conglomerates.

In the lower part of the section the clays are often silty to sandy. There
are some layers of sandstone. These sandstones consist of yellow sand,
sometimes horizontally laminated, often burrowed. The sandstones some-
times contain shell debris and/or plant remains.

The clays are strongly bioturbate. At some levels they are very rich in
molluscs, complete shells and fragments. Small solitary corals and burrows
(Serpula?) may occur.

About half way the section there is a layer of bioclastic limestone of
variable thickness. The layer may be subdivided into several thinner layers,
which all show positive gradation and have sharp, irregular lower boundary
planes. The limestone contains many remains of fossils, like Heterostegina,
algae, bryozoans, molluscs (including Pecten) and brachiopods (including
Terebratula). On top of the bioclastic limestone we observed a layer of very
sandy marls, rich in the same fauna as the bioclastic limestone. In this
layer we came across seacow-bones. It it strongly burrowed.

Higher in the section again bluish-grey clays were found, at first rather
silty, but higher up less silty. Greyish-green marls are intercalated. In this
higher part of the section there are less molluscs than in the lower part of
the section. Strongly indurated marly beds can be observed, but no sand-
stones.

The clays and marls are overlain by bioclastic limestones of approximately
40 m thick. The limestones have a sharp, very irregular contact with the
clays. The limestones contain Heterostegina, algae, molluscs (Pecten), bryo-
zoans, and echinids (Clypeaster). ’

The upper part of the section is traversed by several small faults.
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11.2.2. Section Exopolis

The section (fig. 4) is located in the Apokoronou district, Eastern Khania.
The section has been described by Meulenkamp (1969). It consists of a road-
side exposure and some gullies below, and a hillside exposure above the level
of the road. The stratigraphic height of the section is about 18 m in the
gullies, 12 m in the roadside exposure and 8 m in the hillside. We took 115
lithological samples, mainly at intervals of 25 cm. Twenty of them contained
a sufficient number of specimens of Uvigerina.

Our samples cover only the upper part of the section as described by
Meulenkamp. The lower part is no longer exposed. Meulenkamp (1969)
places the lower part of the section, bluish-grey clays, in his Apostoli Forma-
tion. The limestone on top of the laminated and homogeneous marls in the
uppermost part of the section he places at the base of his Mylopotamou For-
mation. This formation has recently been renamed Vrysses Formation, as
belonging to the Vrysses Group (Meulenkamp, 1979b).

Planktonic foraminifera have been studied by Van der Zwaan. The G.
conomiozea entry level is here also indistinct. The lower 10 m of the section
he places in the N. acostaensis Zone, the higher parts of the section in the
G. conomiozea Zone.

Lithology

The lower part of section Exopolis, below the road level, consists of
bluish-grey clays with intercalations of bioclastic limestones. The clays
overlie fresh water to shallow-marine deposits, consisting of sands, conglo-
merates and lignites (not shown in fig. 4). The clays are often silty and
contain thin laminae of shell debris. Shell debris is also seen in pockets. We
seldom met with plant remains. The clays are strongly burrowed, but slightly
laminated intervals occur. The intercalated bioclastic limestones contain
many molluscs, entire as well as fragmented, bryozoans, algae and Hetero-
stegina.

The upper part of the section, above the road level, consists of an alterna-
tion of laminated and non laminated martls. The homogeneous layers start
with bluish-grey and clayey marls. Higher in the section they become more in-
durated and grey-brown to very dark grey in colour. These beds are often
burrowed and sometimes contain molluscs. The laminated layers are very
neatly laminated and only occasionally slightly burrowed near the contact
with the homogeneous sediments. The laminated matls vary in colour from
grey to brown or even orange. They contain many plant remains, fish scales
and teeth,

The laminated — non laminated alternation is overlain by bioclastic
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limestones of approximately 5 m thickness, with a sharp, very irregular
contact. The limestones contain molluscs, algae, bryozoans and Hetero-
stegina.

I1.2.3. Section Vrysses

The section (fig. 4) is located in the Apokoronou district, Eastern Khania
and has been described by Meulenkamp (1969). The section consists of a
series of road-side exposures with several gaps, especially in the upper part.
The stratigraphic height of the section is about 85 m. The lower part of the
section was sampled at 25 cm intervals, 250 samples were taken. The upper
part of the section was sampled at 50 cm intervals. We took 72 samples. The
lower part of the section is subdivided into sections Vrysses I and Vrysses IL.
Between these two subsections there is a major not exposed interval (+
64 m). The upper part of the section is named Vrysses III. In all, 124 sam-
ples of section Vrysses contained a sufficient number of Uvigerina (Vrysses I:
33; Vrysses II: 60; Vrysses II1: 31). Meulenkamp’s section Vrysses comprises
only Vrysses I and II.

The sediments Meulenkamp (1969) placed in the Mylopotamou Forma-
tion, but recently Meulenkamp designated this section as the type section of
the Vrysses Formation of the Vrysses Group (Meulenkamp, 1979b).

Planktonic foraminifera have been studied by Van der Zwaan. G. cono-
miozea occurs throughout the section, but never in large numbers. In the
upper part of the section (sample CP 1542) he observes the shift in coiling
direction in N. acostaensis. From sample CP 1537 upwards Globigerina mul-
tiloba occurs in large numbers. The section as a whole is placed in the G.
conomiozea Zone.

Lithology

The section consists of an alternation of laminated and not laminated
marls. In the lowest few meters of the section the homogeneous marls are
bluish-grey, higher on they are greyish-brown to light yellowish-brown,
often mottled with rustcoloured or violet spots. The marls are seldom
silty. One frequently finds molluscs, whole or fragmented. In the upper
part of the section oysters occur. Especially in the middle and higher parts
of the section the top parts of the homogeneous beds are strongly indurated
or contain calcareous concretions. The laminated marls are variable in
colour, predominantly yellow to yellowish-brown, but also white, rose or
orange. They often contain siliceous sponge spicules, fish scales and/or
teeth and plant remains. Only occasionally do we meet with molluscs.
Laminated marls often pass gradually upwards into homogeneous marls and
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overlie with a sharp contact the indurated top part of a homogeneous layer.
The laminated marls are often slightly burrowed near the upper contact with
homogeneous marls. The thickness of the sequences varies greatly from
about 50 cm to approximately 3 or 4 m. In the upper part of the section
irregular layers and lenses of bioclastic limestones are intercalated. These
have sharp, very irregular boundaries with the marls. The limestones con-
tain molluscs, brachiopods, bryozoans and algae.

11.2.4. Section Khaeretiana

The section (fig. 5) is located in the Western part of Crete, province of
Khania, and is described by Freudenthal (1969). The section consists of
a series of roadside-exposures. The stratigraphic height of the section is
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about 30 m, of which + 12 m are not exposed. This section was sampled
in great detail at intervals of 25 cm, often less. Of 95 lithological samples,
24 contained a sufficient number of Uvigerina.

G. conomiozea occurs throughout the section in small numbers (Van der
Zwaan, pers. comm.). In sample CP 1245 N. acostaensis shifts its coiling
direction; from sample CP 1230 upwards G. multiloba is present in large
numbers.

The section is the type section of the Khaeretiana Formation as described
by Freudenthal (1969). This formation Meulenkamp (1979b) places in the
Vrysses Group.

Lithology

The section consists of an alternation of homogeneous and laminated
marls. The homogeneous marls are yellow to brown, often mottled with
black or violet spots. The marls are frequently burrowed and molluscs are
often observed. Occasionally plant remains, Discospirina and echinids are
met with. The marls are often indurated and contain calcareous concretions.
The laminated marls vary in colour: yellow, white, greyish-white or even
rose or orange. Plant remains are common, sometimes in large quantities.
Fish scales and/or teeth, siliceous sponge spicules and porous, diatomaceous
laminae are also frequently noted. Fairly regularly laminated marls pass
gradually into homogeneous matls, upon which another layer of laminated
matls lies with a sharp contact. The thickness of the sequences is variable,
but does not exceed 4 to 5 m. A few thin, bioclastic limestone layers con-
tain fragments of mollusc-shells and show positive gradation.

11.2.5. Review of the Miocene sections

The age relations between the Miocene sections are based on the plank-
tonic foraminiferal data (fig. 6). There may be overlaps in time between the
sections. Both in section Apostoli and in the lower part of section Exopolis
we find problematical plankton-assemblages, which have been studied by
Zachariasse (1979). In this interval there are frequent G. conomiozea-like
individuals and transitional specimens between G. conomiozea and Glo-
borotalia menardii. In the upper part of section Exopolis and in sections
Vrysses and Khaeretiana one notices G. conomiozea. It is not known,
whether a gap or an overlap in time exists between sections Exopolis and
Vrysses. An overlap in time between the sections Vrysses and Khaeretiana
is strongly indicated by the shift in coiling direction in N. acostaensis in
both sections and the presence of large numbers of G. multiloba. '
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Fig. 6 The age relation of the Miocene sections based on planktonic foraminiferal data.

I1.2.6. Section Prassa II

Section Prassa II (fig. 7) is located in the central part of Crete, province
of Iraklion. The section is named Prassa II so as to distinguish it from the
section Prassa, which has been described by Meulenkamp et al. (1978). The
section consists of four roadside exposures, the mutual superposition of
which is clear, but which are not continuously exposed. The stratigraphic
height of these four exposures is about 10 m, 18 m, 2.5 m and 40 m. On
the whole 144 lithological samples were taken, mainly at intervals of 50 cm,
but partly at distances of 10 cm. Of these 58 contained sufficient numbers
of Uvigerina.

The lowermost white, homogeneous marls are named Kourtes facies by
Meulenkamp et al. (1979a); the alternation of brown and grey clays is
named Finikia facies, and the alternation of beige marls and diatomaceous,
laminated marls is called Stavromenos facies. All three types of lithology
these authors include in the Finikia Formation.

Planktonic foraminifera have been studied by P. Spaak. Up to sample
GR 1031 no Globorotalia were found, except for Globorotalia subscitula.
From sample GR 1031 upwards Globorotalia margaritae occurs. From
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sample GR 1074 upwards he observed both G. margaritae and Globorotalia
puncticulata. A sandy layer contains hardly any keeled planktonic foramini-
fera and in the first diatomaceous marls, in sample GR 980, suddenly Glo-
borotalia bononiensis appears. This suggests the presence of a considerable
hiatus in the section, at the level of the sandy layer.
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Lithology

The lower part of the section consists of white to beige, homogeneous
marls. The marls overlie the irregular surface of marl breccias. In the marls
two irregular layers of marl breccias are intercalated. These marl breccias
contain pre-Neogene limestone and bioclastic limestones as components.
The homogeneous marls resemble the Italian Trubi marls. Higher in the
section the marls become gradually more clayey, and beige to grey in colour.
Brown layers are intercalated in the grey clays. The brown layers are clays,
often homogeneous, sometimes laminated with slight burrowing. The thick-
ness of the brown layers is variable, from 10 to 60 cm. Above the alternation
of brown and grey clays a layer of approximately 80 cm thick (samples
GR 977 to GR 979) consists of fine, yellow sand, with irregularly shaped
concretions and molluscs. On top of the sandy layer we observe an alterna-
tion of beige, homogeneous matls and laminated, white marls. The laminated
marls contain much siliceous material, diatoms and sponge spicules. The
thickness of the laminated marls varies from 10 cm to about 8 m.

I1.2.7. Section Aghios Vlassios

The section (fig. 8) is located in the central part of Crete, province of
Iraklion, and has been described by Meulenkamp et al. (1979a). We did not
use the same set of samples, but the samples from a later sampling expedi-
tion, which cover the same stratigraphic interval and a somewhat higher
interval. The section was sampled in a number of gullies. The stratigraphic
height of the section is about 50 m. We collected 123 lithological samples,
mainly at intervals of 50 cm, but partly at intervals of 25 cm. A sufficient
number of Uvigerina was contained in 51 of these samples.

In section Aghios Vlassios sediments of the Kourtes facies are overlain
by sediments of the Finikia facies, both placed within the Finikia Forma-
tion by Meulenkamp et al. (1979a).

The planktonic foraminifera have been studied by Spaak (in Meulenkamp
et al., 1979a). In the second sample of the section G. margaritae is present
already. In samples CP 2326 to 2332 G. margaritae and G. puncticulata
occur together; in samples CP 2333 to CP 2356 G. margaritae was found
alone. From sample CP 2357 upwards both G. margaritae and G. punc-
ticulata are seen together, again up to sample CP 2243. From sample CP
2243 upwards only G. puncticulata remains.

Lithology
The lower part of the section consists of the homogeneous white marls
of the Kourtes facies, which overlie a very irregular surface of marl breccias.
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This part of the section is badly weathered. Higher in the section the Kourtes
lithology changes gradually into the alternation of brown clays and grey
clays of the Finikia facies. The thickness of the brown layers is variable,
from 10 to about 70 cm.
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11.2.8. Section Finikia

The section (fig. 9) is located in the central part of Crete, province of
Iraklion. It has been described by Meulenkamp et al. (1979a). The section
is found in a number of steep gullies. The stratigraphic height of the section
is about 140 m. Lithological samples (175) were taken, mainly at intervals
of 75 ¢cm; 97 of these contained a sufficient number of Uvigerina.

The section is the type section of the Finikia Formation. The sediments
are of the Finikia and Stavromenos facies.

The planktonic foraminifera have been studied by Spaak (in Meulenkamp
et al., 1979a). In the lower part of the section, up to sample CP 2062 G.
puncticulata occurs. Sample CP 2132 is the first sample that contains G.
bononiensis.

Lithology

The lower part of the section consists of an alternation of grey and brown,
often laminated, clays of the Finikia facies. Higher in the section this
lithology changes gradually into beige-grey marls into which a few layers are
intercalated of white, diatomaceous, laminated marls. These sediments are
named Stavromenos facies by Meulenkamp et al., 1979. The thickness of the
brown clays varies from about 10 cm to about 1.75 m. The thickness of the
laminated, diatomaceous marls in this section does not exceed + 1 m.

11.2.9. Review of the Pliocene sections

The age relations between the Pliocene sections, based on planktonic fora-
miniferal data are shown in fig. 10. The relations are rather complicated, due
to the probable hiatus in section Prassa II. The lower part of section Prassa I1
is partly older than section Aghios Vlassios and partly of the same age. The
upper part of section Prassa Il is of the same age as the upper part of section
Finikia or partly younger. The sections Aghios Vlassios, as represented by
the new set of samples, and Finikia may overlap in time.

I1.3. OTHER MATERIAL

Some samples were obtained from the Eastern part of Crete, province
of Ierapetra. Because of tectonic complications in this region no long, un-
disturbed, sections are available. Thirty-six samples were obtained from sec-
tion Kalamavka, which section has been described by Fortuin (1977). Eight
of these samples contained sufficient Uvigerina, most of which are badly
preserved, however. The samples were taken at irregular intervals of some
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Fig. 10  The age relation of the Pliocene sections based on planktonic foraminiferal data.

meters (fig. 11). The sediments consist of alternating marls and calcareous
sandstones of variable thickness. The section is the type section of Fortuin’s
Kalamavka Formation. In the lower part of the section planktonic foramini-
fera are scarce and of very bad preservation. In the higher part of the section,
from sample GR 1952 upwards planktonic foraminiferal assemblages are
better. The foraminifera have been studied by Spaak. From sample GR 1952
upwards Neogloboquadrina continuosa occurs.

Fortuin kindly put at our disposal a sample from the type locality of U.
praeselliana, which is from sediments of the Prina Formation near the village
of Males (sample Fo 719). This sample contains N. continuosa.

Some samplerests of Freudenthal’s samples from the island of Gavdos
were washed. The relative stratigraphical positions of these samples are not
clear. They are situated in different short sections, which cannot be correlat-
ed owing to many faults. No drawn section of these samples can be present-
ed. All samples contain. abundant planktonic foraminiferal assemblages,
typical for the N. continuosa Zone (N. continuosa, Globoquadrina de-
hiscens). Seven of the Gavdos samples contained sufficient Uvigerina.

The Miocene sections of Apostoli, Exopolis, Vrysses and Khaeretiana are
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all located in the Western part of Crete, while the Pliocene sections are all
located in Central Crete. A study was made of some samples from the
Miocene in the central region in the province of Iraklion. They are from the
locality named Aghios Silas. Six samples were taken just below the gypsum
deposits. Three of these contained sufficient Uvigerina.

Furthermore the collections of picked specimens of Meulenkamp and
Fortuin were available, which are both stored in the Micropaleontological
Collections of the Utrecht State University. Collection Meulenkamp is stored
under the numbers CH 2175 — 2287 and T 277 — 290. Collection Fortuin
is stored under the numbers T 65, T 66 and CH 5814 — 5905. The uvigerinids
examined by Zachariasse (1975) were likewise at our disposal. These are
stored in the same collection under the numbers CH 5906 — 5926.
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I1.4. REMARKS ON THE REWORKING OF FAUNAS

In none of the sections were any indications found that faunas are rework-
ed from older sediments: no markers from older zones have been identified.
However, synsedimentary transport of faunas cannot be precluded. The
presence of bioclastic limestones with algal fragments and often positive
gradation in the sections Apostoli, Exopolis, Vrysses and Khaeretiana seems
to indicate that such a transport of material from shallower to deeper parts
of the basins did take place. In all these sections transport of foraminiferal
faunas is quite conceivable. In sections Vrysses III and Khaeretiana large
specimens of Ammonia beccarii and Elphidium crispum are present. These
probably were transported from shallower parts of the basin.

In the lowermost Pliocene deposits of section Prassa II marl breccias are
intercalated. Otherwise there are no indications for sediment-transport in the
Pliocene sections.
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Chapter [T

METHODS OF INVESTIGATION

II1.1. THE COLLECTING OF THE SPECIMENS

In our preliminary investigation the uvigerinids of individual samples turn-
ed out to have a large variation in all characteristics. For this reason we
decided to pick fairly large numbers of specimens per sample; i.e. about 50
of the specimens with at least two uniserial chambers.

The number of specimens of Uvigerina in the residues varied considerably.
The residues of the lithological samples were first scanned to make a rough
guess at how much material we would need for an aselect collection of a
sufficient number of individuals. Next splits were made with an Otto-sample
splitter to obtain the estimated amount of material.

To scan the residues a quantity of material is spread on a picking-tray.
This quantity is not an aselect part of the sample, but simply the first
material to roll out of the sample-tube. Such an amount of material is called
a strewing. Usually Uvigerina is enriched in a strewing relative to an aselect
split of a comparable quantity of material (see table 1). Large specimens of
Uvigerina tend to accumulate in the strewing on the picking-tray, whereas
small specimens tend to remain behind in the sample-tube. Only samples
containing at least ten specimens of Uvigerina in the scanned strewing were
used. If an interval proved to be of special interest, samples with fewer

Samples strewing split Samples strewing split Samples  strewing split
CP 561 24 12 CP 1505 49 35 CP 1521 36 30
CP 586 15 15 CP 1507 33 23 CP 1529 14 27
CP 613 24 20 CP 1509 36 27 CP 1530 10 9
CP 512B 17 8 CP 1510 12 8 CP 1531 16 33
CP 514 18 11 CP 1513 33 21 CP 1532 16 10
CP 530 33 23 CP 1515 36 19 CP 1536 = 26 11
CP 543 37 15 CP 1516 20 9 CP 1542 18 8
CP 547 25 20

CP 549 54 21

CP 550 23 20

CP 552 17 10

Table 1 Numbers of Uvigerina specimens in a strewing and in an aselect split of a comparable quan-
tity of a residue.
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Uvigerina-individuals were also made use of, and we made the attempt to ob-
tain a sufficient number of specimens from such an Uvigerina-poor sample.

In all, more than 27,000 specimens of Uvigerina from more than 400
samples were investigated.

Linear measurements were made by means of an ocular micrometer. All
measuring was done with a Leitz binocular microscope, ocular 16 and ob-
jective 12, with a precision of half a micrometer unit, corresponding to
5.4 u. It should be realized that measured values are given in u, though the
inaccuracy range of individual measurements may run to about 5 u.

All measured specimens were placed in Chapman-slides; they are stored in
the Micropaleontological Collections of the Utrecht State University, collec-
tion numbers CH 5927 — 6023 and CH 6069 — 6108.

I11.2. STUDY OF THE EARLY ONTOGENETIC STAGES

In order to study the early ontogenetic stages of Uvigerina a number of
specimens was dissolved step by step. The chamberwalls were dissolved one
by one, starting with the youngest chamber. To dissolve the calcareous wall
dilute HCI (¢ 5% solution) was applied to the chamberwall with a thin brush.
If the process of dissolution threatened to proceed too rapidly and/or too
violently we put a concentrated solution of NaOH (£ 40%) on the specimen.

The wall of Uvigerina, especially that of the older part of the test, appear-
ed to contain much yellowish slime, insoluble in HCI, probably organic
material. This slime, which interferes with the measurements, can be brushed
away carefully with a thin brush and abundant water.

I11.3. PARAMETERS

Counts and measurements were carried out on several features, viz. the
length and breadth of the test, the number of uniserial chambers, the ar-
rangement of the uniserial chambers and the relative length of the uniserial
part of the test, all in accordance with Meulenkamp (1969). We also counted
the number of biserial chambers. See fig. 12 for all parameters.

Length (L)
The length is the total length of the test, indicated by the symbol L.
Neither the neck nor the occasionally present apical spine were included in
the measurements of L.

Breadth (B)
The maximum breadth of the test is indicated by the symbol B and was
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measured as shown in fig. 12. The ratio of L and B was calculated for all
measured specimens and is indicated by L/B.

Fig. 12  Schematic drawings illustrating the measuring and counting of the parameters.

Length of the uniserial part of the test (u, R)
The parameter u is the maximum length of the uniserial part of the test.
u is measured as shown in fig. 12. u is not used as a separate factor, but only
for the calculation of the relative length of the uniserial part of the test.
This relative length of the uniserial part of the test is indicated by the sym-
bol R and calculated as follows: R =u/L X 100.

Number of the uniserial chambers (A)

The symbol A indicates the number of uniserial chambers. A chamber is
called uniserial when the next and the previous chamber are not in peripheral
contact with each other. Only rarely do biserial chambers occur after the
first uniserial chamber has been formed. These secondary biserial chambers
were counted as uniserial.

There is a problem in differentiating between A = 0 and A = 1. We used
Meulenkamp’s method (1969), though this method is admittedly subjective.
We draw a hypothetical line through the aperture and the initial end in such
a way that the biserial character of the last chambers will show up quite
clear. When the parts of the last chamber on both sides of the line are more
or less of equal size this chamber is regarded as uniserial. An additional aid is
found in the position of the neck. In specimens with two or more uniserial
chambers there is only rarely a shallow depression at the base of the neck,
which widens towards the lower suture. Final chambers with a marked
depression are not considered as uniserial.
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Number of biserial chambers (BI)

The symbol BI indicates the number of biserial chambers. A chamber is
called biserial when the next and the previous chamber are in contact with
each other, and the previous chamber is not in peripheral contact with the
second next chamber. Problems will arise when a specimen has no uniserial
and fewer than three biserial chambers. In such a case a chamber is called
biserial if the angle between the central lines through a chamber and the
previous one is more than 160° (estimated) in the plane at right angles to
the longer axis of the individual (as viewed from above).

Arrangement of the uniserial chambers (s2)

If uniserial chambers are arranged in a staggered superposition they are
called primitive uniserial chambers or y-chambers. The planes through the
upper and lower sutural planes make a distinct angle with each other. If
these planes are parallel to each other or nearly so the chamber is called a
fully developed or x-chamber. According to Meulenkamp (1969) the angle
between the sutural planes must be 20° or more if the chamber is to be
called an y-chamber. This angle is usually not measured, but estimated,
however.

Usually an x-chamber is followed only by other x-chambers. Occasionally
y-chambers re-occur after the first x-chamber has been formed.

The number of y-chambers relative to the total number of uniserial cham-
bers is indicated by the symbol S. S is calculated as follows: S = y/A X 100.

The S-value for specimens in the ontogenetic stage A = 2 is indicated by
the symbol s2. Likewise the S-value for specimens in the ontogenetic stage
A = 3 is called s3. The s2-value can be estimated in all specimens that have
at least two uniserial chambers.

The s2-value corresponds to a delimited ontogenetic stage of each indivi-
dual. It should be borne in mind that s2 is in fact a binary parameter. As the
first uniserial chamber is always an y-chamber, only values of 50 (one y-
chamber, one x-chamber) and 100 (two y-chambers) can occur.

For a biometrical subdivision of his lineages Meulenkamp uses mean A-
values in the more primitive parts of the lineages, when only few specimens
have at least two uniserial chambers. For the more advanced parts of the
lineages he makes use of mean s2-values. The species-boundaries for the
lineages are defined as follows (Meulenkamp, 1969; Fortuin, 1974):

34



Uvigerina cretensis lineage

U. arquatensis 52 <60

U. lucasi 60<s2<75

U. cretensis - 52> 75and A > 2.10
U. selliana 0.80<A<2.10

U. praeselliana A <0.80
Uvigerina melitensis lineage

U. felixi 52 <60

U. gaulensis 60<s2<75

U. melitensis s2> 75and A > 2.10
U. pappi 0.50<A<210

U. bononiensis compressa A <0.50

Protoconch-diameter (P)

In a few samples the diameter of the protoconch was measured, and is
indicated by the symbol P. P is the largest diameter of the protoconch in
the direction parallel to B. The walls of the protoconch are included in
the measurement, but the ornamentation is not. In most of the samples P
could be measured only after the application of a dilute solution of HCI
to the oldest part of the test, so as to dissolve the often heavy ornamenta-
tion.

When the specimens are not heavily overgrown with secondary calcite,
to distinguish between wall and ornamentation is easy. Between the costae
the wall is visible because the pores are not covered by the ornamentation.
The costae are dissolved carefully down to the level of the wall with pores.

Total number of chambers (N)

A number of specimens were dissolved chamber by chamber. Of these
specimens the total number of chambers making up the test could be count-
ed. This parameter is indicated by the symbol N, and includes triserial,
biserial and uniserial chambers.

Lithology-parameter

In some of the sections alternations of laminated and homogeneous sedi-
ments occut, or alternations of grey and brown clays. In calculations of the
correlation coefficients between the mean values of some of the parameters
and the lithology the homogeneous and grey sediments are indicated by the
value 0, laminated and brown sediments by the value 2. Weakly laminated
sediments and slightly burrowed laminated sediments are indicated by the
value 1.
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[11.4. STATISTICAL APPROACH

111.4.1. Univariate and bivariate statistics

For each of the samples mean values were calculated for each of the
parameters, together with the standard deviations (sd) and the standard
errors of the mean (sem). Histograms were drawn of the distributions of
some of the parameters for all of the samples. For eleven samples the histo-
grams are given in section IV.2. In the selecting of these samples we took
care that the extreme mean values of the parameters were represented to-
gether with intermediate values. From the respective groups of samples with
high, low and intermediate parameter mean values we chose eleven samples.

For all samples scattergrams were drawn for the parameter combinations
A-L, L-B and A-B. For the eleven samples mentioned above the scattergrams
are presented in section IV.2. For these samples we calculated the correla-
tion coefficients between the three parameter combinations. The correlation
coefficient is indicated by the symbol r and is calculated as follows:

_ =z (x; =%) {y; —¥)
VI(x-%7Z(y-7)

In this formula x; and y; are the ith values of the parameters x and y respec-
tively, and X and y are their mean values.

For each section we calculated the correlation coefficients between
various combinations of parameter mean values.

The correlation coefficients were calculated also between the rank number
of the samples and their parameter mean values. This correlation coefficient
must be interpreted with reserve in a series of data of a fixed order, as
samples in a stratigraphic succession are (Raup, 1977; Drooger, M. M. et al.,
1979). Yet the correlation coefficient is thought to give us much informa-
tion about the presence or absence of “trends”, i.e. changes in parameter
mean values along the stratigraphical column. A significant correlation coef-
ficient had better not be interpreted heedlessly as having been caused by a
sustained change due to evolutional or environmental stress. It should be
noted that rank numbers are given to the samples disregarding the possible
overlap in time of some of the sections.

For the Miocene samples and those of the Pliocene separately we cal-
culated the correlation coefficients between the parameter mean values
and the lithology parameter (possible values 0, 1, 2, see section I11.3.).
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For the continuous variables L and B a t-test was used to test the hypo-
thesis, that pairs of samples belong to statistical populations with the same
mean. It is not postulated, that the samples have also the same varjances
(Drooger, M. M. et al., 1979). In this t-test the value of t is calculated as
follows:

(x1 — %)

T seml) + (sem?)

In this formula X; and X, are the mean values of parameter x for the first
and the second sample; sem; and sem, are their standard errors of the
mean. In this test the number of degrees of freedom is approximately
equal to the lower of both N values, minus 1.

A median test was used to verify the significance of the differences in
the mean values of the binary parameter s2 (Drooger, M. M. et al., 1979).
The application of the t-test and the median test to find out the signific-
ance of differences in the mean values of A and BI proved to give the
same results, so we felt justified in using the t-test in most cases, though A
and BI are discrete variables.

To decide on the assumption that a continuous variable can be considered
to have a normal distribution we applied a goodness-of-fit test (Thomas,
1975). In this test the observed frequency distribution is compared with the
ideal normal distribution with the same mean and the same standard devia-
tion. If for the ith class in the frequency distribution the observed frequency
is f;, the expected frequency is F; and n is the number of classes, then:

X (f; — F;)* /F;
1

X

i
2 =

gl

1

The number of degrees of freedom is equal to (n — 3).

We calculated for all sections 5-points moving averages. From the samples
1 to 5 of a series of samples we computed the mean value of the 5 mean
values. Next we did the same for the value of the mean value of samples 2
to 6, and so on. In this way all minor fluctuations are smoothed out and
only more consistent changes remain.

Most of the calculations were carried out with a Canon Canola F 20 P cal-
culator. The more elaborate calculations were made on the Cyber 73/28
computer of the Academic Computer Centre Utrecht. We used the statistical
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programs of the Statistical Package for the Social Sciences, SPSS (Nie et al.,
1977).

111.4.2. Multivariate statistics

Multivariate analysis is applied to find the structure of a set of data in a
multidimensional space. We usually begin a multivariate analysis by cal-
culating the correlation matrix displaying the relationships between all the
variables. Next, we use several techniques which will reveal the information
hidden in the correlation matrix in a condensed and simplified form.

In principal component analysis we make linear combinations of the
original variables. The linear combination, which accounts for the largest
part of the variance of the data is the first principal component; the linear
combination, which is independent of the first principal component and
accounts for the largest part of the variance, which is not accounted for by
the first principal component, is the second principal component, etc. There
are as many principal components as there are variables, but if the major
part of the variance is accounted for by the first principal component we
may disregard the rest. For each specimen in the analysis we can calculate
a value, i.e. the score with respect to the principal component. This score
is a linear combination of the original variables. If the first principal compo-
nent accounts for the largest part of the variance the score on the first
principal component of a specimen is a new variable, which combines most
of the information of the original variables.

Discriminant analysis is used to examine the possibility to distinguish
between groups of specimens. We place all the specimens in the analysis in
groups. A discriminant function is a linear combination of the variables in
such a way that the centroids of the groups are as far apart as possible. The
significance of differences in the values of the discriminant function can
be tested. The specimens can be allocated to the group in which they belong
with the largest probability. This allocation of the specimens can be compar-
ed with the original grouping.

Cluster analysis can be defined as the attempt to find a natural grouping.
It is reasonable to associate the idea of natural grouping with a multimo-
dality of the multivariate distribution. Of the many possible techniques of
cluster analysis we used Wishart’s mode analysis, which method is a direct
search for the modes in the distribution.

For more information, and an explanation of these multivariate methods,
we refer to Blackith and Reyment (1971), Scott (1973), Sneath & Sokal
(1973) and Marriot (1974).
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II1.5. REPRODUCIBILITY OF THE COUNTS AND MEASUREMENTS

To gain insight into the amount of subjectivity in counts and measure-
ments some sets of specimens were counted and measured by different
people. Some sets of specimens of Meulenkamp were counted and measured
anew by us and some of our own samples were counted and measured by
colleagues in Utrecht, G. de Man and C. P. Kok. Comparison of the results of
various observations by different people can be made from the data of
tables 2 and 3.

In 1979 we counted and measured some sets of specimens for the second
time. These had been dealt with earlier in 1975 (table 4). The data obtained
at different times show no large differences. The differences between the
mean values are always less than two sem. The largest differences are observ-
ed in the s2-values.

The comparison of the results as obtained by different authors gives a
somewhat more depressing picture. The differences in mean values of L and
B are mostly acceptable, i.e. less than two sem. The largest differences are
observed between the values obtained by Meulenkamp and us. The differ-
ences are consistently in the same direction, i.e. our values are always larger,

L + sem B+ sem I_,/T3isem
Samples
Meul. Thomas Meul. Thomas Meul. Thomas
437-30 534 559+ 12 186 1933 2.88+ 0.06 2.91+ 0.06
437-27 531 544+ 9 181 185+ 3 2.94+ 0.05 2.95+ 0.05
43725 531 543+ 10 175 1812 3.04+ 0.05 3.01+0,06
437-24 540 552+ 7 188 1943 2.88+ 0,04 2.85% 0.04
43715 487 501 7 206 2132 236+ 0.03 2,35+ 0.03
437— 4 427 437+ 5 188 193+ 2 2.27+ 0.03 2.26 + 0,03
A 1 sem $2+ sem BI + sem
Samples
Meul. Thomas Meul. Thomas Thomas
437-30 3.93+0.13 3,83+ 0.14 65 74.1+ 4,7 2.31% 0.11
43727 3.49+0.13 3.53+£0.12 67 813 4.3 2.25+ 0.08
437-25 3.49 £ 0.14 3.47+ 0,15 68 88.2+ 3.7 2.21 £ 0.11
43724 2.72+ 0,15 2.59 £ 0.16 76 82,7+ 4.7 3.28+0.12

437-15 0.97 £ 0.13 0.87+0.14 93 100 (n=7) 4.10zx0.18
437— 4 0.,07% 0.05 0.21+ 0.08 — - 4,03+ 0.12

Table 2 Mean values from measurements and counts by different people. Meul.: measured or count-
ed by Meulenkamp. The mean values of BI were added, though this parameter has not been
counted by Meulenkamp, because these will be referred to in section IV 4.3,
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and they may have been caused by the use of different microscopes and
different conversion factors of micrometer units into microns. Neither are
the differences in mean values of A very large, mostly less than two sem.
The only difference larger than two sem was observed in sample 437-4, as
measured by Meulenkamp and us. This could be expected: the differentia-
tion between A = 0 and A = 1 is very subjective. In this sample there were
only a few specimens with A-values larger than 1.

The mean values of s2, however, are often more than 2 sem apart. We
score consistently higher mean s2-values than both Meulenkamp and Kok
did. The differences between our mean s2-values and those of De Man are
not consistent, though frequently more than 2 sem.

The large differences between the mean s2-values of different authors
have likely been caused by the fact that the angle between the sutural
planes is not measured, but estimated, in combination with the fact that
s2 is actually a binary parameter, which can only have one of two possible
values. A difference between an angle of 19° and an angle of 21° is only
very small, but it signifies the difference between the value 50 and the value
100 in the s2-factor. Several authors have evidently estimated an angle close
to 20° differently, which gives rise to great differences in mean s2-values. In
particular if specimens are not well preserved, and projections of the cham-
bers cannot be clearly observed, such differences in estimates will occur.

Moreover, the value of 20° for the angle between the upper and lower
sutural plane of the second uniserial chamber is somewhere near the mode
of the distribution of the angles in most samples. It is not a low value be-
tween two modes of a bimodal distribution. This is illustrated in fig. 13, a
histogram which shows the distribution of the angles between the sutural
planes of the second uniserial chamber in 25 randomly picked specimens

from sample CP 324.
15
10
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Fig. 13 Histogram of the angles between the upper and lower sutural planes of the second uniserial
chamber in 25 randomly picked specimens from sample CP 324 (section Vrysses II).

Conclusions from mean values of s2, obtained by several authors should
not be made too carelessly. The same can be said of the comparison of mean
A-values, if there are many specimens with A = 0. The differences in such
values may have been due to the subjectivity in the observations.
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L + sem B + sem $2 £ sem
Samples
De Man Thomas De Man Thomas De Man Thomas
CP 1295 461+ 10 465+ 10 216 + 4 218+ 5 75+ 3,5 76.5%35
CP 1286 604+ 10 602+ 10 234 + 4 231%3 89+ 3.2 96.6x1.9
CP 1285 600+ 14 583 15 222+ 4 222+ 4 91+3.0 89.0+3.3
CP 1217 424 + 10 426 =+ 10 149+ 2 146 £ 2 69+3.5 63.3+3.2
CP 1209 460+ 8 458+ 8 185+ 3 184 +3 76+ 3.8 92.1+238
CP 1208 461+ 9 454+ 8 174+ 3 175+ 3 7334 733233
CP 1207 411+ 7 411+ 6 150+ 2 147+ 2 84+33 735+ 3.6
CP 1203 409+ 6 407+ 6 137+ 2 136+ 2 71+ 3.5 64.5+ 3.3
CP 1201 426 + 14 409 + 12 177+ 6 174+ 5 68+34 72.0% 3.6
A+ sem + sem
Samples Samples
De Man Thomas Kok Thomas
CP 1295 1.90+ 0.13 1.74 + 0.14 GR 966 3.24+£ 012 3.21+£0.12
CP 1286 1,79+ 0.17 2,01 0.19 GR 965 3.16 £ 0.11  4.18%0.10
CP 1285 2,38 + 0.21 2,49+ 0,22 GR 964 3.20£0.12 3,19z 0.11
CP 1217 3.40x 014 3.48+0.15 GR 963 3.10+0.10 3.15+0.10
CP 1209 1.55+0.12 1.65+0.15 GR 962 3.26 0,11 3.26%0.11
CP 1208 1.70+ 0,12 1.78+ 0.14 GR 961 2,86+ 0,12 2.89+0.12
CP 1207 3.31+ 014 3.31+0.15 GR 960 3,18+ 0.09 3.18+0.09
CP 1203 3.64+ 015 3.60%0.17 GR 958 3,10+ 015 3.08+0.15
CP 1201 2.72+0.17 2,71 £ 0,17 GR 957 3.20=+ 0.11 3.20 £ 0.11
GR 956 3.04+0.12 3.07 £ 0.10
GR 955 3.72+£0.13 3,72+ 0.13
L + sem B % sem $2+ sem
Samples
Kok Thomas Kok Thomas Kok Thomas
GR 966 525+ 10 538+ 8 186+ 2 1902 60+29 732+34
GR 965 507 £ 10 521+ 7 182+ 2 186 2 68+ 3.4 80.0%x3.3
GR 964 507+ 10 522+ 9 186+ 2 1892 69 £ 3.5 77.4+ 3.5
GR 963 510+ 10 515 7 178« 2 1822 65+33 71.7+34
GR 962 518 £ 10 528+ 8 176 = 2 180+ 2 77+ 3.6 85.6%3.2
GR 961 530% 12 544 £ 11 194+ 3 199+ 2 77+3.6 86.0%3.2
GR 960 525+ 8 534+ 8 179+ 2 183+ 2 76+ 3.6 843%3.2
GR 958 495+ 12 503+ 11 165+ 3 171 %3 78+ 3.5 83.0x35
GR 957 495+ 10 502+ 9 168+ 3 167+ 2 63+3.1 80.2+34
GR 956 500+ 8 504+ 9 163+ 3 168+ 2 7436 809+33
GR 955 536+ 8 543+ 7 165+ 2 168+ 2 77 3.5 80.0%3.2

Table 3 Mean values from measurements and counts by different people.
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L + sem B+ sem
Samples
1975 1979 1975 1979
CP 344 408z 5 405 6 144+ 2 145+ 2
CP 324 482+ 16 485+ 18 1997 200+ 8
CP 287 549+ 18 550+ 20 231+38 2319
CP 278 606 + 15 602+ 14 258+ 4 255+ 5
CP 270 497 = 20 497 £ 19 203 +8 2079
CP 211 438+ 8 436+ 7 162+ 2 161+ 2
At sem $2 £ sem
Samples
1975 1979 1975 1979
CP 344 3.87+£0.12 3.85% 0.11 56.0+ 2.0 54,0+ 2.6
CP 324 233+0,18 230£0.16 71.4+36 67.5% 3.8
CP 287 217+ 0.16 214+0.15 75,041 74.6 = 3.8
CP 278 1.88+0,14 1.92%0.15 88.2+3.0 90.0 2.7
CP 270 2.53 £ 0.14 2.60+ 0,11 65.9+ 3.4 67.9+ 4,0
CP 211 2,73 £ 0,15 2,70 0.16 85.0£ 2.0 87.2+3.1

Table 4 Mean values from measurements and counts by the author at different moments.

II1.6. STUDY OF LIGHT STABLE ISOTOPES

An analysis of the stable isotopes of carbon (}3C) and oxygen (}50) was

made on 47 samples.

The specimens of Uvigerina were crushed and heated at a temperature of
470°C for 30 minutes in a helium flow to destroy the organic matter.
Uvigerinids proved to contain a relatively high percentage of organic matter.
Next the carbonate was treated with 100% H,; PO, under vacuum at a
temperature of 25.0°C for four hours to extract the CO,. The CO, -gas was
passed through a trap placed in melting aceton at a temperature of —96°C
to remove the water. The gas was collected in a liquid nitrogen-cooled trap
at —196°C. The analysis of the samples was made with a Micromass 602C
mass spectrometer. All analyzed samples contained at least several hundreds
of specimens. They weighed from 1.5 to 40 mgr. As many individuals of
Uvigerina were needed to make a reliable analysis, only samples with abun-
dant Uvigerina could be used in the isotope analyses.

The results of the measurements are given in & -values, in promille relative
to PDB (a belemnite from the PeeDee Formation, used as a standard). Delta
is equal to the isotope quotient in the sample, divided by the isotope quo-
tient in the standard, minus 1 and multiplied by 10°. The isotope quotient
is13C/*2Cort80/t60.

The analyses yielded very reliable and reproducible results. The repro-
ducibility of the values for oxygen and carbon isotopes is about 0.03%..

All isotope measurements have been carried out by Van der Zwaan.
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Chapter IV

RESULTS OF COUNTS AND MEASUREMENTS

IV.l. MEAN VALUES OF THE SAMPLES

Figures 14 and 15 contain the mean values of the parameters that were
assumed to be the most relevant to illustrate the changes in the morphology
in Uvigerina. The Miocene values are shown in fig. 14, the Pliocene values
in fig. 15. The values of the samples from section Prassa are given in two
parts, above and below the hiatus. The vertical lines in the mean A and mean
s2 graphs represent the biometrical species boundary as have been defined
by Meulenkamp (1969) and Fortuin (1974). The average range of the
standard errors of the mean is indicated above each column. The samples
are placed at equal distances, though the real distances between the samples
are not equal because not all sections were sampled with the same interval
between the lithological samples, and not all samples contained a sufficient
amount of Uvigerina. For the real distances between the lithological samples
see figs. 2 to 9 in chapter IL

In the graphs the groups of mean values representing the sections are plac-
ed above each other. This superposition in the figures is not meant to suggest
a precise succession in time. There may be overlaps in time between some
sections (see figs. 6 and 10, chapter 1I). Datum levels are indicated next to
the graphs.

The mean values of the mean values per section are given in tabel 5, to-
gether with their standard errors of the mean. These data are also shown in
fig. 16.

Figure 17 shows histograms of the frequency distributions of some mean
values for all of the sections.

In table 6 the correlation coefficients are tabulated for some combinations
of parameter mean values for all sections. Table 7 demonstrates the correla-
tion coefficients between the rank numbers of the samples and the para-
meter mean values for all sections separately. In table 8 the correlation coef-
ficients are tabulated between the parameter mean values and the sample
rank numbers for all Miocene samples and for all Pliocene samples separately.
The possible overlap in time between some of the sections is neglected in the
assignment of rank numbers to the samples.

Table 9 shows the correlation coefficients between the lithology para-
meter and the mean values of some parameters for all Miocene values to-
gether, as well as for all Pliocene values.
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Sections L+ sem B + sem A * sem BI + sem s2 * sem
Prassa 483+ 3 153+ 2 3.49+£0.04 1.93+£0.03 59.2+0.8
Finikia 473+ 3 177+ 4 2.74+0.04 239+0.02 74.6%1.0
Ag. Vlassios 521+ 4 202+ 3 2,66 +0.05 246+ 0,02 82.9%0.7
Prassa 489+ 4 167+ 3 3.03+£0.03 2.16 + 0,02 81.9+0.8
Khaeretiana 475 + 15 188+ 8 2.59+ 0,19 2,63+ 0,08 76.6+24
Vrysses III 510+ 16 213+ 7 2.47 £ 0.14 2.40 + 0.06 80.3 ¢ 2.6
Vrysses [T 540+ 8 226+ 3 2,22+ 0.06 2.42+0.04 813zx13
Vrysses [ 542+ 9 220+ 4 2.2120.06 2.43%0.04 89.4%0.7
Exopolis 512+ 11 213+ 6 2.05% 0,10 2,42+ 0,07 88.1 1.7
Apostoli 454+ 6 198+ 5 1.99+ 0.14  2.48+ 0.05 84,4+ 2.1
Table 5 Mean values of the mean values per section.
Sections A-s2 Bs2 s2—s3 A-B n
Prassa —0.42 +0.06 +0.74 —0.49 14
Finikia —0.79 +0.82 +0.95 —0.78 96
Ag. Vlassios —0.04 +0.35 +0.81 —0.63 51
Prassa —0.18 -0.21 +0.92 +0.29 44
Khaeretiana ~ —0.80 +0.77 +0.97 —0.75 24
Vrysses I11 —0.87 +0.88 +0.96 —0.76 31
Vrysses II —0.72 +0.85 +0.94 —0.78 60
Vrysses | —0.17 +0.49 +0.77 —0.62 33
Exopolis —0.67 +0.65 +0.94 —0.85 20
Apostoli —0.94 +0.93 +0.76 —0.95 35
Sections AL L—s2 1B A—BI n
Prassa +0.48 +0.21 —0.02 —0.03 14
Finikia -0.13 +0.46 +0.71 —0.80 96
Ag. Vlassios +0.04 +0.48 +0.67 —0.46 51
Prassa +0.64 +0.17 +0.87 +10 44
Khaeretiana —0.45 +0.69 +0.87 —0.89 24
Vrysses 111 -0.57 +0.43 +0.95 —0.62 31
Vrysses 11 —0.53 +0.79 +0.92 —0.56 60
Vrysses I —-0.18 +0.56 +0.82 —0.35 33
Exopolis —0.54 +0.64 +0.82 —0.81 20
Apostoli —0.70 +0.70 +0.83 —0.63 35

Table 6
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Sections A BI s2 n

Prassa +0.51 +0.73 +0.16 14
Finikia +0.68 —0.70 —0.81 96
Ag. Vlassios —0.82 +0.42 +0.15 51
Prassa +0.34 +0.44 —0.43 44
Khaeretiana —0.08 +0.17 +0.19 24
Vrysses 111 —0.20 +0.44 +0.22 31
Vrysses 11 +0.21 +0.13 —0.10 60
Vrysses I —0.47 +0.10 +0.26 33
Exopolis +0.28 —0.45 —0.23 20
Apostoli —-0.44 +0.45 +0.54 35
Sections L B L/B n

Prassa +0.32 —0.84 +0.84 14
Finikia —0.60 —0.87 +0.80 96
Ag. Vlassios —0.03 +0.64 —0.87 51
Prassa +0.31 +0.30 -0.17 44
Khaeretiana +0.55 +0.46 —0.19 24
Vrysses 11 +0.65 +0.55 +0.04 31
Vrysses 11 —0.15 —0.25 +0.10 60
Vrysses I —0.18 +0.42 -0.50 33
Exopolis +0.21 —0.06 +0.25 20
Apostoli +0.39 +0.50 —0.46 35

Table 7 Correlation coefficients between sample rank-numbers and mean parameter values.
bold r > 1y g4,
italics 1 2 1 o456
n is the number of samples

A BI 52 L B n
Pliocene +0.14 —0.08 —0.70 —0.39 —0.27 205
Miocene +0.24 +0.10 -0.26 +0.11 —0.02 203

Table 8 Correlation coefficients between mean values and the sample rank-numbers for all Miocene
samples and for all Pliocene samples.
boldr =1, oo
italics T > 1y o,
n is the number of samples

L B A 52 BI n
Pliocene —0.04 —0.03 —0.01 +0.06 +0,11 205
Miocene +0.21 +0.19 —0.18 +0.22 +0.22 203

Table 9 Correlation coefficients of the mean values and the lithology (0 = homogeneous, 1 = weakly
laminated, 2 = laminated). A positive value of r signifies high mean values in laminated
sediments, a negative value of r signifies low mean values in laminated sediments.
boldr > 1y g4

italics t 2 1, g,
n is the number of samples



Evidently the existence of a directional, rather smooth trend in time is
out of the question for all parameters. All parameters, including the s2 fac-
tor, which has been reported to “show a decrease without modal fluctua-
tions of any importance” (Meulenkamp, 1969, p. 122) show a succession of
small steps with large random fluctuations in all sections. Not only is it
clearly impossible to place “scattered samples from small sections in the
biostratigraphical succession” (Fortuin, 1974, p. 40), but it would be quite
difficult to place even fairly long successions of samples in their proper place
in the biostratigraphical sequence.

Even the mean values per section (fig. 16) show no evident sustained
changes. The mean A value per section increases steadily in the Miocene up
to the Lower Pliocene, but shows a decrease in the sections Ag. Vlassios and
Finikia, only to increase again in the upper part of section Prassa.

The mean s2 value per section increases at first in the Miocene, shows a
decrease in the higher Miocene sections, increases again in the lower part of
section Prassa and in section Ag. Vlassios, and finally decreases strongly in
the sections Finikia and in the upper part of section Prassa.

The mean values of the mean values of L and B per section show a fluc-
tuating pattern resembling the pattern of the mean s2 values, that is, at first
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Fig. 16  The mean values of the mean values of L, B, A, BI and s2 per section,
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an increase in the Miocene, followed by a decrease;in the Lower Pliocene
again an increase, which in the mean values of L and B occurs somewhat
higher in the stratigraphical column than the increase in the mean s2 values
(in section Ag. Vlassios). In the Pliocene section Finikia and in the upper
part of section Prassa the mean values per section of L and B decrease again.

The mean values per section of BI display a slight increase in the Miocene.
The lowest Pliocene section has a lower mean BI value than the highest
Miocene section. We observe an increase in the mean BI value in the Pliocene
in the sections Ag. Vlassios and Finikia, and a decrease in the upper part of
section Prassa.

The histograms of fig. 17 show no consistently shifting arrangement from
the oldest to the youngest section, not for any of the parameters. If one
considers the seemingly random fluctuations per section it is remarkable that
the distributions of the means per section sometimes largely deviate from a
normal distribution, particularly as regards the parameters B and s2 in the
sections Apostoli, Exopolis, Vrysses II, Vrysses III, Khaeretiana and Finikia.
Table 7 clearly shows that the correlation coefficients between the rank
sample numbers and the mean values give no consistent picture for any
parameter, in any of the sections. For all parameters both positive and nega-
tive values of r occur. Both significant increases and significant decreases are
present in the succession of the mean values of all parameters.

If we consider the correlation coefficients between the sample rank num-
bers and the parameter mean values for all Miocene samples we see that the
mean value of A increases 31gn1ﬁcantly, whereas the mean value of s2 de-
creases significantly. These are the trends we expected to find. The other
parameter mean values display no significant changes. Evidently one will
have to consider a huge amount of samples to be able to show the presence
of the expected trends, which are often (table 7) absent or even reversed in
single sections.

In the Pliocene the correlation coefficients are significant for the mean
values of s2, L and B, which all display a significant decrease. The decrease
in the mean values of s2 is as expected; the mean values of A are not sig-
nificantly correlated with the rank numbers of the samples.

Although the mean values of s2 show a significant decrease in both the
Miocene and in the Pliocene the Lower Pliocene parameter mean values
are not situated on the extrapolation of the Miocene trend, but are much
higher.

Summarizing we may state that the expected trends can be demonstrated
to exist only in a very general way. The fluctuations against the direction
of the trends are comparatively enormous. Even a succession of as many as
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50 samples (section Ag. Vlassios) shows a significant decrease in the mean
values of A.

Table 6 and figs. 14 and 15 clearly indicate that most of the parameters
pairwise show consistent significant correlations in many of the sections,
even if the correlation does not seem to make sense considering the construc-
tion scheme of the uvigerinid test. For example, it seems reasonable to ex-
pect a positive correlation between mean A and mean L values. More often,
however, a negative correlation is found. A correlation between mean L or
B and the mean s2 value is not expected but does often occur.

There is a correlation between (almost) all the pairs of parameters in the
sections Apostoli, Exopolis, Vrysses II and III, Khaeretiana and Finikia,
i.e. the sections in which the distributions of the mean values of some para-
meters deviate largely from a normal distribution, as mentioned above.

The correlation of almost all pairs of mean parameter values gives a
consistent picture. If there is a correlation it is always positive or always
negative. The one exception to this rule is the correlation of mean A and
mean L which is significantly positive in the lower part of section Prassa,
but negative in all other sections where this correlation is significant.

The presence of many significant correlations between different pairs
of mean parameter values means that samples that are extreme in one
parameter are also extreme in other parameters. Likewise, “normal” samples
are normal in all parameters. Extreme samples in opposite directions are
different in all measured characteristics; i.e. they do not resemble each other
at all. '

Significant values of the correlation coefficients between lithology and
mean parameter values have been found only in the Miocene, where all mean
values, for which this correlation coefficient has been calculated, are signific-
antly correlated with the lithological types. In laminated sediments L, B, BI
and s2 have larger mean values and A has smaller mean values that in homo-
geneous sediments.

IV.2. THE DISTRIBUTION OF THE PARAMETER VALUES IN THE SAMPLES

The mean values of the successive samples display a pattern of large fluc-
tuations superimposed on weak trends. This pattern does not suggest a clear-
cut relation between the morphological changes in Uvigerina and time or
sediment type. Only in the Miocene do some relations with the lithology
seem to exist. The distributions of the parameter values within the samples
appear to give more information.
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The distributions were studied in all samples; the data are presented for
only eleven. These samples were selected in such a way that high, low and
intermediate mean values of the parameters are represented. As all para-
meters are either positively or negatively correlated with each other samples
with an extreme mean value for one parameter have also extreme mean
values of the other parameters.

The histograms for some parameters of the eleven Miocene and Pliocene
samples are given in figs. 18 and 19. Table 10 tabulates the mean values
and the standard errors of the mean of these samples. The distributions of
the continuous variable B and sometimes also of L deviate strongly from a
normal distribution for some of the samples (CP 2173, CP 2071, CP 324,
CP 287, CP 270). A goodness-of-fit test was applied to the B-distributions of
all eleven samples. We did not test the L-distributions. The results are given
in table 11. All five samples enumerated above may indeed be considered
to be not normally distributed as to B. The other samples do not deviate
significantly from normality. In the histograms the non normal samples
show a bimodal distribution of B. Most of the other samples have one mode
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Fig. 18 Histograms of L, B, A, BT and s2 for five selected Pliocene samples. The lower line in the
s2-histograms shows the number of specimens with A > 2,

52



corresponding in position with one or the other mode in the bimodal samples.

This seems to suggest the presence of two different groups of Uvigerina,
one with small and the other with large values of B, or thin and thick Uviger-
ina. From the shape of the histograms it is evident that intermediate types
do occur.

If we look at the shape of the chambers of the uvigerinids two different
types can be observed also, one with scarcely depressed sutures, the other
with bloated chambers. It should be noted that intermediate types are met
with (fig. 20), but in most samples these are rare. Specimens like a and b in
fig. 20, and like e and f constitute the major part of most samples. Speci-
mens like ¢ and d are found only in minor numbers in most of the samples.
Some, however, as for instance CP 211 and GR 1017 consist predominantly
of such specimens.
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Fig. 19 Histograms of L, B, A, BI and s2 for six selected Miocene samples. The lower line in the s2-
histograms shows the number of specimens with A > 2.
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Samples L+ sem B+ sem At sem n

CP 2173 506=% 7 182+ 5 2.79 £ 0.14 57
CP 2130 452+11 150+ 2 293+ 012 56
CP 2071 498z 11 157 4 3.08 £ 0.15 49
CP 2030 514+ 9 215+ 3 218+ 0,13 66
GR1017 454 9 146 £ 2 292+ 013 52
CP 344 408+ 5 144+ 2 3.87+ 012 53
CP 324 482z 16 199+ 7 2.33+0.18 66
CP 287 549+18 231+ 8 217016 54
CP 278 606t 15 258 = 4 1.88+0.14 78
CP 270 49720 203+ 38 2,53+ 0.14 53
CP 211 438+ 8 162+ 2 273+ 015 60
Samples  BI £ sem s2 £ sem L/B £ sem n

CP 2173 235+0.12 63.9: 3.7 2.88+ 0,08 57
CP 2130 2.21% 0,10 704+ 3.4 3.01+ 0,06 56
CP 2071 236+ 0.13 76.6 £ 3.7 326012 49
CP 2030 2.77+0.11 86.0x 3.2 2,40+ 0.04 66
GR1017 1.87+0.12 75.5+ 3.6 3.13 £ 0.06 52

CP 344 2.09+0.11 56.0% 2.0 2.84+ 0.04 53
CP 324 250+0.16 71.4+3.6 247+ 0.05 66
CP 287 2.32+0.16 75.0% 4.1 241+ 0.04 54
CP 278 2.43+0.14 88.2:3.0 234+ 0.04 78
CP 270 2.60+0.14 65934 246+ 0.05 53
CP 211 2.09+0.13 85.0% 2,0 2,71+ 0,05 60

Table 10 Mean values and standard errors of the mean for eleven selected samples.
n is the number of specimens in the sample. The number of specimens with 2 or more
uniserial chambers is about 50.

The group of thin uvigerinids which can be recognized in the histograms
proved to be about identical with the group with scarcely depressed sutures;
the group of thick specimens with that with bloated chambers. The speci-
mens intermediate in inflatedness of the chambers are often close to the
thin group in value of B, but sometimes intermediate between the thin and
the thick. Some samples contain the thin group, the intermediate group, or
the thick group exclusively, other samples contain a mixture of both ex-
treme groups with some intermediate specimens.

We tried to separate the specimens of the extreme groups. Intermediates
play a role for calculations if they are the predominant element in the
samples. The criterion of separating, admittedly subjective, is the degree
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gS

(f—Fy? (f—Fy* fi —Fy)*
CP 2173 GR 1017 CP 278
< 146.25 16 9.69 4.11 < 133.75 13 15.08 0.29 < 193.75 5 4.00 0.25
146.25 — 172,50 13 15.96 0.55 133.75 —147.50 26 22.36 0.59 193.75 — 232,50 17 21.60 0.98
172.50—-198.75 12 17.10 1.52 147.50 - 161.50 11 11.96 0.08 232.50 — 271.50 40 35.20 0.65
>198.75 16 14.25 0.21 > 161.50 2 2.60 0.14 >271.50 18 19.20 0.08
x? = 6.39 x? = 1.10 x2= 1.96
CP 2130 CP 344 CP 270
< 131.25 7 7.84 0.09 < 131 18 12.08 2.90 < 151 19 11.60 4.73
131.25 — 142,506 18 17.92 0.00 131 — 141 17 19.27 0.29 151 —.201 11 16.94 2.08
142,50 — 153.75 18 19.04 0.06 141 — 151 11 14.69 0.93 201 — 251 10 15.88 2.18
>153.75 13 11.20 0.29 > 151 7 6.97 0.00+ > 251 13 8.82 1.99+
x* = 0.44 x? = 4.2 x? =10.98
CP 2071 CP 324 CP 211
< 146.25 30 21.56 3.30 <164 31 20.96 4.81 < 138.75 5 9.00 1.78
146.25 — 172,50 6 15.68 6.64 164 — 204 8 18.90 6.35 138.75 — 162,50 35 29.40 1.07
172.50 — 198.75 9 9.31 0.01 204 — 249 15 17.09 0.26 162.50 —186.25 17 19.20 0.25
> 198.75 4 2.45 0.98+ > 249 12 8.95 1.04+ > 186.25 3 2.40 0.14+
x* =10.98 x? =12.46 x* = 3.25
CP 2030 CP 287
<181 11 8.58 0.68 <172 17 10.80 3.56
181 - 206 20 22.44 0.27 172 — 235 11 20.52 4,42 P, Py
206 —231 27 24.42 027 235 —298 19 17.28 0.14 2 502 664
> 231 8 10.56 0.62+ > 298 7 5.40 0.47 The number of degrees of
x?= 1.84 xt = 8.45 freedom is equal to 1

Table 11 x?-values for parameter B for the eleven selected samples of table 10.



of inflatedness of the chambers. The thick type (e and f in fig. 20) has
bloated chambers, whereas in the thin type (a and b in fig. 20) the sutures
are scarcely depressed. The thick specimens are thick-set and possess usually
only a few uniserial chambers. Values of A =4 or even A = 5 are found with-
in this group, but very rarely; values of A =2 and A = 3 are normal. The
uniserial chambers are often arranged in a staggered series. The biserial part
of the test is frequently twisted. In the literature these specimens are called
“primitive”. The thin specimens are small and slender and the chambers are
not inflated. They usually possess from three to five uniserial chambers,
which are arranged regularly. Thin uvigerinids are called “‘advanced” or
“highly evolved” in the literature. The intermediate specimens (c and d in
fig. 20) have a fairly slender test and slightly inflated chambers. They usually
possess 2 to 4 uniserial chambers.

[o} 100 1

—_—

Fig. 20  Schematical drawings of some specimens from sample CP 324 (section VryssesII) illustrating
the inflatedness of the chambers,

It should be realized that up to the splitting of the uvigerinids into two (or
three) groups reproducible procedures were made use of. We made aselect
splits and the calculation of the means is an objective procedure. The de-
monstration that the distributions of the breadth is in some samples not a
normal distribution is likewise wholly reproducible. But the splitting of the
uvigerinids into groups, which separately we hopefully imagine to be homo-
geneous, is entirely subjective, as subjective in fact as a species determination
by way of the resemblance of specimens to a figured holotype. We had to
make the choice, however; it would have been absurd to use mean values as
a centre-value for samples that clearly display a bimodal distribution, and to
use statistical tests designed for samples with a normal distribution is like-
wise absurd.
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In the calculation of the mean values for the extreme separate groups
in the samples the small numbers of intermediate specimens were excluded.
It should be realized that this exclusion will make the differences between
the mean values of the groups apparently greater than they really are. How-
ever, samples with only thin uvigerinids or only thick ones do not show
mean values that differ much from those of the groups obtained from
samples with both groups after splitting. Probably the above mentioned
effect of enlargement of the differences between the groups is negligeable.

We are well aware that the elaborate techniques described in section IV.6.,
implying the use of a computer, are no good at all if the separation into
two groups might ever turn out to be spurious. In this respect it must be
emphasized that there is a fair danger, once we consider the regular presence
of the intermediate specimens throughout the Miocene and part of the
Pliocene.

In the majority of the samples it appeared to be possible to separate both
groups of Uvigerina. In the Miocene only a few specimens per sample proved
to be intermediate. In a few Miocene samples (for instance sample CP 211 of
which histograms are given in fig. 19) it was not possible to make this
distinction. These samples contain homogeneous groups of specimens inter-
mediate between thick and thin uvigerinids. No attempt was made to split
these samples artificially into two groups, though some specimens might
have been earmarked as either thick or thin.

In the Pliocene the situation presented more difficulties. In the lowest
Pliocene more than 40 samples have characteristics intermediate between
the thick and the thin type. These samples were all labelled intermediate.
Higher in the Pliocene the two types are again easily distinguishable. Samples
which contain about equal numbers of thick and thin specimens are quite
common in the Miocene, but rare in the Pliocene.

More information about the mean values of the separate groups is given
in section IV.3.

For the eleven samples for which histograms were given (figs. 18, 19)
mean values were calculated for the separate groups (table 12). Scatter-
grams of all samples were made for the combinations of the parameters A
and L, A and B, and L and B. For the eleven samples mentioned above these
scattergrams are given in figs. 21—23. The correlation coefficients for these
parameter combinations were calculated and are shown in table 13.

In the scattergrams the thick type and the thin type plot fairly well in
separate clusters for the combinations L-B and A-B, but in most cases not
so for the combination A-L. B evidently is the main discriminating para-
meter.
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B + sem

L+ sem

Samples  thick interm, thin thick interm. thin
CP 2173 507 % 10(29) - (2 505+ 11 (26) 213+ 4 147+ 2
CP 2130 452 + 11 (56) 150 % 2
CP 2071 482+ 16 (18) - (1 511+ 15(30) 1925 136+ 1
CP 2030 514+ 9(66) 215% 3
GR1017 454 + 9 (52) 146 £ 2
CP 344 408+ 5(53) 144+ 2
CP 324 540t 21 (40) — {1 395+ 8(25) 229+ 8 142 % 2
CP 287 614+18(37) 410+ 8(17) 264+ 6 156 + 3
CP 278 606+ 15(78) 258 + 4
CP 270 569+ 26(28) 397 + 8(23) 242+ 9 146 + 2
CP 211 438 £ 8 (60) 162+ 2

L/B t sem At sem
Samples  thick interm. thin thick interm. thin
CP 2173 239t 0.06 3.42 £ 0.07 2.26 = 0.20 3.41+0.12
CP 2130 3.01+ 0.06 2.93+0.10
CP 2071 2.50% 0.07 3.76 £ 0.11 2.61 £ 0.20 3.38% 0.19
CP 2030 2.40z 0.03 2.18+0.13
GR1017 3,13+ 0.06 2,92+ 0.13
CP 344 ) 2.84+ 0.04 3.87+0.12
CP 324 2.29+0.05 2,79 % 0.06 1.55+ 0.19 3.60+0.18
CP 287 2.32:0.04 2,65+ 0.09 1.76 £ 0.18 3.20+0.18
CP 278 234+ 0.05 1.88£0.14
CP 270 234+ 0.06 2.73 £ 0.07 2.06 £ 0.17 3.32+0.17
CcP 211 2,71 % 0.05 2.73£0.135

BI £ sem s2 + sem

Samples  thick interm. thin thick interm, thin
CP 2173 2.58+ 0.14 2,08+ 0.08 75.0 5.2 (24) 54,1 + 4,4 (26)
CP 2130 2.21+0.10 70.4 + 3.4 (54)
CP 2071  2.58 % 0.16 2.24 +0.09 - (8 60.2 + 5.6 (26)
CP 2030 2.77%0.11 86.0% 3.2 (50)
GR1017 1.87% 0.12 75.5 % 3.6 (49)
CP 344 2.09 + 0,11 56.0 + 2,0 (53)
CP 324 2.80%0.19 2,04+ 012 91,3 £ 4,0 (26) 52.0 £ 2,0 (21)
CP 287 242:0.17 2,002 0,14 88,6+ 4.6(20) 56.7 £ 4.5 (15)
CP 278 2.43:0.14 88.2 % 3.0 (51)
CP 270 2.84:0.14 2.28+0.19 84,0+ 5.1(25) 50.0 (19)
CP 211 2,09 0.13 85.0 £ 2.0(53)

Table 12 Mean values and standard errors of the mean for the separate groups in the eleven selected
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The significant, negative correlations within the samples between L and A
and between B and A are evidently due to the mixing of the two types of
Uvigerina because the significance disappears within the homogeneous
groups. A significant positive correlation between L and B neatly always
occurs within the thick group, and only rarely within the thin group. Of the
two intermediate samples one displays this correlation, the other does not. A
significant positive correlation between L and A is always found in the thin
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Fig. 21 Scattergrams of A versus B for eleven selected samples from the Miocene and Pliocene.
Triangles represent thin type specimens, dots thick type specimens and crosses intermediate
ones.
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Fig. 22a Scattergrams of A versus L for six selected samples from the Miocene. Triangles: thin type;

dots: thick type; crosses: intermediate type.

and intermediate groups, but not often within the thick group. A significant
correlation between A and B is never met with in the homogeneous groups

of all types.

The correlation coefficients within the samples were calculated for only
the eleven samples. Scattergrams, however, were drawn for all samples, and
these strongly suggest that the correlations as described above for the eleven
samples may be considered representative for all samples.
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IV.3. MEAN VALUES OF THE SAMPLES FOR THE SEPARATE GROUPS

IV.3.1. In general

The mean values and the standard errors of the mean were calculated for
the separate morphotype groups (thick, thin, and intermediate) of Uvigerina
for all the samples. The succession of these mean values is given in figs. 24
and 25 for the Miocene and Pliocene, respectively. The samples are placed
at equal distances.
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A comparison with figs. 14 and 15, in which the mean values of the
samples are given irrespective of the homogeneity of the samples clearly
shows that the largest fluctuations in the mean values have disappeared; they
were the result of the alternation of samples, that contain predominantly
thick individuals with samples that consist mainly of thin specimens. But
obviously not all fluctuations can be accounted for by mixing of different
morphotypes; large fluctuations, significant at a probability level of 2.5% are
also observed in the succession of the mean values of each of the groups. The
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Correlation L-B

Samples  thick interm. thin mixed
CP 2173  +0.28 (29) +0.40 (26)  +0.26 (57)
CP 2130 +0.55 (56)
CP2071  +0.62 (18) +0.13(30)  —0.00 (48)
CP 2030 +0.48 (66)
GR1017 +0.42 (52)
CP 344 +0.28 (53)
CP 324  +0.88 (40) +0.36 (25) +0.87 (66)
CP 287 +0.80 (37) —0.30(17)  +0.89 (54)
CP 278  +0.70(78)
CP 270  +0.84 (28) +0.17(23)  +0.88 (53)
CP 211 +0.35 (60)
Correlation L-A
Samples  thick interm. thin mixed
CP 2173  +0.11 +0.73 +0.22
CP 2130 +0.68 .
CP 2071 +0.32 +0.78 +0.67
CP 2030 +0.50
GR1017 +0.66
CP 344 +0.61
CP 324 +0.11 +0.67 —0.26
CP 287 +0.01 +0.69 —0.31
CP 278 +0.55
CP 270 +0.11 +0.53 —0.19
CcP 211 +0.62
Correlation A-B
Samples  thick interm. thin mixed
CP 2173 —0.35 +0.04 —0.61
CP 2130 +0.14
CP 2071 —0.17 +0.09 —0.34
CP 2030 —0.17
GR1017 —0.21
CP 344 —0.03
CP 324 -0.24 —0.10 —0.63
CP 287 —0.31 —-0.44 —0.60
CP 278  +0.02
Cp 270 —0.09 —0.28 —0.50
CP 211 —0.28

Table 13 Correlation coefficients within the selected samples.
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Thick

Sections A BI s2 s3 L B L_/B_ n
Prassa - - - — - - - -
Finikia —-0,07 —-0.07 —-0.38 —0.28 —0.52 —-0.42 -0.04 51
Ag. Vlassios —-0.83 -0.02 -0.30 —0.12 —0.68 +0.06 —0.89 36
Prassa - — - - - - - -
Khaeretiana -0.34 +0.01 —-0.01 +0.14 +0.56 +0.46 —0.17 11
Vrysses I11 —0.16 +0.55 +0.24 +0.40 +0.56 +0.40 +0.32 24
Vrysses I1 —0.04 +0.26 +0.16 —0.02 —0.15 -0.28 +0.08 57
Vrysses I —-0.47 —-0.02 +0.19 +0.22 +0.15 +0.42 -0.50 30
Exopolis +0.35 —0.55 -0.38 +0.01 +0.27 +0.00 +0.29 19
Apostoli ~0.53 +0.29 +0.31 +0.18 +0.27 +0.29 -—0.04 31
Thin _ o N . - _ o
Sections A BI 52 s3 L B L/B n
Prassa +0.22  +0.77 +0.45 +0.47 +0.32 —0.73 +0.70 14
Finikia +0.02 —0.25 -0.45 -0.48 -—0.02 +0.40 —0.17 47
Ag. Vlassios — — — — — — - =
Prassa — — — — — — - -
Khaeretiana +0.14 +~0.13 —-0.24 —-0.25 +0.45 +0.65 —-0.20 16
Vrysses 111 +0.46 —0.36 —0.17 —0.02 +0.79 +0.75 +0.08 16
VryssesII - +0.46 —0.08 +0.20 —0.04 +0.32 +0.04 +0.24 25
Vrysses I — — — — — — - -
Exopolis —0.93 +0.31 —-0.39 -—-0.36 +0.77 +0.98 -0.87 4
Apostoli —0.81 +0.45 +0.45 . +0.65 —0.81 —-0.29 —-0.55 8
Intermediate - . o . _ - o
Sections A BI s2 s3 L B L/B n
Ag, Vlassios +0.29 +0.66 +0.32 +0.44 +0,75 +0.55 +0.04 15
Prassa +0.34 +0.44 —0.43 —-0.38 +0.31 +0.30 —0.17 44

Table 14 Correlation coefficients between the sample rank-numbers and the mean values for ‘the
separate groups.
bold r > r o4
italics T > 1y 4,5
n is the number of samples

random fluctuations have the largest amplitude in the succession of mean
values of thick type Uvigerina in the Miocene.

The lack of sustained changes proved to be not the result of the mixing
of groups; in the separated, homogeneous groups, we can not distinguish
gradual sustained changes either. Table 14 shows the correlation coefficients
between the rank sample numbers and some parameter mean values for the
different sections.
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The mean A values for the thick uvigerinids are higher in the Pliocene
than in the Miocene, but this is not the result of a gradual or staggered in-
crease of A. The three significant correlation coefficients per section be-
tween rank sample numbers and mean A values are all negative, i.e. the
mean A seems to decrease with time in the separate sections.

The mean BI values show both significant increases and decreases for
the thick type. The mean s2 value decreases significantly only in section
Finikia. The mean values of L and B increase significantly at a probability
level of 2.5% in section Vrysses III, in the Upper Miocene. In the next
higher sections L and B show no significant changes, but they decrease
again in section Finikia. The mean ratio of L and B decreases significantly
in section Vrysses IIT and in section Ag. Vlassios, and displays no signific-
ant changes in other sections.

In the Miocene the intermediate type is represented by six samples only.
No correlation coefficients could be calculated. In the Lower Pliocene the
intermediate type samples show a decrease in L, B and BI, significant at
a 2.5% probability level. The mean value of A displays an increase in the
lower part of section Prassa, while s2 mean values decrease. The L-B ratio
demonstrates no significant changes.

In the thin uvigerinids we come across decreases and increases in mean A
values, both significant at a 2.5% probability level. The mean values of BI
increase significantly only in section Prassa (upper part). Only in section
Finikia do the mean s2 values decrease significantly. The mean values of L
and B both increase in section Vrysses, as in the thick group. The mean B
values increase in some other Miocene sections and in the upper part of the
Pliocene section Prassa. The mean ratios of L and B decrease in the upper
part of Prassa. '

We also calculated the correlation coefficients between the rank sample
numbers (disregarding the possible overlaps in time between the sections)
and the parameter mean values for all Miocene samples and for all Pliocene
samples (see table 15). The mean values of L and B in the thick group in-
crease significantly in the Miocene, and decrease in the Pliocene. The largest
specimens occur in the topmost Miocene. It should be noticed that Hottinger
(1966) has remarked upon the occurrence of exceptionally large Uvigerina
specimens in the Messinian. These resemble our thick uvigerinids closely.

The mean s2 value of the thick type decreases in the Pliocene, but not
in the Miocene. The mean values of BI increase in the Miocene and those of
A decrease in the Pliocene. In no parameter can similar significant changes be
observed in Miocene and Pliocene.
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Thick

Pliocene —0.37 +0.08 —0.29 —-0.73 —-0.52 87
Mioccene +0.13 +0.17 +0.07 +0.33 +0.25 160
Intermediate

Pliocene —-046 +0.56 —0.38 —0.38 +0.27 59
Thin

Pliocene +0.40 —-0.58 —0.56 +0.42 +0.36 61
Miocene +0.26 +0.03 —0.14 +0.25 +0.41 69

Table 15 Correlation coefficients of the rank sample numbers and the mean parameter values for the
separate groups, for all Miocene and all Pliocene samples together.
boldr =1, oo
italics r > 14 o,
n is the number of samples

The intermediate samples in the Lower Pliocene show an increase in the
mean values of BI and B, and a decrease in the mean values of A, s2 and L.

The thin type uvigerinids display more consistency than the thick type.
Both in the Pliocene and in the Miocene the mean values of A increase. How-
ever, this cannot be interpreted as a gradual change; the Miocene and Plio-
cene values have about the same range, but the lowest Pliocene values are
fairly low as compared with the Miocene ones. The mean values of BI and
of s2 show a significant decrease only in the Pliocene. The decrease in mean
values of s2 in the Miocene is not significant. Again it should be borne in
mind that there is no sustained change from the Miocene into the Pliocene;
the Pliocene mean s2 values are much higher than the Miocene values, and
decrease upwards in the Pliocene till they have about the same values as in
the Miocene. The mean values of L and B increase in the Miocene as well
as in the Pliocene.

The mean values of the mean values of some parameters per section per
morphotype group are shown in table 16 and in fig. 26. These successions
of means per section do not show a sustained change either.

Within the thick group the mean values of L, B and BI increase in the
Miocene and decrease in the Pliocene. The mean values of A increase up to
section Vrysses II, and after that they decrease up to and including section
Khaeretiana. The Pliocene mean A values are higher than all Miocene values.
The mean values of s2 decrease slightly up to section Vrysses 1L, and increase
again higher in the Miocene. The Pliocene values are lower than all Miocene
ones.
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f * sem E * sem
Sections
thick interm. thin thick interm. thin
Prassa 482+ 3(14) 149+ 1
Finikia 487+ 5(51) 458+ 4 (47 198 + 2 145+ 1
Ag. Vlassios 533t 5(56) 501%5(15) 215 + 2 179 + 3
Prassa 489 + 4 (44) 167 £ 2
Khaeretiana 553 £ 23 (11) 421+ §(16) 2418 154+ 2
Vrysses 111 556 + 14 (24) 405+ 6(16 245+ 5 153+ 2
Vrysses 11 576 £ 6 (57) 396+ 4(25 2455 148+ 1
Vrysses I 542+ 9(30) 220 4
Exopolis 524+ 9(19) 383+ 5( 221+ 5 143+ 4
Apostoli 465+ 5(31) 394+11( 8) 210=%2 139+ 2
K * sem ﬁ * sem
Sections
thick interm. thin thick interm. thin
Prassa 3.57 + 0.04 1.91 £ 0.03
Finikia 2.41 £ 0.04 3.13 £ 0.04 2.52+ 0,04 2,23 + 0,04
Ag. Vlassios 2.46 = 0.05 3.03 + 0.06 2.54+ 0,05 2.31% 0,06
Prassa 3.03+ 0.03 2.16 £ 0.03
Khaeretiana  1.452 0.15 3.53:0.12 3.06 + 0.08 2.25+ 0.05
Vrysses III 1.83 £ 0.06 3.86 ¢ 0.08 2.64 = 0.06 1.95 £ 0.06
Vrysses I1 1,92+ 0.04 3.50z 0.07 2,57 0.04 1.92 £ 0.08
Vrysses 1 2,20 £ 0.06 2.46 = 0.04
Exopolis 1.95 + 0.08 3.16 + 0.11 2.49 £ 0.06 1.83 = 0.04
Apostoli 1.64 = 0.06 3.61% 0,11 2.56 £ 0.05 2.13 £ 0.03
s2 + sem
Sections
thick interm. thin
Prassa 58.0+ 2.3
Finikia 81.7£ 0.8 659t 0.8
Ag. Vlassios 84.7 £ 0.8 80.9 % 1.0
Prassa 81.9+ 0.8
Khaeretiana  93.6 + 1.7 65.0 % 1.1
Vrysses 111 95.4 £ 0.8 53,9+ 0.7
Vrysses II 89.7 £ 0.6 53.4+ 0.6
Vrysses I 89.9+ 0.8
Exopolis 91.9+ 1.0 575+ 1.3
Apostoli 91.3+ 0.8 58.5+ 0.9

Table 16 Mean values of mean values and standard errors of the mean, per section, for the separate
groups,
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In the intermediate group in the Pliocene the mean values of A and s2 do
not change much, and the mean values of L, B and BI increase.

The thin group shows a slight increase in the mean values of L and B in
the Miocene. The Pliocene mean values of L are higher than the Miocene
ones, but the Pliocene mean B values are about the same as in section Vrys-
ses II. The mean values of A, BI and s2 fluctuate. The highest mean values
of s2 are found in the sections Khaeretiana and Finikia.

The histograms of the distributions of the mean values per section are
shown in fig. 27. These histograms confirm that no sustained changes are
found. There is no consistent shift in the series of sections that are arranged
in the correct stratigraphic order.

Scattergrams were drawn for some combinations of parameter mean
values for all the samples. The combinations are the mean values of A and L,
the mean values of A and B, those of A and s2, those of L and B and the
mean values of A and BI (see figs. 28 to 32). In all these scattergrams the
thick and the thin type samples form different clusters, while the inter-
mediate samples are situated somewhere in between these two clusters and
overlap both. The best separation of the clusters is found in the scattergrams
of the mean L values versus the mean B values, and of the mean A values
versus the mean B values. The largest overlap appears in the scattergrams of
the mean A values versus the mean BI values. It should be noted that the
samples with low mean BI values in combination with low mean A values
contain always relatively many triserial specimens and specimens with a few
biserial chambers, not followed by uniserial ones. In these samples the
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number of biserial chambers cannot be established in a delimited ontogenetic
stage.

The Miocene and Pliocene sample groups of the same type usually cluster
in somewhat different positions. In all scattergrams the cluster of the Plio-
cene thick type mean values overlaps partly the Miocene cluster, but lies
closer to the thin type cluster. The clusters of the thin type for the Mio-
cene and Pliocene overlap much more; only the mean L values of the Plio-
cene thin type samples are often larger than those of the Miocene thin type
samples.
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Thick

Sections A—s2 B-s2 253 A— A-L L-s2 LB A-Bl n
Prassa

Finikia —0.34 +0.,53 +0.82 -—-0.32 +0,10 +0.44 +0.87 -0.51 51
Ag. Vlassios +0.22 +0.10 +0.72 —-0.09 +0.68 +0.30 +0.62 —0.15 36
Prassa

Khaeretiana -0.39 +0.51 +0.80 -0.11 +0.30 +0.52 +0.84 —0.27 11
Vrysses IIT +0.30 +0.56 +0.91 +0.13 +0.34 +0.56 +0.89 —0.01 2
Vrysses II —-0.10 +0.20 +0.71 —-0.16 +0.17 +0.39 +0.85 —0.24 57
Vrysses I —0.17 +0.50 +0.76 —0.63 —0.18 +0.57 +0.82 —0.24 30
Exopolis —0.50 +0,21 +0.78 —-0.67 -0.22 +0.29 +0.77 -0.67 19
Apostoli —-047 +0.41 +054 -0.76 —-0.64 +0.50 +0.89 —0.23 29
Thin e
Sections A—-s2 B—s2 s2-—s3 A-B A-— L-s2 L-B A-BI n
Prassa —0.25 —0.27 +0.82 —0.22 +0.58 +0.13 —-0.08 -0.19 14
Finikia —0.44 +0.00 +0.89 —0.29 +0.63 —0.23 +0.20 —0.44 47
Ag. Vlassios

Prassa

Khaeretiana -0.14 +0.13 +0.95 +0,13 +0.53 +0.26 +0.69 —0.66 16
Vrysses 111 -0.18 —-0.26 +0.71 +0.07 +0.60 +0.09 +0.63 —0.17 16
Vrysses II -0,23 +0.43 +0.68 —-0.26 +0.53 +0.03 —-0.30 -—-0.66 25
Vrysses |

Exopolis +0.13 —0.24 +0.25 +0.93 -0.73 +0.15 +0.78 —0.55 4
Apostoli —0.75 +0.55 +0.88 -0.15 +0.85 —-0.61 -0.13 —-0.26 8
Intermediate L
Sections A—s2 B—s2 s2—s3 A-— A— L—-s2 L-B A-BI n
Ag, Vlassios +0.17 +0.17 +0.78 —-0.36 +0.23 +0.32 +0.66 +0.18 15
Prassa —0.18 +0.21 +0.92 +0.29 +0.64 -0.17 +0.87 +0.10 44

Table 17 Correlation coefficients between the mean values for the separate groups.

boldr>r; 446
italicst 2 1y 4,5
n is the number of samples.

The correlation coefficients for some combinations of parameter mean
values were calculated (see table 17). The significant correlations between
pairs of parameter mean values are only rarely consistent for all of the sec-
tions. The mean values of s2 and s3 are the only parameter mean values that
are always significantly positively correlated. A significant correlation be-
tween mean values of A and B occurs sometimes, mostly in successions of

thick type samples. If this correlation is found it is negative.

A positive correlation between the mean values of L and B was sometimes
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observed in the thin type samples and always in the thick and intermediate
types. A positive correlation between the mean values of B and s2 and be-
tween the mean values of L and s2 was often found in the thick ty pe samples,
but never in the intermediate and thin type samples. A positive correlation
between the mean values of A and L is almost always present in the thin
type samples, sometimes in the intermediate samples, but only rarely in the
thick type samples. Only in section Apostoli was a negative correlation be-
tween the mean values of L and A found in the thick group. The correlation
between the mean values of A and BI is seen sometimes in all types, and is
negative if present. In all types a significant correlation between the mean
values of A and s2 is rarely observed. When this correlation is observed it is
negative.

The correlation coefficients between some combinations of mean values
were also calculated for all Miocene samples and for all Pliocene samples for
the different groups (table 18). A significant positive correlation is noticed
between the mean values of L and B in all types in Miocene and Pliocene. A
negative correlation between the mean values of A and BI is found in the
thick and thin groups in the Miocene and Pliocene, but is not significant in
the Pliocene intermediate type samples. A positive correlation between the
mean values of A and L occurs in the thin type samples in the Miocene and
Pliocene and in the intermediate samples. This positive correlation also
appears in the Pliocene thick type samples, but not in the Miocene ones. This
positive correlation is not present if many individuals have values A = 0. A
negative correlation between the mean values of A and s2 is noticed in the

Thick

Pliocene —0.04 —0.04 +0.50 +0.80 —0.24 87
Miocene —0.34 —-0.33 +0.08 +0.86 —0.49 160
Intermediate

Pliocene +0.08 +0.04 +0.67 +0.64 -0.16 59
Thin

Pliocene —0.62 —0.05 +0.73 +0.27 —0.70 61
Miocene —0.26 +0.03 +0.47 +0.56 —0.30 69

Table 18 Correlation coefficients between the mean values for the separate groups, for all Miocene
and all Pliocene samples together.
boldr>r 45
italics r > r‘o.g75
n is the number of samples.
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thin type samples in the Miocene and Pliocene and in the Miocene thick type
samples. A negative correlation between the mean values of A and B is met
with only in the Miocene thick type samples.

Some of the correlations, as for instance the positive correlation between
B- and s2-mean values in the thick type in some Miocene sections seem to
make no sense in view of the construction scheme of the uvigerinid test. This
suggests that several characteristics of the test form a strongly connected
whole. Maybe all or the major part of the parameters are dependent on some
unknown factor(s), which are probably environmental, but not on time.

207 e, T 7% B

18 4 =1

16 ] - O )

14 = s,

12 4 -

104 -

8+ 4

6 -

44 o

2 o
‘EEEEEEEEEERERE 8288328388888

207 ¢, A Tt _ BI

18 4 - _‘

16 | _ 4 _‘1

14 4 -

124 -

10 4 g

B8 d

6 4 <

4 - -

N ]

oT—F—F—1T—"1+—F+—1—1% 1 T LA e S mn |
8888888828288 38 §gre8g8888828¢%

207 o, sz

18

16 '—_‘_‘

14 4
12
10 4
8
6

2 4

o
4

T
w o wm Qo ®» Q o v Q
h e s R RZBEIB I
O A G -
w O 1w O W v o
58 3 8RR ITER R

Fig.33 Histograms of the mean values of L, B, A, BI and s2 for the separate groups for all sam-
ples together.

78



By

00E<
00€ -582

sge -0L2

QL2 -852
s52 -0ve

ove -522

522 -0te
oLe -5S61
-

S61 - 06t
L

o8l -591

691 - 0S4

Ogt -seL

o

SEL>

7

Thick
n=261
n=71
Thin
n=133

Intermediate

Tyw

%o

00L<

00L-5L9
§49-0S9
059-5929
529-009
009 -645
SL5-0SS
085 -52S
§2%-009
i 005 -SLiv
Siv-0Sy
Osv -s2v
sSSP -00t
00 -SLE

SL€>

S5 o
50
45
40 +
35
30
25
20
154
10
s
557 o
50 ~
45
40
35 —
30+
25 ~
20 1
15 ~
10 o
55 =
50 o
45 4
40
35 o
30 o
25
20
15
10
s

79

Fig. 34 Histograms of the mean values of L and B for the separate groups, per group.



R
o

[

r STE<

[ sze- ore
[ ore-sez
[ s62- 082
[ ose- g9z
[ soz- o5z
[ osz-sez
[ sez2-ozz
02'z- 502
[ soz- o6t
[ o6 - se1
[ sc1-o91

9>

Thick
n=261
n=7
Thin
n=133

Intermediate

oEr<
0ty - 00>
00Y-0LE

OL'E-0V'E

or'e-0Le

OLe- 092

r oge-0s2
i 0s2- 022
I og2Z- 061
i 06t -09t
r 09t -0€1
i 0t’L ~00')
IOO,— - 0L0
3 0L0>

58 1 s
50
45 4
40
30 4
25 4
20+
15 4
10 4
s
55 1
S50 +*
45 +
40 -
35
304
25 4
20 4
15 4
10 -
[+
557 o,
50
45
40 o
35 o
30 4
25 +
20
15 o
10 o
5

Histograms of the mean values of A and BI for the separate groups, per group.

Fig. 35
80



n=71

intermediate

o

Thick
n=261

°lo

55 7
50
45
40|
35
304
25
20
10
54

ﬁ r
00t
00€ -582
s82-0c2
orz-sse
r S62-0v2
001-56 . orz- 52z
$6-06 wx _W s22-012
06-58 Ww 012-561
| so-08 5 S61-081
-sL + +
| o8- Du 081 - 591
$2-0OL % - L
L o S91- 05b
0L-S9 =2 - L
r I ost -set
$9-09 £ | |
09-65 2 | | sev>
L < °
5505 5 & *
[ [ 9 T T T T T T r T T T T T
Iy
w
L) ® o r v
0
c -
= § 5 1 [
- - - b i
£8 tm nHo. i m © ooL<
L £% - a H
Fe 00i-S6 00¢2- 59
L - > L L
$6-06 o S£9-069
i o6 -sa ° r r
L L 3 059 - 529
S8 -08 =1 o L
- r = $29-009
08 -5¢ g | |
- + -5
SL-0L g L | 009-5i5
I oL - 59 m ~ | SL5-08%
i 59 -09 © _w/ 055 - 525
I 09-e, S $25-008§
5 3 [
$5 -0% ° 005- 521
L . - P
° g Siv-0s
A S S S S A S S A =) - [
° EEEEEEEEEEE % osv-s2v
Q o L
b7 $2r -00¥
<] | B
st oov-szg
sie>
O L -
o B B
oD 11T T 1 7 LA A R N G
o =3 '] Q 0 o w o o v Q v o [
i a & 8 22 8 &8 g v ¢

81

Histograms of the mean values of L and B for the separate groups of the Miocene and Plio-

cene separately.

Fig. 37



>
@
H

307 o, Pliocene q %
254 n=210 N
20 1
15 b
10 A
54 T
o T | — L T t t t T t t T — T T F T T + Y t t y T L T T d
30“ s Miocene fo
25 n=256
20~ A
15 ~4 -
10 -
[+ LA B T T T | S — T T T L T T LI T T Tt 1
o o
2 8888 §88¢e g 83se g L8888 8828 828 ¢
o - sl - - N o~ o~ L) L) o v v Al -~ -~ - o ~N o~ o ™ « ~ ™ - ~
L L A
° .
2838888828 8 8 2 88 82 8888 8¢
G ¢ ¢ & £ o & & M @ f ¢ s T &£ & o o & o & & M
307 o T2 Pliocene
25 n=210
204
154
104
54
o LI Tttt + T
307 o Miocene
25 4 n=285
20 4
15 1
104
5
o 1 y L S S ™
Q
88 8 Rk 8 888 3
T
w9 W
38 8 8RR R B8 828 %
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In fig. 33 histograms for the mean values of all samples of all types com-
bined are presented for only some of the parameters. The histograms of the
distributions of the mean values of B, s2, and possibly of A indicate a
bimodality in the distributions, whereas the distributions of the mean values
of L and BI do not deviate from normal. The histograms together with the
scattergrams of figs. 28 to 32 show that after the lumping of all samples
irrespective of their position in the stratigraphical column the presence of
several morphotypic groups is only evident for some parameters, notably the
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mean values of B and s2. Yet in the majority of the samples the types are
easy to separate. The mean values of all groups fluctuate irregularly. It is
this fluctuation, which causes the poor separation of the mean values when
all types are lumped together. 4

Figures 34 to 36 show histograms for all the mean values of the three
types separately. All are unimodal.
~ In the figs. 37 and 38 histograms are given for all mean values of the Mio-
cene together and for all those of the Pliocene together. They illustrate the
presence of the intermediate samples in the Pliocene, especially the histo-
gram of the mean values of B, which suggests the presence of three modes.
Also the much wider range of the mean values of L and B in the Miocene as
compared with the Pliocene is shown, the differences in the mean s2 values
in the thin group in the Miocene and the Pliocene and the differences in the
mean A values of the thick type in the Miocene and Pliocene.

Figure 39 illustrates the 5-points moving averages of all types in all sec-
tions. In this figure all the minor fluctuations are smoothed out, but we
could not get rid of the fluctuating pattern. In these smoothed curves no
overall trends are evident. '

IV.3.2. Remarks on the groups in the Miocene

In fig. 40 the relative frequencies of the types are given in percentages.
The minimum number of specimens per sample is 35. Since we collected per
sample 50 specimens with at least two uniserial chambers, in samples with
many individuals with A = 0 and/or A = 1 more than 50 specimens were
picked, up to a maximum of 132.

In the lower samples of section Apostoli only thin type uvigerinids occur.
This type is replaced abruptly by thick Uvigerina. In section Apostoli thick
uvigerinids are a major constituent of the benthonic foraminiferal fauna in
“blocks” of three to five samples. In between these “blocks” they are rare,
in the more sandy to silty intervals. Higher in section Apostoli and in sec-
tion Exopolis there are only a few samples with fair numbers of thin Uvige-
rina. In section Exopolis most samples with frequent thin uvigerinids are in
the upper part of the section. In the laminated sediments thick Uvigerina
are often numerous (up to 40% of the total benthonic foraminiferal fauna).
In section Vrysses I the thick type is predominant, thin uvigerinids occur
only as single specimens. In section Vrysses II the thick type remains the
most frequent type, but mixed samples with about equal numbers of thick
and thin individuals together with a few intermediate specimens are fairly
common, In the sections Vrysses 11l and Khaeretiana more and more samples
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with relatively many individuals of the thin type are found and the samples,
dominated by thick type uvigerinids diminish in numbers. Here the types
become more and more mutually exclusive and most samples contain either
thick or thin uvigerinids. The intermediate specimens are observed in many
samples throughout the Miocene sections, but they are rare. One sample in
section Exopolis, three in section Vrysses I and two in section Khaeretiana
were as a whole classified as intermediate type.

Short-time changes in morphotype dominance are obvious in the Miocene
uvigerinids.

The thin type uvigerinids are never a fauna-dominating element. They
never make up more than about 5 to 7% of the benthonic foraminiferal
fauna. In contrast, the thick type is quite often a dominating element and
comprises up to 60% of the benthonic foraminiferal fauna. These peak-values
of thick Uvigerina are found mainly in the sections Vrysses I and II. The fre-
quency and the amplitude of the peak-values decrease in the sections Vrysses
IIT and Khaeretiana. The peaks are observed mainly in the laminated sedi-
ments. The intermediate type is never a fauna-dominating element. In the
samples, which are classified as a whole as intermediate, they never exceed
5% of the total benthonic foraminiferal fauna. In the samples, where inter-
mediate individuals occur together with those of other types, they are even
rarer than 1% of the fauna.

We assigned to the occurrence of each homogeneous group of individuals
for which mean values were calculated, a value of the parameter “type”
(thick type = 0, intermediate type = 1, thin type = 2). This parameter shows
a significant negative correlation with the parameter lithology (homogeneous
sediment = 0, weakly laminated sediment = 1, laminated sediment = 2). The
correlation coefficient is given in table 19a. This coefficient based on presen-
ce — absence data suggests for the Miocene a correlation of the thin type
with homogeneous sediments and ipso facto of the thick type with the
laminated sediments. The former correlation concurs with our general ob-
servations, the second may be partly the consequence of the statistical
method. A

Correlation coefficients between the parameter lithology and the mean
values of the parameters for the morphotypes were also calculated (table
19). In none of the Miocene groups was a significant correlation found be-
tween the mean values and the lithology.

The significant correlations found earlier (table 7) between the mean
values of the mixed samples from the Miocene (thick and thin type, with
some intermediate specimens) and the parameter lithology are evidently a
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consequence of the preference of the different groups for different types of
lithology.

L B A s2 BI n
Thick
Pliocene +0.04 +0.07 —-0.04 +0.11 +0.20 87
Miocene " +0.10 +0.02 +0.01 +0.07 -0.04 160
Intermediate
Pliocene +0.08 —0.00 +0.22 +0.02 +0.10 59
Thin
Pliocene ~0.31 -—0.07 —-0.34 +0.33 +0.27 61
Miocene +0.06 '+0.16 +0.00 —0.13 —0.06 69

Table 19 Correlation coefficients between the mean values and the lithology for the separate groups.
A positive value of r signifies high mean values in laminated sediments, a negative value of r
signifies low mean values in laminated sediments.
bold r = ry g5
italics r 2 14 4,5
n is the number of samples.

r n
Pliocene +0,03 207
Miocene —0.21 229

Table 19a  Correlation coefficients of type (0, 1, 2) with lithology (0, 1, 2).

IV.3.3. Remarks on the groups in the Pliocene

We do not know the length of the time interval between the deposition of
the highest lithological samples in section Khaeretiana (in the upper part of
the G. conomiozea Zone) and the lowest ones in section Prassa (below the
entry of G. margaritae). From this time interval no data on Uvigerina could
be gathered.

The lowermost Pliocene samples pose some problems. The uvigerinids in
these samples can not be identified as either thick type or thin type, and are
classified as intermediate type. As to the mean values of A, B and BI these
Lower Pliocene intermediate uvigerinids might be a continuation of the thin
group of the Khaeretiana section. In the mean values of s2 and L they are
somehow intermediate between the thin and the thick types of this topmost
Miocene section; they would fit into neither one nor the other.
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The intermediate uvigerinids change gradually, but with fluctuations, into
almost perfect homeomorphs of the Miocene thick uvigerinids. The mean
values of A of the Pliocene thick type as seen in the long succession of
samples are higher than the mean A values in the Miocene, though incident-
ally mean A values as low as 1.30 were found. On the whole the mean s2
values in the Pliocene are somewhat lower than in the Miocene, in most cases
between 80 and 90. The Pliocene thick Uvigerina never attain the extremely
high mean values of L and B that occur in the highest Miocene, but they are
very similar to the thick uvigerinids in section Vrysses 1.

In the Pliocene sections we do not come across a long lasting co-occurrence
of the thick and the thin morphotype. In the upper part of section Ag.
Vlassios and fairly low in section Finikia single specimens of thin uvigerinids
are found in otherwise thick type samples (see fig. 40 for the relative fre-
quencies of the types in the Pliocene). Quite unexpectedly, about the G.
puncticulata exit datum level the thick uvigerinids are replaced by thin ones,
and only in a few samples unimodal distributions of the intermediate type
were observed. The change is not gradual, however, because several samples
in this stratigraphical interval contain bimodal distributions. In the higher
parts of the sections thick uvigerinids occur as single specimens in other-
wise thin type samples. Only sample CP 2173, the topmost sample of section
Finikia does contain about equal amounts of thick and thin types. Inter-
mediate specimens no longer appear in the upper part of the sections Finikia
and Prassa.

In the samples with the intermediate type, Uvigerina is never a fauna-
dominating element, and often rare, less than 1% of the total benthonic
foraminiferal fauna. Thick Uvigerina is quite often a fauna-dominating ele-
ment, in the Pliocene just as in the Miocene, and comprises up to about 40%
of the benthonic foraminiferal fauna. The peak values of the thick type are
found mainly in the brown clays, but this type is often numerous in the
grey clays as well. Just before the thick type becomes replaced by the thin
type. the numbers of uvigerinids in the sediments decrease strongly. The
thin type is never fauna-dominating in the Pliocene, just as in the Miocene.
In the samples CP 2115 to CP 2130 these uvigerinids comprise up to about
5% of the benthonic foraminiferal fauna. In all other samples they are less
numerous.

In the Pliocene no significant correlation is observed between the para-
meter “type” (values: thick type = 0, intermediate type = 1, thin type = 2)
and the lithology parameter. It should be noted, however, that the change
from the intermediate uvigerinids into the thick type occurs at the level
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where the sediments of the Kourtes facies pass gradually into those of the
Finikia facies.

In the thin type there is a significant correlation between the mean values
of L, BI, A, s2 and the lithology. Low mean values of L and A, and high
mean values of Bl and s2 are correlated with “lithology 2, which includes
in the Pliocene the brown clays of the Finikia facies and the diatomaceous
marls of the Stavromenos facies. These correlations are not necessarily to
be looked upon as a consequence of low mean values of A and L, and high
ones of BI and s2 in the brown clays and diatomaceous marls, as compared
with the homogeneous sediments between these layers. They result from
the fact that the thin uvigerinids with comparatively high mean values of A
and L, and low ones of BI and s2 are never found in the diatomaceous layers
of the Stavromenos facies in sufficient numbers to study them. The re-
latively high mean values of A and L, and the relatively low mean values of
BI and s2 from the homogeneous marls in the Stavromenos facies are compared
with the few values from the brown clays in the Finikia facies, thus causing
a correlation which might be stratigraphic rather than ecological.

IV.3.4. The data compared with those of previous authors

Many authors have distinguished two different types of uniserial uvige-
rinids in the Mediterranean Messinian deposits. They consider the two types
as two subspecies, U. gaudryinoides gaudryinoides Lipparini and U. gaudryi-
noides siphogenerinoides Lipparini (Lipparini, 1932; di Napoli Alliata, 1951;
Dieci, 1959; Dondi, 1963; Papp, 1963, 1966; Hottinger, 1966). All authors
describe only one subspecies in the Pliocene. This subspecies is named U.
gaudryinoides siphogenerinoides by the first four enumerated authors. Papp
and Hottinger call the Pliocene uvigerinids U. gaudryinoides arquatensis
Papp.

The two subspecies dealt with in the literature resemble our thick type
(U. gaudryinoides gaudryinoides) and thin type (U. gaudryinoides sipho-
generinoides), but the two types are not limited to the Messinian as was
suggested by Papp and Hottinger. In the Cretan deposits they co-occur already
in the sediments from the N. acostaensis Zone.

In our opinion the differences between U. gaudryinoides siphogenerinoides
and Papp’s Pliocene subspecies U. gaudryinoides arquatensis are trivial. This
last subspecies also belongs to our thin type.

Meulenkamp (1969) and, following this author, Fortuin (1974, 1977)
distinguish two different types of uniserial uvigerinids also, but their two
types do not coincide with the two subspecies of the earlier authors. Meulen-
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kamp interpretes his two different groups of Uvigerina as different lineages.
Highly evolved members of the older lineage, belonging to the species U.
felixi Meulenkamp co-existed with the most primitive members of the
younger lineage. Meulenkamp thought U. felixi to become extinct before
the entry of G. conomiozea. In our opinion U. felixi belongs to our thin
type, but these uvigerinids did not become extinct at such a low stratigraphic
level. Thin uvigerinids are found throughout the Messinian, though they
may be (almost) absent in some sections, as for instance Vrysses 1. For the
sections Exopolis and Vrysses Meulenkamp has described a gradual, but
staggered increase in the mean A values and a regular decrease in the mean
s2 values in the younger (U. cretensis) lineage. In our opinion he was taken
in by the increase in numbers of thin uvigerinids higher in section Vrysses
I1. Probably Meulenkamp has not observed the bimodality in the B-distribu-
tions and interpreted mixed assemblages of thick and thin individuals as
evolved descendants of the stratigraphically lower assemblages of thick
specimens. The type sample of U. lucasi Meulenkamp (sample 872 H of this
author) suggests such a bimodal B-distribution. The ‘“‘species” U. lucasi is
not based on a homogeneous group. A histogram of the B-distribution of
sample 872 H is given in fig. 41, the result of the goodness-of-fit test is
shown in table 20.

B(m)
Sampie 872H
20
b \ _l_‘\ﬁ
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145 161 177 193 209 225 241 257 273

Fig. 41 Histogram of B in the type sample of Uvigerina lucasi Meulenkamp.

(f; —Fy?

Classes f; F; F;
<178 29 20.90 3.33

178 — 209 21 30.60 3.01

209 — 240 32 27.00 0.93
> 240 8 11.70 1.17

x? = 8.44

Table 20 Goodness-of-fit test of the distribution of B in sample 872 H, the type sample of U. lucasi.

P97_5 P99,o

x?: ' 5.02 6.63
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Meulenkamp has given his “highly evolved” Uvigerina in the Miocene
another species name than his “highly evolved” group in the Pliocene (U.
felixi and U. arquatensis respectively), though he could “hardly differentiate
both species as far as external morphology is concerned” (Meulenkamp,
1969, p. 144). Both groups are included in our thin type Uvigerina. For
Meulenkamp it was a logical conclusion from his two lineage model that
both “highly evolved” groups had to be distinguished; the end members
of the lineages looked similar, but they were not related to each other. The
“highly evolved” groups in the Miocene and in the Pliocene were considered
as an example of parallel evolution. ,

A character on which a distinction between the older members of the
lineages can be made is, according to Meulenkamp, the shape of the sutures
in the non uniserial part of the test. Members of the U. melitensis lineage
he said to have “en crochet” sutures like U. bononiensis compressa Cushman
in contrast with specimens of the U. cretensis lineage. In our opinion this
particular shape of the sutures is not reliable as a distinctive criterion. “En
crochet” sutures is not actually a presence-absence character. Many inter-
mediate shapes of the sutures are found. The text-figure shows the last

PGP0

chambers of some specimens of sample CP 2251, section Ag. Vlassios. In
many of the specimens, which according to Meulenkamp, belong to the
U. cretensis lineage, “en crochet” sutures can be observed, as for instance
in one of the paratypoids of U. cretensis (plate 5, fig. 1).

If we do not any longer believe in two uvigerinid lineages in the Cretan
Neogene there does not seem to be any good reason to make a distinction
between U. felixi and U. arquatensis.

IV.4, OTHER MATERIAL

IV.4.1. Scattered samples

In the samples from the section Kalamavka, which is older than the
investigated sections dealt with in the previous pages and which is placed
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in the N. continuosa Zone, the two types of Uvigerina, thick and thin, can
be recognized as well. In the lowest two samples of this section, we find
very large uvigerinids that resemble thick type Uvigerina closely in the over-
all shape of the test and in the shape of the chambers. Some differences are
observed, however. These large uvigerinids have lower mean values of A
(somewhat less than 0.50) and higher mean values of both L and B. The
mean values of L and B are even higher than in the upper Miocene samples.
Remarkably, in the samples studied earlier the size of the thick type seemed
to increase fluctuatingly from the lowest section, Apostoli to the highest
Miocene sections. The samples from section Apostoli, which is closest in
time to section Kalamavka, contain the smallest thick type uvigerinids of all
our samples.

For the time being we shall include the large individuals in our thick type.

Higher in the section Kalamavka the size of the thick uvigerinids decreases
and the mean A values increase very fluctuatingly to obtain maximum values
of about 1.30. The upper samples of the section cannot be distinguished
from- the later thick type samples. Thin type uvigerinids are found only in
the upper samples of section Kalamavka. They have higher mean values of s2
than the younger thin type uvigerinids from the Miocene. They do not differ
markedly in other aspects from the thin uvigerinids of higher stratigraphic
levels (see table 21 for mean values of both types in section Kalamavka).

Because of the large size and the very low mean A values of the thick
group the differences between the thick and the thin type are important. In-
termediate specimens were not seen. Some histograms of a mixed sample are
given in fig. 42, scattergrams of the same sample in fig. 43. The distinction
between the two types is easier here than in the stratigraphically higher
samples. The differences between both types diminish with time.

Lp) 210193 A BI s2
0 GR1947
20
° m:{j:[:l:;_‘ :D_Cd:b=,
o
S gaagg"’109!301511721932\4235255277 o1 2 3 4 5 O 1 2 3 4 5 8 50 100
SR ¢33 8¢R

Fig. 42 Histograms of L, B, A, Bl and s2 in sample GR 1947, section Kalamavka.

A sample from the type locality of U. praeselliana Fortuin (sample Fo
719, Prina Formation near Males) contains the same very large uvigerinids
as were noted in the lower samples of section Kalamavka, and the mean A
value is even lower.

The uvigerinids from some lithological samples from the island of Gavdos
were also investigated. We used Freudenthal’s material (1969). These samples
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Fig.43  Scattergrams of A versus B, A versus L, and L versus B in sample GR 1947, section Kala-
mavka,

contain abundant planktonic foraminifera. The samples can be placed in the
N. continuosa Zone, but their relative stratigraphic position is not known, so
no section can be given. In these samples the thick and the thin type of
Uvigerina were noticed. The mean A values in the thick group are higher
than in the thick group of section Kalamavka (the minimum is 0.77). One
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Fig. 44 The mean values of L, B, A, BI and 52 in section Kalamavka in stratigraphical succession.
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L+ sem B+ sem A = sem

Samples
thick thin thick thin thick thin
Section Kalamavka
GR 1954 437+ 10 1512 3,36+ 0,13
GR 1947 601 £ 16 401+ 16 294+ 6 153+ 3 0.77 £ 0.13 3.27 £ 0.30
GR 1944 629 + 24 447+ 11 288+ 8 158+ 3 1.30+ 0.23 3.30% 0.22
GR 1943 593+ 12 275+ 5 1.18 0,13
GR 1939 673 £ 11 287+ 4 1.07 £ 0.12
GR 1938 572 % 26 266 =7 0.91 z 0.37
GR 1937 679 £ 16 323z 3 0.39 + 0.09
GR 1936 729 £ 12 3324 0.41 + 0.09
Fo 719 697 £ 18 329+ 4 0.09 £ 0,04
Gavdos

G 507 524+ 9 243+ 4 1.36 + 0.10
G 503 564+ 11 396z 6 262+5 1532 1.30+ 0.15 2.81 £ 0.11
G 500 597 + 12 2613 0.96+ 0.11
G 491 581+ 9 241+ 2 2.41+0.13
G 490 588 + 12 415+ 17 265+ 5 153+3 0.73+ 0,14 3.18+ 0.26
G 485 461z 6 149+ 1 3.58 + 0.13
G 481 572 + 11 243+ 4 1.82 + 0.13

lﬁ * sem 5-2 * sem
Samples

thick thin thick thin
Section Kalamavka
GR 1954 2.28 + 0.11 66.7 + 4.8 (27)
GR 1947 3.04+0.17 2.27  0.12 100 (14) 731t 7.2(15)
GR 1944 3.15 £ 0.21 2.35 % 0.18 100 (10)  81.6+5.7(19)
GR 1943 3,00+ 0.14 100 (21)
GR 1939 323+ 0.11 100 (22)
GR 1938 2,91+ 0.20 100 (3)
GR 1937 3.63+0.10 100 ( 4)
GR 1936 3.64 = 0.11 100 (4)
Fo 719 3.27+0.19 100 (1
Gavdos

G 507 2.86 + 0.09 97.1 £ 1.6 (55)
G 503 3.11+0.13 2.16+ 0.10 85.8 + 2.9 (24) 66.1 + 4.3 (31)
G 500 3.07+0.16 97.6 + 2.4 (21)
G 491 2,53+ 0.13 99.1 + 0.9 (53)
G 490 3.51+ 0,16 2.18+ 0.18 100 ( 8) 72,7+ 7.9 (11)
G 485 2.25+ 0.07 75.5 £ 3.5 (55)
G 481 262 0.11 97.8 £ 1.6 (45)

Table 21 Mean values and standard errors of the mean for the samples from Kalamavka, Gavdos and
the sample from Males (Fo 719).
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sample even has a mean A value of 2.41. The specimens are not as large as
the specimens from the lower two samples of section Kalamavka.

The thin uvigerinids of Gavdos do not have as high mean s2 values as those
of Kalamavka.

The mean values of the parameters of the samples from Kalamavka, Males
and Gavdos are given in table 21. The succession of the mean values of the
samples from Kalamavka is shown in fig. 44.

We investigated a few samples from the locality Ag. Silas. These samples
were taken from just below the Messinian gypsum deposits, in the same
central Cretan region where the Pliocene sections are located. These samples
were studied to compare the Upper Miocene uvigerinids from central Crete
with those from western Crete. The thick and the thin type were both ob-
served, but thin specimens are rare. The mean values of some parameters of
the thick type of Ag. Silas are given below.

Samples L * sem Bt sem A+ sem BI ¢ sem s2 + sem

AgS 4 550+ 15 231+ 8 2,17+ 013 2.32x0,11 97.7+ 3.6
AgS3 580+ 12 248 + 7 2.06 + 0.15 2.56+0.19 90.7t6.3
AgS 2 622+ 23 256+ 8 1.85+0.12 2.37+0.09 93.0x5.4

The uvigerinids do not show differences from these of the western Cretan
sections.

1V .4.2. Uvigerina bononiensis

The taxonomy of U. bononiensis is somewhat confused. Fornasini (1888)
has described the species from the Lower Pliocene marls near Bologna, Italy.
In his original publication and in a later one (1898) he describes the species
as an uvigerinid that is triserial in the older part of the test and later becomes
biserial. Uniserial chambers he rarely observed. The test is compressed, es-
pecially in the biserial part of it. As ornamentation he observed longitudinal
costae. The species resembles U. parkeri Karrer, but is distinct by the ar-
rangement of the chambers (in what way he has not described).

Cushman (1925) describes U. compressa from sediments of the “Mediter-
ranean-stufe” in the Vienna Basin. His type description bears a close resem-
blance to that of Fornasini’s U. bononiensis. A differential diagnosis with
the latter species is not given. Cushman mentions that his species resembles
U. parkeri Karrer, but is distinct by “being more ornate”’.
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Papp (1963) is of the opinion that the two names mentioned above should
be used as names for two subspecies within one group, U. bononiensis
bononiensis and U. bononiensis compressa. He gives no clear enumeration of
the differences between these two subspecies. U. bononiensis compressa he
assumed to be typical for the Badener series of the Vienna Basin, U. bo-
nomiensis bononiensis for the Pliocene, but it might be found as early as in
the Tortonian. Both subspecies have according to Papp only a small triserial
part of the test, which should be somewhat smaller in the nominate sub-
species. In contrast with the names it should also be somewhat more com-
pressed than U. bononiensis compressa.

In our opinion the two names should be considered as synonymous.

Meulenkamp (1969) considers U. bononiensis compressa as the ancestor
of the older lineage of uniserial uvigerinids. Because of this supposed rela-
tionship we wanted to investigate some U. bononiensis. The species re-
sembles our uniserial uvigerinids in many respects, e.g. it has a first, triserial
part of the test, becomes later biserial, and rarely, even uniserial. The or-
namentation is also similar. The most important difference between U.
bononiensis and our uniserial uvigerinids is the compressed test in U. bo-
noniensis. In our uvigerinids the test is round in transverse section, it is a
flattened oval in U. bononiensis. In the latter group the chambers are distinctly
longer in the direction parallel to the longer axis of the test than in the direc-
tion normal to this, in our uvigerinids the chambers are about equidimen-
sional (the shape of the chambers in U. bononiensis is called “more long-
drawn”). More trivial differences are the more marked “en crochet” shape
of the sutures and the heavier ornamentation in U. bononiensis.

In most of our sections U. bononiensis is a rare constituent of the fauna.

In section Kalamavka we found large, thick specimens of U. bononiensis,
often in the same samples as the uniserial uvigerinids. Fortuin (1977) has
included in his species U. praeselliana many specimens, which show a distinct
compression of the test, as for instance his figured specimens of pl. 1, figs. 1
to 4, sample Fo 460 T. In our opinion the individuals with a compressed test
had better be placed in U. bononiensis. Fortuin (1974) gives no differential
diagnosis between U. praeselliana and U. bononiensis. In our view to disting-
uish between both is not easy. According to their type description both
species possess only rarely uniserial chambers, and many specimens from the
type sample of U. praeselliana have sutures “‘en crochet”. The only differen-
ces are the compression of the test in U. bononiensis and the more long-
drawn shape of the chambers.

In other samples of section Kalamavka small specimens of U. bononiensis
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were observed. These have somewhat more often a uniserial chamber than
the thick U. bononiensis. They have about the same size as the thin type
Uvigerina, but can be distinguished by the flattening of the test and the long-
drawn shape of the chambers.

Fortuin (1977) reports the presence of U. ex. interc. pappi-melitensis
from a sample in section Kalamavka (a mean A value of 1.98). These speci-
mens belong to the thin type because of the non inflated chambers. We did
not find thin type uvigerinids with such low mean A values, the lowest value
is 2.40 in section Apostoli. The specimens of Fortuin are badly preserved
and almost all are more or less deformed. Tt is difficult to see whether these
specimens had originally flattened tests, but at least a number of them have
long-drawn chambers. We do not believe that this sample contains a “pri-
mitive” group of thin uvigerinids, but it is a mixture of thin uniserial uvi-
gerinids and thin U. bononiensis.

The mean values of U. bononiensis of two samples of section Kalamavka
are given in table 22. The first of the samples contains thick U. bononiensis,
the second thin ones. Histograms of the distributions of some parameters are
given in fig. 45.

It is remarkable that we observe two types of U. bononiensis comparable
with the groups, thick and thin, that we found in our uniserial uvigerinids.

In most of the Miocene sections U. bononiensis is not met with in large
numbers, but in the upper parts of the Pliocene sections Finikia and Prassa
they are often numerous. In these samples also two types of U. bononiensis
could be distinguished, thick and thin ones. Sometimes both types are seen
together. These samples display a bimodal distribution of B (goodness-of-
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Fig. 45  Histograms of L, B, A, BI and s2 in U. bononiensis in three selected samples.
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E + sem ﬁ t sem
Samples
thick thin thick thin
Section Kalamavka
GR 1938 428 + 8 (35) 161+ 3
GR 1936 558+ 8(55) 263+ 3
Section Prassa
GR 998 497 £ 13 (48) 363+ 10(15) 244=5 148+ 6
X + sem 1‘3_1 i'sem
Samples
thick thin thick thin
Section Kalamavka
GR 1938 0.55 % 0.15 4,30+ 0.14
GR 1936 0.09 £ 0.06 3.66 £ 0.14

Section Prassa
GR 998 0.13+ 0.10 1.30 £ 0.15 3,87+ 0.14 286+ 0.14

L/B £ sem

Samples
thick thin

Section Kalamavka
GR 1938 2.67 + 0.05
GR 1936 2.13 = 0.03

Section Prassa

GR 998 2.05+ 0.06 2.46 + 0.04

Table 22 Mean values of U. bononijensis and standard errors of the mean. The numbers between
brackets are the numbers of specimens.

(fi—Fy°
Classes f; F; —
F;
< 158.75 40 25.08 8.88
158.75 — 197.50 3 20.46 14.92
197.50 — 236.50 13 13.86 0.05
> 236.50 10 6.60 1.75 +
x? = 25.60

Table 23 Goodness-of-fit test of the distribution of B, in sample GR 998 (U. bononiensis).
P97,5 P99 0

x*: 5.02 6.63
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fit test in table 23; histograms in fig. 45; scattergram in fig. 46). The scatter-
grams of L versus B show two separate clusters. The two types are easily
distinguished; intermediate specimens were not observed.

The thin U. bononiensis have slightly higher mean A values than the thick
ones. Rare specimens with three or four uniserial chambers were noticed (pl.
2, fig. 3). Mean values for the groups in one sample are given in table 22. The
situation is the same as in the thick and thin uniserial uvigerinids. There also
the thin group has the highest mean A values.

It should be noted that in U. bononiensis the thick type is often a fauna-
dominating element and comprises up to 40% of the benthonic foraminiferal
fauna, just like the thick uniserial uvigerinids. The thin U. bononiensis are
never fauna-dominating, again just as the thin uniserial uvigerinids.
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Fig.46  Scattergrams of L versus B in U, bononiensis in three selected samples.

1V.4.3. The material in the collections

We studied the picked specimens in the collections of Meulenkamp
(1969), Zachariasse (1975) and Fortuin (1974, 1977). In Meulenkamp’s
collection small, juvenile specimens are absent or rare in all samples.

Cretan material
In the Cretan material of all collections we did not observe differences
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with our own material. We were able to distinguish the types thick, thin
and intermediate in the collections. The mean values of all parameters are
within the range of values obtained from ours. Especially samples, that had
been identified as U. lucasi proved often to have a bimodal B-distribution.

In the Pliocene section Asteri (Meulenkamp, 1969; Zachariasse, 1975) we
observed the replacement of the thick type in the Pliocene by the thin type
at about the same stratigraphic level as in section Finikia (the exit of G.
puncticulata). The same phenomenon is also seen in the samples of Fortuin’s
section Mirtos.

Spanish, Italian and Algerian material

From the small amount of Italian and Spanish material in the collections
of Meulenkamp and Zachariasse only tentative conclusions may be drawn.

Meulenkamp has investigated four samples from the Spanish Carmona
section, the type section of the Andalusian Stage. According to Perconig
(1966) this stage corresponds to the Messinian. According to Verdenius
(1970) the lowermost sample of Meulenkamp was taken from Tortonian
deposits below the type Andalusian, the topmost sample from the Lower
Pliocene deposits on top of the type Andalusian. In all these samples only
thin type uvigerinids are found, which cannot be distinguished from our
Cretan thin uvigerinids. In a sample from the Vera Basin (collection Zacha-
riasse) again only thin type individuals are observed.

The time-discrepancy (Zachariasse, 1975) between the Spanish and the
Cretan uvigerinids in the Upper Miocene needs not to exist, for the differ-
ences between the uvigerinids in both regions are due to the absence of the
thick type in Spain, not to differences in mean values of parameters within
one group.

In the Lower Messinian deposits from Northern Italy (section Rio Castel-
lanfa) both the thick type and the thin type, with intermediate specimens
are found. In the Italian material the thick type is only observed below the
gypsum deposits. Thin uvigerinids occur in the Pliocene deposits in the
sections Rio Castellania, Tabiano Bagni, Lugagnano-Castell’ Arquato and
Borzano. In the Pliocene neither thick type nor intermediate type uvigerinids
were observed.

In a sample from the Chelif Basin, Northern Algeria from just below the
gypsum deposits (Tauecchio and Marks, 1973) we could also identify the
thick and the thin type with some intermediate specimens.

It should be noted that in the few samples from the Lower Pliocene in
Spain and Italy no thick or intermediate type uvigerinids were met with,
only thin type uvigerinids.
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The Uvigerina melitensis lineage on Malta and Gozo

Meulenkamp has described two lineages of uniserial uvigerinids. The oldest
of these, the U. melitensis lineage, should have developed mainly on Malta
and Gozo, where he noticed the first three representative species. Meulen-
kamp believed he recognized a last species of this lineage in the Cretan
U. felixi. The Cretan so-called representatives of the U. melitensis lineage
can be identified with our thin type uvigerinids.

Fortuin describes from the lerapetra region samples with higher mean
s2 values and lower mean A values than U. felixi. He supposed these to be
the older species of the U. melitensis lineage and to be identical to the
Maltese species. As mentioned in section IV.4.2. the sample with the lowest
mean A values is probably a mixture of U. bononiensis and our thin type,
the other samples belong to our thin type.

The question now arises whether the Maltese uvigerinids are also identifi-
able with our thin type. We could not obtain new samples from Malta and
Gozo, but we had Meulenkamp’s collection at our disposal. We re-measured
six of his samples from Gozo (see table 2). Although our mean s2 values
deviate from Meulenkamp’s mean values the Gozo samples show a fairly
consistent change. The mean values of A increase while the mean values of
s2 decrease. The mean values of BI also decrease and the mean values of
L increase. The mean values of B show no clear trend. There is no indication
at all of heterogeneous samples. Unfortunately, only a short succession of
samples illustrates this lineage which seems to be much better than the
Cretan “lineage”. In three samples the changes are completed, and the higher
samples show no significant changes.
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Fig. 47 The mean values of L, B, A, BI and s2 in the uvigerinids in section Tad Dabrani (437),
Gozo.

Only a few samples have been described by Fortuin of the older species
of the U. melitensis lineage from his Kalamavka Formation (N. continuosa
Zone) and from the lower parts of his Makrilia and Ammoudhares Forma-
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tions (top of the N. continuosa Zone and base of the N. acostaensis Zone).
There seems to be a time discrepancy between the Cretan representatives and
the Maltese ones, if one takes the planktonic zonations for granted. The
Cretan U. melitensis lineage development must have been completed within
the N. continuosa Zone, in which the most highly evolved species of the
lineage occurs. This species continues up into the N. acostaensis Zone. But
according to Felix (1973) the Maltese lineage starts earlier and has only
reached the third species, U. gaulensis, in the N. continuosa Zone.

The mean values of A of the Maltese samples (table 2) are about the
same as those of the thin uvigerinids from section Kalamavka (table 21),
but differences are found in the other parameters. The mean values of L and
B are greatly different for the Maltese and the Cretan groups, which should
belong to one lineage. The Maltese mean values of L and B are intermediate
between the values for the thick and the thin Cretan types. The Malta
uvigerinids show a strong resemblance with our intermediate type. There are
a few, not unequivocal differences, however. In the Maltese uvigerinids the
shape of the sutures is more evidently “en crochet” and the chamber ar-
rangement in the biserial part of the test is, as Meulenkamp has already
described, more regular and less twisted (pl. 4, figs. 1-3).

In our opinion the Maltese Uvigerina should not be taken asreally identical
with the Cretan intermediate type because of these small differences, and,
more importantly, because of the time discrepancy. The Maltese group seems
to descend directly from U. bononiensis, as has been supposed by Meulen-
kamp. They appear to form a fairly good lineage, in which the changes are
quickly completed. No relationship with the Cretan uniserial uvigerinids can
be demonstrated to exist, since in the oldest known samples from Crete no
intermediate individuals were found. Probably the Maltese uvigerinids can
best be seen as a separate offshoot of U. bononiensis of which as yet no
representatives have been observed outside the islands of Malta and Gozo.

IV.5. DATA FROM SCANNING ELECTRON MICROSCOPE PHOTOGRAPHS

The wall structure of both types of uniserial uvigerinids was studied with
the aid of scanning electron microscope photographs. S.E.M.-photographs
were also made of the wall structures of U. bononiensis and of the Maltese
uvigerinids. In all these groups both striate and smooth chamberwalls were
found. If we compare the size, shape and distribution of the pores we ob-
serve no differences between the groups: the wall structures are similar
(plate 1, figs. 12, plate 2, figs. 17, plate 4, fig. 4). The shape of the pores

is irregularly rounded to oval. The largest diameter of the pores is generally
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between 0.60 and 1.10 u. Hispid surfaces of the wall are covered with small,
long-drawn tubercles which may coalesce into thin costae (plate 4, fig. 5).
The ornamentations on the wall are between the pores. The pores are never
closed by tubercles or costae, but remain open, even in the oldest part of the
test with the heaviest ornamentation (plate 5, fig. 2).

All the groups, U. bononiensis, the Maltese uvigerinids and the thick and
thin uvigerinids from Crete show a similar wall structure. However, one
should not conclude that such a wall structure is common to all uvigerinids.
The S.E.M.-photographs of the wall of some triserial uvigerinids (see pl. 3,
figs. 1—3) are different. If we compare the wall structures of our uvigerinids
with the photographs of Von Daniels and Spiegler (1977) the differences are
also obvious, though the pore size in their U. semiornata group is in the same
range as the pore size of our uvigerinids. In our opinion the similarity of the
wall structure of all the uvigerinids we have studied possibly indicates a close
relationship between all these groups.

IV.6. THE RESULTS OF THE MULTIVARIATE ANALYSES

IV.6.1. Principal component analysis

In the principal component analysis the mean values of L, B, A, Bl and s2
were entered. We used all the homogeneous mean values of all samples. The
samples of section Kalamavka were included, but not those of the samples
from the collections.

L B A BI 52
L 1.00  +0.85 —0.55  +0.62  +0.71
B 1.00 —0.83  +0.72  +0.81
A .00  —0.74  —0.81
BI 1.00  +0.71
s2 1.00

Table 24 Matrix of correlation coefficients.
n=465;1, g45 = 0.14.

All the variables proved to be significantly (r > rq 995) correlated as can be
seen in table 24, which gives the matrix of the correlation coefficients. The
clusters of the mean values in the multidimensional space are elongated
ellipsoids owing to the existence of these correlations. A large percentage of
the total variance in the multidimensional space is represented in the first
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principal component (table 25). We can use the first principal component
and disregard the rest, and thus reduce the dimensionality.

The loadings of the variables on the first three principal components are
stated in table 26. All parameters are represented in the first principal com-
ponent with about equal weight. In the literature (for instance Blackith and
Reyment, 1971) the first component is often thought to be a size-factor in
which only parameters of size have any weight. This is not the case in
Uvigerina: all parameters and not only the size parameters L and B load on
the first component with about the same weight. As the mean A value is
negatively correlated with the mean values of all other parameters this
parameter has a negative loading.

Princ. comp. % of variance  cum. %
1 79.0 79.0
2 9.9 88.9
3 6.3 95.2
4 3.8 99.0
5 1.0 100.0

Table 25 The amount of the variance, accounted for by the principal components.

P.C.1 PC.2 P.C.3
L +0.84 +0.52 +0.09
B +0.95 +0.15 +0.09
A —0.89 +0.35 +0.21
BI +0.85 —0.26 +0.46
52 +0.91 ~0.06 +0.21

Table 26 The loadings on the most important principal components.

PC.1 P.C.2
L +0.21 +1.07
B +0.24 +0.31
A —0.23 +0.72
BI +0.22 —0.52
52 +0.23 —0.12

Table 27 The score on the first principal component is for each sample equal to: score = 0.21 X L+

+0.24 X B — 0.23 X A+ 0,22 X BI + 0.23 X 2. For the variables standardized values must
be used.
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The second principal component is made up chiefly of the mean L and
A, and the third component of the mean values of BI, A and s2. These com-
ponents, however, account only for a low percentage of the total variance
(table 25). ‘

As the first principal component is situated in the direction of the largest
variance we expect this component to transverse the clusters of our thick
and thin type uvigerinids, if the variance between the groups is larger than
the variance within the groups.

We calculated the scores for each sample on the first principal component,
and the standardized coefficients of the variables, given in table 27. In fig. 48
the scores of all the samples are shown in the stratigraphical succession.
Evidently these scores are different for the different types of Uvigerina,
which means that the first principal component indeed transverses the
clusters of the types.

The multivariate variable demonstrates the lack of sustained changes we
had already expected from the figures for all variables separately (figs. 24,
25). The Lower Pliocene intermediate type samples are qua values of the
multivariate variable close to the thin type samples. The scores change
fluctuatingly higher in the Pliocene till they have attained multivariate scores
close to the thick type samples. The Pliocene thick type samples have scores
similar to those of the Miocene thick type samples in the sections Exopolis
and Vrysses I. The samples from the topmost Miocene sections Vrysses III
and Khaeretiana have very high scores, probably resulting from the large
mean values of L and B of these samples.

On the whole, the principal component analysis yields the same results as
the conventional statistics of all variables. The multivariate scores on the first
principal component reflect the fluctuations in all parameters. One figure of
these scores (fig. 48) can be used to show the morphological fluctuations in
time, instead of the several figures of each of the parameters (figs. 24, 25).
In the case of Uvigerina all the parameters are represented with about the
same weight in the multivariate score on the first principal component

(table 26).

IV.6.2. Discriminant analysis

In the discriminant analysis the mean values of the parameters L, B, A,
BI and s2 were again used as variables. We made a discriminant analysis on
the basis of two groups (thick type = 0; thin type = 2). The intermediate
samples were not given a priori group membership and not entered as a
separate category. The prior probabilities of belonging to one of the groups
were given according to the percentages of thick and thin samples present.
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Fig, 48
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In this rather simple type of discriminant analysis there is a snag, for the
combined variances of all parameters for both groups are supposed to be
equal. This is almost certainly not so for the uv1ger1n1ds because the varian-
ces of all parameters are larger in the thick type than in the thin type. Yet
this analysis is thought to give much information about the grouping of
Uvigerina.

For each homogeneous set of specimens the value of the discriminant
function was calculated as well as the probability of a sample to belong to
one of the groups. The sample was then allocated in the group in which it
belongs with the greatest probability, even if this probability is but 0.51.
The grouping of the samples according to their discriminant scores was
compared with the a priori grouping. All samples, which had been given
no group membership, i.e. the intermediate samples, were also grouped.

Coef.

—0.73
+1.77
+0.09
—0.09
+1.62

\Et:pmdlt-*\

©»
[ 8]

Table 28 Discriminant analysis, standardized coefficients, 5 parameters.
Discriminant function: (unstandardized coefficients) D = —0.01 X L +0.04 X B+0.11X
X A —0.25X Bl +0.11X 52 — 11.56.

From the standardized discriminant coefficients, given in table 28, it is
obvious that the mean values of the parameters B and s2 are the best to
discriminate between the two groups of Uvigerina, while L contributes but
a little and A and BI hardly at all. Table 28 also shows the discriminant
function with unstandardized coefficients. A sample will have about equal
probabilities of belonging to either group if its value of the discriminant
function is equal to —1.0. The probability that a discriminant score of
—0.2 or less occurs within the statistical population of the discriminant
scores of the thick type is less than 0.01. Likewise, the probability that a
discriminant score of —1.6 or more occurs within the statistical population
of the discriminant scores of the thin type is 0.01 or less. The region be-
tween the discriminant scores of —1.6 and —0.2 is called the undecided
region.

Histograms of the values of the discriminant scores of all types are shown
in fig. 49.

The results of the discriminant analysis are encouraging as regards the
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Fig.49 Histograms of the discriminant scores for the separate groups. Left; analysis with L, B, A, BI
and s2, Right; analysis with L, B, A and BI,

efficiency of the used grouping. Of all 465 samples used in the analysis, only
two samples of the thick type and one of the thin type were “misplaced”.
The thin type sample, which according to its discriminant score would be
closer to the thick type, is the oldest thin type sample from section Kala-
mavka with a high mean s2 value. The two thick type samples which accord-
ing to their discriminant scores should be closer to the thin type, are Plio-
cene samples with extraordinarily low mean s2 values. The “misplaced”
samples are all within the undecided region. The intermediate samples are
partly grouped with the thick type samples, partly with the thin type. Many
of these samples, however, are in the undecided region of discriminant
scores. Only a few of them have discriminant scores of more than —0.2 or
less than —1.6, and can be grouped with either type with a probability of
more than 0.99.

This confirms again that the intermediate type samples are indeed inter-
mediate in all the parameters. On the other hand, the lowermost Pliocene
samples have discriminant scores of less than —1.6 and should belong to
the thin group with a probability of more than 0.99. As has already been
evident from the bivariate scattergrams the Pliocene thick type samples are
somewhat closer to the thin type samples than the Miocene thick type
samples. The majority of the Pliocene thick type samples is located outside
the undecided region of discriminant scores, but some Pliocene thick type
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samples and some Miocene thin type samples do have such undecided
discriminant scores.

The discrepancies between our a priori grouping and the grouping based
on the discriminant analysis are due to the presence of samples with “aber-
rant” mean s2 values, so it will be of interest to calculate a discriminant
function, using only the mean values of L, B, A and BI as variables. This
function is given in table 29 together with the standardized coefficients. The
differences with the 5-variables discriminant analysis are evident. The mean
value of B is still the best discriminating parameter, but the mean value of
A is in the analysis with four variables of much greater importance. The
mean values of L and BI are of less importance than in the 5-variables
analysis. The equal-probability discriminant score is equal to —0.85, and the
undecided region has boundaries at discriminant scores of —0.05 and —1.65.
In this analysis no samples are “misplaced”. The majority of the inter-
mediate samples is now grouped with the thin type Uvigerina and much
fewer of these samples are now within the undecided region as regards their
discriminant score. But more Pliocene thick type samples are now located
within the undecided region. Figure 49 shows histograms for the discrimi-
nant scores of all types.

Coef.

—0.33
+1.,82
—0.65
+0.08

>U_:{I{:(>|t7?1|l_‘|

Table 29 Discriminant analysis, standardized coefficients, 4 parameters.
Discriminant function: (unstandardized coefficients) D = —0.005 X L +0.04X B —0.81X%
X A+0.21X BI — 4.76.

The discriminant analysis appears to give good results. Our grouping,
which was based on the inflatedness of the chambers proves to coincide with
the best possible grouping on a linear combination of parameter mean values.
The analysis with only four parameters (L, B, A and BI) fits in with the
grouping on the basis of the inflatedness of the chambers somewhat better
than does the analysis in which the s2 factor is added, but the differences
are not large.

It is possible to place the discriminant scores of all samples in the strati-
graphical succession. This was done in fig. 50 for the 5-variables analysis.
This multivariate variable again gives a picture similar to the scores on the
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Fig. 50 The discriminant scores for the separate groups for all samples {analysis with five variables,
L, B, A, BI, s2) in stratigraphical succession.
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Fig. 51
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specimens. An arrow to the left signifies inclusion in the cluster which consists predominant-
ly of thin type specimens. The arrows are only given for the intermediate type samples and
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the a priori grouping.
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first principal component and all variables separately, i.e. no sustained
changes. In this discriminant score, however, not all variables are equally
weighted, for the mean values of B and s2 are the most important, whereas
BI is scarcely represented.

In fig. 51 the discriminant scores of the 4-variables analysis are shown in
the stratigraphical succession (in this figure the results of the cluster analysis,
described below, were also entered). Figure 51 illustrates the now already
familiar picture of fluctuations and no sustained changes. In this multivariate
variable the mean values of B and A are the most.important factors. The
greatest difference with fig. 50 is the different allocation of the intermediate
- samples in the Lower Pliocene.

By using discriminant scores instead of the scores on the first principal
component we introduced a hierarchy of the variables into the multivariate
variable. The best discriminating variables have the highest place in this type
of hierarchy.

IV.6.3. Cluster analysis

The discriminant analysis gave an answer to the question whether our
grouping would be efficient. With' cluster analysis we hoped to discover if
our grouping of the uvigerinids is a “natural” one. We tried to get an answer
to this question by means of Wishart’s mode analysis. The mean values of L,
B, A, BI and s2 were again made use of as the variables.

During the analysis the correlation coefficient we used as a distance-
criterion decreased from 0.997 to 0.885. At this level all the samples are
enclosed in one cluster. Just before this level is attained two clusters are
found. One of these includes all the Miocene thick type samples, the ma-
jority of the Pliocene thick type samples, three intermediate type samples
from the Miocene and four from the Pliocene. In the other cluster all the
Miocene thin type samples are grouped, and all the Pliocene ones, together
with three Miocene intermediate type samples and almost all Pliocene
ones. Twelve Pliocene samples, which we consider to be thick type samples,
were also included in this cluster.

The results of the cluster analysis are shown in fig. 51.

At a coefficient-level of 0.976 seventy-six % of all samples is placed in
clusters. At this level three clusters are observed; one with thick type sam-
ples, another with thin type samples and a third one with intermediate
type samples. Then the clusters with the thin and the intermediate type
samples fuse. Later in the analysis some thick type samples from the Plio-
cene are included in this cluster, because of their resemblance to some of
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