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Abstract: Benthonic foraminiferal assemblages from the Karpatian of the Czecho-Slovak part of the Central Paratethys
have been analysed by BC and BFA. These less known multivariate statistical methods were found to be suitable for pre-
sent/absence type of data. Blocks of BC were interpreted paleoecologically on the basis of grouped taxons. Analysis of spatial
distribution of these blocks and factors enabled a paleogeographical reconstruction of the sedimentary basin and to express
the supposition of a connection between the eastern part of the Ipel Basin, Binovce depression, northern part of Vienna Basin

and central part of the Carpathian Foredeep.

Key words: Western Carpathians, Karpatian, foraminifera, block clustering analysis, paleogeography.

Introduction

About 40 % of the articles published the 1980s in micropaleon-
tological journals Micropaleontology and Journal of Foraminife-

,ral Research used multivariate statistical methods. Among them
cluster analysis, Q-mode of factor analysis and principal compo-
nent analysis were predominant.

So far these methods have rarely been used for the analysis
of foraminiferal data from the Central Paratethys. Brzobohaty
et al. (1981) and Rupp (1987) dealing with foraminiferal as-
semblages from Middle Miocene of Vienna Basin, are two not-
able exceptions.

The aim of this paper is to demonstrate the use of less known
statistical methods for the analysis of homogeneous, by non-
quantitative methods indistinguishable, Karpatian foraminiferal
assemblages.

Characteristics of the analysed area

Analysed foraminiferal assemblages originate from the
Karpatian (Late Burdigalian) of the Czecho-Slovak part
of the Central Paratethys. The assemblages of calcareous
nannoplankton from studied boreholes belong to the NN
4 Zone. Samples from "’schlier” (schlier - calcareous clay-
stones with silty laminae and silstone intracalations with
mica and plant debris on the bedding surfaces) were ana-
lysed. The “’schlier”is locally defined as Se&ianky Mb.
(Southern Slovakian Basin, Vass et al. 1983), Banovce
Mb. (Blatné and Bdnovce depressions, Senes 1971) and
Laksdr Mb. (Vienna Basin, Spitka & Zapletalov4 1964).
The conditions of sedimentation of this litotype have not
been satisfactorily explained.

The assemblages of benthic foraminifers were analysed by
several authors (Kantorovd 1964, 1970; Cicha et al. 1967; Bres-
tenskd 1970). The attempts to distinguish type foraminiferal as-
semblages in the analysed area (Spitka & Zapletalovd 1963;
Brzobohaty 1988) have shown that the assemblages occur only
in a limited area. Differences among the assemblages in a larger
area are not evident.

According to our experience the foraminiferal assemblages
are diversified. Cibicidoids, lagenids (mainly Lenticulina) and
Florilus communis often predominate. The assemblages indi-
cate stable marine conditions characterized by paleodepth up to
500 m (NW of Vienna Basin, Bdnovce Basin), exceptionalty
over 500 m (SE of Ipef Basin). Shallow-water assemblages
occur locally in the marginal parts of basins, or in the lowermost
Karpatian. In some places (e.g. NW of Ipef Basin) hyposaline
foraminiferal assemblages were found.

Egerian (Chattian) foraminiferal assemblages from Lulenec
Mb. (Sene§ in Andrusov 1965), similarly represented by
“’schlier”, were used for comparison with Karpatian assemb-
lages. Calcareous nannoplankton from Egerian samples be-
longs to the NP 25 Zone. The benthic foraminiferal assemb-
lages are in many respects similar to the Karpatian ones.
Assemblages defined by non-quantitative methods (Dani-
helovd 1954; Horvéth 1983) occur in limited area. The assemb-
lages indicate stable marine conditions characterized by a maxi-
mum paleodepth of about 200 m.

Material and methods
When preparing the data for analysis such sources of quanti-

tatively or semiquantitatively analysed foraminiferal assemb-
lages from the Czecho-Slovak part of the Central Paratethys
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Fig. 1. Localization of statistically analysed boreholes. Legend: 1 - cities; 2 - 5: borehole micropaleontologically analysed by: 2 - Kantorovs, 3 -
Brestenskd, 4 - micropaleontologists from the Moravian Oil Company Hodonfn, 5 - author (empty signs refer to Karpatian samples, filled signs to
Egerian ones); 6 - area of present-day Egerian sediments (Vass et al. 1989); 7 - area of present-day Karpatian sediments (GaBparfk 1972);
8 - borderline of regional geological unit: 1 - Southern Slovakian Basin, 1a - Rimava Basin, 1b - Lufenec Basin, 1c - Ipel Basin, 2 - Danube Basin,
2a - Banovce depression, 2b - Blatno depression, 3 - Vienna Basin, 4 - Carpathian Foredeep.
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clustering (BC) and Boolean factor analysis (BFA). These
methods were computed by means of BMDP programmes P3M
and P8M. We give only a brief description of those methods
which are fully described in BMDP Statistical Software Manual
(Dixon 1989).

Fig, 2. Part of theoutput of BC. Letters denote blocks, rows correspond
to samples and columns to taxa expressed by its number ordered as in
Appendix 1.

3



STATISTICAL ANALYSIS OF FORAMINIFERAL ASSEMBLAGES 191

BCA

8

r=0.68

[o+]
Q
Os

homogeneity index

7 T T —— % —— —— T
%.0 100.0 200.0 300.0 400.0 500.0
block size

Fig. 3. Relation between block size and homogeneity index. Regression
curve and correlation coefficient is given. Blocks which are in agreement
with some factor what regards sharing some taxa, are circled.

The BC method constructs block clusters by means of selec-
tion and reordering of rows and columns. Each column in
a block is characterized by the value corresponding to the
presence or absence of the taxon. Data in block, values of which
differ from the characteristic block column values are called sin-
gletons. Some rows or columns belong to more blocks and the
overlapping of blocks is possible. That means a taxon or group
of taxa may be common to different blocks. The algorithm looks
for a system of at most 19 blocks that minimizes the number of
singletons. This method results in an easily readable table, part
of which is presented in Fig. 2. For better comparison of the
compactness of the blocks we have introduced the homogeneity
index (I). This index is computed as the ratio of the true real and
the theoretical count. The theoretical count of members in
a block is computed for non-overlapping blocks as a product of
number of rows and a number of columns. The real count of
members is then the theoretical count diminished by the number
of singletons. As the number of singletons increases, I decreases.
In case of overlapping blocks the common part belongs to the
block with identical characteristic block value. It may belong to
more than one block. These situations should be distinguished
when computing the theoretical block count.

The goal of BFA is similar to that of classical factor analysis: to
express a greater number of variables by a considerably less num-
ber of factors (Davis 1973; Hartigan 1976). Both the input data
matrix and the resulting factor loadings and factor scores are binary
(boolean) data. The interpretation of factor loadings and factor
scores is also similar. Firstly, the factor loadings form groups of taxa
corresponding to the factors (Appendix 1). Secondly, the factor
scores for a given sample give us information about which factors
are active and which non-active in this sample.

The computational algorithm of BFA differs substantially from
classical factor analysis. In BFA the factor loadings and factor scores
are computed iteratively. The algorithm seeks a minimal number
of discrepancies between the input data matrix and estimated data
matrix. (The estimate is the result of a Boolean product of the
loadings and the scores). The algorithm starts from an initial
number of factors (which can be changed by the user) and con-
tinues with a higher number of factors. It stops when the num-
ber of discrepancies does not diminish.

From the above description it is obvious that BC method is
more of local character because it provides information on
groups of taxa connected to a limited number of samples. On
the other hand, BFA is of global character since it forms groups
of taxa for all the samples together.
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Fig.4. Classification of blocks according to block size, homogenityindex
and agreement with Boolean factor analysis.

BFA was used to solve paleoecological problems and as a com-
plementary method for BC. Some preliminary computational

screening led to the estimate of 22 factors as the optimal number.

The results for 20 factors differed only slightly and are not
discussed in the sequel. Due to the prevalence of zeros in the
data matrix (corresponding to the absence of a taxon in the
sample) over units, it was useful to penalize the positive discrep-
ancies (i.. those corresponding to the observed value one and
the estimated value zero). With twice as high cost for positive
discrepancies we have successfully balanced the number of posi-
tive and negative discrepancies.

BC and BFA have not been commonly used in paleontology.
The Braun-Blanquet method, using similar ideas to BC, was
developed in plant sociology and was applied to analysis of for-
aminiferal assemblages (e.g. Hiltermann & Tlixen 1974; Barbin
& Keller-Griinig 1991).
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Fig. 5. Interpretation of paleoecological requirement of taxa grouped
in the blocks. Blocks at the bottom did not find paleoecological inter-
pretation. Hatching see Fig. 4.
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Interpretations

The interpretations are based mainly on the results of BC
which were compared to the results of BFA. We stress those
results of BC which were approved by BFA.

The output of BC was resumed from the point of view of taxa
in the table (Appendix 1).

The blocks were evaluated from two standpoints:

1 - from the statistical standpoint of the size of blocks, their
index of homogeneity and the presence of joint subgroups of
taxa (at least 3) both in BC and in BFA are appreciated. The size
and the homogeneity index are negatively correlated (r = 0.67).
On the base of Fig. 3 the blocks were classified into three groups
(Fig. 4):

a - good blocks ¢, 8, A,D, H

b - moderate blocks y, E E,N

¢ - poor blocks 4,1, L, 0, K, M, C, B, G;

2 - the paleoecological standpoint follows from the paleoeco-
logical interpretability of blocks. From this point of view the
blocks were classified into five groups:

a - large blocks containing taxa characteristic of different pa-
leoenvironments (blocks @, A, C, G). The occurrence of these pa-
leoenvironments is supposed for areas corresponding to these
blocks;

b - blocks containing taxa which require stable marine condi-
tions (blocks 8, D, F, H). They do not permit accurate estimation
of paleodepth, only an average” paleodepths for areas corre-
sponding to these blocks can be stated. Similar groups of taxa
are commonly found by multivariate statistical methods (Rupp
1987). Experiences with multivariate statistical analysis of Re-
cent foraminiferal assemblages from stable marine environ-
ments (Burke 1981; Culver & Buzas 1981) showed that depth
interpretation cannot go further into detail than differentiating
between e.g. shelf, upper slope, lower slope;

¢ - blocks containing taxa typical for paleoenvironments with
long-term influence of some environmental stress factors
(blocks 8, E, K). Interpretation of the taxa involved points to
low-oxic conditions. Species composition of stress-resistant fora-
miniferal assemblages are so typical that they can be detected by
common multivariate methods (e.g. van der Zwaan 1983; Hase-
gawa et al. 1990; Vismara-Shilling & Coutbourn 1991);

d - blocks containing the most frequent taxa from analysed
foraminiferal assemblages: Florilus communis, Heterolepa du-
templei, Lenticulina cultrata, Valvulineria sp. (blocks y, N).
They are dispersed all over the area. Block B containing the
most frequent agglutinated species is a special case of this
group of blocks;

e - small blocks paleoecologically non-interpretable (blocks I, J,
L, D). They are unimportant from the statistical standpoint, too.

The blocks have been paleoecologically interpreted on the
basis of actuoecology (Pfleger 1957; Murray 1973, 1991; Bol-
tovskoy & Wright 1976; Reiss & Hottinger 1984) of the for-
aminiferal taxa grouped in blocks. The shift of paleoecological
requirements of taxa was taken into account (van der Zwaan
1983; Kurihara & Kennett 1988). The shift has been also ob-
served in the analysed territory mainly in shallow-water biotops
(Sutovskd 1991).

The depth and O, content are probably the limiting paleoen-
vironmental factors (from factors determinable in the fossil re-
cord) for grouping taxa in the blocks. That is why the “average”
paleoecological requirements of taxa associated in blocks were
interpreted from a paleodepth/Oz content diagram (Fig. 5).
Description of blocks is givenin Appendix 2.
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Spatial distribution of blocks and factors

In the sequel, the spread of blocks over the samples is con-
sidered. Spatial distribution of blocks permits us to distinguish
seven areas in the Karpatian and two in the Egerian. The areas
are described by frequencies of samples in presented blocks in
the form of bar graphs (Figs. 6 - 8). Using the paleoecological
characteristics of blocks, the paleoenvironment in the areas has
been interpreted:

The Eastern part of the Ipel Basin, Bdnovce Basin and the
northern part of the Vienna Basin are characterized by blocks
containing taxa typical of the deepest areas of the Karpatian
(paleodepth more than 200 m) with stable marine conditions.
Marginal shallow-water biotops are deduced for the Bdnovce
Basin on the basis of the occurrence of shallow-water taxa (e.g.
Ammonia beccarii, Elphidium sp.) in block a typical for this
area. Vienna Basin was shallower in southern direction (in
agreement with Jifféek 1978), Ipel Basin in NE direction. Low-
oxic condition are considered for the southern part of Vienna
Basin and for the shallow-water Blatno depression. Varied bio-
tops with predominated shallow-water elements have been in-
terpreted for analysed part of the foredeep near Zlfn and
Kroméifz (the deepest part of the Carpathian Foredeep in the
Karpatian, Buday at al. 1965).

Shallower and low-oxic conditions in the eastern part and
deeper-water and well-aerated environment in the western
part were stated for the Egerian of the Rimava Basin (the
control area), which is in agreement with the results obtained
by classical paleoecological analysis of a large number of
samples. The results showed deepening of the basin in a SW
direction.

Spatial distribution of the blocks was compared to the dis-
tribution of factors. The results reflect the fact that BFA is of
global character opposite to the local character of BC. The areas
stated by BC were described by frequency of samples in which
the factor is present, by means of a bar graph (Figs. 7, 8). This
frequency was taken as input of index of similarity in clustering
of seven areas (Fig. 9). Analysing these graphs, the areas were
classified into two group:

The first group of the areas include the eastern part of the
Ipel Basin, the Bdnovce depression, the northern part of the
Vienna Basinand the Carpathian Foredeep. The areas are clus-
tered. Relatively high similarity supports the hypothesis about
communication of these areas during the Karpatian. Paleoen-
vironmental resemblance as a cause of similarity of areas is
slightly probable because some ecological conditions were in-
terpreted for the Carpathian Foredeep and other for the rest.
Similarity of the Ipel and Bdnovce Basins draw attention be-
cause it is based on rare factors 18 a 19 (not found anywhere
else). Hypothesis about connection of these areas through the
present-day neovolcanites was expressed in earlier researches
(Buday et al. 1965). The communication of the Carpathian
Foredeep, the northen part of Vienna Basin and Bénovce de-
pression is considered by Jiff¢ek 1978: northern part of Vienna
Basin and Bédnovce depression formed Brezové depression in
Lower Miocene.

While the first group is compact, the second group corre-
sponds to a “collective group” of shallow-water areas (NW of
the Ipel Basin, the southern part of the Vienna Basin and the
Blatno depression). There are not only different from the first
group areas but also among themselves. It can be explained by
paleoecological variability of these areas.

A sketch of these paleogeographical ideas is given in Fig. 9.
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Fig. 6. The bar graphs for Karpatian area represent frequency of samples from given area in blocks ordered from good ones to bad ones. List of

taxons for each block see Appendix 2. Paleoecological interpretation is designated by five types of hatching.
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Fig. 8. The bar graphs for Egerian areas with the same explanation as in Figs. 6 and 7.

Conclusion

1 - A large amount of binary paleontological data without
apriori differentiation was analysed by less known statistical
methods, BC and BFA. Both of them were found suitable for
such type of data. Nevertheless the BC method was preferred
as simpler, more transparent and not demanding choice of pa-
rameters. Comparing the results of two different methods is
a good way of verifying them.

2 - The taxons, which are grouped into blocks co-exist in many
samples. Therefore, from the paleoecological point of view,

o ¥ &
=4 o©
T 2 >

these taxa characterize long-term stable paleoenvironment or
an “average” environment averaging the oscillations of similar
types of environment.

3 - On the base of spatial distribution of blocks and factors, pale-
ogeographical sketch of the Czecho-Slovak part of the Karpatian
Basin is given. The deepest parts of the basin, probably connected
with each other, lay on the line: SE part of the Ipel Basin, Bdnovce
depression, northern part of the Vienna Basin and the Carpathian
Foredeep. Remaining areas (NW part of Ipel Basin, Blatno de-
pression, southern part of the Vienna Basin) represented shallow-
water paleoecologically diversified parts of basin.

Fig 9. A sketch of paleogeographic interpretation of analysed area
determined by results of multivariate analysis.

Legend: 1 - borderline of present-day area of Karpatian sediments
(Gagparfk 1972); 2 - borderline of present-day area of Egerian sedi-
ments (Vass et al. 1989); 3 - paleodepth up to 50 m; 4 - paleodepth 50
- 200 m; S - paleodepth more than 200 m; 6 - low-oxic eﬁvironmem;
7 - marine connection supposed for at present isolated basins.
Dendrogram result from cluster analysis of areas: RBy, - western part
of Rimava Basin, RBE - eastern part of Rimava Basin, IBw - western
part of Ipel Basin, IBE - eastern part of Ipel Basin, BnD - B4novce
depression, BID - Blatno depression, VBs - southern part of Vienna
Basin, VBN - northen part of Vienna Basin, F - Carpathian Foredeep,
$3- Jaccard’s similarity index of benthonic foraminiferal assemblages.
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APPENDIX 1

Species

Blocks

BC

abydA

BCDEF

GHIJK

LMNO

10

vigerinaparkeri breviformis Papp & Turn.
Elphidium crispum (L.)

Cribrononion hiltermanni Hagn
Ammonia beccarii (L.)

Stilostomella consobrina (Orb.)
Stilostomella clegans (Otb)
Florilus commune (Orb.)

Pullenia bulloides (Orb.)

Bulimina pupoides (Orb.)
Spiroplectammina carinata (Orb.)

Lenticulina cultrata (Monfort)
Marginulina divsp.

Lenticulina inomata (Orb.)
Amphicoryna divsp.

Cibicidoides ungerianus (Orb)
Bolivina hebes Macfad.

Valvulineria div.sp.

Eponides div.sp.

Hoeglundina elegans (Orb.)
Stilostomella adolphina (Otb)
Dentalina div.sp.

Bulimina clongata Orb.

Fursekoina schreibersiana (Czj.)
Melonis pompiloides (F. & M)
Sigmoilopsis celatus (Orb.)
Cribrostomoides divsp.

Semivulvulina pectinata Rss.
Haplophragmoides div.sp.
Baﬂny.nphondxvsp ....................
Plectofrondicularia div.sp.

Baggina divsp.

Cyclammina div.sp.

Lenticulina arcuatostriata (Hantk.)
Lenticulina orbicularis (Orb.)
Lenticulina clericii (Fornasini)
Lenticulina macrodisca (Rss.)
Lenticulina melvili (Cush. & Renz)
Islandiella sp.

Bolivina dilatata Rss.

Bulimina acuelata Orb.

Bolivina fastigia Cush.
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Species

Blocks

BC

Factors

aby 3 ABCDEF

GHI JK

LMNO

10

Caucasina sp.

Hanzawaia boueana (Orb.)
Cibicidoides sp.

Cassidulina div.sp.

Cibicides lobatulus (Walk. & Jac.)
Cibicidoides bullatus (Franz)
Thiloculina consobrina Orb.

Uvigerina hantkeni Cush. & Edw.
Siphonina reticulata Czjz.
Neoeponides schreibersii (Orb.)
Bolivina antigua Otb.
Anomalina div.sp.

Heterolepa praecincta (Franz.)
Bolivina liebusi Czjz.

o

...........

Hyperammina div.sp.

Ammodiscus incertus (Orb.)

Reophax div.sp.

Ammoscalaria div.sp.

Textularia gramen Orb.

Temdanapala CZJz ...................
Martinotiella communis (Orb.)
Shenkiella div.sp.

Spiroloculina div.sp.

Spirosigmoilina tenwis Czjz.
Nodosaria div.sp.

Lenticulina calcar (L.)

Planularia div.sp.

Guaulina communis Orb.

Globulina gibba Orb.
Guttulina problema Orb.

Bolivina beyrichii Hantk.

Reussella div.sp.

Uvigerina acuelata Orb.

Uvigerina boniensis Papp & Turn.
Uvigerina graciliformis Papp & Turn.
Uvigerina pygmoides Papp & Turn.
Uvigerina semiomata Orb.

Discorbis div.sp.

Rosalinagivsp.
Asterigerinata planorbis (Orb.)
Elphidium fichtelianum (Orb.)
Elphidium flexuosum (Orb.)
Planulina div.sp.

Chilostomella ovoides Rss.
Almeana div.sp.

Textularia abreviata Orb,

Bolivina scalprata Cush.
Elphidium macellum (L.)
Bolivina oligoceanica Hantk
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a Ammonia beccarni (L)

Stilostomella consobrina (Orb.)
Stlostomella eiegans (Orb.)
*Pullenia bulloides (Orb.),
Spiroplectarmmina carinata (Orb.)
*Gyroidina soldanii Orb. '
Lagena div. sp.

UWvigerina semiomata Orb.,,

Cibicidoides pseudoungerianus (Cush.),

Heserolepa dusemplei (Orb.),
Lenticulina cultrata (Monfort),
Cibicidoides ungerianus (Orb.),
Bolivina hebes Macfad,
*Eponides dv. sp.

Deualing div. sp.,

Bulimina elongata Orb.,
*Fursekoina schreibersiana (Czj.),
Rondicularia div. sp.,

Melonis pompiloides (F. & M.),
*Sigmoilopsis celatis (Orb.),
Cibicidoides sp,

*Bolivina dilatata Rss,
*Bulimina acuclata Orb.,
Bolivina fastigia Cush,
Caucasing sp,

*Hanzawaia boueana (Orb.),
*Bolivina scalprata Cush,
*Elphidtum macelban (L),

SUTOVSKA, MASLOWSKA and BEZVODA

S:15x31
1. 839
SE: factor 7

SD: Bénovee depression

Tpel Basin (rare)
TD: Karpatian

Stilostomella consobrina (Orb.)
*Stilostornella elegans (Orb.)
Uvigerina semiomata Orb.
*Cibicidoides ungerianus (Orb.),,
Cibicides lobatubus (Walk. & Jac.)
Cibicidoides bullatus (Franz.)
*Anomalina div. sp.

*Heterolepa pruecincia (Franz),
*Bolivina ebusi Czj,

S:27x9
1: 728
SF: factor 12

SD: eastern part of
Rimava Basin
TD: Egerian

Stlostornella elegans (Orb.)
Pullenia bulloides (Orb.)
Bulimina pupoides (Orb.),
Spiroplectammina carinata (Orb.)

S:23x 11
L715

SD: disperzed

APPENDIX 2
Lagena div. sp. Egerian
Cibicidoides pseudoungerianus (Cush.),
Haterolepa duerplei (Otb),
Lenticuling cubiraia (Monfort),
Margirudina div. sp,
d Stlostomella consobrina (Orb.) S:6x10
Vabulineria div. sp. 1:81.7
Lenticuling mebvili (Cush. & Renz),
Isandiella sp. SD: Rataje (Foredeep)
Bulimina acuelata Orb.,
Caucasina sp,
Harzawaia boueana (Orb.),
Cibicidoides bullatus (Franz.),
A *Cribronoriion hiltermarmi Hagn S:14x14
*Ammonia beccarii (1.) 1847
*Stilostorella degans (Orb.) SF: factor 18
*Lagena div. sp.,
*Rondicularia div. sp. SD: Ipef Basin (mainly eastern
*Melonis pompiloides (E & M)~ pan),
*Hanzawaia boueana (Orb.) TD: Karpatian
“Cibicidoides sp,
Cibicides lobatulus (W. & J.),
B Cibicidoides pseudoungeriarus (Cushm.) S: 17x 6
Heterolepa dusemplei (Orb.) L 794
Sigmoilopsis celatus (Orb.),
Cribrastomoides div. sp. SD: disperzed
Semivubvuling IwcmataARss TD: Karpatian
Haplophragmoides dv. sp.,
C Ubigerina breviformis Papp & Tum.~~ S:9x9
Elphidaum crispumn (L) 790
Ammonia beccarii (L) SD: Foredeep
Stilostornella consobrina (Orb.) TD: Karpatian
Pullenia bulloides (Orb.),
Bulimina pupoides (O1b.),
D ***Pullenia bulloides (Orb.) S:21x9
*Heterolepa dutemplei (Orb.) 1767
Lenticulina cultrata (Monfort) SF: factor 9
*Magnulina div. sp.,
| enticulina inomata (Otb.) SD: western part of Rimava
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*Amphicanna div. sp. Basin
*Cibicidoides ungeriarus (Orb.),

*Heterolepa dutemplei (Orb.) S:11x18
Lenticulina cultrata (Monfort) 1: 76.6
Valvulineria div. sp. SE: factor 6
Bulimina dongaia Otb,

*Semivubvulina pectinata Rss. SD: Vienna Basin
*Bolivina dilaata Rss. TD: Karpatian
*Caucasina sp,

* *Pullenia bulloides (Orb.) S:11x7

* Bulimina pupoides (Orb.) 1: 769
Spiroplectammina carinata (Orb.) SE: factor 8
*Heerolepa dusernplei (Orb.),

* *Lensiculina inomasa (Orb.) SD: Ipef Basin
* *Hoeglundina elegans (Orb.) TD: Karpatian
*Stilostomella adolphina (Orb.),

Dentaling div. sp.,

* Bulimina elongata Orb,

* Rasekoina schreibersiana (Czj.),

*Rondicularia div. sp,,

*Melonis pormpiloides (F. & M),

* Sigmoilopsis celas (Orb.,

Cibicidoides ungerianus (Orb)) S:4x14
Gyroidina soldanii Orb. L 946
Lenticulina cultrata (Monfort),

Lenticulina inomata (Orb.) SD: Vienna Basin
Bolivina hebes Macfad. TD: Karpatian
Lenticulina orbicularis (Orb),

Lenticulina clericii (Fornasini),

Lenticulina macrodisca (Rss.),

Lenticuling mebili (Cush. & Renz),

*Ammonia beccarii (L.) S:26x7

Cibicidoides pseudoungerianus (Coshm.) I: 81.9

Caucasina sp. SF factor 19
Harzawaia boueana (Ord.),

*Cibicidoides sp. SD: Ipef Basin
*Cassidulina div. sp. western part
*Cibicides lobatulus (Walk. & Jac) ~ TD: Karpatian
Spiroplectammina carinata (Orb.) $:5x10
Gyroidina soldanii Orb. 1:860

Sphaeroidina bulloides Orb.,

Oyclarmming div. sp. SD: Rimava Basin
Triloculina consobrina Orb.,

Uvigerina handeeni Cush. & Edw,

J Eponides div. sp. S:4x8
Hagplophragmoides dw. sp. 1: 90.6
Bathysiphon div. sp,,

Plectofrondicularia div. sp. SD: eastern part
Baggina div. sp. - of Rimava Basin
Neoeponides schreibersi (Orb.),

K Bulimina pupoides (Orb.) S:7x8
Cibicidoides pseudoungerianus (Cushm.) I: 85.7
Caucasina sp. SD: Rimava Basin
Bolivina antigua Orb. TD: Egerian

L Vadineria div. sp. S:4x10
Haplophragmoidies div. sp. 1:950
Baggina div. sp,

Cyclammina div. sp. SD: Blatno depression
Gaudring div. sp. TD: Karpatian
Quinqueloculina akneriana Orb.,

Lenticulinag arcuatostriata (Hantk.),

Lenviculing orbicularis (Orb.),

M Stlostomella degans (Orb.) $:10x5
Heterolepa dusernplei (Orb.) 1: 780
Haplophragmoides div. sp. SD: Blatno depression
Bathysiphon div. sp. TD: Karpatian

N *Cibicidoides ungerianus (Orb.) $:16x5
Bolivina hebes Macfad. 1. 888
*Valvulineria div. sp. SF: factor 7
*Eponides dw. sp. SD: disperzed
Hoeglundina elegans (Orb.) TD: Karpatian

O Cribrononion hiltermarvii Hagn S:4x8
Heterolepa dutemplei (Orb.) 1. 938
Bolivina hebes Macfad,

Siphonina reticulata Czjz. SD: Southemn Slovakia
Neoeponiides schreibersii (Orb.) TD: Egerian Karpatian



200 SUTOVSKA, MASLOWSKA and BEZVODA

Appendix 1: List of analysed taxons. Presence in some block of BC is
signed by circle, presence in some factor of BFA by cross.

Appendix 2: Characteristics of blocks of BC: list of taxons included in
a block, taxons markers with asterisks are jointly present in some fac-
tor, its rank number is given under SE; S- size of block (No. rowsx No.
columns), I- homogeneity index, SD - spatial distribution of samples
grouped in a block, TD - distribution of blocks in time.
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