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Abstract: Cyclotella iris Brun & Hérib. and its varieties have been studied by LM and SEM. They were represented in 
Neogene continental deposits of the Sofia Basin, South Bulgaria with rich abundance. New data about the fine structure 
of the Cyclotella iris var. integra Perag. & Hérib. were obtained and this made it possible to add the morphological char
acteristics of the Cyclotella iris group. In the informal subdivision of the genus Cyclotella this species and its varieties 
would fall within separate subgroup.
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Introduction

The development of the different genera of class Centrophy- 
ceae, Bacillariophyta, in the continental deposits have been 
used for the diatom biostratigraphic subdivision (Ognjanova & 
Popova 1982; Temniskova et al. 1994). The appearance and the 
development of genus Cyclotella Kiitz. are objects in a series 
of phylogenetic studies (VanLandingham 1985; Krebs et al. 
1987; Fourtanier & Gasse 1988; Loginova 1990; Khursevich 
1994; Krebs 1994). Cyclotella can be considered as the young
est genus of the family Stephanodiscaceae Glezer & Makarova 
1986. Species of the genus are commonly planktonie, most of 
them live in freshwater habitats, but some also live in brackish 
and marine waters. Some extinct species, known only from 
nonmarine sediments show the archaic characteristics of the 
genus Cyclotella. Species of this genus have been determined 
in continental Upper Miocene deposits from the whole of Southern 
Europe: Spain (Servant-Vildary 1986); France (Héribaud 1893; 
Ehrlich 1966; Serieyssol 1981, 1984); Greece (Gersonde & 
Velitzelos 1978; Economou-Amilli 1987, 1991); Armenia (Po- 
retzky 1953; Golovenkina 1967).

Nonmarine Neogene sediments of the Sofia Basin, South 
Bulgaria, have been investigated. 365 species, varieties and 
forms of diatoms were found (Ognjanova-Rumenova 1994). 
The representatives of class Centrophyceae are dominant in 
the established diatom assemblages, but their taxonomic com
position is not so varied (11 genera, 37 species, 15 varieties 
and é forms). The genus Cyclotella has been represented by 
15 species, varieties and forms. Very interesting is the discov
ery of $11 varieties of Cyclotella iris Brun & Hérib. Similar in
fraspecific variations of this species had been determined only 
for the Upper Miocene sediments in the Massif Central 
(Héribaud 1893; Serieyssol 1981,1984). Serieyssol (1984) re
vised the type material of Héribaud and Brun and pointed out 
the great variability of Cyclotella iris Brun & Hérib. She de
termined two new varieties and presented a taxonomic sub
species key. Unfortunately, all described fragments of Cy

clotella iris var. integra Perag. & Hérib. showed evidence of 
dissolution and this variety was not included in the key. In the 
sediments of the Sofia Basin this variety is represented with 
rich adundance and this made it possible to provide a SEM in
vestigation and to add the morphological characteristics of the 
Cyclotella iris group (Fig. 4).

Material and Methods

Material was collected from the Neogene Sofia Basin. The 
lithostratigraphic Units were introduced by Kameňov Sc Ko- 
jumdjieva (1983). In the Neogene sediments, variegated ter
rigenous formation (probably of Maeotian age) and the Sofia 
group formed from three formations were distinguished: 
Gniljane (Pontian age), Novi-Iskar (Pontian, sometimes partly 
Dacian age) and Lozenec (Dacian-Romanian age). The inves
tigated materials were from boreholes C-14, village of Katina; 
C-1113, village of Dobroslavci (Fig. 1).

The samples were cleaned according to Schrader (1973) 
and Hasle & Fryxell (1970). The Scanning Electron Micro
scopical (SEM) investigations were provided on Jeol JSM 
35CF and Jeol JSM T300. The terminology is recomended by 
Ross & Sims (1972), Anonymous (1975), Ross et al. (1979). 
The abundance of the diatom taxa in the samples was defined 
relatively by Schrader’s scale (Schrader 1973).

Results and Discussion

Classification problem s

The first Cyclotellae subdivision was made by Lowe 
(1975), McFarland & Collins (1978), Serieyssol (1981,1984). 
The groups and the pointed morphological criteria were added 
by Servant-Vildary (1986) and Loginova (1990). The mor
phological features, which they determined are: 1 — presence
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Fig. 1. Schematic map of the Sofia Basin. 1 — Quaternary; 2 — 
Lozenec Formation; 3 — Novi-Iskar Formation; 4 — Gniljane For
mation; 5 — Pre-Neogenic rocks.

and spacing of the marginal fultoportulae; 2 — presence and 
spacing of fultoportulae on the valve face; 3 — presence and 
number of rimoportulae; 4 — presence of spines; 5 — other 
special features such as granulae and structure of striae. Both 
Serieyssol (1984) and Servant-Vildary (1986) have attached im
portance on the structure of alveolae. On the basis of these mor
phological criteria Serieyssol (1984) distinguished 7 groups in 
genus Cyclotella Kütz. and Loginova (1990) — 12.

Krammer & Lange-Bertalot (1991) were strongly against 
the taxonomic subdivision on the basis only of SEM-criteria. 
They united all the recent freshwater representatives in 3 
groups. The species subdivision based on the elements, visible 
by light microscope (LM). Economou-Amilli (1991) de
scribed new polymorphic species Cyclotella from the Upper 
Miocene sediments, North Greece — C. elymaea. She found 
that the fultoportulae on the valve face is not a constant mor
phological feature. This fact made problematic the taxonomic 
significance of all the ultrastructural criteria, which were used 
for the genus Cyclotella subdivision and proved the necessity 
of new fossil investigations.

According to Serieyssol (1984) Cyclotella iris and its varie
ties fall into separate a Cyclotella group on the basis of: 1 — 
complex alveolar structure; 2 — rimoportula; 3 — marginal 
fultuportulae.

Paleontological description o f  taxa

Cyclotella iris Brun & Héribaud 1893
Plate I: Figs. 1-2; 10-13

1893 Cyclotella iris Brun & Hérib. in Héribaud, p. 224, pi. VI, Figs. 1 -4.
1900 Cyclotella iris Brun & Hérib. in Schmidt, pi. 222, Figs. 37,38,41.
1980 Cyclotella iris Bmn & Hérib. in Khursevich, Loginova, pi. V,

Figs. 12-14.
1984 Cyclotella iris Brun & Hérib. in Serieyssol, p. 201, Figs. 1-3, 19,

20,25-36.

Nomenclature: The holotype is the specimen designated by 
Héribaud (1893), p. 224, pi. VI, s. 1-4, Flore Miocene d’Auxil- 
lac-Faufouilloux, Auxillac zone moyen, Auxillac tres beau.

Dimensions: Diameter of the discs: 9.5-38.2 pm; Striae: 8- 
18 per 10 pm (often 15 per 10 pm); Diameter of the central 
area: 5.8-11 pm.

Morphology: The valves are circular. Their diameters vary 
in size. The valve face consists of an undulate central area 
with raised and depressed hemispherical parts, and a striated 
marginal zone extending inwards one-half to one-thirds of the 
valve radius. The striae are undulate and of unequal length. 
Their width increases only slightly towards the margin. Often, 
they show a slight bipolarity in their pattern. The striae consist 
of 3 to 5 rows of areolae. The central area is irregularly ellipti
cal, decorated with numerous randomly distributed bumps 
(PI. I: Figs. 10, 11). The valve interior, a complex alveolar struc
ture, as defined by Serieyssol (1984) is visible in the SEM. The 
rimoportula is located on a costa between two alveolar open
ings. Marginal fultoportulae are found on every first or second 
costa. Each marginal fultoportula has three satellite pores inter
nally and is marked externally by a small circular pore. The ex
ternal openings of the marginal fultoportulae are in the middle of 
the hyaline field between the striae, or between the rows of fine 
stria areolae. Central fultoportulae have never been observed.

Remarks: According to Serieyssol (1984) the diameter of 
the valve face ranges from 30 to 50 pm, but there are speci
mens from the Sofia Basin — smaller than these, established 
in the Massif Central.

Localities: Borehole C-14, village of Katina, Novi-Iskar For
mation (stage Pontian), depth: 135.00 m, 175.00-180.00 m,
195.00 m. Borehole C-1113, village of Dobroslavci, Novi-Iskar 
Formation (stage Pontian), depth: 240.00 m, 245.00-253.00 m,
275.00-280.00 m (Figs. 1,2).

Known Stratigraphie range: Upper Miocene, France (Héri
baud 1893; Serieyssol 1984); Pleistocene, Byelorussia (Khur
sevich & Loginova 1980) — to modem lakes, where it is espe
cially abundant in clear and acid water (Krammer & Lange- 
Bertalot 1991).

Cyclotella iris var. charetoni (Héribaud) Serieyssol 1982
Plate I: Fig. 6; Plate III: Figs. 1-4

1902 Cyclotella charetoni Héribaud, p. 22, pi. VIII, Fig. 30 (cit. Ser
ieyssol, 1981).

1982 Cyclotella iris Brun & Hérib. in Loginova, pi. I, Figs. 20-22.
1984 Cyclotella iris var. charetoni (Hérib.) Ser. in Serieyssol, p. 202, 

Figs. 11, 12, 15,49-52.

Plate I: Fig. 1. Cyclotella iris Brun & Hérib., C-14, v. Katina (180.00 
m), LM x2000. Fig. 2. Cyclotella iris Brun & Hérib., C-l 128, v. Do
broslavci (305.30 m), LM x5000. Figs. 3-4. Cyclotella iris var. Integra 
Perag. & Hérib., C-1113, v. Dobroslavci (235.30 m), LM x2000. 
Fig. 5. Cyclotella iris var. integra Perag. & Hérib., C-1113, v. Do
broslavci (245.00 m), LM x2000. Fig. 6. Cyclotella iris var. charetoni 
Ser., C-14, v. Katina (180.00 m), LM x5000. Fig. 7. Cyclotella iris var. 
combierensis Ser., C-14, v. Katina (195.00 m), LM x5000. Fig. 8. Cy
clotella iris var. cocconeiformis Brun & Herib., C-1113, v. Do
broslavci (235.00 m), LM x5000. Fig. 9. Cyclotella iris var. ovalis 
Brun & Hérib., C-l, v. Goljanovci (6.00 m), LM x5000. Fig. 10. Cy
clotella iris Brun & Herib., C-14, v. Katina (180.00 m) — valve exterior, 
SEM x3500. Fig. 11. Cyclotella iris Brun & Hérib., C-14, v. Katina — 
striae pattern, SEM x 10,000. Fig. 12. Cyclotella iris Brun & Hérib., С-14, 
v. Katina (180.00 m) — valve interior (complex alveolar structure), SEM 
x7500. Fig. 13. Cyclotella iris Brun & Hérib., C-14, v. Katina 
(180.00 m) — ultrastructure of the marginal fultoportula, SEM x35,000.
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Fig. 2. Cyclotella iris group succession in the sediments of the investigated borehole C-14, v. Katina. 1 — clayey sands; 2 — clays; 3 — di 
tomaeous clays; 4 — lignite; 5 — seam, contained Dreissena aff. superfoetata Brus; 6 — seam contained Viviparus bulgaricus Brus; 7 
sandy clays with gravels, a — abundant species; b — common species; с — frequent species; d — rare species.
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Fig. 3. Cyclotella iris group succession in the sediments of the investigated borehole C-l 113, v. Dobroslavci. For the lithology see Fig. 2.
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Fig. 4. Additions to the morphologic characteristics of Cyclotella iris 
group, first determined by Serieyssol (1984).

Nomenclature: The holotype is determined by Héribaud, 
1902, p. 22, pi. VIII, Fig. 30, Depot de la Bade, France, (cit. 
Serieyssol 1984).

Dimensions: Diameter of the discs: 14.7-25.6 pm; Striae: 
12-15 per 10 pm.

Morphology: Cyclotella iris var. charetoni (Hérib.) Ser. was 
distinguished from C. iris Brun & Hérib. by the nondichotomous 
striae. The striae form sectors of radial and subradial rows. The 
central area is well defined, almost structureless.

In the valve interior no central fultoportulae are found by 
SEM. The marginal fultoportulae are on every 3rd to 7th cos
tae of the complex alveolar structure. There is a rimoportula, 
which is located on a costa between two alveolar openings.

Remarks: There were established again smaller sized 
specimens for Sofia Basin.

Localities: Borehole C-14, v. Katina, Novi-Iskar Formation 
(stage Pontian), depth 175.00-180.00 m; 195.00-198.00 m. 
Borehole C-1113, v. Dobroslavci, Novi Iskar Formation (stage 
Pontian), depth 260.00-263.00 m (Figs. 2, 3).

Known Stratigraphie range: Upper Miocene, France (Ser
ieyssol 1984); Pleistocene, Byelorussia (Loginova 1982); to 
modem lakes in Ethiopia, where the variety is abundant in al
kaline, carbonate, bicarbonate and sode lakes of high conduc
tivity (Serieyssol 1984).

Cyclotella iris var. cocconeiformis Brun & Héribaud 1893
Plate I: Fig. 8; Plate III: Fig. 5

1893 Cyclotella iris var. cocconeiformis Brun & Hérib. in Héribaud, 
p. 225, pi. VI, Fig. 4.

1966 Cyclotella iris var. cocconeiformis Brun & Hérib. in Ehrlich, 
pi. V, Fig. 19.

1966 Cyclotella iris var. ovalis Brun & Hérib. in Ehrlich, pi. IV, Fig. 18.

Plate II: Figs. 1-2. Cyclotella iris var. integra Perag. & Hérib., C- 
1113, v. Dobroslavci (235.30 m) — valve exterior, SEM x4000. 
Fig. 3. Cyclotella iris var. integra Perag. & Hérib., C-1113, v. Do
broslavci (235.30 m), SEM x2600. Fig. 4. Cyclotella iris var. integra 
Perag. & Hérib., C-l 113, v. Dobroslavci (235.30 m) — valve interior: 
complex alveolar structure; a — the single rimoportule; b — marginal 
fultoportula, SEM x4800. Fig. 5. Cyclotella iris var. integra Perag. & 
Hérib., C-14, v. Katina (120.00 m) — valve interior, SEM x2500.

1984 Cyclotella iris var. cocconeiformis Brun & Hérib. in Serieys
sol, p. 201, Figs. 4, 5, 10, 18, 21, 43-48.

Nomenclature: The holotype is designated by Héribaud 
(1893), p. 225, pi. VI, Fig. 4 — Flore Miocene d’Auxillac- 
Faufouilloux, Auxillac zone moyen, Auxillac trés beau.

Dimensions: Diameter of disc: 9.6 pm; Striae: 15 per 10 pm; 
Diameter of the central area: 3.2 pm.

Morphology: The form of the valve face is oval-elliptical.
It has small dimensions — the long axis has a maximum 
length of 23 pm (Serieyssol 1984). The striae have a bipolar 
pattem with striae of equal length except in the pole area 
where shorter striae are found. The central area is a well de
fined oval covered with random bumps. The central area may 
or may not have the raised and depressed hemispherical areas. 
On small individuals of this variety the rimoportula occurs in the 
same position as the marginal fultoportula. The difference of the 
two processes is in the form of the external openings (circular 
and sht shaped) and the location of the satellite pores.

Remarks: The specimens, established in the Sofia Basin 
have bumps along the interstrial strip (Plate III: Fig. 5).

Localities: Borehole C-14, v. Katina, Novi-Iskar Formation 
(stage Pontian), depth 170.00 m. Borehole C-1113, v. Do
broslavci, Novi-Iskar Formation (stage Pontian), depth 235.30-
245.00 m; 250.00-251.50 m (Figs. 2, 3).

Known Stratigraphie range: Upper Miocene, France 
(Héribaud 1893; Ehrlich 1966; Serieyssol 1984).

Cyclotella iris var. combierensis Serieyssol 1984 
Plate I: Fig. 7

1966 Cyclotella iris Brun & Hérib. in Ehrlich, pi. V, Figs. 14-17.
1984 Cyclotella iris var. combierensis Serieyssol, p. 203, Figs. 22, 23, 

58-60.

Nomenclature: The holotype is designated by Serieyssol 
(1984) p. 203, Figs. 22, 23, 58-60, slide No. 1, sample ZX-24, 
Combier, Ardeche, France.

Dimensions: Diameter of the discs: 13.4-19.8 pm; Striae:
15-18 per 10 pm.

Morphology: Frustules are cirular in valve view. The valve 
face is slightly convex. The central area is well defined with 
numerous randomly distributed bumps and pore-like depres
sions. The striae are radial, with equal length and increase in 
width towards the margin.

Remarks: The specimens, determined from the Sofia Basin 
again have a smaller diameter of the valve face (after Serieys
sol 1984 — the diameter varies between 25-45 pm), but this 
variety could be distinguished by having a circular shape and 
randomly distributed rough bumps.

Localities: Borehole C-14, v. Katina, Novi-Iskar Formation 
(stage Pontian), depth 195.00-198.0 m (Fig. 2).

Known Stratigraphie range: Upper Miocene, France (Ehr
lich 1966; Serieyssol 1984).

Cyclotella iris var. integra Peragallo & Héribaud 1902 
(cit. Serieyssol 1984, p. 202)

Plate I: Figs. 3-5; Plate II: Figs. 1-5

1902 Cyclotella iris var. integra Perag. & Hérib. in Héribaud, p. 17, 
pi. VIII, Fig. 31 (cit. Serieyssol 1984).

1900 Cyclotella iris Brun & Hérib. in Schmidt, pi. 222, Fig. 40.
1984 Cyclotella iris var. integra Perag. & Hérib. in Serieyssol, p. 202, 

Figs. 13, 14, 16, 53-57.
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Nomenclature: The holotype is determined by Héribaud 
(1902), p. 17, pi. VIII, Fig. 31, Flore Miocene d’Auxillax- 
FaufouiÚoux. (cit. Serieyssol 1984).

Dimensions: Diameter of the discs: 14.3-39.8 pm; Striae: 
10-15 per 10 pm.

Morphology: The valves are clearly elliptical to almost cir
cular in outline. The striae are of unequal length and branch 
bipolar out towards the margin. Numerous small granules oc
cur along the interstrial strips. There is a complete absence of 
the central area.

A complex alveolar structure in the valve interior is visible 
in the SEM. The marginal fultoportulae are found on every 
second to third costa. Each fultoportula has three satellite 
pores internally and is marked externally by a small pore 
(Plate II: Fig. 4b). The rimoportula is located on a costa be
tween two alveolar openings (Plate II: Fig. 4a). Central ful
toportulae have never been observed.

Remarks: The specimens, determined from the Sofia Ba
sin, do not have the undulate central part of the valve face and 
the diameters of the discs are smaller than those in the Massif 
Central.

Localities: Borehole C-14, v. Katina, Novi-Iskar Formation, 
(stages Pontian, partly Dacian), depth 20.00 m, 43.00 m, 55.00-
58.00 m, 85.00 m, 120.00 m, 140.00 m, 198.00 m. Borehole C- 
1113, v. Dobroslavci, Novi-Iskar Formation (stages Pontian, 
partly Dacian), depth 86.00 m, 235.30-251.50 m, 260.00 m 
(Figs. 2,3).

Known Stratigraphie range: Upper Miocene, France (Ser
ieyssol 1984).

Cyclotella iris var. ovalis Brun & Héribaud 1893
Plate I: Fig. 9

1893 Cyclotella iris var. ovalis Brun & Hérib. in Héribaud, p. 225,
pi. VI, Fig. 2.

1900 Cyclotella iris Brun & Hérib. in Schmidt, pi. 222, Fig. 39.
1949 Cyclotella iris Brun & Hérib. in Manguin, pi. II, Fig. 24.
1968 Cyclotella iris Brun & Hérib. in Molder, Tynni, pi. I, Fig. 6a.
1984 Cyclotella iris var. ovalis Brun & Hérib. in Serieyssol, p. 202,

Figs. 6-9,20,24, 37-42.

Nomenclature: Holotype is designated by Héribaud (1893): 
p. 225, pi. VI, Fig. 2, Flore Miocene d’Auxillac-Faufouilloux 
Auxillac zone moyen, Auxillac trés beau.

Dimensions: Diameter of the disc: 17.3 }im; Striae: 18 per 
10 pm.

Morphology: The valves are slightly oval. The striae are of 
unequal length and bipolar patterns. The central area has in
distinct outline and is irregularly elliptic. This variety is distin
guished from the Cyclotella iris in the valve form and from C. 
iris var. cocconeiformis in the striae pattern. C. iris var. ovalis 
has striae of unequal length while C. iris var. cocconeiformis 
has striae of equal length except in the pole regions.

Localities: Only this variety has been determined from

Plate III: Fig. 1. Cyclotella iris var. charetoni Ser., C-14, v. Katina 
(180.00 m) — valve exterior, SEM x7500. Fig. 2. Cyclotella iris var. 
charetoni Ser., C-14, v. Katina (180.00 m) — central area, SEM 
x20,000. Fig. 3. Cyclotella iris var. charetoni Ser., C-14, v. Katina 
(180.00 m) — striae pattem, SEM x35,000. Fig. 4. Cyclotella iris 
var. charetoni Ser., C-14, v. Katina (180.00 m) — detail of the valve 
interior (marginal fultoportula with three satellite pores), SEM 
x20 000. Fig. 5. Cyclotella iris var. cocconeiformis Brun. & Hérib., 
C-14, v. Katina (180.00 m) — valve exterior, SEM x20,000.

other (nondescribed in the Fig. 1) borehole — C-l, v. Golja- 
novci. These sediments belong to the Novi-Iskar Formation 
(stage Pontian), depth 6.00 m.

Known Stratigraphie range: Upper Miocene, France 
(Héribaud 1893; Serieyssol 1984); Pliocene-Pleistocene, 
Central Africa (Manguin 1949); Pleistocene, Finland (Mölder 
& Tynni 1968) to modem lakes, where it is reported in oligot- 
rophic cold water, pH—7.4 and high carbonate content (Ser
ieyssol 1984).
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