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ABSTRACT

From Palaeozoic (mainly Devonian) shallow-water carbonates, spherical to irregular shaped microfossils with thin,
apparently homogeneous or perforate micritic walls are widely reported. They are classically referred either to uniloc-
ular parathuramminid foraminifera, algae incertae sedis or calcispheres (e.g., Bisphaera, Cribrosphaeroides, Uslo-
nia, Vermiporella myna, Irregularina). Due to their morphology and microstructural features, they are interpreted
here as possibly belonging to Thaumatoporella PIA, a widespread Mesozoic-Early Cenozoic taxon of incertae sedis
showing a remarkably high morphological variability. In analogy to Mesozoic thaumatoporellaceans, Bisphaera ma-
levkensis BIRINA is interpreted as the cyst (i.e.= resting) stage of forms ascribed to different genera, i.e., Cribro-
sphaeroides, Uslonia and Vermiporella (here: Vermiporella myna WRAY). Note that in the Mesozoic many taxa were
also synonymized with Thaumatoporella: Polygonella ELLIOTT, Lithoporella elliotti (EMBERGER), Messopota-
mella DRAGASTAN et al., Vermiporella crisiae DRAGASTAN et al., Micritosphaera SCOTT.

This new interpretation, based on material from the Devonian of W-Germany and the Czech Republic, leads to
taxonomic reassessment as Thaumatoporella? malevkensis (BIRINA) nov. comb. As a consequence of our inter-
pretation, the rather long Mesozoic to Early Cenozoic (Anisian? to Lutetian) record of thaumatoporellaceans is
supposed to be significantly larger than formerly assumed. The possible gap of no records of thaumatoporellaceans
between the Middle Carboniferous and the Lower Triassic cannot substantially be argued at the moment (Lazarus
effect of one taxon?; two homeomorphic but taxonomically different taxa).

Keywords: Parathuramminida, calcareous algae, incertae sedis, Thaumatoporella, Bisphaera, Cribrosphaeroides,
Irregularina, Uslonia, Vermiporella, Devonian

stones drilled at the Limalok Guyot, southern Marshall Is-
lands of the Central Pacific. At this site, they were also ob-
served in younger sediments, up to the Middle Eocene
(Lutetian) in age. Together with Lutetian findings in south-
ern Italy (VECCHIO & BARATTOLO, 2006; VECCHIO &
HOTTINGER, 2007), these represent the youngest records
of thaumatoporellacean algae. From the published literature
data, a final peak occurrence of thaumatoporellaceans in the
Lower-Middle Eocene can be assumed. More important pro-

1.INTRODUCTION

Representatives of the microproblematicum Thaumatopo-
rella PIA were successful inhabitants of different shallow-
marine carbonate environments recorded so far over a very
long period, from the Middle Triassic (Ladinian) until the
Palaeocene (RADOICIC, 1960; FLUGEL, 1983; DE CAS-
TRO, 1990; SCHMID, 1996). The possible oldest Mesozoic
record is most likely that from the Anisian by EMMERICH

et al. (2005: Fig. 14.3, “algal remains similar to Thaumato-
porella cf. parvovesiculifera”). Later, thaumatoporellaceans
were illustrated by NICORA et al. (1995: Thaumatoporella)
also from the Lower Eocene (lllerdian) shallow water lime-

liferation periods (increased abundance, acme) are concen-
trated in the Early/Middle Jurassic and Late Cretaceous time
windows. While the Jurassic-Cretaceous occurrences derive
almost exclusively from inter- to subtidal inner platform fa-
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Figure 1: Map of Germany and the Czech Republic with the sample loca-
lites: Sotenich, Hillesheim and Ochoz (stars).

cies, in Triassic times, Thaumatoporella is also found in ree-
fal carbonates (SENOWBARI-DARYAN, 1984). However,
there are also records of Thaumatoporella from Late Juras-
sic reefal facies (e.g., LEINFELDER et al., 1993; SENOW-
BARI-DARYAN et al., 1994; BUCUR et al., 2005). In the
exhaustive work of DE CASTRO (1990), thaumatoporel-
laceans were compared with living Volvocales and Cladopho-
rales and tentatively assigned to the green algae. A possible
faunal origin was put up for discussion by FLUGEL (1983).

The interpretation of some Palacozoic irregular-shaped
to subsphaerical unilocular foraminifera (parathurammin-
ids), and/or algae incertae sedis as thaumatoporellacean al-
gae (in the sense of DE CASTRO, 1990) was proposed by
VACHARD (1994) and VACHARD & CLEMENT (1994).
These assumptions/interpretations are accepted here and are
further corroborated with thin-section material of Middle to
Late Devonian shallow-water limestones of the Czech Re-
public and Germany (Fig. 1) in comparison to Mesozoic ma-
terial. Thereby further evidence for the possible presence of
thaumatoporellaceans in Palacozoic times is presented.

2. GEOLOGICAL SETTING AND MATERIAL
2.1. Czech Republic

The levels and patches with Thaumatoporella-like occurren-
ces were traced in many places across a 15 000 km? large
and, on average, 0.45 km thick segment of Middle—Upper
Devonian platform and reef limestones, in the middle and
eastern parts of Moravia, the SE part of the Czech Republic.
About 98 % of these limestones occur in subsurface struc-
tures but were densely drilled and documented during the oil
survey works of the second half of the 20™ century (e.g., ZU-
KALOVA, 1981; HLADIL, 1994; GERSL & HLADIL,
2004; HLADIL, 2007a; BABEK et al., 2007). The platform

is dominated by shallow-water facies (reefs with flats and
extensive lagoons dominated by Amphipora), whilst the rim
of slope facies is fragmentarily preserved (HLADIL, 2002;
BOSAK et al., 2002). The basement compartments with
deeply dissected Neoproterozoic and Early Cambrian rocks
belong to a collage of southernmost Brunovistulian terrane
fragments (KALVODA et al., 2008). The occurrences of
Thaumatoporella-like fossil objects and related facies are
notable features for the Late Givetian and Middle Frasnian
(see Material below). In this paper, we concentrate on the
latter. In the Devonian of Moravia, the “Bisphaera’-, “Cri-
brosphaeroides™-, “Irregularina”- and “Vermiporella”-
shaped forms occur together, often in gently inclined aprons
around sediment-starved, variously deteriorated intertidal
reef flats. They are typically embedded in poorly washed
packstones-grainstones with microsparitic clusters, interbed-
ded micrite and occasionally co-occurring large Parathuram-
mina.

2.2, Germany

Samples from the Middle Devonian of Germany with
Thaumatoporella-like microfossils were acquired from shal-
low water platform carbonate sections of various localities
within the Eifel hills. The limestone synclines of the Eifel
hills are part of the western Rhenish Slate Mountains, within
the Rhenohercynian fold-thrust belt of the European Varis-
cides. Synclines are situated in a N-S trending, approx. 50
km wide, major depression of the Eifel nappe, the so-called
Eifel North-South Zone (ONCKEN & WEBER, 1995; ON-
CKEN etal., 2000; FRANKE, 2000). The Eifel North-South
Zone covers mainly the lower and middle parts of the Devo-
nian sedimentary record of the Ardennes-Eifel shelf, devel-
oped at the southern margin of the Old Red Continent. In
this succession, the Lower Emsian siliciclastics are possibly
the oldest known (BELKA & NARKIEWICZ, 2008, p. 393).
These molasse-like sediments are up to several kilometres
thick and the transition to carbonate beds is in the Upper
Emsian Heisdorf Formation. Carbonates containing a diverse
reef-building fauna first occurred during the early Eifelian,
followed by the widespread and intensive transgressive de-
velopment of shallow water reef-bearing carbonates of Early
to Middle Givetian ages. The Late Givetian to Early Fras-
nian platform is partly dolomitized. The Middle Frasnian has
diverse facies, but argillaceous and black shales prevail in
the youngest known parts of the succession (Late Frasnian
and Early Famennian).

General large scale palacogeographical models for the
Devonian of the Rhenohercynian Belt in central Europe as-
sume that shelf zonation parallels the SW-NE trending south-
ern margin of the Old Red Continent (KREBS, 1974; BUR-
CHETTE, 1981). The Emsian—Givetian shelf and platform
configuration in the context of the Eifel hills is still debated,
but a ramp configuration with a southward deepening trend
is most likely, based on detailed facies studies (e.g., UTE-
SCHER, 1992; SALERNO, 2008), though different models
exist with postulated structural highs controlling platform
development and resulting in a E-W shelf zonation pattern
(STRUVE, 1963; FABER et al., 1977).
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In terms of environmental distribution, “Cribrosphaer-
oides-", “Vermiporella-”, “Bisphaera”-shaped forms occur
in shallow marine, peritidal and shallow subtidal facies types
including massive stromatoporoid, branching stromatopo-
roid (Amphipora) and rugose/tabulate coral biostromes and
meadows. The Devonian examples studied herein point to
an ecological preference of thaumatoporellid-like microfos-
sils for fully marine environmental conditions, though they
also occur in marginal marine euryhaline settings (e.g., FLU-
GEL & HOTZL, 1971; SALERNO, 1997; KALDUN, 1998;
WILLMER, 1998).

2.3. Material

Czech Republic. — Based upon various studies during the last
four decades from the Moravian segment, we can infer that
the Thaumatoporella-like facies are not very common here,
being found in less than 1 % of the cases. This ratio clearly
indicates that the relevant occurrences correspond to specific
rather than common environments. For this study, the main
focus is on the material from the Ochoz Skalka Quarry situ-
ated in the southern part of the Moravian Karst area (coor-
dinates 49 1556 N, 16 44 30 E). Here, thin sections between
4 and 6 m of the measured section (nos. OCH 301 — 304, 250
— 254 and 223 - 227) represent rocks of the earliest Middle
Frasnian and others, between 15 and 21 m (nos. OCH 221,
223, 230, 231, 234, 290, 292 and 293) represent the Middle
Frasnian, around and above the ~Pa. punctata / Pa. hassi
conodont zone boundary equivalent (HLADIL et al., 2009).
The comparative material referred to in the study is from
several other sites, e.g., the youngest occurrences of Middle/
Upper Frasnian age can be exemplified by those in the Mokra
Central Quarry (49 13 46 N, 16 45 29 E; Neptunian dykes;
thin section nos. JH 1659 and 1660), or the oldest occurrence
in the latest Middle Givetian has been recorded in the Os-
travice NP-824 well (49 33 25 N, 18 22 44 E; depth 1890 m;
no. JH 2236 / 31814-G) (ZUKALOVA, 2004). The latter
paper indicates several levels with Thaumatoporella-like fos-
sils in the Jablinka-1 well (49 22 21 N, 17 57 03 E) showing
that there is repeated onset and cessation of the related facies
in the Middle Frasnian.

Germany. — Samples studied herein stem from (a) the up-
permost Eifelian of the Hillesheim syncline, (in an abandoned
railway cut at Nohn mill between the villages of Uxheim and
Niederehe, the middle part of the section, in the so-called
Katzenley railway cut, Lower Ahbach-Formation, sample
numbers K 39, K 41b, K 42, K44b, K 56, cf. KALDUN, 1998),
(b) the Lower Givetian of the Hillesheim syncline (“Cister-
ziensis marble quarry”, located between the villages of Ker-
pen and Niederehe, Rodert-Formation, sample no. SH 2/2, cf.
WILLMER, 1998); “Meerbiisch quarry” between the villages
Kerpen and Uxheim, Dreimiihlen-Formation, sample number
MP 2/3; cf. FISCHER, 1999), (c) the Lower Givetian of the
Sétenich syncline (“Scheidberg quarry” south of Sétenich vil-
lage, Urft River valley, Rodert-Formation, sample nos. SB 9,
SB 15, SB 16; “Winter & Weiss quarry” south of the village
Sétenich, Loogh-/Cirten-Formation, sample nos. B 14, 524,
cf. SALERNO, 1997) and (d) the Lower Givetian of the Dol-
lendorf syncline (a quarry at the abandoned railway station of

Dollendorf, “Klotzige Bankkalke”, ?Dreimuhlen-Formation,
sample numbers KBK 68, KBK 68-1, KBK 69; cf. SCHRO-
DER & SALERNO, 2001).

3. MICROPALEONTOLOGY

3.1. Historical review and systematics of Mesozoic
to Early Cenozoic thaumatoporellaceans

In 1922, RAINERI described the new species Gyroporella
parvovesiculifera from the Upper Cretaceous of southern
Italy and attributed it to dasycladalean algae. In 1927, PIA
recognized the differences between RAINERI’s taxon with
Gyroporella and introduced the new genus Thaumatoporella
with the new combination Thaumatoporella parvovesicu-
lifera maintaining its assignment to the dasycladalean algae.
For the genus diagnosis given by PIA see Table 1. In 1938,
P1A studied Upper Cretaceous material from Naxos Island,
Greece, and remarked that Thaumatoporella parvovesicu-
lifera represents a “curious” (merkwurdiges) fossil and “that
the morphology........ is such a bizarre one that | became com-
pletely crazy about its interpretation as a Dasycladale” (op.
cit., p. 492-493, translated from German). As a peculiarity
of the genus Thaumatoporella, PIA didn’t refer to the inter-
nal structure but to the general “thallus” morphology that is
mostly not regular (e.g., cylindrical) but irregularly bent with
branching and highly changing thickness. Therefore, PIA as-
sumed that the thalli were not growing in an upright position
as do dasycladalean algae but was creeping (“kriechend”)
on the sea floor. It is also worth mentioning that PIA stressed
the high variability concerning both morphology and dimen-
sions (e.g., width of “thallus”, pore diameter, wall thick-
ness). Identical microfossils were described several decades
later from Upper Jurassic to Upper Cretaceous shallow-wa-
ter limestones as Polygonella incrustata (ELLIOTT, 1957:
Upper Jurassic of the Middle East; JOHNSON, 1965: Upper
Cretaceous of Greece), Lithoporella elliotti (EMBERGER,
1957: Upper Jurassic of Algeria), Polygonella shikokuensis
(IMAIZUMI, 1965: Upper Jurassic of Japan), Thaumato-
porella (Polygonella) occidentalis (JOHNSON & KASKA,
1965: Upper Cretaceous of Guatemala), Messopotamella an-
gulata (DRAGASTAN et al., 1985: Upper Triassic of
Greece) and Vermiporella crisiae (DRAGASTAN et al.,
1989: Upper Aptian of Romania). These forms were mainly
interpreted as red algae (Corallinaceae, Solenoporaceae) or
algae incertae sedis differing from T. parvovesiculifera by
differences in “cell” (= pore) dimensions, e.g., “shorter and
wider cells” in T. occidentalis, morphology etc. There seems
to be a general consensus in the literature, however, that
these parameters are highly variable (following PIA, 1938)
and that therefore these forms should be included in the vari-
ability of Thaumatoporella parvovesiculifera (RAINERI),
thus representing junior synonyms (SARTONI & CRES-
CENTI, 1959; RADOICIC, 1960; FENNINGER & HOTZL,
1967; FLUGEL, 1983; DE CASTRO, 1990, 1991; DUZ-
BASTILAR, 1991; SCHLAGINTWEIT, 1992). This repre-
sents the widely accepted concept of polymorphic thaumato-
porellaceans (Fig. 2). One of the oldest detailed studies was
conducted by SARTONI & CRESCENTI (1959) based on
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Figure 2: a: Cribrosphaeroides permirus (ANTROPOV), modified from CHU-
VASHOV (1965: PI. 3, Fig. 7 Upper Frasnian of Russia). b: Micritosphaera ova-
lis SCOTT, modified from SCOTT (1978: Fig. 1g, Albian of Guatemala; no
scale was indicated). Both forms are interpreted here as thaumatoporel-
laceans. dc = structures called daughter-colonies by DE CASTRO (1990).

Liassic specimens. Contrasting their material with that from
the Upper Cretaceous type material, SARTONI & CRES-
CENTI (1959: p. 130) stated that it is impossible to distin-
guish between both, specifically due to intermediate grada-
tions in dimensions, therefore indicating a rather long
stratigraphic range for Thaumatoporella parvovesiculifera.
Nevertheless, the authors mentioned a pure statistical differ-
ence, namely the occurrence of larger values (wall thickness,
pore diameter) for the Upper Cretaceous forms. A detailed
morphological description and analysis of thaumatoporel-
laceans was presented by DE CASTRO (1988, 1990, 1991).
Besides new interpretations on internal structures, the order
Thaumatoporellales and the family Thaumatoporellaceae
were introduced by DE CASTRO (1988) (Tab. 1). However,
an emendation of the genus diagnosis of PIA (1927) was not
presented. Concerning the systematics of thaumatoporel-
laceans, DE CASTRO (1990, p. 204, translated from Italian)
concluded that it is “probable that within the Middle Triassic
to Palacocene period more species and more genera of thau-
matoporellaceans existed. However, the considerable inter-
gradations of the morphological features, the great variability
of'the wall thickness in homeomorphic specimens.....make the
distinction of different species very difficult at the present
state of knowledge”. The high morphological (e.g., shape,
dimensions) variability of Thaumatoporella is here exempli-
fied from Late Sinemurian specimens of Albania (PL. 1).

3.2. Morphology of Mesozoic
thaumatoporellaceans

The general morphology of thaumatoporellaceans does
not correspond to a fixed bauplan but is highly variable in-
cluding completely different morphotypes: irregular lobate,
globose, ovoid, and more or less cylindrical shapes. Deeply
constricted “thalli” (DE CASTRO, 1990: “deep invagina-
tions””) may display a chambered appearance due to the outer
wall protruding into the interior. According to DE CASTRO
(1990, p. 186), it cannot be excluded that these structures are
connected to “reproduction phenomena”. Thaumatoporel-
laceans can be free-living, attached to hard substrates, dwell
as cryptoendoliths inside hollow bioclasts (see SCHLAG-
INTWEIT & VELIC, 2012) or dwell within microbial crusts
(SCHLAGINTWEIT, 2013) (PI. 1). Some of these modes of
life are controversial and not fully understood with respect
to possible life cycles or adaptations to different environ-
mental conditions. For irregular-shaped morphotypes with
elongated protuberances, reported from Liassic peritidal car-
bonates, a psammobiontic way of life was recently discussed
(SCHLAGINTWEIT et al., 2013) in an analogy to the Pal-
aeozoic [rregularina (VACHARD, 1994) (Fig. 3). In this
connection, it is noteworthy that VACHARD (1994, p. 31)
argues that /rregularina, due to its assumed psammobiontic
way of life, may be the deformed stage of a microfossil
whose free (= non-psammobiontic) stage is represented by
Bisphaera.

Thaumatoporellaceans consist of an outer perforated mi-
critic wall enclosing an internal cavity preserved as sparry
calcite. In fixed specimens, the base is mostly thinner (FLU-
GEL, 1983; DE CASTRO, 1990: “‘strato rudimentale’’; SCHLA-
GINTWEIT, 2012). Internal structures typically with thinner
walls than the enclosing one were interpreted as daughter-
colonies (DE CASTRO, 1988, 1990), thus implying an algal
origin, or ontogenetic stages of an animal (FLUGEL, 1983).
In some specimens, there are several stacked structures like
a nested Russian doll (matryoshka) (see PIl. 1a). Leaving
these interpretations open, they are neutrally referred to here
as “internal bodies”. Spheroidal morphotypes or morpho-
types with a very thin wall seem to be non-perforate (or have
pores that are not discernible?). As previously remarked by

Table 1: Diagnosis of Thaumatoporella and suprageneric classification referring to an algal origin (PIA, 1927; DE CASTRO, 1988).

Benthic colonies, internally void, formed by a sheath layer at the periphery of the colonial cavity. Each sheath
contains asingle cell ora succession of cells. The vegetative reproduction leads to the formation of autocolonies.

Colonies, presenting a more or less regular form, constituted of cells or filaments of variable length inside of
sheats laterally joined to form a well defined “sheat-layer” The sheats, all perpendicular to the layer which they
generate, are tightly joined among themselves and consequently form a polygonally shaped network in the
belt sections of the layer. The sheats are simply or dichotomously branched. The sheat layer shows a various

arrangement; in any case it delimits a colonial cavity completely occluded. It shows a variable number of open-
ings, more or less pronounced and funnel shaped, with the wider part towards the internal cavity of the col-

ony. A single colony may contain in its cavity one, two or three generations of daughter-colonies (autocolo-
nies) of variable size, and of the same or different shape; the shape can be the same or different from the
parent. Within the colony we can find daughter-colonies lacking a cavity, with sheats distributed according

DE CASTRO Order

(1988, p. 249) Thaumatoporellales

DE CASTRO Family

(1988, p. 249) Thaumatoporellaceae

PIA (1927, p. 69,

tran(slated rtarom L
Thaumatoporella

German)

to open surfaces of variable form.

In general, morphology and disposition of pores (“Aste”) compares to Triassic macroporellas. The shape of the
thallus and the main axis though is very irregular, ramifying and bending. This recalls dasyporellas. However,
a direct connection to these is unlikely. The genus may in fact go back to Macroporella.
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PLATEI

Examples for the way of life of Mesozoic thaumatoporellaceans (T).

a  Specimens showing different life strategies: free in the micritic matrix (1), epilithic, attaching to microbial crusts that envelope a gastropod shell (2)
and thus likely documenting a post-mortem colonization, and cryptoendolithically inside the inner whorls of the shell (3). Pliensbachian of Mount

Biokovo, Croatia, thin-section VE 514-13 (see GUSIC, 1977).

b Specimens inside rudist shell of Praeradiolites acutilamellosus. Some are attached to the inner side of the rudist shell others are dispersed in the mic-
ritic filling. Cenomanian of northern Italy (modified from CAFFAU et al. 1996: pl. 7, fig. 1). Note the sponge borings (ichnogenus Entobia) parallel to

the shell surface (upper side).

PI1A (1938), both the wall thickness and the dimensions of
the pores (or alveoli) are highly variable (for details see sec-
tion 3.4).

In general, the polymorphism of Thaumatoporella PIA
and the resulting taxonomic splitting in the past is widely
accepted among (Mesozoic) micropaleontologists (Tab. 2).
This concept is now applied here to a variety of problematic
Palaeozoic “foraminifera” and “algae” (Figs. 2-3, Tab. 2).

3.3. Generic interpretation of the Palaeozoic forms

The priority concept of the Linnean taxonomic system
is it’s independence from the biological origin (plant or ani-
mal) of a taxon in question, and that it is mandatory for na-
mes below the rank of family (ICBN Art. 11). It refers to the
oldest available name as the valid name of a taxon (ICZM
Art. 23). In the present case study different taxa (in order of
publication date) are considered:
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Thaumatoporella PIA, 1927

Vermiporella myna
WRAY, 1977
Uslonia permira
ANTROPOV, 1959

Bisphaera
BIRINA, 1948

fixed Bisphaera sensu
BOUCKAERT et al., 1967

Irreqularina
BYKOVA, 1955

Cribrosphaeroides
REITLINGER, 1959
Uslonia permira
ANTROPOV, 1959

Figure 3: Variability of Mesozoic Thaumatoporella PIA (a-e) and application/transfer of this concept to a variety of Palaeozoic (Devonian) parathurammi-
nid foraminifera-algae incertae sedis (f-j). Without scales. Mesozoic examples: Liassic of Albania (a, d-e) and Italy (c); Cenomanian of Serbia (b). Palaeozoic
examples: Devonian of Germany (f-g, i), Luxembourg (h, from BOUCKAERT et al.,, 1977: Pl. 3, fig. 57), and Russia (from CHUVASHOV, 1965: PL. 3, fig. 4).

« Vermiporella STOLLEY;, 1893 (introduced as an alga)

 Thaumatoporella PIA, 1927 (introduced as an alga)

« Bisphaera BIRINA, 1948a (introduced as a foraminifer)

* Irregularina BY KOVA, 1955 (introduced as a forami-
nifer)

* Uslonia ANTROPOV, 1959 (introduced as a foraminifer)

» Cribrosphaeroides REITLINGER, 1959 (introduced as
a foraminifer)

Vermiporella was described as a dasycladalean alga by
STOLLEY (1893) from Ordovician-Silurian erratic boulders
of the Baltic coast, as having bent and branching tubes with
simple pores, either perpendicular or slightly inclined to the
axis. Based on silicified and three-dimensionally preserved
thalli from Ordovician boulders of the Baltic coast, a revised
diagnosis was given by KOZLOWSKI & KAZMIERCZAK
(1968), showing that the structure of Vermiporella is “fun-
damentally different from that previously described by var-
ious authors” to this genus. The alga is characterized by di-
chotomously branching (in various planes), and anastomosing
tubes, giving rise to a three-dimensional bush-like thallus
structure, “forming a sort of a tangled network or lattice”
(KOZLOWSKI & KAZMIERCZAK, 1968: p 331). Inside
the tubes, a central stem that occupies about 1/3 of the diam-
eter occurs, displaying regular contractions. Attached to the

stem, three orders of lateral branches are present forming
regular whorls. In addition, sporadic septae and spores of the
type of oospores occur in the central stem. Concerning the
taxonomic position, KOZLOWSKI & KAZMIERCZAK
(1968) stress the mixed character, partly including features
of dasycladalean (e.g., regular arranged branches) and
ulotrichalean algae. Concerning “Vermiporella myna” (here
considered a possible representative of the genus Thaumat-
oporella), the light-sparitic thick-walled appearance of repre-
sentatives of Vermiporella, e.g., V. canadensis JOHNSON,
1970 is striking. This difference in the wall microstructure
(aragonitic in Vermiporella) between both was previously
stressed by VACHARD (1994, p. 37).

In the decades following the introduction of some of the
listed taxa, they were controversially discussed including the
proposal of synonymies and new combinations, and some
were renamed:

* Cribrosphaera was renamed as Cribrosphaeroides by
REITLINGER (in RAUZER-CHERNOUSOVA &
FURSENKO, 1959).

* CHUVASHOV (1965) proposed the new combination
Cribrosphaeroides permirus (ANTROPOV) by assum-
ing the synonymy of Uslonia with Cribrosphaeroides.

Table 2: Taxonomic concept of Mesozoic to Early Cenozoic Thaumatoporella (e.g., SARTONI & CRESCENTI, 1959; RADOICIC, 1960; FLUGEL; 1983; DE CAS-

TRO, 1990) confronted with possible Palaeozoic representatives.

Mesozoic Paleozoic

Polygonella ELLIOTT, 1957
Lithoporella elliotti EMBERGER, 1957
Messopotamella DRAGASTAN et al., 1985
Vermiporella crisiate DRAGASTAN et al., 1989
Micritosphaera SCOTT, 1978

Bisphaera BIRINA, 1948
? Irregularina BYKOVA, 1959
Cribrosphaeroides REITLINGER, 1959
Uslonia ANTROPOV, 1959
Vermiporella myna WRAY, 1967
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* Bisphaera, Irregularina, and Cribrosphaeroides were
included in the family Irregularinidae by ZADORO-
ZHNYY & YUFEREV (1984) (see also VACHARD,
1994) showing their inferred systematic relationships.

* VACHARD (1994: p. 38) transfered Vermiporella my-
na WRAY to the genus Cribrosphaeroides, a view fol-
lowed by MAMET et al. (1999). Other authors, how-
ever, did not adopt this proposal (FENG et al., 2010).

* Uslonia permira was interpreted by VACHARD (1994:
p. 29) as non-biogenic, corresponding to “large and ir-
regular sparitic debris” namely cortoids.

* VACHARD (1994: Fig. 15) illustrated continuous mor-
phological transitions between Bisphaera BIRINA,
1948 and Irregularina VISSARIONOVA, 1950, how-
ever without treating the latter as a synonym of the
former.

« MAMET & PREAT (2009) treated Vermiporella myna
as a synonym of Uslonia permira ANTROPOV, thus
rejecting the cortoid interpretation of VACHARD
(1994).

* AFANASIEVA & AMON (2011) considered Bispha-
era as representing a radiolarian assigned to the genus
Trochodiscus HAECKEL, 1887, thereby introducing
the new combination Trochodiscus malevkensis (Bl-
RINA, 1948). The aspect of a possible radiolarian na-
ture of some parathuramminids (e.g., Bisphaera) was
also envisaged by VISHNEVSKAYA & SEDAEVA
(2002). It is worth mentioning that BYKOVA (1955:
p. 15) also treated Bisphaera as a pelagic form, due to
its spheroidal shape and the primitiveness of its struc-
ture. Further discussion of these issues is not necessary
as they are not accepted here.

The different taxonomic combinations (also introduced
by outstanding experts in Palaeozoic microfossils and to our
knowledge without studying the Russian type-material)
clearly expressing the continuing uncertainty. This is also
evident from the differing interpretations concerning the bio-
genic nature, from unilocular foraminifera, algae (algae in-
certae sedis, Dasycladales, Thaumatoporellaceans sensu DE
CASTRO), microproblematicum, and non-biogenic in the
case of Uslonia (see Tab. 3).

Here we pick up again the idea (or hypothesis) already
expressed by VACHARD & CLEMENT (1993, p. 301, trans-
lated): “In conclusion it might therefore be appropriate to
add false Palaeozoic foraminifera, Bisphaera and Cribro-
sphaeroides, to the Mesozoic Thaumatoporellales” (although
before, e.g., VACHARD, 1991 and later again, e.g., VACH-
ARD etal., 2010, Bisphaera was considered as representing
a unilocular foraminifer). Shortly afterwards, this view was
further specified by VACHARD (1994, p. 34) as follows:
“The genus Cribrosphaeroides is morphologically closest to
Thaumatoporella, and daughter-colonies seem to be figured
by CHUVASHOV (1965)”. To comprehend this hypothesis,
itis re-illustrated here and compared to similar internal struc-
tures observed from Cretaceous “Micritosphaera” (SCOTT,
1978) (Fig. 2).

Excluding the genus Vermiporella, Thaumatoporella re-
presents thus the oldest available name for the group of Bi-
sphaera-Cribrosphaeroides-type microfossils that, due to their
appearance as various morphotypes, were ascribed to differ-
ent genera (see discussion) (see Fig. 3). This conclusion fol-
lows the interpretation of Bisphaera as a cyst stage of a pos-
sible Thaumatoporella species (Pl. 3). Concerning the
stratigraphy reported to date in the literature, only slightly dif-

Table 3: Different views of the nature (biogenic/abiogenic) of the group Bisphaera-Cribrosphaeroides-Uslonia-Vermiporella myna according to literature

data supplemented by our new interpretation.

Bisphaera
BIRINA

Cribrosphaeroides
REITLINGER

unilocular foraminifer
(BIRINA, 1948; FLUGEL & HOTZL,
1971; LOEBLICH & TAPPAN, 1987;
VACHARD, 1991; EDGELL, 2004;
VACHARD et al., 2010) unilocular foraminifer (REITLINGER,
1959; FLUGEL & HOTZL, 1971;

incertae sedis (TOOMEY & MAMET, LOEBLICH & TAPPAN, 1987;

1979) VACHARD, 1991; MAY, 1994)
thaumatoporellacean alga alga
(VACHARD & CLEMENT, 1993) (TOOMEY & MAMET,1979)

free stage of a psammobiontic,
deformed taxon, namely Irregulari-
na (VACHARD, 1994)

thaumatoporellacean alga
(VACHARD, 1994)

radiolaria, namely Trochodiscus
HAECKEL (AFANASIEVA & AMON,
2011)

Uslonia
ANTROPOV

Vermiporella myna
WRAY

unilocular foraminifer (ANTROPOV,
1959; LOEBLICH & TAPPAN, 1987)

dasycladale alga (WRAY, 1967;
FLUGEL & HOTZL, 1971)

incertae sedis (TOOMEY & MAMET,
1979)

ulvophycean alga (FENG et al.,
2010)

non-biogenic, irregular sparitic
debris (cortoids)
(VACHARD, 1994)

thaumatoporellacean alga
(VACHARD, 1994: Cribrosphaeroides
myna)

This work

free cyst stage of a thaumatoporel-
lacean (incertae sedis), possibly
Thaumatoporella PIA

thaumatoporellacean (incertae sedis), possibly Thaumatoporella PIA
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PLATEII

Morphological variability of Thaumatoporella parvovesiculifera (RAINERI) from the Liassic (Late Sinemurian) of Albania (a-d, f, h), Lower Cretaceous (Ap-
tian) of Italy (e), Middle Jurassic (Late Aalenian) (g) and the Upper Cretaceous (Coniacian) of Slovenia (i) and Croatia (j).

a

b

C

Thaumatoporellaceans as microfacies dominating biogens. Note the nesting doll-like “bodies” placed one inside the others (daughter-colonies sensu
DE CASTRO, 1988 or ontogenetic stages sensu FLUGEL, 1983). Rhapsha-Tamara, NW-Albania, thin-section A 3639.

Tube-like morphotype with a handle (left) and constriction (right). Note the thin-walled internal “body” (compare to a). Rhapsha-Tamara, NW-Albania,
thin-section A 3639.

Irregular-shaped morphotype exhibiting thin walls, interpreted as psammobiontic forms winnowed from a packstone (see remains of original ma-
trix around the two specimens in the centre). Rhapsha-Tamara, NW-Albania, thin-section A 3644.

d, f Irregular rounded specimens exhibiting constrictions. This morphotype compares to specimens of the Palaeozoic Bisphaera. Rhapsha-Tamara, NW-

i

Albania, thin-section A 3639.

Same as d and f. Note the inner fibrous calcitic layer (arrows). Aptian of Sorrento Peninsula, S-Italy (see RASPINI, 2011).

Spherical morphotype exhibiting a thin wall without detectable pores. This morphotype compares to specimens of the Palaeozoic Bisphaera. Mount
Biokovo, Croatia, thin-section BST 8-1.

Specimens with internal “bodies” (compare to a). Note that the latter display thinner walls and completely mimic the shape of the external wall (spec-
imen above). Rhapsha-Tamara, NW-Albania, thin-section A 3639.

Grainstone with benthic foraminifera (mainly miliolids) and variously-shaped thaumatoporellaceans: cylindrical, lobate to bizarre-shaped
(“Irregularina”-type, circles) and globose (“Bisphaera”-type, B). Coniacian-Santonian of SW Slovenia (see JEX et al., 2011: Fig. 7d).

Thick-walled specimens (Thaumatoporella wackestone). Coniacian of Mljet Island, Croatia. Thin-section MRS 3-1.

Scale bars 1 mm for a-d, h-i; 0.5 mm for e-g, j.
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PLATE Il

Spheroidal thaumatoporellaceans interpreted as cyst stages: Thaumatoporella parvovesiculifera (RAINER) (a-n) and Thaumatoporella? malevkensis (BIRINA)
nov. comb. (m-q).

a
b

- 5 Q -hg_n
[

b
=

2T o033~

wv

Pliensbachian of Croatia, thin-section VE 514-2 (leg. I. GUSIC).

Pliensbachian of Croatia, thin-section VE 514-3 (leg. I. GUSIC).

Late Aalenian-Early Bajocian of Croatia, thin-section BST 8-1 (leg. I. VELIC).

Note the slight constriction (arrow). Compare with example (m). Late Aalenian-Early Bajocian of Croatia, thin-section SL 4a (leg. . VELIC).
Late Aalenian-Early Bajocian of Croatia, thin-section SL 5B (leg. . VELIC).

Late Aptian of Italy. Note the inner inner fibrous layer (arrow) (leg. A. RASPINI).

Late Cenomanian of Serbia, thin-section RR 6145 (leg. R. RADOICIC).

Modified from SCOTT (1978: Fig. 1A and 1D), figured as Micritosphaera ovalis. Note the wall interruption (interpreted as aperture in the original de-
scription) in (arrow in 10) and the outer cement fringe in (arrow in 11). Thin-sections 9015-19 and 9019-19.

Norian-Rhaetian of Austria, thin-section OKW 530-1 (leg. O. KRISCHE).

“Bisphaera variabilis” CONIL & LYS, modified from EDGELL (2004: PL. 1, Fig. 1); Devonian of Australia. Note the slight constriction (arrow).
Devonian of Czech Republic, thin-section HL 234.

Devonian of Czech Republic, thin-section HL 259.

Devonian of Germany, thin-section K41.

Devonian of Germany, thin-section K 44.

cale bars 0.3 mm.
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Figure 4: Irregular shaped Palaeozoic Irregularina (a) and Mesozoic thaumatoporellaceans (b-c) assumed to have a psammobiontic way of life (SCHLAG-
INTWEIT et al., 2013, for details). a Irregularina without discernible pores. The laterally arising prolongations were described as “apertural nozzles” of Ir-
regularina karlensis VISSARIONOVA. Givetian of Germany, thin-section SB 16. b Thaumatoporella exhibiting perforate wall. Upper Cretaceous (“Senonian”)
of Albania, thin-section Kru 1b. ¢ Specimen without discernible pores. Liassic of Albania, thin-section A 3642.

fering ranges have been defined and these can therefore not
be considered as a strong argument against this interpretation.

Bisphaera: Early Devonian (VACHARD, 1994) up to
the upper part of the Tournaisian (REITLINGER et al., 1996;
KULAGINA, 2013) [but with the possibility of emerging
since the Late Ordovician (cf. the thin sectioned objects from
Uggwa Limestone, Carnic Alps - KREUTZER, 1992, pl. 3,
fig. 4); or even Early Ordovician (SABIROV & GUSH-
CHIN, 2006, Tajikistan) though the latter was considered
dubious by VACHARD et al., 2010, p. 220].

Irregularina: Givetian — Tournaisian (VACHARD, 1994)
[possibly from Silurian—-Devonian (JUYAL et al., 2009, de-
termined by I. Premoli Silva) and also Ordovician (KREUT-
ZER, op. et loc. cit., figured)].

Cribrosphaeroides: Givetian (VACHARD, 1994) up to
the upper part of the Tournaisian (KULAGINA, 2013) [pos-
sibly Silurian-Devonian (JUYAL et al., op. cit.), and, possibly
since the Late Ordovician (BYKOVA, 1961, Kazakhstan)].

However, one must be aware that shifts in these ranges
are always possible bearing in mind the evolving knowledge
base on the stratigraphic distribution of Mesozoic Thaumat-
oporella as indicated in the introduction of this paper.

Concerning the genus Irregularina BYKOVA, 1955, the
possible transfer to thaumatoporellacens is problematic as no
“internal bodies” (= daughter-colonies sensu DE CASTRO)
or perforations in the wall were observed in our material (see
SCHLAGINTWEIT et al., 2013, for details) (Fig. 4a). The
morphology, however, is well known from Mesozoic Thau-
matoporella (SCHLAGINTWEIT et al., 2013, for details) in-
cluding forms with (Fig. 4b) and without detectable pores (Fig.
4c¢). It is worth mentioning that Irregularina longa described
by KONOPLINA (1959) is said to possess a perforated wall.
In fact, this form most likely corresponds to irregular tubiform
morphotypes of the species described as Vermiporella myna
by WRAY (1967) (see details in the discussion) (e.g., Pl. 4m).
Further remarks on all aspects and interpretations are given in
“remarks and discussion” below the systematic description.

3.4. Systematic micropaleontology

The suprageneric taxonomy used here partly follows the
suggestion of DE CASTRO (1988, 1990). While accepting
the family name, however, we consider the algal nature as
doubtful.

Incertae sedis
Family Thaumatoporellaceae DE CASTRO, 1988
Genus Thaumatoporella PIA, 1927

(Assumed) synonyms: Bisphaera BIRINA, Cribro-
sphaeroides REITLINGER, ? Irregularina BYKOVA, Us-
lonia ANTROPOV.

Thaumatoporella? malevkensis (BIRINA, 1948) nov.
comb.

(Fig. 4a?, Fig. 5, Fig. 6a, Figs. 7a—b, PI. 3m-q, Pls. 4-8)
*1948a. Bisphaera malevkensis n. gen., n. sp.— BIRINA,
p- 159, Pl. 2, fig. 9.

1954. Cribrosphaera simplex n. gen., n. sp.— REITLIN-
GER, p. 65, PL. 18, fig. 7, PL 19, figs. 9-10, ? PL 21, fig. 1
(Remark: possibly a fixed specimen).

1959. Cribrosphaeroides simplex (REITLINGER) — RE-
ITLINGER in RAUZER-CHERNOUSOVA & FURSENKO,
p. 174, fig. 70.

1959. Uslonia permira n. gen., n. sp.— ANTROPOQV, p.
28, Pl. 1, figs. 1-2.

1967. Vermiporella myna n. sp.— WRAY, p. 31, text-fig.
12, PL 6, figs. 6-8, P1. 7, figs. 1-2.

Description: The Devonian specimens display a wide
variability with respect to shape, biometric data (size, pore
diameter, wall thickness) and wall preservation (Figs. 8-9).
The shape ranges from spherical, ovoid with or without con-
strictions, irregular to bent tubes displaying irregular con-
strictions and swellings. Concerning the circular sections (PI.
4f), these may result either from spherical specimens, or rep-
resent the transverse sections of tubes. In tangential sections
of the wall, a honey-comb-like pattern is discernible (PI. 4c).
Specimens with a round outline exhibiting more or less equal
wall thickness throughout, and poorly detectable pores, can
be assigned to spheroidal morphotypes (= Bisphaera-type)
(Fig. 5b, PI. 5d, PI. 8h). Such sections may be more or less
completely round (PI. 5d), ovoid (PI. 8h), with one to several
constrictions (e.g., = type “Bisphaera elegans”, PI. 5h). One
shallow constriction in a slightly elliptical form may result
in a virtual “two-chambered” bipartition along a central sym-
metry plane (= type “Bisphaera malevkensis”, PI. 7d).

Tubes may be more or less straight (PI. 8c) to slightly
curved (PI. 4m, PI. 5b, PI. 7j, PI. 8c) or irregular serpentine
to sigmoidally curved (PI. 41, PI. 8b, d). More rarely speci-
mens show irregular branching or bifurcation (Fig. 6a). Such
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shapes were illustrated for both “Vermiporella myna”
(WRAY, 1967: Pl. 6, fig. 7) and “Uslonia permira” (AN-
TROPOV, 1959: PL. 1, figs. 1-2). In rare cases, tubes exhibit
irregular club-shaped swellings (PI. 7¢). The interior of the
polymorphic specimens is usually filled with sparry calcite.
Sometimes, partial damage may have resulted in the intru-
sion of sediment grains from the surrounding matrix (e.g.,
Pl. 5b). Rather common, various shaped “internal bodies”
with thin micritic walls, with poorly preserved to non detect-
able pores, thus appearing imperforate, can be observed.
These may be rather small compared to the outer enclosing
tube or other morphology, thus seemingly floating in its in-
terior (e.g., Pl. 6a). More rarely these structures are compar-
atively large, almost entirely filling the interior and thus in
part closely attached to the surrounding wall (Pl. 6e). In ex-
eceptional cases, there are several “bodies” stacked one in
another (PI. 8e). These structures were previously illustrated
from “Cribrosphaeroides permirus” by CHUVASHOV
(1965) or from “Bisphaera sp.” by VACHARD & CLEM-
ENT (1994). They are in our opinion slightly recognizable
in the two specimens of “Uslonia permira” illustrated in the
work of ANTROPOV (1959: Pl. 1, figs. 1-2). These two
specimens resemble the one illustrated here on Plate 5j.

The wall of Thaumatoporella? malevkensis (BIRINA)
is composed of dark micrite, appearing either homogeneous
(without detectable pores) or transsected by close-set pores
that in tangential sections appear as a typical honey-comb
pattern (Pl. 4¢, P1. 7k, PL. 8j). It is common, for a hyaline fi-
brous outer zone to be present, mostly in Bisphaera-type
specimens with comparatively thin walls without detectable
pores (e.g., Pl. 5b, e, i) (compare Liassic Thaumatoporella
specimens in Pl. 2d, f-g). Another type of preservation is
represented by a less dense outer zone (microsparite?) that
due to its poorly recognizable pores does not seem to repre-
sent a precipitated cement but likewise a part of the former
organism wall. Such an alteration phenomenon is also re-
ported from Mesozoic Thaumatoporella (e.g., DE CASTRO,
1991, PL 3, fig. 4).

Dimensions: (see also Figs. 8-9)

Diameter of (subcircular) sections: 0.28 to 0.55 mm

Diameter of ovoid sections: up to 0.7 mm

Maximum length of tubiform morphotype: 2.25 mm

Thickness of tubiform morphotype: 0.25 to 0.4 mm

Thickness of wall: 15 to 50 pm

Diameter of pores: 8 to 31 pm

; perfor:ate d
“Cribrosphaeroides’™

Figure 5: “Two in one” aspect of specimens lacking visible pores in the lower part (genus “Bisphaera”) and displaying a perforate wall in the upper part
(genus“Cribrosphaeroides”). The lobate outline may be present in both “Bisphaera” (or deeply multilobate in Irregularina) and “Cribropshaeroides”. a) Thin-
section K 39 b) K 56. Devonian (upper Eifelian) of the Hillesheim Syncline, Germany. Scale bars 0.2 mm.

Figure 6: “Branching” specimens of Thaumatoporella. a) Thaumatoporella? malevkensis (BIRINA) nov. comb., Middle-Upper Givetian of Ostravice NP-824
well, Czech Republic (see ZUKALOVA, 2004: Vermiporella sp., Pl. 13, fig. 3). b) Thaumatoporella parvovesiculifera (RAINERI), Upper Cretaceous (Coniacian-
Campanian interval) of south Italy (see CHECCONI et al., 2008: PI. 1, fig. 18).
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Figure 7: Attaching specimens of Thaumatoporella? malevkensis (BIRINA) nov. comb. (a-b), Devonian (Famennian) of Luxembourg (from CONIL in BOUCK-
AERT et al,, 1977: PI. 3, Figs. 57-58) and Thaumatoporella parvovesiculifera (RAINERI) (c), Liassic of Italy (modified from DE CASTRO, 1997: PI. 24, fig. 1). Ar-
rows in b indicate the attached side. The Liassic specimen attaches to the main axis of the dasycladale Palaeodasycladus mediterraneus PIA (P). Note the
basal protrusion (arrow). Morphologically, these Palaeozoic and Mesozoic forms cannot be distinguished from each other (details in the text).

Thaumatoporella? malevkensis (BIRINA) nov. comb.

s
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Figure 8: Pore diameter (in um) of Thaumatoporella? malevkensis (BIRINA) nov. comb. (1-10) against Thaumatoporella parvovesiculifera (Pia) (11-16). 1-4
for Cribrosphaeroides simplex, 5 for Uslonia permira 6-9 for Vermiporella myna. 1: REITLINGER (1954) 2: CHUVASHOV (1965) 3: POYARKOV (1969) 4: VACH-
ARD (1994) 5: ANTROPOV (1959) 6: FLUGEL & HOTZL (1971) 7: MAY (1994) 8: WRAY (1967) 9: TOOMEY et al. (1970) 10: This work, Givetian-Frasnian of Ger-
many and Czech Republik 11: PIA (1938, Upper Cretaceous of Greece) 12: IMAIZUMI (1965, Upper Jurassic of Japan) 13: SARTONI & CRESCENTI (1959, Li-
assic and Upper Cretaceous of Italy) 14: FLUGEL (1983, Upper Triassic of Greece) 15: JOHNSON & KASKA (1965, Upper Cretaceous of Guatemala) 16: This

work, Liassic (Late Sinemurian) of Albania.

Remarks: From the pore diameters given in the litera-
ture, the range of “Uslonia permira”-“Cribrosphaeroides
myna”” is well present in Thaumatoporella parvovesiculifera
but the latter also comprises specimens with distinctly greater
values (Fig. 8). In contrast, also at the lower end of pore
range, the Devonian representatives often exhibit smaller
diameters. An equivalent observation is obtained from the
wall thickness comparing Palaeozoic and Mesozoic forms

(Fig. 9). Again, the measurements of the Palaeozoic forms
correspond well with Mesozoic Thaumatoporella but the lat-
ter also exhibits distinctly thicker walls (or “cell length” in
the older literature, e.g., JOHNSON & KASKA, 1965). The
highly evolved Late Cretaceous representatives of Thaumat-
oporella parvovesiculifera may reach wall thicknesses of up
to 230 pm as measured from DE CASTRO (1990, P1. 4, fig.
3) (see PI. 2j). The wall thickness of the Liassic assemblages
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PLATE IV

Thaumatoporella? malevkensis (BIRINA) nov. comb. from the Devonian (upper Eifelian) of the Hillesheim Syncline, Eifel hills, Germany.

a Oblique section showing pores on the left side. Thin-section K 39.

b-c Tangential sections showing honey-comb-like pore pattern. Thin-section K 39.

d-e Slightly lobate thalli with barely visible pores, e.g., right below in e. Thin-section K 39.

f-g,iTransverse sections of spherical or cylindrical thalli showing perforate wall. Thin-section K 39.

j-k Lobate specimens with (j) and without visible pores (k). Thin-sections K39 and K 41b.

| Longitudinal section of an irregular bended tubiform thallus with well discernible pores. Thin-section K41b.

m Longitudinal section of a slightly bended tubiform thallus. Note the yellowish calcitic inner and outer rim (arrows). Thin-section K 39.

Scale bars 0.25 mm

shown in Plate 2a-h, ranges from ~15 to 160 um, the pore
diameters from ~8 to 40 um. The extreme upper values of
the Mesozoic forms, never reached even roughly by the Pal-
aeozoic specimens, is here taken as evidence that we are
dealing with two different taxa, interpreted as specific char-
acteristics: Thaumatoporella? malevkensis (BIRINA) nov.
comb. and Thaumatoporella parvovesiculifera (RAINERI).
The wide range of pore diameter on the other hand, cannot

be taken as a clearly defined criterion to separate “coarsely
perforate” forms like “Cribrosphaeroides” from finely per-
forate forms such as some specimens of “Bisphaera”.

Furthermore it can be stated that the overall morpho-
logical variability of the Devonian specimens is slightly re-
duced compared to Thaumatoporella parvovesiculifera
(RAINERI), such as the lack of highly constricted, parti-
tioned morphotypes in the latter.



m Geologia Croatica 66/3

PLATEV
Thaumatoporella? malevkensis (BIRINA) nov. comb. from the upper Eifelian to lower Givetian of the Hillesheim and Sétenich synclines, Eifel hills, Germany.

a
b

-Q =m an

i

Irregular tubiform thallus. Thin-section K 56.

Ovoid-lobate specimen without discernible pores (typus “Bisphaera grandis-elegans”, left above, see also Fig. 4a) and irregular cylindrical specimen
showing perforate wall. Both exhibit a thin outer cement crust (white arrows). Partial breakage of the wall (black arrow) may have resulted in the in-
trusion of sediment grains of the surrounding matrix.Thin-section K41b.

Ovoid specimen showing slightly lobate appearance (on the left, typus Bisphaera) and partly with visible pores (arrows). Thin-section K 56.

Almost circular section with thin wall. Pores are not visible. Thin-section K 44b.

Lobate specimen with visible pores (arrows). Thin-section K 56.

Circular sections with pores (arrow). Thin-section K 44b.

-h Lobate morphotypes (type “Bisphaera malevkensis”), partly with visible pores (arrow in h). Thin-sections K 56, K 41b.

Lobate form with a deep-reaching constriction (above) and partly visible pores (arrow). Note the rather thick outer rim of yellowish calcite. Thin-sec-
tion K44b.
Irregular tubiform morphotype with “internal body” (ib). Thin-section SB 15.

k-l Oblique sections. Thin-section K39 and MP 2/3.
Scale bars 0.2 mm for a, c-l, 0.5 mm for b
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PLATE VI

Thaumatoporella? malevkensis (BIRINA) nov. comb. from the upper Eifelian to Givetian of the Hillesheim and Sétenich synclines, Eifel hills, Germany.

a-g Different sections of specimens exhibiting internal “bodies” These may be of similar (e.g., a, ) or different shape (e.g., ¢, €) than the external outline.
Thin-sections K 39 (a, e), K42 (b), K 56 (c-d), SH2-2 (f) and SB 16 (g).

h  Irregular club-shaped specimen. Thin-section SB 15.

i-j lrregular lobate specimen showing pores and outer calcitic rim in i. Thin-sections SB 16 and SB 9.

k  Multilobate specimen with obliterated and barely visible wall. Thin-section SB 5.

I Multilobate specimen exhibiting pores. Thin-section SB 15.

Scale bars 0.2 mm for a-f, h-j,1,0.5 mm for g, k
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PLATE VIl

Thaumatoporella? malevkensis (BIRINA) nov. comb. from the lower Givetian of the Dollendorf (b, d, €, h, i, k-m) and Sétenich (a, ¢, f-g, j) Synclines, Germany.

monNngT o

>

j
k

Specimen with internal “body” (arrow). Thin-section 524.

Transverse section of a “Cribrosphaeroides”-type finely perforate cylindrical or spheroidal specimen. Thin-section KBK 68.

Club-shaped specimen (compare Liassic specimen on Pl. 1, fig. b). Thin-section B 14.

Kidney-shaped specimen of “Bisphaera” type. Thin-section KBK 68.

Irregular lobate specimens. Thin-section KBK 68.

Lobate specimens exhibiting internal “bodies”. Thin-sections B 14 and 524.

Irregular lobate to subglobular (right above) specimens. The larger specimen (below) partially shows features of pressure solution (stylolites). Thin-
section KBK 68-1.

Lobate thin-walled and finely perforate “Bisphaera’-type specimen on the left side and thicker-walled perforate “Cribrosphaeroides”-type specimen
on the right. Thin-section KBK 68.

Irregular cylindrical specimen. Thin-section B 14.

Various sections of two specimens. Thin-section KBK 68.

I-m Various sections of specimens exhibiting internal “bodies” (arrow). Thin-sections KBK 68 and KBK 69.
Scale bars 0.5 mm, except b, d = 0.3 mm.
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PLATE VIl

Thaumatoporella? malevkensis (BIRINA) nov. comb. from the Frasnian of the Skalka quarry near Ochoz, Czech Republic.

a  Specimen showing two appendages. Thin-section Och 224.

b, d, i-k Irregular bent “Vermiporella myna"-type specimens showing well discernible perforate character of wall. Thin-section Och 225 (b, d), Och 223 (i-k).

¢ Cylindrical specimen, length 1.85 mm (compare Upper Cretaceous Thaumatoporella shownin Pl. 1, Fig. i). Note the zonation of the wall with a bright,
less dense distal zone with poorly recognizable pores, a phenomen also reported from Mesozoic Thaumatoporella (e.g., DE CASTRO, 1990: PI. 3, fig.
4). Thin-section Och 234.

e Specimen showing telescope-like stacked “internal bodies” Compare Liassic specimens shown in Pl. 1, fig. a. Thin-section Och 227.

f  Section showing longitudinal (left) and oblique sections of pores (compare text-figure 12 of “Vermiporella myna"in WRAY, 1967). Thin-section Och 230.

g Specimen exhibiting semicircular outline and well discernible pores. Morphologically it corresponds to “Cribrosphaera pertusa” BYKOVA (1961: PI. 22,
fig. 10). Thin-section Och 253.

h  Globular “Bisphaera”-type specimen showing thin wall with fines pores only dimly recognizable in some parts. Thin-section Och 227.

Scale bars 0.5 mm, except e = 0.3 mm.
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Figure 9: Wall thickness (in um) of Thaumatoporella? malevkensis (BIRINA) nov. comb. (1-6) and Thaumatoporella parvovesiculifera (RAINERI) (7-12). 1: AN-
TROPOQV (1959: Uslonia permira, Upper Frasnian of Russia) 2: TOOMEY et al. (1970: Vermiporella sp., Frasnian of Canada) 3: WRAY (1967: Frasnian of Aus-
tralia) 4: MAY (1994: Vermiporella myna, Givetian to Frasnian of Germany) 5: FLUGEL & HOTZL (1971: Vermiporella cf. myna, Givetian of Germany) 6: This

work. 7: FLUGEL (1983, Upper Triassic of Greece)

Figure 10: Preservational aspects of Upper Cretaceous (“Senonian”) Thaumatoporella PIA (a-d) compared to Upper Devonian Eovolvox (from KAZMIERCZAK,
1976: Pl. 22, fig. 1, partly) (e) and Middle Devonian Cribrauroria (from VACHARD, 1994: PI. 4, fig. 7) (f). Without scale. The intention of the example selec-
tion is only to show similar diagenetic phenomena without implication of any taxonomic connection.

The assumed cyst stages of both Thaumatoporella? ma-
levkensis (BIRINA) nov. comb. and Thaumatoporella par-
vovesiculifera (RAINERI) cannot be distinguished, neither
on aspects of morphology, size, wall thickness nor preserva-
tional modes (PI. 3).

Referring to the Middle Devonian (Eifelian) to Early
Carboniferous (Tournaisian) occurrences of Thaumatopore-
lla? malevkensis (REITLINGER), the huge gap of roughly
more than 100 my until the appearance of Thaumatoporella
parvovesiculifera (PIA) in the Middle Triassic can also be
taken as evidence that these are different taxa. Alternatively,
our data are currently insufficient to provide a comprehen-
sible explanation, whether we are dealing with a real reap-
pearance of the same genus (Lazarus taxon or effect; JAB-
LONSKI, 1986; WIGNALL & BENTON, 1999; FARA,
2001), a case of morphological convergence (e.g., ?func-
tional convergence: psammobiontic Irregularina-type forms)
of two different genera, or incompleteness of the fossil record
perhaps in a period of generally low proliferation of thau-
matoporellacens. In the latter case, thaumatoporellacenas
might have survived the end-Permian mass-extinction (e.g.,
KNOLL et al., 2007; BOTTJER et al., 2008; SAHNEY &

BENTON, 2008) and could then be considered as a long-
term refugia species (e.g., HARRIES et al., 1996). Maybe
the Upper Carboniferous to Early Triassic gap of any Thau-
matoporella (or microfossils that could possibly be syno-
nymised with the latter) record is just an apparent one. For
example, a lobed form was described recently as Bisphaera?
improvisa from the Middle Permian of Texas by NESTELL
etal. (2006). Not mentioned by the authors, B.? improvisa can
morphologically barely be distinguished from the Devonian
Irregularina lobata REITLINGER, 1954 or other “Bisphaera”
species (VACHARD, 1994: Fig. 15.1). The generic uncer-
tainty was only “because of the long stratigraphic gap”
(NESTELL et al., 2006: p. 170). If “Cribrosphaera pertusa”
described by BYKOVA (1961) from the Late Ordovician of
Kazakhstan or Bisphaera eomalevkensis described recently
by SABIROV & GUSHCHIN (2006) from the Early Ordovi-
cian of Tajikistan, are also included, the stratigraphic range of
thaumatoporellaceans (as interpreted here) would enlarge even
more. The latter age however was doubted by VACHARD et
al. (2010, p. 220) who instead assumed a Devonian age.

Discussion: As already repeatedly stated, the high mor-
phological variability of Mesozoic Thaumatoporella repre-
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Trophozoite (motile, active feeding stage)

deterioration of
environmental
conditions

excystment encystment

amelioration of
environmental
conditions

Cyst (pive, resting stage)

Figure 11: Hypothetical model of “Cribrosphaeroides-Bisphaera” life-cycle
with interpretation as trophozoite and cyst stages respectively. Examples
from the (upper Eifelian) of the Hillesheim Syncline, Eifel hills, Germany;
thin-section K 39-9 (above) and K 44b (below).

Figure 12: Cryptoendolithic specimen of Thaumatoporella inside the test
of a large-sized miliolid (modified from DE CASTRO, 1971, pl. 9, fig. 1). The
stretching of the thaumatoporellacean body through the foraminiferan
septal perforations (arrows) would not have been possible if the mem-
brane was originally heavily calcified. Here the impression of a tube under
pressure that can be squeezed through small passages is evident (see
SCHLAGINTWEIT & VELIC, 2012, for details). Scale bars T mm.

sentatives is considered to be the clue and the base for the
interpretation of the Palaeozoic material. In the Liassic ma-
terial from Albania (e.g., Pl. 2, fig. 1) there are transitional
types of variously shaped and sized specimens with thick
and thin walls, with pores and without detectable pores etc.
Apart from a narrower range of wall thickness, the same ob-
servations can be applied to the studied Palaeozoic micro-

fossils, i.e. representatives of parathuramminid foraminifera
and algae incertae sedis, possibly also to some unusual large
calcisphaerids for instance. One common feature of these
“foraminifera” in question is their single-chambered (mono-
thalamous) test without internal partitions, combined with
an obvious lack of any aperture. The aperture is the “ultimate
opening of the last chamber cavity into the ambient environ-
ment” (HOTTINGER, 2006) from “which protoplasma
(pseudopodia) protrudes” to “assist in locomotion, capturing
of food, and removal of waste products” (FLUGEL, 2004,
p. 453). It is also strange that the lack of this functional fea-
ture has not hindered these forms being assigned to fo-
raminiferans and the establishment of a taxonomic concept
including families and subfamilies that, though modified in
some details, has also been adopted by LOEBLICH & TAP-
PAN (1987). Some of these families were grouped together
within the order Parathuramminida MIKHALEVICH by VA-
CHARD (1994). For the taxa in question, it can be stated
that most of them were established in times where it was the
general consensus to describe new taxa with little illustra-
tions (e.g., two in Uslonia permira) insufficient to demon-
strate the natural morphological variability. This was cer-
tainly one of the reasons that many different “species” have
been established on the basis of morphology and size that
should differ from already known taxa. For example, VA-
CHARD (1994: Fig. 15/1) nicely demonstrated that there are
all types of gradual transitions from more or less spherical
“tests” with one single slight constriction (e.g., Bisphaera
malevkensis) to highly constricted forms (e.g., Bisphaera
div. sp. and genus Irregularina). So these morphological var-
iations were used in the past as a stay of knowledge not only
to delimit different “species” but also to differentiate inde-
pendent genera. Besides real morphological intergradations,
the effect of different planes of cutting creates highly vari-
able aspects in random thin-sections. This aspect of consid-
eration was stressed by RACKI & SOBON-PODGORSKA
(1993). Another criterion of high taxonomic value in benthic
foraminifera is the wall structure (LOEBLICH & TAPPAN,
1987; VACHARD et al., 2010) and without any doubt the
presence or absence of pores in the wall and its microstruc-
ture are prime criteria of suprageneric importance (e.g., KA-
MINSKI, 2004). In the Devonian material there are not only
specimens with and without detectable pores, but also ovoid-
to egg-shaped forms that display both within the same spec-
imen. According to systematic consensus, those parts with-
out apparent pores are referred to Bisphaera BIRINA, the
perforate parts to Cribrosphaeroides REITLINGER (Fig. 5).
This “two in one” aspect, however, clearly evidences that in
finely perforated walls this feature can be masked and be lost
through diagenesis. Let us remember that REITLINGER
(1954, p. 65, translated) in the diagnosis of Cribrosphaera
(later renamed as Cribrosphaeroides) remarks that “the test
has an irregular shape, similar in type to the Irregulariinas
and Bisphaeras”.

The diagnosis of Bisphaera BIRINA was given by LOE-
BLICH & TAPPAN (1987, p. 195) as follows: “Test sub-
globular to pyriform, may have constriction suggesting a
tendency to divide; wall single layered, of finely granular
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calcite, perforate; no aperture observed”. An enlarged diag-
nosis is presented by VACHARD (1994, p. 34-35, translated):
“Test free (?), unilocular, sometimes slightly subdivided ap-
pearance by constrictions of the wall. Dark, segregated wall,
comparatively thin, finely perforate, sometimes double-lay-
ered with an internal fibrous layer”. As VACHARD correctly
remarked, the inner fibrous layer may be present or absent
as is also the case in Mesozoic Thaumatoporella (PI. 2d ver-
sus Pl. 2e, PI. 3g).

As the denoted bipartition of the “test” is not always vis-
ible in thin-section specimens (whether primary or due to
the effect of sectioning) the genus name Bisphaera might be
misleading. The fibrous inner layer is in our opinion not rec-
ognizable in the original figurations of BIRINA (1948a). The
figures look like a filling of coarse-grained blocky calcite
with crystals attached to the microcrystalline wall. As our
examples shown in Fig. 5 and Pl. 5c, we also have the im-
pression that the holotypes of both Bisphaera malevkensis
and B. irregularis exhibit tiny pores. Furthermore, TOOMEY
et al. (1970, p. 972) reported the observation that “a few
specimens (Remark: of Bisphaera) in which the test wall
microstructure could be observed closely, showed slight in-
dications of what may possibly be a perforated wall”.

As has been shown by DE CASTRO (1990) for Thau-
matoporella parvovesiculifera, the wall structure is control-
led by diagenesis, leading to different preservational modes
(Fig. 10). Similar preservational types (or preservational his-
tory) as observed in Thaumatoporella were described in de-
tail from Devonian volvocacean algae (KAZMIERCZAK,
1976) and acritarchs (KAZMIERCZAK & KREMER, 2005),
e.g., post-mortem bacterial decomposition of a mucilaginous
envelope and resulting cement precipitation. Whether or not
this observation is of taxonomic importance is unknown.

Although not diagnostic per se, it should be mentioned
that a honey-comb pore pattern in tangential section of “Us-
lonia” was indicated by ANTROPOV (1959) and has also
been observed several times for Thaumatoporella (e.g.,
RADOICIC, 1960: p. 137; IMAIZUMI, 1965: p. 53).

From Mesozoic strata, (sub)spherical to ovoid shaped
thaumatoporellaceans with or without one (rarely more than
one) slight depression (constriction?) are well known (see
for example isolated specimens in DE CASTRO (1990, pl.
6 therein, “forma globosa™) (PI. 3). In the literature they were
also named Thaumatoporella sp. (e.g., DI STEFANO & RU-
BERTI, 2000: PI. 29, Fig. 3; FABBI & SANTANTONIO,
2012: Fig. 7f) or “primitive Thaumatoporella sp.” (RUBERTI
et al., 2013: Fig. 5c). The outer diameter of these spheroids
ranges from about 0.25 mm up to 0.9 mm (often values be-
tween 0.4 and 0.6 mm). The micritic membrane is typically
thin (~15 to ~18 pm) and appears mostly imperforate. Oc-
casionally, fine pores are dimly recognizable. The micritic
membrane may be surrounded externally by a thin rim of
slightly yellowish calcite (thickness ~30 to ~65 pum). The
interior of the bodies is filled with sparry calcite or some-
times with an inner fibrous layer (P1. 3g), which sometimes
is also observed in Palaeozoic “Bisphaera” specimens (VA-
CHARD, 1994, p. 35, “...parfois double d"une couche interne

fibreuse”). The spheroidal forms may co-occur with other
thaumatoporellacean morphotypes or dominate the assem-
blage in micropaleontologically impoverished microbialitic
layers. From Cretaceous strata, SCOTT (1978) described
such forms (spheroidal incertae sedis) as Micritosphaera
ovalis (see PI. 3j-k), interpreted to represent a junior syno-
nym of Thaumatoporella PIA recently by SCHLAGINT-
WEIT & VELIC (2012). The specimen showing an “interior
ring” (SCOTT, 1978, fig. 1g, refigured here in Fig. 2b) and
external wall “invaginations” was interpreted in this context
as representing structures assigned to mother- and daughter-
colonies sensu DE CASTRO (1990). Another specimen
shown by SCOTT (1978, fig. 1f) is fixed to a foraminiferan.
Interestingly, SCOTT (1978) compared Micritosphaera with
the Devonian Bisphaera. Both the Mesozoic spheroids and
their Palaeozoic equivalents (PI. 3) are here interpreted as
representing resting cyst stages as known for example from
taxonomically different groups of protozoans (e.g., SLEIGH,
1989; PRESCOTT et al., 2002; FUNATANI et al., 2010) or
algae (e.g., MOCZYDLOWSKA, 2010). The function of a
resting cysts (or dormant stage) in the life cycle may be the
protection against unfavourable environmental conditions
(e.g., VERNI & ROSATI, 2011; SMIRNOV, 2008). The re-
versible process of encystation is called excystment taking
place by a return to favourable conditions. The metabolically
active protozoan growth (or feeding) stage is called tropho-
zoite (e.g., KHUNKITTI et al., 1998) (Fig. 11). It is domi-
nant in favorable environmental conditions. Encystment goes
along with the shape of the body morphology. Generally, a
spherical shape is approached by the cysts.

As for the acritarchs (e.g., KAZMIERCZAK & KRE-
MER, 2005), we believe that the wall of Thaumatoporella?
malevkensis (BIRINA) nov. comb. was originally organic
and flexible and became calcified early post-mortem. This
assumption would also allow the transformation from vari-
ously shaped morphotypes to imaotile sphaeroidal cysts. For
Micritosphaera, SCOTT (1978, p. 509-510) remarked that
“the variably shaped and arranged invaginations and protu-
berances in many specimens indicate that originally the wall
was pliable; perhaps it was a combination of micritic and
organic layers”. It is also worth mentioning that only recently
Irregularina, due to an assumed psammobiontic way of life
and thereby the inferred possibility for movement and
changeable morphology (requiring a flexible body wall), was
compared to amoeboid protists (SCHLAGINTWEIT et al.,
2013). Cryptoendolithic thaumatoporellaceans often display
body compression (as in a flexible tube) under pressure in
order to squeeze into or through small openings of host skel-
etons (Fig. 12). These body contractions would not be pos-
sible if thaumatoporellaceans possessed a rigid heavily cal-
cified wall during their life-time. This observation was
interpreted as an indication of a protozoan rather than algal
nature for the thaumatoporellaceans (SCHLAGINTWEIT &
VELIC, 2012; SCHLAGINTWEIT et al., 2013).

It should be mentioned that DE CASTRO also discussed
the adaptation of the globose morphotypes to environmental
conditions such as hydrodynamic energy. It should then re-
sult from a rolling movement. In our material the spheroidal
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morphotype is always associated with other different mor-
photypes. This observation can either reflect mixing or an
indication that the globose shape is not the result of hydro-
dynamism. But there are also examples illustrated in the lit-
erature of spheroidal morphotypes in paleoenvironments of
reduced water energy. For example, GRAZIANO (2013: Fig.
16) illustrated abundant thaumtoporellaceans in clotted mi-
crobial crusts from the Early Aptian of southern Italy. SPAL-
LUTO (2011: Fig. 5d) illustrated similar microfacies from
the Albian/Cenomanian of Apulia, S-Italy. There are also
further examples where these spheroidal thaumatoporel-
laceans occur associated with microbial laminites: Gargasian
(RUBERTI et al., 2013: Fig. 5e) and Upper Cretaceous of
S-ltaly (BORGOMANO, 2000) or Upper Cretaceous of
Croatia (GUSIC & JELASKA, 1990: Pl. 6, Fig. 3). These
peculiarities could have been linked to the preponderance of
special mesotrophic to oligotrophic (nutrient-deficient) con-
ditions as discussed, e.g., for the Early Jurassic (FUGAG-
NOLI, 2004), an acme period of thaumatoporellaceans (see
SARTONI & CRESCENTI, 1959, 1963). The cyst interpre-
tation model would fit the observed dominance of spheroidal
thaumatoporellaceans in microbial intervals that reflect some
kind of environmental changes or disturbances. ROMANO
& BARATTOLO (2005) discussed the bioevents that fol-
lowed the Triassic-Jurassic boundary mass extinction among
the typical low-diversity lowermost Liassic Thaumatopore-
Ila assemblage in terms of palaeoenvironmental conditions.
Considering Thaumatoporella to be an r-strategy organism,
they conclude that it represents a disaster taxon. Generally,
r-strategy organisms possess the ability for rapid reproduc-
tion and are thus predominat in times of unstable environments
(e.g., REZNICK et al., 2002, for discussion). A cross-reference
to the dominance of a low diversity thaumatoporellacean as-
semblage in the aftermath of the Triassic—Jurassic boundary
event might be the preponderance of Bisphaera (over Cri-
brosphaeroides and others) in the lower Tournaisian (basal-
most Carboniferous), e.g., “Bisphaera Beds” (BIRINA, 1948b;
MAMET & BELFORD, 1968; SANDO et al., 1969; KAL-
VODA, 1986, 1990, 2002; MAKHLINA et al., 1993; REI-
TLINGER et al., 1996; in contemporary literature named as
upper Gumerovian and Malevkian, cf. KULAGINA, 2013).
This assemblage follows the terminal Famennian mass-ex-
tinction (Hangenberg Event; e.g., WALLISER, 1984; KAI-
SER, 2005).

The occurrence of microbialites with abundant thaumat-
oporellacens (mostly spheroidal forms) during oceanic an-
oxic events (OAES) seems to be another interesting topic for
further study (e.g., GRAZIANO, 2013: OAE 1a, KORBAR
et al., 2012: OAE 2). A cross-reference is hereby given to
the “out-of-balance” facies rich in microbial (“bacinellid”)
crusts and other structures assumed to be coeval to the Early
Aptian OAE 1a (e.g., IMMENHAUSER et al., 2005; RAM-
ElL etal., 2010). Also the increased abundance of Devonian
thaumatoporallecean-like forms corresponds to dysoxic ep-
isodes and events, e.g., in the Upper Givetian, basal Frasnian
or with the Middle Frasnian, e.g., in the Pa. punctata Zone
(HLADIL et al., 2009). It is very likely that both the major
and medium-magnitude Palaeozoic events which caused pro-

liferation of microbially dominated benthic communities and
organomineralization of sediment in the post-crisis period
(BOURQUE et al., 2004) led to the right setting for produc-
tion and release of the cysts. This is particularly true for the
Early Tournaisian times when plenty of them are locally pre-
served in the sedimentary rocks (see “Bisphaera Beds”
above).

An interesting observation, emphasized by D. VACH-
ARD in his review to our paper, relates to the calcification
of cysts and formation of carbonate cements: The Palaeozoic
forms frequently show an inner, isopachous, radial-fibrous
to bladed ‘light” layer that is often continued by centripetal
growth of drusic cement, but is not so frequent in the Meso-
zoic. However, there are many exceptions. For example,
MAKHLINAetal. (1993, PI. 1) or KULAGINA (2013, Fig.
6A, D and E) show Bisphaera sections where an inner ‘light’
layer is absent or very irregular, and HANCE et al. (2011, p.
243, Pl. 2/6) illustrated a Bisphaera where the ‘light’ layer
is absent on the inner side, but is greatly developed on the
outer side of the ‘dark’ calcified wall — just inside out; here,
in addition, the inner drusic cement is only at the very base
of a geopetal fill. According to comparison of the very tiny
and coarsely porous honeycombed membranes, e.g., between
the Palaeozoic Bisphaera and Cribrosphaeroides, or Palae-
o0zoic vs. Mesozoic forms, we have found that the formation
of an inner vs. outer cement layers reflect mainly the early
diagenetic permeability of the calcified and coated mem-
brane. The fine porous fabrics of Bisphaera type were rap-
idly quasi-hermetically sealed and crystallization proceeded
in the same way as in any closed microcavities (e.g. ostra-
cods with firmly closed valves). However, the coarsely po-
rous structures exchanged fluids with ambient pore waters
for longer periods of time, and the outer cement layers grad-
ually came to be predominant in volume (as for any porous
bioclasts covered by cements). The latter may, but not nec-
essarily, also contain a thin fibrous layer. Consequently, the
problem of a bilayered “Bisphaera wall” and the regular pres-
ence of its fibrous inner part is possibly more complex than
previously thought (VACHARD et al., 2010; RICHARDSON,
2012). In addition, the extracellular precipitation on an organic
template (in vivo) can also be mistaken for early diagenetic,
microbially-mediated fibrous crusts, as the latter are particu-
larly common in the periods coming after the carbonate pro-
ductivity crises and/or major regressions; the indicators of this,
although not directly connected to the Thaumatoporella facies,
are cements in microbialites (RIDING, 2005) or “stromatac-
tis” (e.g., HLADIL et al., 2007, 2008; AUBRECHT et al.,
2009). Eventually, secular variations in overall marine ce-
mentation intensities and morphologies might also have
played a role. According to KIESSLING (2002), the amount
of reef cements vary through time with medium to high
amounts in the Palaeozoic and Lower/Middle Triassic as
compared to the usually low mean cement content in Jurassic
to Cenozoic times (see also FLUGEL, 2004). Although
Thaumatoporella is not restricted to reef facies and also
thrives in inter- to subtidal inner platform environments (of-
ten still peri-reefal), different conditions for marine cement
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precipitation in the Palaeozoic should be also taken into ac-
count.

It is well known that protozoan cysts may be round or
irregular shaped, displaying single- or double-layered, thin
or thick walls with a structure being different from the non-
cyst stage (e.g., SMIRNOQOV, 2008). Within the protozoa, a
considerable variation in the cyst wall microstructure is
present (LAYBOURN-PARRY, 1984, for details). Some-
times, different cyst wall layers are named ectocyst (outer-
most layer) and endocyst (inner layer/s) (e.g., KIDA & MAT-
SUOKA, 2006). This ectocyst is typically a dense layer.
From the Upper Cretaceous isolated specimens DE CAS-
TRO (1990) noted an external coating, (different to the dense
microgranular membrane), assigned to the peripherical parts
of the wall. It could represent the yellowish radial-fibrous
calcitic outer rim observable in the thin-section specimens.
An interpretation as a calcified mucilaginous substance
known to envelop resting cysts (“mucoid layer”) as reported
from other organisms (e.g., VERNI & ROSATI, 2011: Fig.
1f) seems possible. In some forms (PI. 3a), this outer rim ex-
hibits a finely jagged outline that could be compared to the
finger-like protrusions covering the entire cyst surface and
produced during the final step in cyst formation of some pro-
tozoans (e.g., VERNI & ROSATI, 2011, Fig. 1e). The for-
mation of a dense ectocyst layer could be a hypothesis for
the thin and usually imperforate character of “Bisphaera”,
contrasting the perforate non-cyst stage inferred for “Cribro-
sphaeroides”. The formation of the dense cyst wall layer
during the encystment process might be evidenced by the
specimens showing the “two in one aspect”, parts with dis-
cernible fine pores and others without (Fig. 5).

Concerning the size, the cysts of the giant amoebozoa
Chaos LINNAEUS attain a medium size of 0.25 mm
(GOODKOQV et al., 1999) but may be up to 0.6 mm. For
Givetian “Bisphaera” specimens from W-Germany, FLU-
GEL & HOTZL (1971: p. 365) indicate diameters from 0.1
to 0.525 mm exhibiting wall thicknesses of 0.01 to 0.03 mm.
The cyst wall of modern protozoans is distinctly thinner, of-
ten less than 1 um, up to some microns only (e.g., KIDA &
MATSUOKA, 2006; VERNI & ROSATI, 2011). The holo-
type of the type-species Bisphaera malevkensis BIRINA has
a diameter of 0.53 mm and other representatives of the ge-
nus range up to 0.65 mm. From Tournaisian strata, Bisphaera
specimens of up to 1.1 mm are known (J. KALVODA, pers.
comm.). In Early Jurassic to Upper Cretaceous spheroidal
Thaumatoporella, the outer diameter ranges from about 0.25
mm up to 0.9 mm (often values between 0.4 and 0.6 mm).
For “Micritisphaera” (that we interpret as a synonym of
Thaumatoporella), SCOTT (1978) indicates diameters from
0.49 mm to 1.18 mm.

Afurther cross-reference of the studied Devonian spec-
imens to Mesozoic Thaumatoporella is given also by forms
that were likely attached to hard substrates. Such specimens
of “Bisphaera” were illustrated by CONIL in BOUCKAERT
etal. (1977: figs. 57-58) (Figs. 7a-b). They are characterized
by thin walls without detectable pores. The part of the wall
attached to the substrate closely follows its morphology, and
may result in a wavy outline whereas the non-attached part

displays a smooth convex outline. For the purpose of com-
pleteness, it must be mentioned that VACHARD (1994: p.
30) is not convinced that the mentioned Bisphaera specimens
were in fact attached forms. He favoured an interpretation
as test deformations resulting from a possible psammobion-
tic way of life not from substrate irregularities. We do not
follow this view and want to draw attention to fig. 58 of
CONIL in BOUCKAERT et al. (1977), refigured here in Fig.
7a where in our opinion a basal substrate (concave upper
side pelecypod shell?) is dimly recognizable. Anyway, home-
omorphic attaching specimens are well known from Meso-
zoic thaumatoporellaceans (e.g., DE CASTRO, 1997: PI. 24,
fig. 1) (Fig. 7¢). In the original description of “Uslonia per-
mira”, ANTROPOV (1959) also indicated that the test was
most likely attaching. In this respect it must be mentioned,
that REITLINGER (1954: P1. 21, fig. 1) illustrated an elon-
gated specimen of Cribrosphaera? sp. showing constrictions
with a thin micritic perforated wall that we interpret to have
been fixed to a bioclast.

Last but not least, both the Palaeozoic and Mesozoic spec-
imens exhibit internal structures or bodies that were inter-
preted as Thaumatoporella daughter-colonies by DE CAS-
TRO (1990). For some Palaeozoic “Usloniidae”, VACHARD
(1994: p. 37) and VACHARD & CLEMENT (1994: p. 300)
already stated the resemblances to Mesozoic thaumatoporel-
laceans. They compare internal bodies observed in Bisphaera
and Cribrosphaeroides with the thaumatoporellacean daugh-
ter-colonies sensu DE CASTRO (1990). Interestingly, Mes-
sopotamella angulata described by DRAGASTAN et al.
(1985) from the Upper Triassic of Greece was compared mor-
phologically by the authors with Uslonia ANTROPOV. Mes-
sopotamella is considered a Thaumatoporella with thin walls
without detectable pores where some specimens may exhibit
tapering (“angular”) ends (see also DE CASTRO, 1990). Con-
sidering the two illustrations (though of not good quality) of
Uslonia permira presented by ANTROPOV (1959), we infer
that both exhibit barely recognizable thin-walled “internal
bodies”. Such structural details inside the “test” of Uslonia
however were not mentioned in the original description. In
this point, we disagree with the assumption of VACHARD
(1994) of an abiogenic nature for Uslonia representing “spar-
itic, large and irregular debris” or cortoids.

Due to our assumptions and interpretations, the fora-
miniferan family Usloniidae in the sense of LOEBLICH &
TAPPAN (1987) needs a taxonomic reconsideration. With
the assumed synonymization of Uslonia ANTROPQV, 1959
with Thaumatoporella PIA, 1927, the family-group name
Usloniidae loses the reference to a type genus (Article 35,
International Code of Zoological Nomenclature ICZN). Nor-
mally, however, the “validity of family-group names” is “not
affected”....”when the name of a type genus of a nominal
family-group taxon is considered to be a junior synonym of
the name of another nominal genus” and “the family-group
name is not to be replaced on that account alone” (Article
40 ICZN). Besides “Uslonia”, the family Usloniidae contains
two other genera Bisphaera BIRINA and Parphia MIK-
LUKHO-MAKLAY. Bisphaera is also considered here as
representing a thaumatoporellacean-like microfossil and for
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the rather large spherical “bodies” of Parphia with its finely
perforated micritic wall a possible algal origin is more likely
than representing a unilocular foraminifer. The situation be-
comes even more complex as the family Thaumatoporel-
laceae was created in 1988 by DE CASTRO, the Usloniidae
by MIKLUKHO-MAKLAY in 1963 and finally the Irregu-
larininae (as a subfamily of the Parathuramminidae) by ZA-
DOROZHNYY & YUFEREYV in 1984. So just from the date
of publication, the Usloniidae would have priority.

4. CONCLUSIONS

The long-term practice of establishing different taxa of
Palaeozoic parathuramminids/incertae sedis on the basis of
differences in morphology and size (mainly in random thin-
sections) is as equally problematic as taking into account the
different aspects of the wall structures. These might repre-
sent either true original differences or just expressions of
various preservational (e.g., alteration, recrystallization, ce-
ment fringes) or developmental stages (phases of life cycles).
In Mesozoic Thaumatoporella, it is the consensus to accept
comparable to equivalent taphonomic aspects, as preserva-
tional modes of a single taxon and not different genera.

The widely accepted concept of polymorphism of Mes-
ozoic-Early Cenozoic Thaumatoporella is discussed for
some seemingly homeomorphic Palaeozoic taxa leading in
our interpretation to a rather radical synonymization. With
Thaumatoporella having priority, Bisphaera BIRINA, Cri-
brosphaeroides REITLINGER, Uslonia ANTROPOV and
Vermiporella myna WRAY (not the genus Vermiporella
STOLLEY) are here interpreted as possible junior synonyms.
The aforementioned genera and their species were already
treated as highly controversial among micropalaeontologists
concerning both their possible synonymies and biogenic na-
ture. Also from the Mesozoic, a lot of genera and species are
considered to represent synonyms of a single taxon, Thau-
matoporella PIA (or species of it): Polygonella ELLIOTT,
Micritosphaera SCOTT, Messopotamella DRAGASTAN et
al., Lithoporella elliotti (EMBERGER) and Vermiporella
crisiae DRAGASTAN et al. Irregularina BYKOVA also
might represent thaumatoporellaceans, respectively psam-
mobiontic forms.

In analogy to Mesozoic homeomorphs, Bisphaera is pro-
posed as representing a possible Thaumatoporella resting
cyst stage. The interpretation of Bisphaera-type spheroids is
compatible with the lack of any aperture, an observation that
always made the attribution of these forms to monothalam-
ous foraminifera problematic. Mesozoic equivalents were
described as Micritosphaera SCOTT or “primitive thaumat-
oporellaceans”, “Thaumatoporella sp.” in the literature. The
assumed cyst stages of both Thaumatoporella? malevkensis
(BIRINA) nov. comb. and Thaumatoporella parvovesiculif-
era (RAINERI) are almost identical with respect to morphol-
ogy, size, wall thickness, both exhibiting also various aspects
of preservation.

The possible Palaeozoic record of thaumatoporellaceans
would suggest that they represent long-living and morpho-
logically rather conservative microorganisms. The assumed

ability to change morphology during their life-time and mo-
tility, the optional occurrence in completely shaded habitats
and the inferred formation of resting cysts challenges the at-
tribution of thaumatoporelaceans to algae. These aspects in-
stead are compatible with a protozoan nature.

ACKNOWLEDGEMENT

The second author appreciates the financial support provided
by GLI ASCR (RV067985831-9335). The third author is
thankful for support by the German Research Foundation
(DFG Le580/10). The following persons (in alphabetical or-
der) are thanked for providing thin-sections and/or photo-
graphs, or giving the permission for re-illustrations of pho-
tographs from their works (in alphabetical order): Alessio
CHECCONI (Perugia), Hans-Jurgen GAWLICK (Leoben),
Ivan GUSIC (Zagreb), Boguslav KOLODZIEJ (Krakow),
Oliver KRISCHE (Leoben), Richard LEIN (Wien), Arturo
RASPINI (Florence), Rajka RADOICIC (Belgrade), Ro-
berto RETTORI (Perugia), Daniel VACHARD (Lille) and
Ivo VELIC (Zagreb). Marina AFANASIEVA (Moscow),
Elena KULAGINA (Ufa), Jiri KALVODA (Brno), Winfried
WERNER (Munich) and Daniel VACHARD (Lille) helped
with the acquisition of literature. Discussions on topics re-
ferred to taxonomic codes with Bruno GRANIER (Brest) are
kindly acknowledged.

The reviewers loan BUCUR (Cluj-Napoca) and Daniel
VACHARD (Lille) are thanked for helpful and stimulating
comments (even if we could not follow several remarks pro-
vided by the last reviewer). Last but not least, we thank Julie
ROBSON for the English corrections.

REFERENCES

AFANASIEVA, M.S. & AMON, E.O. (2011): Devonian radiolarians of
Russia.— Paleontological Journal, 45/11, 1313-1532. doi: 10.1134/
$0031030111110013.

ANTROPOV, I.A. (1950): New foraminiferal species of the Upper Dev-
onian of some areas of the eastern Russian Platform (in Russian).—
Izvestiya Kazanskogo Filiala, Akademiya Nauk SSSR, Geologiches-
kiy Institut, 1, 21-33.

ANTROPOV, |.A. (1959): Foraminifera from the Devonian of Tatar (in
Russian).— Izvestiya Kazanskogo Filiala, Akademiya Nauk SSSR,
Ser. Geol. Nauk, 7, 11-34.

AUBRECHT, R., SCHLOGL, J., KROBICKI, M., WIERZBOWSKI, H.,
MATYJA, B.A. & WIERZBOWSKI, A. (2009): Middle Jurassic
stromatactis mud-mounds in the Pieniny Klippen Belt (Carpathians)
—Apossible clue to the origin of stromatactis.— Sed. Geol., 213/3-4,
97-112. doi:10.1016/j.sedge0.2008.11.007.

BABEK, O., PRIKRYL, T. & HLADIL, J. (2007): Progressive drowning
of carbonate platform in the Moravo-Silesian Basin (Czech Repub-
lic) before the Frasnian/Famennian event: facies, compositional var-
iations and gamma-ray spectrometry.— Facies, 53/2, 293-316. doi:
10.1007/s10347-006-0095-8.

BARATTOLO, F. & ROMANO, R. (2005): Some bioevents at the Trias-
sic-Liassic boundary in the shallow water environment.— Bolletino
della Societa Geologica Italiana, 124, 123-142.

BELKA, Z., NARKIEWICZ, M. (2008): Devonian.— In: McCANN, T.
(ed.): The geology of central Europe, Vol. 1, Precambrian and Pa-
laeozoic. Geological Society London, 383—-410.



178

Geologia Croatica 66/3

BIRINA, L.M. (1948a): New species of calcareous algae and foraminif-
era of the boundary strata of the Devonian and Carboniferous (in
Russian).— Sovetskaya Geologiya, 28, 154-159.

BIRINA, L.M. (1948b): A scheme of detailed stratigraphy and deposition-
ary conditions of the Devonian-Carboniferous boundary beds in the
southern part of the Moscow region (in Russian).— Sovetskaya Ge-
ologiya, 1948/28, 146-153.

BOSAK, P., MYLROIE, J.E., HLADIL, J., CAREW, J.L. & SLAVIK, L.
(2002): Blow Hole Cave: An unroofed cave on San Salvador Island,
the Bahamas, and its importance for detection of paleokarst caves
on fossil carbonate platforms.— Acta Carsologica, 31, 51-74.

BOTTIJER, D.J., CLAPHAM, M.E., FRAISER, M.L. & POWERS, C.M.
(2008): Understanding mechanisms for the end-Permian mass ex-
tinction and the protracted Early Triassic aftermath and recovery.—
GSA Today, 18, 4-10.

BORGOMANO, J.R.F. (2000): The Upper Cretaceous Carbonates of the
Gargano-Murge Region, Southern Italy: A Model of Platform-To-
Basin Transition.— AAPG Bulletin, 84 (10): 1561-1588. doi:
10.1306/8626BF01-173B-11D7-8645000102C1865D.

BOUCKAERT, J., CONIL, R., DUSAR, M. & STREEL, M. (1977): Stra-
tigraphic interpretation of the Tohogne borehole (Province of Lux-
embourg). Devonian — Carboniferous transition.— Annales de la so-
ciété géologique de Belgique, 100, 87-101.

BOURQUE, PA,, NEUWEILER, F. & BOULVAIN, F. (2004): The mud-
mound system: products and processes.— 32nd Intl. Geol. Congr.,
Florence, Italy. CD-ROM Abstracts 2, 1079.

BUCUR, I.I., HOFFMANN, M. & KOLODZIEJ, B. (2005): Upper Ju-
rassic-Lowermost Cretaceous benthic algae from Tethys and the Eu-
ropean platform: A case study from Poland.— Revista Espanola Mi-
cropaleontologia, 37/1, 105-129.

BURCHETTE, T.P. (1981): European Devonian reefs: a review of cur-
rent concepts and models.— Society of Economic Paleontolologists
and Mineralogists, Special Publication, 30, 85-142.

BYKOVA, E.V. (1955): Foraminifers and radiolarians from the Devonian
of the Volga-Ural region and Central Devonian Field and their sig-
nificance for stratigraphy.—Transactions of the All-Union Oil, Scien-
tific-Research and Geological-Survey Institute VNIGRI, New Se-
ries, 87, 5-190.

BYKOVA, E.V. (1961): Caradocian foraminifera of eastern Kazakhstan
(in Russian).— Izvestiia Akademii Nauk Kazakhskoj SSR (Inst. Ge-
ol. Nauk), 1-119.

CAFFAU, M., PUGLIESE, N. & PLENICAR, M. (1996): The develop-
ment of the mollusc fauna in the Cenomanian of the stratigraphic
sequence of Visogliano (Karst of Trieste, Italy).— Geologija, 37/38
(1994-1995), 87-121.

CHECCONI, A., RETTORI, R. & SPALLUTO, L. (2008): Biostratigra-
fia a foraminiferi del Cretaceo Superiore della successione di Parco
Priore (Calcare di Altamura, Piattaforma Apula, Italia Meridionale).—
Annali dell” Universita degli Studi di Ferrara Museologia Scienti-
fica e Naturalistica, 4, 1-9.

CHUVASHOQV, B.1. (1965): Foraminifers and algae from the Upper Dev-
onian sediments on the western slope of the Central and Southern
Urals. In: Foraminifers of the Devonian and Permian of the Urals (in
Russian).— Sbornik po voprosam stratigrafii No 8, Trudy Instituta
Geologii, Akademiya Nauk SSSR (Sverdlovsk), 74, 3-153.

CONIL, R. & LYS, M. (1964): Materiaux pour I’etude micropaleontolo-
gique du Dinantien de la Belgique et de la France (Resnois). Parts
1-2. Algues et Foraminiferes.— Mémoires de I Instiute géologique
de I"Université de Louvain, 23, 1-296.

DE CASTRO, P. (1967): Su alcune tallofite del Mesozoico in Campania.
Stratigrafia e Paleontologia.— Bolletino della Societa dei Naturalisti
in Napoli, 78, 87-167.

DE CASTRO, P. (1971): Osservazioni su Raadshoovenia Van den Bold
et i suoi rapporti col nuovo genere Scandonea (Foraminiferida, Mi-
oliolacea).— Bolletino della Societé dei Naturalisti in Napoli, 80,
161-236.

DE CASTRO, P. (1988): Observations on thaumatoporellaceans.— Atti
del 74° Congresso della Societd Geologica Italiana, A245-A249.

DE CASTRO, P. (1990): Thaumatoporelle: conoscenze attuali e approcio
all’interpretazione.— Bolletino della Societd Paleontologica Italiana,
29/2, 179-206.

DE CASTRO, P. (1991): On the cortical layer of thaumatoporellaleans
(green algae dasycladales).— Abstracts 5th Int. Symp. Fossil Algae
Capri, 7-12 April 1991, 16-17.

DE CASTRO, P. (1997): Introduzione allo studio in sezione sottile delle
Dasicladali fossili (in Italian and English).— Quaderni della Acca-
demia Pontaniana, 22, 1-126.

DI STEFANO, P. & RUBERTI, D. (2000): Cenomanian rudist-dominat-
ed shelf-margin limestones from the Panormide Carbonate Platform
(Sicily, Italy): facies analysis and sequence stratigraphy.— Facies,
42/1, 133-160. doi: 10.1007/BF02562570.

DRAGASTAN, O., PAPANIKOS, D. & PAPANIKOS, P. (1985): Fora-
miniféres, algues et microproblematica du Trias de Messopotamos,
Epire (Gréce continentale).— Revue de Micropaléontologie, 27/4,
244-248.

DUZBASTILAR, M.K. (1991): Notes on the Jurassic-tertiary calcareous
algae of the 1zmir region (West Anatolia) (Solenoporaceae) (in Tur-
kish).— Geological Bulletin of Turkey, 34, 59-72.

EDGELL, H.S. (2004): Upper Devonian and Lower Carboniferous Fo-
raminifera from the Canning Basin, Western Australia.— Micropal-
eontology, 50/1, 1-26. doi: 10.2113/50.1.1

ELLIOTT, G.F. (1957): New calcareous algae from the Arabian Penin-
sula.— Micropaleontology, 3, 227-230.

EMBERGER, J. (1957): Lithoporella elliotti nov. sp., Mélobésiée nouv-
elle du Jurassique supérieur des monts des Oulad-Nail, Atlas Saha-
rien (Algérie).— Bulletin de la Societé géologique de France, ser. 6/7,
625-629.

EMMERICH, A., ZAMPARELLI, V., BECHSTADT, T. & ZUHLKE, R.
(2005) : The reefal margin and slope of a Middle Triassic carbonate
platform: the Latemar (Dolomites, Italy).— Facies, 50/3—4, 573-614.
doi: 10.1007/510347-004-0033-6.

FABBI, S. & SANTANTONIO, M. (2012): Footwall progradation in syn-
rift carbonate platform-slope systems (Early Jurassic, Northern Ap-
ennines, Italy).— Sedimentary Geology, 281, 21-34. doi: 10.1016/].
sedgeo.2012.07.008.

FABER, P., VOGEL, K. & WINTER, J. (1977): Beziehungen zwischen
morphologischen Merkmalen der Brachiopoden und Fazies, dar-
gestellt an Beispielen des Mitteldevons der Eifel und Stidmarokkos.—
Neues Jahrbuch flir Geologie und Palédontologie Abhandlungen, 154,
21-60.

FARA, E. (2001): What are Lazarus taxa?— Geological Journal, 36/3-4:
291-303. doi: 10.1002/gj.879.

FENG, Q., GONG, Y.M. & RIDING, R. (2010): Mid-Late Devonian cal-
cified marine algae and cyanobacteria, south China.— Journal of Pa-
leontolology, 84/4, 569-587. doi: 10.1666/09-108.1.

FENNINGER, A. & HOTZL, H. (1967): Die Mikrofauna und —flora des
Plassen- und Tressensteinkalkes der Typlokalitat (Nordliche Kalkal-
pen).— Neues Jahrbuch fur Geologie und Paléontologie Abhandlun-
gen, 128, 1-37.

FISCHER, U. (1999): Paldodkologie einer Korallenvergesellschaftung
aus dem unteren Givet der Hillesheimer Mulde bei Kerpen, Eifel.—
Institute of Geology and Palaeontology, University of Stuttgart (un-
published diploma thesis), 98 p.

FLUGEL, E. (1983): Mikrofazies der Pantokrator-Kalke (Lias) von Kor-
fu, Griechenland.— Facies, 8/1, 263-300. doi: 10.1007/BF02536744.

FLUGEL, E. (2004): Microfacies of Carbonate Rocks — Analysis, Inter-
pretation and Application. 2nd Edition. Springer \erlag, Berlin, Hei-
delberg, New York, pp. 1-984. doi:10.1007/978-3-642-03796-2_1.

FLUGEL, E. & HOTZL, H. (1971): Foraminiferen, Calcisphaeren und
Kalkalgen aus dem Schwelmer Kalk (Givet) von Letmathe im Sau-
erland.— Neues Jahrbuch Geologie Palédontologie Abhandlungen,
137, 358-395.



Schlagintweit et al.: Palaeozoic record of Thaumatoporella PIA, 1927 (incertae sedis)?

179

FRANKE, W. (2000): The mid-European segment of the Variscides: tec-
tonostratigraphic units, terrane boundaries and plate tectonic evolu-
tion.— In: FRANKE, W., HAAK, V., ONCKEN, O. & TANNER, D.
(eds.), Orogenic Processes: Quantification and Modelling in the Var-
iscan Belt. Geological Society London Special Publications, 179,
35-61.

FUGAGNOLLI, A. (2004): Trophic regimes of benthic foraminiferal as-
semblages in Lower Jurassic shallow water carbonates from north-
eastern Italy (Calcari Grigi, Trento Platform, \enetian Prealps).—
Palaeogeogr., Palaeoclimatol., Palaeoecol., 205, 111-130. doi:
10.1016/j.palae0.2003.12.004.

FUNATANI, R., KIDA, A., WATOH, T. & MATSUOKA, T. (2010): Mor-
phological events during rest cyst formation in the ciliate Colpoda
cucullus.— Protistology, 6/3, 204-217.

GERSL, M. & HLADIL, J. (2004): Gamma-ray and magnetic suscepti-
bility correlation across a Frasnian carbonate platform and the search
for “punctata” equivalents in stromatoporoid-coral limestone facies
of Moravia.— Geological Quarterly, 48/3, 283-292.

GOODKOV, A.V,, SMIRNOV, A.V. & SKOVORODKIN, I.N. (1999):
Study of a rediscovered large freshwater multinucleate amoeba Cha-
os illinoisense (Kudo, 1950).— Protistology, 1/2, 55-61.

GRAZIANO, R. (2013): Sedimentology, biostratigraphy and event stra-
tigraphy of the Early Aptian oceanic anoxic event (OAE1A) in the
Apulia Carbonate Platform margin — lonian basin system (Gargano
promontory, southern Italy).— Cretaceous Research, 39, 78-111. doi:
10.1016/j.cretres.2012.05.014.

GUSIC, I. & JELASKA, V. (1990): Upper Cretaceous stratigraphy of the
Island of Bra¢.— Djela Jugosl. Akad. Znanosti Umjetnosti Zagreb,
69, 1-160.

HAECKEL, E. (1887): Report on the Radiolaria Collected by H.M.S.
“Challenger” during the Years 1873—1876.— Report on Scientific Re-
sults of the Voyage H.M.S. Challenger. Zoology, Edinburgh, 18,
1-1803.

HANCE, L., HOU, H., VACHARD, D., DEVUYST, F.X., KALVODA,
J., POTY, E. & WU, X. (2011): Upper Famennian to Visean fora-
minifers and some carbonate microproblematica from South China
— Hunan, Guangxi and Guizhou.— Beijing, Beijing Geol. Publ.
House, 359 p.

HARRIES, PJ., KAUFFMAN, E.G. & HANSEN, T.A. (1996): Models
for biotic survival following mass extinction.— In: HART, M.B. (ed.):
Biotic revovery from mass extinction events. Geological Society
Special Publication, 102, 41-60.

HLADIL, J. (1994): Moravian Middle and Late Devonian buildups: Ev-
olution in time and space with respect to Laurussian shelf.— Courier
Forschungsinstitut Senckenberg, 172, 111-125.

HLADIL, J. (2002): Geophysical records of dispersed weathering prod-
ucts on the Frasnian carbonate platform and early Famennian ramps
in Moravia, Czech Republic: proxies for eustasy and palaeoclimate.—
Palaeogeogr., Palaeoclimatol., Palaeoecol., 181/1-3, 213-250. doi:
10.1016/S0031-0182(01)00480-1.

HLADIL, J. (2007): Eifelian — Frasnian Amphipora limestones, bios-
tromes and bioherms, Moravian Karst, Czech Republic.— In: VEN-
NIN, E., ARETZ, M., BOULVAIN, F. & MUNNECKE, A. (eds.):
Facies from Palaeozoic reefs and bioaccumulations.— Memoires du
Museum national d"histoire naturelle, 195, 187-189.

HLADIL, J., KOPTIKOVA, L, GALLE, A., SEDLACEK, V., PRUNER,
P., SCHNABL, P., LANGROVA, A., BABEK, O., FRANA, J.,
HLADIKOVA, J., OTAVA, J. & GERSL, M. (2009): Early Middle
Frasnian platform reef strata in the Moravian Karst interpreted as
recording the atmospheric dust changes: the key to understanding
perturbations in the punctata conodont zone.— Bull. Geosci., 84/1,
75-106. doi: 10.3140/bull.geosci.1113.

HLADIL, J., KOPTIKOVA, L., LISA, L., CEJCHAN, P,, RUZICKA, M.,
KULAVIAK, L., ADAMOVIC, J., JANECKA, J., VECER, M,
DRAHOS, J. & HAVLICA, J. (2008): Stromatactis and stromatac-
tum pattern formation in sediment: constraints from fluid mechanics
and rheology and implications for environments, sedimentary archi-

tecture and cyclostratigraphy.— In: KIM, A.l., SALIMOVA, FA. &
MESHCHANKINA, N.A. (eds.): Global alignments of Lower Dev-
onian carbonate and clastic sequences, Contributions, Tashkent,
SealMag Press, 36-40.

HLADIL, J., KOPTIKOVA, L., RUZICKA, M. & KULAVIAK, L.
(2007): Experimental effects of surfactants on the production of stro-
matactis-shaped cavities in artificial carbonate sediments.— Bull. Ge-
osci., 82/1, 37-50. doi: 10.3140/bull.geosci.2007.01.37.

HOTTINGER, L. (2006): Illustrated glossary of terms used in foraminif-
eral research.— Carnets de Géologie — Notebooks on Geology, Mem.
2006/02 (CG2006_M02). doi: 10.4267/2042/5832.

IMAIZUMI, R. (1965): Late Jurassic algae from Honsu and Shikoku, Ja-
pan.— The Science Reports of the Tohoku University, ser. 2 (Geol),
37, 49-62.

IMMENHAUSER, A., HILLGARTNER, H. & VAN BENTUM, E.
(2005): Microbial-foraminiferal episodes in the Early Aptian of the
southern Tethyan margin: ecological significance and possible rela-
tion to oceanic anoxic event la.— Sedimentology, 52/1, 77-99.
doi: 10.1111/j.1365-3091.2004.00683.x

JABLONSKI, D. (1986): Causes and consequences of mass extinctions:
a comparative approach.— In: ELLIOTT, D.K. (ed.): Dynamics of
Extinctions, 183-229. Wiley & Sons, New York.

JEZ,1.,OTONICAR, B., FUCEK, L., OGOROLEC, B. (2011): Late Cre-
taceous sedimentary evolution of a northern sector of the Adriatic
Carbonate Platform (Matarsko Podolje, SW Slovenia).— Facies,
57/3, 447-468. doi: 10.1007/510347-010-0249-6.

JOHNSON, J.H. (1965): Coralline algae from the Cretaceous and Early
Tertiary of Greece.— Journal of Paleontology, 39, 802-814.

JOHNSON, J.H. (1970): Ordovician algae from boulders of in Silurian
deposits of New World Island, New Foundland.— Journal of Paleon-
tology, 44, 1055-1059.

JOHNSON, J.H. & KASKA, H.V. (1965): Fossil algae from Guatemala.—
Professional Contributions Colorado School of Mines, 1, 1-152.

JUYAL, K.P, SUTTNER, T.J. & HUBMANN, B. (2009): Silurian to De-
vonian microfossils from the Saser Brangsa and Aq Tash formations,
Eastern Karakoram, India.— Ber. Inst. Erdwiss. K.-F.-Univ. Graz, 14,
40.

KAISER, S.1. (2005): Mass extinctions, climatic and oceanographic chan-
ges at the Devonian/Carboniferous boundary.— PhD Thesis Ruhr
University Bochum, 156 pp. http://www-brs.ub.ruhr-uni-bochum.
de/netahtml/HSS/Diss/KaiserSandralsabella/diss.pdf

KALDUN, A. (1998): Faziesanalyse mitteldevonischer Schichten im
Grenzbereich Eifelium/Givetium am Bahneinschnitt Nohn, Eifel.—
Institute of Geology and Palaeontology, University of Stuttgart (un-
published diploma thesis), 67 p.

KALVODA, J. (1986): Upper Frasnian-Lower Tournaisian events and
evolution of calcareous foraminifera, close links to climatic chang-
es.— In: WALLISER, O.E. (ed.) Global Bio-events: a critical ap-
proach. Lecture Notes in Earth Sciences, 8, 225-236. doi: 10.1007/
BFb0010209.

KALVODA, J. (1990): Foraminiferal zonation of the Upper Devonian
and Lower Carboniferous in Moravia (Czechoslovakia).— Acta Mu-
sei Moraviae Scientiae Naturales, 75, 71-93.

KALVODA, J. (2002): Late Devonian-Early Carboniferous foraminiferal
fauna: zonations, evolutionary events, paleobiogeography and tec-
tonic implications.— Folia, Geologia, Brno, 39, 1-213.

KALVODA, J., BABEK, O., FATKA, O., LEICHMANN, J., MELI-
CHAR, R., NEHYBA, S. & SPACEK, P. (2008): Brunovistulian
terrane (Bohemian Massif, Central Europe) from late Proterozoic to
late Paleozoic: a review.— International Journal of Earth Sciences,
97/3, 497-518. doi: 10.1007/s00531-007-0183-1.

KAMINSKI, M.A. (2004): The year 200 classification of the agglutinat-
ed foraminifera.— In: BUBIK, M. & KAMINSKI, M.A. (eds.): Pro-
ceedings of the Sixth International Workshop on Agglutinated Fo-
raminifera, Grzybowski Foundation Special Publication, 8, 237-255.



Geologia Croatica 66/3

KAZMIERCZAK, J. (1976): Volvocacean nature of some Palaeozoic non
-radiosphaerid calcispheres and “Parathuramminid” foraminifera.—
Acta Palaeontologica Polonica, 21/3, 245-258.

KAZMIERCZAK, J. & KREMER, B. (2005): Early post-mortem calci-
fied Devonian acritarchs as a source of calcispheric structures.—
Facies, 55, 554-565. doi: 10.1007/510347-005-0071-8.

KAZMIERCZAK, J. & KREMER, B. (2009): Spore-like bodies in some
early Paleozoic acritarchs: clues to chlorococcalean affinities.— Acta
Palaeontologica Polonica, 54/3, 541-551.

KHUNKITTI, W,, LLOYD, D., FURR, J.R. & RUSSELL, A.D. (1998):
Acanthamoeba castellani: growth, encystment, excystment and bio-
cide susceptibility.— Journal of Infection, 36/1, 43-48. doi: org/
10.1016/S0163-4453(98)93054-7.

KIDA, A. & MATSUOKA, T. (2006): Cyst wall formation in the ciliated
protozoan Colpoda cucullus: cyst wall is not originated from pellicle
membranes.— Invertebrate Survival Journal, 3, 77-83.

KIESSLING, W. (2002): Secular variations in the Phanerozoic reef sys-
tems.— In: KIESSLING, W., FLUGEL, E. & GOLONKA, J. (eds.):
Phanerozoic reef patterns. SEPM, Spec. Publ., 72, 625-690.

KNOLL,A.H.,BAMBACH, R.K.,PAYNE, J.L.,PRUSS, S. & FISCHER,
W.W. (2007): Paleophysiology and end-Permian mass-extinction.—
Earth and Planetary Science Letters, 256/3-4, 295-313. doi:
10.1016/j.epsl.2007.02.018.

KONOPLINA, O.R. (1959): Foraminifers of the Upper Devonian sedi-
ments from the western part of Ukraine (in Ukrainian).— Akademiya
Nauk Ukrain. RSR, Trudy Institut Geol. Nauk, Ser. Stratigr. Paleont.,
26, 1-56.

KORBAR, K., GLUMAC, B., TESOVIC, B.C., CADIEUX, S.B. (2012):
Response of a carbonate platform to the Cenomanian—-Turonian
Drowning and OAE 2: a case study from the Adriatic Platform (Dal-
matia, Croatia).— Journal of Sedimentary Research, 82, 163-176.
doi: 10.2110/jsr.2012/17.

KOZELOWSKI, R. & KAZMIERCAK, J. (1968): On two Ordovician cal-
careous algae.— Acta Palaeont. Polonica, 8, 325-346.

KREBS, W. (1974): Devonian carbonate complexes of central Europe.—
In: Laporte, L.F. (ed.): Reefs in time and space. Society of Eco-
nomic Paleontologists and Mineralogists, Special Publication, 18,
155-208.

KREUTZER, L.H. (1992): Photo-atlas of the Variscan carbonate sequenc-
es in the Carnic Alps (Austria/ltaly).— Abh. Geol. B.-A., 47, 1-129.

KULAGINA, E.I. (2013): Taxonomic diversity of foraminifers of the
Devonian- Carboniferous boundary interval in the South Urals.—
Bull. Geosci., 88/2, 265-282. doi: 10.3140/bull.geosci.1347.

LAYBOURN-PARRY, J. (1984): A functional biology of free-living
Protozoa.— University of California Press, Berkley & Los Angeles,
230 p.

LEINFELDER, R.R., NOSE, M., SCHMID, D.U. & WERNER, W.
(1993): The importance of microbial crusts in Upper Jurassic reef
formation.— Facies, 29, 195-230. doi: 10.1007/BF02536929.

LOEBLICH, AR. JR. & TAPPAN, H. (1987): Foraminiferal genera and
their classification.— 2 volumes (Van Nostrand Reinhold) New York,
970 p.

MAKHLINA, M.K., VDOVENKO, M.V, ALEKSEEV,A.S., BYVSHE-
VA, T.V,, DONAKOVA, L.M., ZHULITOVA, V.E., KONOVOVA,
L.I., UMNOVA, N.I. & SHIK, E.M. (1993): The Lower Carbonifer-
ous of the Moscow Syneclise and Voronezh Anteclise.— Moscow,
Nauka, 221 p.

MAMET, B. & BELFORD, D.J. (1968): Carboniferous foraminifera, Bo-
naparte Gulf Basin, northwestern Australia.— Micropaleontology,
14/3, 339-347.

MAMET, B. & PREAT, A. (2009): Algues et microfossiles probléma-
tiques du Dévonien Moyen du “Fondry des Chiens” (bord sud du
Synclinorium de Dinant, Belgique): implications paléobath-
ymétriques.— Revue de Micropaléontologie, 52/3, 249-263. doi:
10.1016/j.revmic.2008.06.001.

MAMET, B., PREAT, A. & LEHMAMI, M. (1999): Algues calcaires ma-
rines du Dévonien marocain (Meseta).— Revue de Micropaléontolo-
gie, 42/4, 301-314. doi: 10.1016/S0035-1598(99)90049-1.

MAY, A. (1994): Foraminiferen, Kalkalgen und andere Mikrofossilien
aus dem Givetium und Frasnium (Devon) des Sauerlandes (Rheini-
sches Schiefergebirge).— Dortmunder Beitrdge zur Landeskunde,
Naturwissenschaftliche Mitteilungen, 28, 7-31.

MIKLUKHO-MAKLAY, A.D. (1963): Upper Paleozoic of central Asia.
Leningrad, Leningradskiy Universitet.

MOCZYDLOWSKA, M. (2010): Life cycle of Early Cambrian micro-
algae from the Skiagia-Plexus Acritarchs.— Paleontological Journal,
84/2, 216-230. doi: 10.1666/09-117R.1.

NESTELL, M.K., NESTELL, G.P., WARDLAW, B.R. & SWEATT, M.J.
(2006): Integrated biostratigraphy of foraminifers, radiolarians and
conodonts in shallow and deep water Middle Permian (Capitanian)
deposits of the “Rader slide”, Guadalupe Mountains, West Texas.—
Stratigraphy, 3/3, 161-194.

NICORA, A., PREMOLI SILVA, I. & ARNAUD-VANNEAU, A.
(1995): Paleogene larger foraminifer biostratigraphy from Limalok
Guyot, site 871.— In: HAGGERTY, J.A., PREMOLI SILVA, 1.,
RACK, F. & MCNUTT, M.K. (eds.): Proc. ODP Scientific Results,
144, 127-139.

ONCKEN, O., PLESCH, A., WEBER, J., RICKEN, W., SCHRADER,
S. (2000): Passive margin detachment during arc-continental colli-
sion (Central European Variscides).— In: FRANCKE W., HAAK, V.,
ONCKEN, O. & TANNER, D. (eds.): Orogenic processes; quanti-
fication and modelling in the Variscan Belt. Geological Society Spe-
cial Publications, 179, 199-216.

ONCKEN, O. & WEBER, K. (1995): Structure of the Rhenohercynian
fold belt.— In: DALLMEYER, R.D., FRANKE, W. & WEBER, K.
(eds.): Pre-Permian Geology of Central and Eastern Europe. Berlin,
Heidelberg, Springer, 50-58.

PIA, J. (1927): Thallophyta.— In: Hirmer, M. (ed.): Handbuch der Pala-
onbotanik. Oldenbourg, 31-136.

PIA, I. (1938): Uber Thaumatoporella parvovesiculifera Rain. spec. und
ihr Auftreten auf der Insel Naxos.— Praktika tes Akadémias Athénon,
13, 491-495.

POYARKOQV, B.V. (1969): Stratigraphy and foraminifera of the Devo-
nian deposits of Tyan-Shan (in Russian).— Akad. Nauk Kirgizskoy
SSR Inst. Geol. Frunze, 185 p.

PRESCOTT, L.M., HARLEY, J., KLEIN, D. (2002): Microbiology (5%
Edition).— McGraw Hill Science, 1147 p.

RACKI, G. & SOBON-PODGORSKA, J. (1993): Givetian and Frasnian
calcareous microbiotas of Holy Cross Mountains.— Acta Palaeonto-
logica Polonica, 37/2—4, 255-289.

RADOICIC, R. (1960): On little known species Thaumatoporella par-
vovesiculifera (Rain.) (in Serbian).— Vesnik, ser. 18, 133-140.
RAINERI, R. (1922): Alghe sifonee fossili della Libia. Nota I.— Atti del-
la Societa italiana di scienze naturali e del Museo civico di storia

naturale di Milano, 61, 72-86.

RAMEIL, N., IMMENHAUSER, A., WARRLICH, G., HILLGART-
NER, H. & DROSTE, H.J. (2010): Morphological patterns of Aptian
Lithocodium-Bacinella geobodies — relation to environment and
scale.— Sedimentology, 57/3, 883-911. doi: 10.1111/].1365-3091.
2009.01124.x.

RASPINI, A. (2011): Shallow water carbonate platforms (Late Aptian,
Southern Apennines) in the context of supraregional to global chang-
es.— Solid Earth Discussions, 3, 901-942. doi: 10.5194/sed-3-901-
2011.

RAUZER-CHERNOUSOVA, D.M. & FURSENKO, A.V,, eds. (1959):
Principles of Paleontology, part 1, Protozoa. Moscow, Akademiya
Nauk SSSR, 1-482.

REITLINGER, E.A. (1954): Devonian Foraminifera of some sections in
the eastern part of the Russian platform (in Russian).— Trudy Vs-
esoyuznogo Nauchno-issledovatel’skogo Geologo-razvedochnogo
Neftyanogo Instituta, Paleontologicheskiy Sbornik, 1, 52-81.



Schlagintweit et al.: Palaeozoic record of Thaumatoporella PIA, 1927 (incertae sedis)?

REITLINGER, E.A., VDOVENKO, M.V,, GUBAREVA, V.S. & SH-
CHERBAKOQV, O.A. (1996): Lower Carboniferous.— In: WAGNER,
R.H. et al. (eds.): The Carboniferous of the world. Il The former
USSR, Mongolia, Middle Eastern Platform, Afghanistan & Iran. In-
stituto Tecnologico GeoMinero de Espana, 23—54.

REZNICK, D., BRYANT, M.J. & BASHEY, F. (2002): r- and k-selection
revisited: the role of population regulation in life-history evolution.—
Ecology, 83/6, 1509-1520.

RICHARDSON, S.L. (2012): A phylogenetic perspective on the evolu-
tion of biomineralization in Foraminifera.— GSA Abstracts with Pro-
grams, 44/7,527. https://gsa.confex.com/gsa/2012 AM/webprogram/
Paper211110.html.

RIDING, R. (2005): Phanerozoic reefal microbial carbonate abundance:
comparisons with metazoan diversity, mass extinction events, and
sea water saturation state.— Revista Espaflola de Micropaleontologia,
37/1, 23-39.

RUBERTI, D., BRAVI, S., CARANNANTE, G., VIGORITO, M. & SI-
MONE, L. (2013): Decline and recovery of the Aptian carbonate
factory in the southern Apennine carbonate shelves (southern Italy):
climatic/oceanaographic vs. local tectonic controls.— Cretaceous Re-
search, 39, 112-132. doi: 10.1016/j.cretres.2012.05.012.

SABIROV, A.A. & GUSHCHIN, S.B. (2006): New Early Ordovician
calcareous foraminifers of the Middle Tien Shan.— Paleontological
Journal, 40/1, 11-19. doi: 10.1134/S0031030106010023.

SAHNEY, S. & BENTON, M.J. (2008): Recovery from the most pro-
found mass extinction of all time.— Proceedings of the Royal Society
Series B, 275, 759-765.

SALERNO, C. (1997): Karbonatfazielle und sedimentologische Unter-
suchungen im tiefen Givetium (Mitteldevon) der Sétenicher Mulde
(Eifel) beim Ort Rinnen.— 98 p, Institute of Geology and Palaeontol-
ogy, University of Stuttgart (unpublished diploma thesis).

SALERNO, C. (2008): Stromatoporen-Fauna, Fazies und Paldodkologie
von Plattformkarbonaten aus dem Unter-Givetium der Eifel (Devon,
Rheinisches Schiefergebirge).— Zitteliana, B27, 1-129.

SANDO, W.J., MAMET, B.L. & DUTRO, J.T., Jr. (1969): Carboniferous
megafaunal and microfaunal zonation in the northern Cordillera of
the United States.— USGS Professional Paper, 613 E, 1-29.

SARTONI, S. & CRESCENTI, U. (1959): La zona a Palaeodasycladus
mediterraneus (Pia) nel Lias dell’ Appennino-meridionale.— Gior-
nale di Geologia, 27, 161-302.

SARTONI, S. & CRESCENTI, U. (1963): Ricerche biostratigrafiche nel
Mesozoico dell’ Appennino meridionale.— Giornale di Geologia, 29,
153-302.

SCHLAGINTWEIT, F. (1992): Further record of calcareous algae
(Dasycladaceae, Udoteaceae, Solenoporaceae) from the Upper Cre-
taceous of the Northern Calcareous Alps.— Rev Paléobiol, 11, 1-12.

SCHLAGINTWEIT, F. (2013): Thaumatoporella ladders unraveled.—
Studia Universitates Babes-Bolyai Geologia, 58/1, 5-9. doi.org/
10.5038/1937-8602.58.1.1.

SCHLAGINTWEIT, F., GAWLICK, H.J., MISSONI, S., LEIN, R, VU-
KAJ, R. & HOXHA, L. (2006): The Triassic to Early Jurassic shal-
low-water carbonates of the Rrapsha-Tamara section (NW Albania)
as a part of the Adriatic-Dinaride carbonate platform.— In: TES-
SADRI-WACKERLE, M. (ed.): PANGEO Austria 2006. Innsbruck
University Press, 310-311.

SCHLAGINTWEIT, F,, HLADIL, J. & NOSE, M. (2013): New observa-
tions and interpretations of the enigmatic poorly known Late Paleo-
zoic Irregularina BY KOVA, 1955.— Acta Paleontologica Romaniae,
9/1, 3-22.

SCHLAGINTWEIT, F. & VELIC, 1. (2011): New and poorly known Mid-
dle Jurassic larger benthic foraminifera from the Karst Dinarides of
Croatia.— Geol. Croat., 64/2, 81-99. doi: 104154/gc.2011.08

SCHLAGINTWEIT, F. & VELIC, 1. (2012): Foraminiferan tests and
dasycladalean thalli as cryptic microhabitats for thaumatoporellacean
algae from Mesozoic (Early Jurassic- Late Cretaceous) platform car-
bonates.— Facies, 58/1, 79-94. doi: 10.1007/s10347- 010-0263-8.

SCHMID, D.U. (1996): Marine Mikrobolithe und Mikroinkrustierer aus
dem Oberjura.— Profil, 9, 101-251.

SCHRODER, S. & SALERNO, C. (2001): Korallenfauna und Fazies gi-
vetischer Kalksteinabfolgen (Curten-/Dreimihlen-Formation) der
Dollendorfer Mulde (Devon, Rheinisches Schiefergebirge/Eifel).—
Senckenbergiana lethaea, 81, 111- 134,

SCOTT, R.W. (1978): Micritosphaera, a new Cretaceous microfossil.—
Journal of Paleontology, 52/2, 508-511.

SENOWBARI-DARYAN, B. (1984): Mikroproblematika aus den ober-
triadischen Riffkalken von Sizilien.— Miinstersche Forschungen zur
Geologie und Paléontologie, 61, 1-81.

SENOWBARI-DARYAN, B., BUCUR, I.I. & ABATE, B. (1994): Upper
Jurassic calcareous algae from the Madonie Mountains, Sicily.— Be-
itrdge zur Paldontologie, 19, 227-259.

SLEIGH, M.A. (1989): Protozoa and other protists.— Arnold Hodder,
London, 352 p.

SMIRNOV, A. (2008): Amoebas, lobose.— In: SCHAECHTER, M. (ed.):
Encyclopedia of microbiology. Oxford, Elsevier, 558-577.

SPALLUTO, L. (2011): Facies evolution and sequence chronostratigra-
phy of a “mid”-Cretaceous shallow-water carbonate succession of
the Apulia Carbonate Platform from the northern Murge area
(Apulia, southern Italy).— Facies, 58/1, 17-36. doi: 10.1007/s10347-
011-0266-0.

STOLLEY, E. (1893): Ueber silurische Siphoneen.— Neues Jahrbuch fiir
Mineralogie, Geologie und Pal&ontologie, 2, 135-146.

STRUVE, W. (1963): Das Korallenmeer der Eifel vor 300 Mio. Jahren
- Funde, Deutungen, Probleme.— Natur und Museum, 93, 237-276.

TISLAR, J., VLAHOVIC, I, VELIC, I. & SOKAC, B. (2002): Carbon-
ate platform megafacies of the Jurassic and Cretaceous deposits of
the Karst Dinarides.— Geol. Croat., 55/2, 139-170.

TOOMEY, D.F. & MAMET, B.L. (1979): Devonian Protozoa.— In:
HOUSE, M.R., SCRUTTON, C.T. & BASSETT, M.G. (eds.): The
Devonian System. Spec. Paps. Palaeontology, 23, 189-192.

TOOMEY, D.F., MOUNTJOY, EW. & MCKENZIE, W.S. (1970): Up-
per Devonian (Frasnian) algae and foraminifera from the Ancient
Wall carbonate complex, Jasper National Park, Alberta Canada.—
Canadian Journal of Earth Sciences, 7, 946-981.

UTESCHER, T. (1992): Mikrofazielle Untersuchungen im Unter-/Mit-
teldevon-Grenzbereich des westlichen Rheinischen Schiefergebir-
ges.— Decheniana, 145, 204-301.

VACHARD, D. (1991): Parathuramminides et Moravamminides (micro-
problematica) de I” Emsien supérieur de la Foramation Moniello
(Cordilleres Cantabriques, Espagne).— Revue de Paléobiologie, 10/2,
255-299.

VACHARD, D. (1994): Foraminiferes et Moravamminides du Givetien
et du Frasnien du domaine Ligerien (Massif Amoricain, France.—
Palaeontographica, A 231, 1-92.

VACHARD, D. & CLEMENT, B. (1994): L Hastarien (ex-Tournaisien
Inférieur et Moyen) & Algues et Foraminiféres de la Zone Péla-
gonienne (Attique, Greece).— Revue de Micropaléontologie, 37/4,
289-319.

VACHARD, D., PILLE, L. & GAILLOQOT, J. (2010): Palaeozoic Forami-
nifera: systématique, paléoécologie et réponses aux changements
globaux.— Revue de Micropaléontologie, 53/4, 209-254. doi:
10.1016/j.revmic.2010.10.001.

VECCHIO, E. & BARATTOLO, F. (2006): Periloculina (?) decastroi n.
sp., a new foraminifer from the Eocene (uppermost Ypresian — low-
ermost Lutetian) Trentinara Formation (southern Apennines, Italy).—
Bolletino della Societé Paleontologica Italiana, 45/1, 147-158.

VECCHIO, E. & HOTTINGER, L. (2007): Agglutinated conical fora-
minifera from the Lower-Middle Eocene of the Trentinara Forma-
tion (southern Italy).— Facies, 53/4, 509-533. doi: 10.1007/s10347-
007-0112-6.

VERNI, F. & ROSATI, G. (2011): Resting cysts: a survival strategy in
Protozoa Ciliophora.— Italian Journal of Zoology, 78/2, 134-145.
doi: 10.1080/11250003.2011.560579.



Geologia Croatica 66/3

VISHNEVSKAYA, V.S. & SEDAEVA, K.M. (2002): Arevision of some
foraminiferal taxa of the order Parathuramminida and problems of
foraminiferal and radiolarian evolution (in Russian).— Paleontolo-
gicheskiy Zhurnal, 6 (2002), 15-24.

VISSARIONOVA, A.Y. (1950): Foraminiferal fauna from Devonian stra-
ta of Bashkiri (in Russian).— Bashkirskaya Neft. Ufa, 1950/1, 33-36.

WALLISER, O.H. (1984): Pleading for a natural D/C boundary.— Cou-
rier Forschungsberichte Senckenberg, 67, 241-246.

WIGNALL, P.B. & BENTON, M.J. (1999): Lazarus taxa and fossil abun-
dance at times of biotic crisis.— Journal of the Geological Society
London, 156, 453-456. doi: 10.1144/gsjgs.156.3.0453.

WILLEY, J., SHERWOOD, L. & WOOLVERTON, C. (2002): Microbi-
ology. Part VIl The diversity of the microbial world. Chapter 27:
Protozoa. New York, McGraw Hill Higher Education, 583-594.

WILLMER, B. (1998): Fazies und Paldotkologie von Stromatoporen-
Korallen-Kalken aus dem hoheren Givetium (Rodert-Fm., Cisterzi-
enser-Mb.) der Hillesheimer Mulde bei Niederehe, Eifel.— Institute
of Geology and Palaeontology, University of Stuttgart (unpublished
diploma thesis) 163 p.

WRAY, J.L. (1967): Upper Devonian calacareous algae from the Canning
Basin, western Australia.— Professional Contributions Colorado
School of Mines, 3, 1-76.

ZADOROZHNYY, V.M. & YUFEREYV, O.V. (1984): Phylum Protozoa,
Class Sarcodina, Subclass Foraminifera (in Russian).— Trudy Insti-
tuta Geologii i Geofiziki, Akademiya Nauk SSSR, Sibirskoe Otde-
lenie, 568, 70-113.

ZUKALOVA, V. (2004): Devonian stromatoporoid fauna from deep
boreholes in northeastern Moravia (in Czech).— Pirodovédné stud-
ie Muzea Prostéjovska, 7, 1-74.

Manuscript received April 15, 2013
Revised manuscript accepted July 09, 2013
Available online October 16, 2013



