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Abstract: In the Kirchstein Limestone of the type locality 6.5 km WSW of Lenggries/Isar (Bavaria) richradiolarianand
sponge spiculeassociationshave beendiscovered about 1 m above the RhaetianDachstein Limestone. Theradiolariansin-
dicate Hettangian age.

Alldiscovered species of the Saturnaliacea DEFLANDRE, 1953 have been described. Additionally, the stratigraphically
important species of other radiolarian families have been described. 2 families, 7 genera and 63 species have been newly
established.

Zusammenfassung: Im Kirchsteinkalk der Typuslokalitit 6,5 km WSW von Lenggries/Isar (Bayern) wurden ca. 1 m
iiber dem rhitischen Dachsteinkalk reiche Radiolarien und Schwammspicula-Faunen entdeckt. Die Radiolarien zeigen
Hettangian-Alter an.

Alle nachgewiesenen Arten der Saturnaliacea DEFLANDRE, 1953 werden beschrieben. Uberdies werden auch die strati-
graphisch wichtigen Arten anderer Radiolarienfamilien beschrieben. 2 Familien, 7 Gattungen und 63 Arten wurden neu

aufgestellt.

1. Introduction

The microfossil content of the Kirchstein Limestone (sili-
ceous limestones) from the type locality has been investi-
gated by the present authors. Some of the excellently pre-
served sponge spicules have been already described by
MOSTLER (1989 a, b). In the present paper the first radio-
larians (Parasaturnalidae, Acanthocircidae and some other
stratigraphically important forms) are described. Further
papers withdescriptions of the otherradiolarian groups are
in press.

2. Age of the investigated beds

Our samples were taken from the Kirchstein Limestone of
the type locality Kirchstein 6.5 km WSW of Lenggries/Isar
in Bavaria (see TOLLMANN, 1976). The best preserved
radiolarians were found in sample L 1 about 1 m above the
Rhaetian Dachstein Limestone. Alldescribed radiolarians
derived from this sample.

The type locality of the Kirchstein Limestone lies in
the northern marginal zone of the Lechtal Nappe. Accord-
ing to TOLLMANN (1976) the thickness of the Kirchstein
Limestone is some tens to more than 100 meters. The lower
horizon is about 30 m thick. This lower part of the Kirch-
stein Limestone has yielded Schlotheimia angulata
(SCHLOTHEIM) of Upper Hettangian age. The higher
Kirchstein Limestone belongs to the Sinemurian.

The radiolarian fauna indicates Hettangian age for
sample 1. This is in good agreement with the geological
position of sample L 1 and with the above mentioned data
by TOLLMANN (1976) on the Hettangian ammonite fau-
na from the lower part of the Kirchstein Limestone. Ellip-
soxiphus suessi (DUNIKOWSKI, 1882), closely related
or even identical with Pantanellium kluense PESSAGNO
& BLOME (1980), E. browni (PESSAGNO & BLOME,
1980) and E. tanuensis (PESSAGNO & BLOME, 1980)
indicate Hettangian age. According to PESSAGNO &
BLOME (1980) E. tanuensis is restricted to the Lower
Hettangian, E. browni, in turn, to the Upper Hettangian.

Gorgansium alpinum n. sp. occurs in Japan from the
topmost conodont proven Rhaetian up to the basal Parah-
suum simplum zone and therefore has its main occurrence
in the Hettangian. G. blomi n. sp. occurs in the Hettangian
of British Columbia.

Earliest Liassic age is also indicated by the occur-
rence of Betraccium bavaricum n. sp., B. hettangicum
n.sp., B. inaequiporatum n. sp. and B. verticispinosum n.
sp. The genus Betraccium PESSAGNO & BLOME, 1980
was until now regarded as Norian and Rhaetian genus dis-
appearing at the RhaetianLiassic boundary (PESSAGNO
etal., 1987). Neither in western North America nor in Ja-
pan this genus was found above the Rhaetian. Our 4 Be-
traccium species are therefore the youngest representa-
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tives of this genus. This indicates a position of our radio-
larian fauna near the Triassic/Jurassic boundary. Resedi-
mentation from Rhaetian beds can be excluded in our fau-
na, because the underlying shallow subtidal to supratidal
Rhaetian Dachstein Limestone does not contain any radio-
larians.

The same stratigraphic importance as the last Be-
traccium species has Xenorum jurassicum n.sp., because
also the genus Xenorum BLOME, 1984 was until now un-
known above the Triassic.

The formerly assumed very sharp break in the radio-
larian faunas between the Rhaetian and Hettangian cannot
be confirmed. Many Triassic genera have in the Hettangian
their last occurrence or their last frequent occurrence and
many typical Hettangian or Liassic genera began already
in the Rhaetian or even in the Norian. For instance, the
genus Relanus PESSAGNO & WHALEN, very frequent
in the Hettangian and absent in the Sinemurian, began
with the primitive Relanus browni (BLOME, 1984) al-
ready in the Norian, but remains extremely rare up to the
Lower Rhaetian. However, in the Upper Rhaetian this ge-
nus is already rather frequent. The genera Droltus PES-
SAGNUS & WHALEN 1982, and Paracanoptum YEH,
1987, so far regarded as typical Liassic genera, are already
present in the Rhaetian. Also the important Lower Liassic
genus Parahsuum Y AQO, 1982 is present in Rhaetian beds.
Even the Rhaetian zonal index species, Canoptum rhaeti-
cum KOZUR & MOSTLER, 1981 (= C. triassicum
YAO, 1982)isstill rarely presentin the Hettangian (alsoin
our fauna).

The Upper Rhaetian and Hettangianradiolarian fau-
na is so similar, that Hettangian radiolarian faunas have
been often placed into the Rhaetian (e.g. uppermost conod-
ont-free part of the Canoptum triassicum Zone of Japan,
see YAQ, 1982) or Rhaetian radiolarian faunas have been
placed into the Hettangian, like the lower part of the Ca-
noptum merum Zone of western North America (see be-
low).

The differences between the Rhaetian and Hettang-
ianradiolarian faunas concern mostly the species level, but
alsoseveral new genera appeared at or somewhat above the
base of the Hettangian, especially among the Nassellaria.
The characteristic and common Relanus hettangicus n.
sp. is not yet present in the Rhaetian. The Hettangian Para-
saturnalidae are mostly represented by other species than
in the Rhaetian. Most characteristic are elongated forms
with the long axis perpendicular to the polar spines and
forms with quadratic or rectangluar ring, still rare and un-
typical in the Norian and Rhaetian. Many species of Pseu-
doheliodiscus KOZUR & MOSTLER, 1983, Liassosa-
turnalis n. gen. and Pseudacanthocircus n. gen. appeared
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in the Hettangian. The latter 2 genera have not yet been re-
ported from the Triassic, but the first appearence of Pseu-
dacanthocircus in the Rhaetian cannot be excluded, be-
cause this genus is very common and differentiated in the
Hettangian. Parahsuum Y AO, 1982 and Praecanutus n.
gen. are common in the Hettangian and here represented by
several species, unknwon from the Rhaetian.

The separation between the Hettangian and Sinemu-
rian radiolarian faunas is likewise easy. Many species of
the Canoptidae and Bagotidae appeared at the base of the
Sinemurian or within this stage. The forerunners of these
forms can be found in the Hettangian, therefore several
phylomorphogenetic lines can be recognized that are use-
ful for separation of Hettangian and Sinemurian nassellari-
an faunas (e.g. Canutus in the Sinemurian and its forerun-
ner in the Hettangian, KOZUR & MOSTLER, in press).

Also the Spumellaria faunas from the Hettangian-
and Sinemurian can be easily distinguished. At the base of
the Sinemurian appeared the first true Hagiastrids (PES-
SAGNO et al., 1987). Both in the Hettangian and in the
Sinemurian the Parasaturnalidae are common, they have
identical generic, but rather different species composition.
Palaeosaturnalis DONOFRIO & MOSTLER, 1978, still
common in the Hettangian and there represented by sever-
al species, is very rare in the Sinemurian and Pliensbachian
and only represented by one species in each stage, before it
disappeared in the Toarcian. Near the Hettangian/Sinemu-
rian boundary several Triassic holdovers disappeared, e.g.
Betraccium PESSAGNO & BLOME, 1980, still common
in the Hettangian (4 species).

According to PESSAGNO et al. (1987) Crucella
PESSAGNO, 1971 s.str. and Katroma PESSAGNO &
POISSON, 1981 appeared at the base of the Sinemurian,
butboth genera are already present in the Hettangian, Cru-
cella is here even common. The oldest typical Crucella
species with tapering tips of the rays, Crucella longispino-
sa (KOZUR & MOSTLER, 1978) is already present in the
Carnian, where the genus Triassocrucella KOZUR, 1984
with bulbous ends of the rays is still dominant. Crucella
prisca n. sp. is also known from the topmost conodont-
proven Rhaetian of Japan. The appearance of Crucella
and Katroma can be therefore not used for spearating the
Hettangian and Sinemurian radiolarian faunas.

The investigated Hettangian radiolarian fauna, the
first rich Hettangian radiolarian assemblage of the world,
is here discriminated as Relanus hettangicus Zone, de-
fined by the range of the index species and a characteristic
radiolarian assemblage. The Relanus hettangicus Zone
contains the following characteristic and stratigraphically
important species: Canoptum rhaeticum KOZUR &
MOSTLER 1981, (rare), Paracanoptum primitivum n. sp.



(common), Relanus hettangicus n. sp. (very common),
Relanus longus n. sp. (rare), Relanus multiperforatus n.
sp. (rare), Relanus striatus n. sp. (common), Droltus eu-
rasiaticus n. sp. (common), Droltus carinaspinosus n.
sp. (rare), Droltus robustospinosus n. sp. (rare), primitive
Parahsuum simplum YAO (rare), Parahsuum primiti-
vum n. sp. (rare), Syringocapsa coliforme HORI, 1988
(rare), Katroma spp. (rare), Betraccium bavaricum n. sp.
(rare), Betraccium hettangicum n. sp. (common), Betrac-
cium inaequiporatum n. sp. (rare), Betraccium vertici-
spinosum n. sp. (common), Crucella carteri n. sp. (com-
mon), Crucella hettangica n. sp. (rare), Crucella prisca
n. sp. (common), Ellipsoxiphus suessi (DUNIKOWSKI,
1882) (common), Ellipsoxiphus browni (PESSAGNO &
BLOME) (common), Ellipsoxiphus tanuense (PESSAG-
NO & BLOME, 1980) (common), Gorgansium alpinum
n. sp. (rare), Gorgansium blomei n. sp. (rare), Xenorum
Jjurassicum n. sp. (rare). Very characteristic and common
for the Relanus hettangicus zone are different species of
Parasaturnalidae described in the present paper (see taxo-
nomic part). Moreover, additionally more than 100 species
of Nassellaria, Spumellaria and some Entactinaria are
present in our material from the Relanus hettangicus Zone
that will be described in separate papers by the present au-
thors.

Age: Hettangian.

Distribution: Alps, Hungary, British Columbia and
Oregon, Japan.

Remarks: The correlation with the higher part of the
Zone 05 (Canoptum merum Concurrent Range Zone) of
British Columbia and Oregon is indicated by the rich oc-
currence of the genus Relanus PESSAGNO & WHAL-
EN, 1982, which is in North America nearly restricted to
this zone. Moreover, also Ellipsoxiphus browni, E. ta-
nuense and Gorgansium blomei are restricted to this
zone. The index species, C. merum PESSAGNO &
WHALEN, 1982) is not present in our material, but it oc-
curs together with C. praeanulatum PESSAGNO &
WHALEN, 1982 and Relanus reefensis PESSAGNO &
WHALEN, 1982 in the higher Rhaetian of the Alps. All
these 3 species are restricted to the C. merum Zone of the
western North America. For this reason a large part of the
C. merum Zone seems to be Rhaetian and not Hettangian
in age.

Further but not time-related differences are the com-
mon presence of the genus Betraccium in our material that
disappeared at the top of the Norian in western North
America and the common occurrence of the genus Crucel-
la s. str. that begins in western North America only in the
basal Sinemurian.

More similarities exist between the Relanus het-
tangicus Zone and the topmost Canoptum “triassicum”
Zone (Canoptum triassicum YAQ, 1982 is an younger
synonym of C. rhaeticum KOZUR & MOSTLER, 1981)
and the lowermost Parahsuum simplum Zone of Japan.
Canoptum rhaeticum KOZUR & MOSTLER, 1981 (=C.
triassicum YAO, 1981), Droltus eurasiaticus n. sp. (=
Parahsuum ? sp. A YAO, 1982), primitive Parahsuum
simplum YAO, Syringocapsa coliforme HORI, 1988,
Crucella prisca n. sp. (= Staurodoras ? sp. sensu IGO &
NISHIMURA, 1984) and Gorgansum alpinum n. sp. (=
Gorgansum sp. A sensu IGO & NISHIMURA, 1984) oc-
cur both in this interval of the Japanese sections and in the
Relanus hettangicus Zone of the Alps.

Most of the common species between these Japa-
nese radiolarian associations and the Relanus hettangicus
Zone begin in Japan (and partly also in Europe: C. rhaeti-
cum) already in conodont proven Rhaetian. Moreover, the
highest conodont proven Rhaetian of Japan contains ex-
clusively Misikella posthernsteini KOZUR & MOCK. In
Europe still 2 Rhaetian conodont zones follow above the
Misikella posthernsteini faunas, the M. ultima Zone and
the Neohindeodella detrei Zone (KOZUR & MOCK, in
press). Therefore the Rhaetian/Hettangian boundary as
drawn by the Japanese radiolarian specialists at the base of
the Parahsuum simplum Zone may be correct or it may be
situated only a little deeper, but still somewhat above the
conodont extinction datum.

3. Taxonomic part

Beside the Saturnaliacea DEFLANDRE, 1953 also some
stratigraphically important species of other radiolarian
generaaredescribedtodemonstrate the age of ourradiolar-
ian fauna. The remaining more than 100 new species will
be described in other papers (KOZUR & MOSTLER, in
press).

Locus typicus for all new speciesis the type locality
of the Kirchstein Limestone at the Mt. Kirchstein 6.5 km
WSW of Lenggries/Isar (Bavaria) as described by TOLL-
MANN (1976). The stratum typicum lies about 1 m above
the Rhaetian Dachstein Limestone. The age of the stratum
typicum is Hettangian. All figured Hettangian specimens
are from sample L 1 (from the stratum typicum) that has
yielded the best preserved faunas. The data of the locus
typicus and stratum typicum for these Hettangian species
will not be repeated in the descriptive part (see above and
chapter 2.)

All material is stored in the Geological Institute of .
the Innsbruck University under the repository numbers
KoMo 1990 1/1-42.
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Subclass Radiolaria MULLER, 1858

Order Polycystina EHRENBERG, 1838
Suborder Spumellaria EHRENBERG, 1875
Superfamily Saturnalicaea DEFLANDRE, 1953

Diagnosis: Shell primary spongy, consisting of many
concentric layers. A tiny microsphere with large pores is
always present. In stratigraphically younger forms a sec-
ond, larger medullary shell evolved within the spongy
meshwork. Later this second medullary shell was trans-
formed by enlargement into a latticed cortical shell or a
cortical shell evolved outside the second medullary shell.
Inthebeginning, this cortical shellis still coverd by a thick-
er spongy layer (Spongosaturninus CAMPBELL &
CLARK, 1944). Finally, this spongy layer on the latticed
cortical shell is absent or it became very thin and delicate,
preserved only in some specimens of a species (as in Sa-
turnalis circularis HAECKEL).

Two round polar or peripolar spines (first order
spines), rarely 3, 4 or more first order spines are present.
Smaller auxiliary spines are in stratigraphically older taxa
often, in stratigraphically younger taxararely present. The
polar spines are terminally mostly differentiated, in the
Oertlispongidae KOZUR & MOSTLER, 1980 often in
form of halfringlike, mostly flattened structures, often
with secondary outer spines.

In the saturnalid forms the halfrings join to a satur-
nalid ring. In stratigraphically older and few stratigraphi-
cally younger forms this ring is roundish, flat, often broad,
undifferentiated and at the outer margin always spined; its
outline is roundish. In stratigraphically younger forms it is
mostly differentiated by ridges. Its outer margin is often
without spines or few outer spines are concentrated around
the ring poles, perpendicularly to the polar/peripolar
spines. In these forms the ring is mostly elliptical or rectan-
gular with the long axis perpendicularly to the polar spines
(transversally elliptical or transversally rectangular).
Distribution: Middle Triassic to Recent, very common
from the Middle Triassic to Pliensbachian, after the Creta-
ceous very rare.

Assigned families: Saturnalidae DEFLANDRE, 1953
emend

Synonym: Vitorfidae PESSAGNO, 1977
Parasaturnalidae KOZUR & MOSTLER, 1972 emend.
KOZUR & MOSTLER, 1983

Synonym: Acanthocircidae PESSAGNO, 1977
Oertlispongidae KOZUR & MOSTLER, 1980
Pseudacanthocircidae n. fam.

Saturnalideidae n. fam.

Remarks: The basic subdivision of the Mesozoic satur-
nalids was established by KOZUR & MOSTLER (1972).
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Later PESSAGNO (in PESSAGNO et al., 1979), DONO-
FRIO & MOSTLER (1978) revised some genera of the
Parasaturnalidae and KOZUR & MOSTLER (1981) re-
vised the saturnalid genera and introduced new genera and
suprageneric taxa.

KOZUR & MOSTLER (1983) and De WEVER
(1984) presented independently each other 2 classifica-
tions of the saturnalid radiolarians and DUMITRICA
(1985) discussed the systematic position of this group.

Different evaluations of the morphologic characters
of the saturnalids lead to different classifications. Accord-
ing to KOZUR & MOSTLER (1983) the saturnalid radio-
larians have polyphyletic origin and belong partly to the
Entactinaria, partly to the Spumellaria. DUMITRICA
(1985) questioned the polyphyletic character of the satur-
nalids and pointed out that the saturnalids are more related
to the Entactinaria than to the Spumellaria. On the other
hand, he excluded partly exactly the same groups from the
saturnalid radiolarians as it was done by KOZUR &
MOSTLER (1983) and he confirmed by this the polyphy-
letic origin for the same groups of saturnalid radiolarians
that have been excluded from the saturnalids s. str. by KO-
ZUR & MOSTLER (1983) (Hungarosaturnalinae KO-
ZUR & MOSTLER, 1983 of Austrosaturnalidae KOZUR
& MOSTLER, 1983).

TheEntactinaria character of the saturnalids s. str. is
not clear form the figures by DUMITRICA (1985). Like
their forerunners (Oertlispongidae), they have a micro-
sphere that is in some taxa asymmetric and remembers
therefore somewhat to the pentactine spicular system of
Entactinaria. However, the polar spines are never prolon-
gations of basal rays as in true Entactinaria. Moreover, the
Early Mesozoic Entactinaria have no microsphere, but the
pentactine shell is large to very large or the Entactinaria
spicular system is point- or bar-centred. Further detailed
studies are necessary to clear finally the taxonomic posi-
tion of the Saturnaliacea. A strong point-centred entacti-
narian spicular system as in the Spongo-saturnaloididae
KOZUR & MOSTLER, 1983, as figured by KOZUR &
MOSTLER (1983, pl. 3, fig. 1) is surely not present in the
Saturnaliacea, so that the polyphyletic origin of the ringed
radiolarians is beyond any doubt and it was finally also ac-
cepted by DUMITRICA (1985, p. 185).

KOZUR & MOSTLER (1981) recognized the su-
praspecific importance of the position of polar/peripolar
rays in saturnalids (polar = opposite to outer spines on the
ring, peripolar = opposite to interspine space or on smooth
rings). De WEVER (1981) placed forms with polar and
peripolar spines still in the same genus or even in the same
species group. However, De WEVER (1984) regarded the
differences between forms with polar or peripolar spines as



so fundamental that he subdivided his family Saturnalidae
DEFLANDRE, 1953 s. 1. into the Palaeosaturnalinae KO-
ZUR & MOSTLER, 1981 and Saturnalinae DEFLAN-
DRE, 1953 emend. on the base of this difference. Howev-
er, we cannot confirm that the presence of polar or peripo-
lar spines is more than a generic difference. From the Nori-
an to Recent we find forms with polar and peripolar spines
and many form groupsinthislongtimeintervalhave repre-
sentatives with polar and peripolar spines. Moreover, even
transitional forms are present between such "pairs” that
have either one polar and one peripolar spine or the polar
spines run to the margin of the base of the outer spine. In
forms with 4 equivalent first order spines 2 may be in polar,
2 in peripolar position. Form "pairs" with polar/peripolar
spines are Palaeosaturnalis (Cordevolian, Bajocian)
Mesosaturnalis (Norian Upper Cretaceous), Stauracan-
thocircus (Norian Pliensbachian) Stauromesosaturnali.
(Hettangian Pliensbachian), Pseudoheliodiscus (Corde-
volian Bajocian) Praemesosaturnalis (Norian Upper
Cretaceous).

As seen from these "form pairs"the forms with peri-
polar spines seemingly developed from forms with polar
spines, because they began generally. later within a "form
pair". On the other hand the above listed "form pairs" show
clearly that the development of forms with peripolar spines
isinterative inseveraldifferent lines. In all these lines tran-
sitional forms are present (see above). If we would use the
presence of polar or peripolar spines to separate 2 big
groups of suprageneric rank within the saturnalids than we
would arbitrarily separate closely related forms of differ-
ent lines. Therefore we cannot support the subdivision of
the saturnalids proposed by De WEVER (1984).

On the other hand, in the Pseudacanthocircidae n.
fam. that comprise phylogenetically near related forms,
only taxa with peripolar spines are known. Therefore any
generalization of the importance of a single morphologic
feature for the suprageneric taxonomy should be avoided.
Like in other fossil groups (e.g. ostracods) the same mor-
phologic feature can be in one suprageneric taxon very
stable and of high-rank taxonomic value, in an other su-
prageneric taxon, in turn, of minor taxonomic value.

The subdivision of the saturnalids into Saturnalinae
DEFLANDRE, 1953 and Palaeosaturnalinae KOZUR &
MOSTLER, 1981 by De WEVER (1984) cannot be ac-
cepted also for priority reasons. The Palaeosaturnalinae
KOZUR & MOSTLER, 1981 sensu De WEVER (1984)
(pro Palaeosa_ltum_alini KOZUR & MOSTLER, 1981) con-
tain also the genus Heliosaturnalis KOZUR & MOS-
TLER, 1972, thenominate genus forthe Heliosaturnalinae
KOZUR & MOSTLER, 1982. Therefore in any case the
Palaeosaturnalinae KOZUR & MOSTLER, 1981 would

be an younger synonym of the Heliosaturnalinae KOZUR
& MOSTLER, 1972.

Also "form pairs" of genera with and without auxil-
iary spines can be observed, e.g. Palaeosaturnalis (Cor-
devolian Bajocian) Pseudoheliodiscus (Cordevolian Ba-
jocian), Mesosaturnalis (Norian Upper Cretaceous)
Praemesosaturnalis (Norian Upper Cretaceous), Hexa-
saturnalis (Toarcian Upper Cretaceous) Yaosaturnalis
(Dogger Upper Cretaceous), Praeacanthocircus (Corde-
volian Pliensbachian) Pseudacanthocircus (Rhaetian
Upper Cretaceous), Parasaturnalis (Bajocian Lower
Cretaceous) Japonisaturnalis (Pliensbachian Bajocian).

So far all authors have accepted that the presence or
absence of auxiliary spines is a generic difference. PES-
SAGNO (in PESSAGNO et al., 1979) separated even the
Parasaturnalinae KOZUR & MOSTLER 1972 (without
auxiliary spines) from the Heliosaturnalinae KOZUR &
MOSTLER, 1972 (with auxiliary spines) on the base of
this difference. However, the "form pairs" with and with-
out auxiliary spines have the same or similar stratigraphic
ranges. Except of the above mentioned "pairs", in the fol-
lowing genera forms with and without auxiliary spines are
known, partly even within one species: Spongosaturni-
nus CAMPBELL & CLARK (within one species:-S - el-
lipticus CAMPBELL & CLARK), Eospongosaturninus
n. gen. (within one species: E. protoformis (YAQ)),
Praehexasaturnalis KOZUR & MOSTLER, 1983, Lias-
sosaturnalis n. gen. (within one species: L. parvus n. sp.,
L. undulatus n. sp.). '

However,also this feature cannot be evaluated in the

same manner in different taxa. The Cordevolian Pseudo-

heliodiscus KOZUR & MOSTLER, 1972 and Palaeosa-
turnalis DONOFRIO & MOSTLER, 1978 are clearly dif-
ferent, in spite of the fact that the type species of both gene-
racame fromthe same layer and both genera have the same
stratigraphic range. No transitional forms between the
Camian Pseudoheliodiscus and Palaeosaturnalis spe-
cies can be found. Either only 2 polar spines are present
(Palaeosaturnalis) or beside of the 2 polar spines numer-
ous auxiliary spines are present (Pseudoheliodiscus).

Distinct taxa are also those forms, in which the num-
ber of the auxiliary spines is reduced to 24 (5). Often in
these forms the former small auxiliary spines have the
same size as the polar or peripolar spines so that 46 (7)
first order spines are present, cross-like or slightly diago-
nally arranged. These forms (Stauracanthocircus KO-
ZUR & MOSTLER, 1983) can be easily distinguised both
from forms without auxiliary spines and from forms with
numerous small auxiliary spines.

Quite different is thesituation,if in one sample (orin
one population) in a morphologically uniform group both
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specimens occur that have 2 polar or peripolar spines with-
outauxiliary spines and such specimens occur that have 1,
2, 3 and more auxiliary spines. If these morphotypes with
and without auxiliary spines have the same stratigraphic
range, than they belong surely to the same species, if all
other taxonomic features are the same. Therefore the gene-
ra Spongosaturninus CAMBELL & CLARK, Eospon-
gosaturninus n. gen. and Liassosaturnalis n. gen. have
surely representatives with and without auxiliary spines
within one species.

Somewhat different is the situation in Praehexasa-
turnalis KOZUR & MOSTLER, 1983. In this genus 2 No-
rian species are present, in whichno auxiliary spinescan be
observed, the Middle Norian to Upper Norian P. elegans
(KOZUR & MOSTLER, 1972) and the Upper Norian P.
tenuispinosus (DONOFRIO & MOSTLER, 1978). Dur-
ing the Rhaetian the general morphological character of
the latter species remained unchanged, but 2 tiny auxiliary
spines evolved (cross-like arranged with the polar spines).
This form, P. tetraradiatus n. sp. continued into the Het-
tangian, where the auxiliary spines became somewhat
more pronounced. In the Hettangian a further species oc-
curred, morphologically identical with P. tenuispinosus
and P. tetraradiatus, but with 5-10 auxiliary spines (P.
kirchsteinensis n. sp.). No specimens without auxiliary
spines were found in the Hettangian.

In this case the absence, presence, number and ar-
rangement of the auxiliary spines can be used for separat-
ing 3 species (P. tenuispinosus, P. tetraradiatus, P. kirch-
steinensis) that are otherwise morphologically identical.
However, also in this case the presence andabsence of aux-
iliary spines cannot be used for separating 2 genera, be-
cause P. kirchsteinensis is an end form without successor.
Onthe other hand, it cannot be placed into Pseudoheliodis-
cus,becauseit did notderive from Triassic representatives
of Pseudoheliodiscus (with numerous, specifically con-
stant or nearly constant numbers of auxiliary spines), but it
has derived from Norian species of Praehexasaturnalis
without auxiliary spines, nearly related to Palaeosaturna-
lis.

The mainproblem in the taxonomy of the saturnalids
(as in many other radiolarian groups) is the independent
and iterative development of the same features in different
lines. On the other hand, these trends can be of considera-
ble stratigraphic value, if the development in differentlines
is known, because some trends were realized in different
lines to different times.

Moreover, single morphologic changes that define
in their combination a higher evolved taxon, can be real-
ized also in other groups without combination with other
morphological changes. By this, forinstance, the outline of
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the saturnalid ring can be very similar in clearly separated
groups (even in forms, not related to true saturnalids),
whereas within one low rank taxonomic unit (genus or ex-
ceptionally even species) different ring outlines can be ob-
served. In other lines, in turn, the ring outline remained
constant fromthe Cordevolian up to the Upper Cretaceous
and even in the recent successors.

For these reasons, the geometric Haeckelian system
united into one group phylomorphogenetically related
forms, into other groups phylomorphogenetically quite
different, but morphologically homoeomorph forms. For
the first description of new taxa the morphological classifi-
cation is necessary also in our time, but if we know more
material and phylomorphogenetic lines, a phylomorphog-
enetically based taxonomy should be elaborated.

The following trends can be observed in the develop-
ment of the Meso-Cenozoic saturnalids:

- Development of a second latticed medullary shell
around the microsphere and finally development of a lat-
ticed cortical shell. This latter trend can be first observed in
the Upper Cretaceous. It leads to the development of the
Saturnalidae fromthe Pseudoacanthocircidae, but it can be
also observed in recent descendants of the Parasaturnali-
dae (Saturnalium HAECKEL, 1887). The same trend can
be observed in different lines within the Trematodiscacea.
This development has within a phylomorphogenetic line
supragenericimportance (family rank), butitdoesnotindi-
catedirectrelations between the newly evolved taxa with
latticed cortical shell, because they evolved from different
forerunners.

- Development of a narrow differentiated ring (with
ridges). Also thistrend canbeobservedin 2 different lines,
but withconstant and different mode of development with-
in the 2 lines. Moreover, the development of ridges on the
ring began to different times within the 2 lines. From the
Parasaturnalidae (Pseudoheliodiscus) evolved in the
Middle Norian Octosaturnalis n. gen., a taxon with tricar-
inate outer spines. From the ridges on the outer spines con-
necting ridges to adjacent spines run along the outer mar-
gin of the ring, both on its upper and lower surfaces. By
this, the ring ishighestonits outer margin and lowestonits
inner margin. Moreover, a distinct furrow developed on
the outer side of theringbetweenthe upper and lower ridge
on the ring. This furrow is connected with the furrows be-
tween the ridges on the outer spines of the ring. By reduc-
tion of the outer spine number to (7) 6-4 and still stronger
development of the ridges on the ring the genus Hexasa-
turnalis KOZUR & MOSTLER, 1983 evolved during the
Liassic from Octosaturnalis n. gen. Hexasaturnalis, in
turn, is the forerunner of Acanthocircus SQUINABOL,
1903 s. str. (basal Middle Jurassic toLower Cretaceous). In



Acanthocircus the ring is in general higher than broad and
the outer furrow is deep, butalso in this genus the inner side
of the ring is lower than the outer one.

Within the Pseudacanthocircidae n. fam. the devel-
opment of the ridges on the ring began only during the ba-
sal Middle Jurassic. Onthe contrary to the Acanthocircinae
(Parasaturnalidae), the ridges evolved on the upper and
lower surface of the inner side of the ring. By this the ring
displays atriangular cross section with its wide base inside.
Thistype of ring can be observed for the first time in the ge-
nus Eospongosaturninus n. gen. and in primitive Spon-
gosaturnalis CAMPBELL & CLARK, 1944, both from
the basal Middle Jurassic. This ring type remained un-
changed within the Pseudacanthocircidae n. fam. until the
end of the Cretaceous and also the Saturnalidae DEFLAN-
DRE, 1953 s. str. (Upper Cretaceous-Recent) that evolved
from the Pseudacanthocircidae n. fam., have the same type
of ring differentation.

-Development of anarrow, transversally oval torec-
tangular ring (long axis perpendicular to the polar/peripo-
lar spines). This ring formis invariably present in the Pseu-
dacanthocircidae n. fam. (Cordevolian-Upper Creta-
ceous). It remained unchanged also in the Upper Creta-
ceous-Recent Saturnalidae DEFLANDRE, 1953 s. str.

In contrary to this invariable general ring outline of
the Pseudacanthocircidae/Saturnalidae (transversally
oval, very rarely transversally rectangular), the Parasatur-
nalidae display big variations in the general ring outline.
The Carnian Parasaturnalidae have always roundish rings.
During the Norian and Rhaetian, but especially during the
Liassic forms with transversally oval/rectangular rings ap-
peared in several lines that are homoeomorphic to the
Pseudacanthocircidae and Saturnalidae. However, in the
Parasaturnalidae this trend is not fixed to the whole family.
Even within many Hettangian species thering outline var-
ies from round to clearly transversally oval or even from
vertically oval (long axis parallel to the polar/peripolar
spines) to transversally oval or from vertically rectangular
totransversally rectangular. After the strongincisioninthe
diversity and frequency of Parasaturnalidae during the ba-
sal Toarcian only the persistent group with roundish or
subroundish ring outline survived until the end of the Cre-
taceous. Also the recent Saturnalideidae n. fam. that
evolved from the Parasaturnalidae have a roundish ring
outline.

Within the genus Palaeosaturnalis DONOFRIO &
MOSTLER, 1978 the first transversally oval or transver-
sally rectangular forms appeared during the Norian, but
still in the Liassic the ring outline remained mostly intra-
specifically variable. Only in some Hettangian species the
distinct transversally oval outline is specifically fixed, but

all these forms disappeared already in the Sinemurian. On-
ly veryfew Palaeosaturnalis species with round or slight-
ly vertically oval ring outline occur from the Sinemurian to
the Bajocian before this genus finally disappeared.

In the genus Stauracanthocircus KOZUR & MOS-
TLER, 1983 rectangularring outlines are dominant, but in
the most species the ring outline is very variable (from
transversally rectangular to quadratic vertically rectangu-
lar or from transversally oval to roundish vertically oval).

In Liassosaturnalis n. gen. forms with vertically
oval ring outline dominate, but the variability is likewise
high (vertically oval to roundish or transversally oval).

The primitive Acanthocircinae PESSAGNO, 1977
began with forms with octogonal ring outline. During the
Liassic evolved by reduction of the number of the strong
outer spines forms with heptagonal, hexagonal and round-
ed tetragonal ring outline (7, 6 and 4 outer spines). In the
Middle Jurassic the rounded tetragonal ring outline was
transformed into transversally oval ring outline that is typi-
cal for the higher evolved Acanthocircinae. This transver-
sally oval ring outline became still more prominent by the
arrangement of 1-2 spines in the polar region of the long
axis.

- Reduction of the number of auxiliary spines. This
trend can be observed within several lines of the saturnal-
ids. It is accompanied by enlargement of the auxiliary
spines that became finally as large as the polar spines. In
the Pseudacanthocircidae n. fam. already the most primit-
ve form, Praeacanthocircus carnicus KOZUR & MOS-
TLER from the Cordevolian, has only 6 inner spines of
nearly thesamesize. Inthe Palaeosaturnalidae this stage of
development is only reached during the Liassic (genus

- Stauracanthocircus KOZUR & MOSTLER).

- Appearence and disappearence of auxiliary spines.
Highly evolved Oertlispongidae withlarge shell (reaching
near to the inner side of the half rings branching from the
terminal part of the polarspines)have numerous, butmost-
ly indistinct auxiliary spines on the inner side of the half
rings. If the shell ist relatively small and does not reach
near to the inner side of the halfring, no auxiliary spines are
present. Therefore the presence or absence of auxiliary
spines in the earliest saturnalids (thatevolved from Oertlis-
pongidae) is a primary feature. The frequent occurrence of
forms with auxiliary spines in the Cordevolian to Pliensba-
chianinterval and its rare occurrence in Middle Jurassic or
younger beds does not indicate that forms without auxil-
iary spines developed in severallines from forms with aux-
iliary spines, but this change reflects rather the disappear-
ence of most of the Parasaturnalinae KOZUR & MOST-
LER (with many taxa that have auxiliary spines).
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In spite of the fact that the number of auxiliary spines
is reduced in several lines, we do not know any line, in
which the forms without auxiliary spines have evolved
from forms with auxiliary spines. On the contrary, in some
lines the development of forms with auxiliary spines from
forms without auxiliary spines can be observed, e.g. Prae-
hexasaturnalis tenuispinosus (without auxiliary spines,
Upper Norian), P. tetraradiatus (with 2 auxiliary spines
in cross-like arrangement with the polar spines, Rhaetian-
Hettangian) P. kirchsteinensis (5-9 auxiliary spines, Het-
tangian). In the Bajocian Eospongosaturninus n. gen.
forms with and without auxiliary spines occur within one
species. It has evolved from Pseudacanthocircus n. gen.,
in which auxiliary spines are unknown.

-Changesin the denticulation or spinosity of the out-
er ring margin. Here different trends can be observed in
different lines. The Parasaturnalidae have primary strong-
ly spined rings. In the Norian began in some lines a reduc-
tion of the spine number. One trend lead to the develop-
ment of forms with fewer, but very strong and partly cari-
nate spines. This trend of reduction is accompanied by a
change of the ring outline from roundish to octogonal, hep-
tagonal, hexagonal and finally rounded tetragonal (devel-
opment of earliest Acanthocircinae). In an other line the
spines (with exception of the spines opposite to the polar
spines) becamerarer, smaller and finally they disappeared
(Liassosaturnalis n. gen.).

Inthe Pseudacanthocircidae n. fam., in turn, the old-
est representatives have a smooth ring. In younger forms
the ring remained either smooth or denticles evolved at the
polar regions of the long axis, rarely of the short axis. Fi-
nally these spines may cover the whole outer ring.

An interesting mode of development of a slightly
spined to nearly smooth narrow ring from a heavily spined
broadring with big triangular spines have been observed in
a new Norian Mesosaturnalis species (pl. 12, fig. 5) de-
scribed inan other paper. In this species the broadring s in-
ternally subdivided into astableinnerringanda stable out-
er ring, the latter with big spines. During corrosion pro-
cesses a zone of material weakness between the 2 partial
rings is removed nearly totally and both partial rings be-
came separated. The inner ring with the peripolar spines
has a small spine in most of the spaces between the big
spines on the outer ring, including opposite to the peripolar
spines. These small spines connect both partial rings, if
they are not yet totally separated. If the 2 partial rings be-
came totally separated, anarrow ring (former inner partial
ring) with small outer spines evolved. By this process a
form with small polar spines developed from a form with
peripolar spines. This mode of ring change could perhaps
explain the occurrence of Saturnalium HAECKEL with
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narrow spined ring and polar spines in recent material in-
spite of the disappearence of the last genera with polar
spines (Palaeosaturnalis DONOFRIO & MOSTLER,
Pseudoheliodiscus KOZUR & MOSTLER) during the
Lower Dogger.

- Development of double rings. This feature devel-
opedseveral times in independent, only partly nearrelated
lines from Parasaturnalinae with single ring. For the first
time a double ring developed alreadey during the Cordevo-
lian (Heliosaturnalis KOZUR & MOSTLER, 1972). As
already shown by KOZUR & MOSTLER (1972, 1983)
Heliosaturnalis evolved from parasaturnalids with single
ring and numerous long outer spines by development of
connecting bars about in the midlength of the outer spines
(Pseudoheliodiscus Heliosaturnalis). During the Liassic
astillundescribed new genus evolved by the same "Helio-
saturnalis mode" from Praemesosaturnalis KOZUR &
MOSTLER, 1981.

Japonisaturnalis KOZUR & MOSTLER, 1972
evolved from Stauromesosaturnalis n. gen. partly by the
above described "Heliosaturnalis mode", partly by di-
branching of the outer spines of the single ring and con-
necting of the branches to a second ring ("Parasaturnalis
mode"). In this case the spines on the outer ring are not situ-
ated in prolongation of the spines on the inner ring, but op-
posite to the pores between the rings. The Jurassic Parasa-
turnalis KOZUR & MOSTLER, 1972 evolved exclusive-
ly by this latter mode from Mesosaturnalis species with
terminally forked spines, present in the highest Triassic.

In parasaturnalids with multiplerings (Upper Creta-
ceous Pseudosaturnalis KOZUR & MOSTLER, 1972),
the further rings evolved either by the "Heliosaturnalis
mode" or by the "Parasaturnalis mode" from the outer
spines of the second ring.

Because double or multiple rings developed within
the Parasaturnalidae several times from different genera
(Pseudosaturnalis, Heliosaturnalis, Meosaturnalis, Pa-
rasaturnalis, Stauromesosaturnalis, Japonisaturnalis,
Praemesosaturnalis undescribed new genus), the supra-
generic taxa based on this feature are here abandoned.

The Cordevolian forms with 2-3 rings and with 5
long first order spines on the inner side of the inner ring
(Ploechingerella KOZUR & MOSTLER, 1983) display a
strong entactinarian spicular system like Spongosaturna-
loides KOZUR & MOSTLER, 1972. Therefore they do
not belong to the true saturnalid radiolarians (Parasatur-
nalidae KOZUR & MOSTLER, 1972), but to the family
Spongosaturnaloididae KOZUR & MOSTLER, 1983
nom. corr. of the Entactinaria. By a printing mistake, the
Spongosaturnaloididae were written as Saturnaloididae in
KOZUR & MOSTLER (1983, p. 9, under the diagnosis),



but correctly written by KOZUR & MOSTLER (1983,
p. 5).

The below following subdivision of the Saturnalia-
cea DEFLANDRE, 1953 is based on complex evaluation
of all available morphological and structural data and on
the evaluation of phylomorphogenetic lines. Similarities
in ring outline, sculpture, outer denticulation, presence or
absence of auxiliary spines, polar versus peripolar spines
and shell structure alone are not regarded as decisive for
suprageneric classification. Only the combination of the
different features under consideration of the real phyloge-
netic connection (so far these connections could be already
found) are regarded as the base for a more natural classifi-
cation ofthe saturnalid radiolarians. This is the only way to
distinguish between real relations and morphological ho-
moeomorphies of not closer related forms. Because some
phylomorphogenetic lines are not yet known and the shell
structure of many Cretaceous forms is unknown, uncer-
tainties remain that will be discussed.

Family Oertlispongidae KOZUR & MOSTLER, 1980
Diagnosis (KOZUR & MOSTLER, 1981 for Oertli-
sponginae): Spherical to subspherical spongy shell con-
sisting of 10 or more, sometimes 5-10 concentric layers
that surround a tiny microsphere. Primary spines with
round cross sections, mostly 2 polar spines, rarely 3 spines
in one plane. The primary spines are distally mostly bifur-
cated, broadely flattened or otherwise differentiated. Of-
ten the spines are strongly arched, sometimes more than a
half-arch. Auxiliary spines often present.
Distribution: Illyrian to Sevatian, very frequent in the
Middle Triassic, especially in the Ladinian.

Assigned genera:

Oertlispongus DUMITRICA, KOZUR & MOSTLER,
1980

Synonym: Falcispongus DUMITRICA, 1982

? Vinassaspongus KOZUR & MOSTLER, 1979

? Zhamoidasphaera KOZUR & MOSTLER, 1979
Neopaurinella KOZUR & MOSTLER, 1981
Paroertlispongus KOZUR & MOSTLER, 1981
Baumgartneria DUMITRICA, 1982

Pterospongus DUMITRICA, 1982

Spongoserrula DUMITRICA, 1982

Angulocircus LAHM, 1984

Remarks: The Oertlispongidae KOZUR & MOSTLER,
1980 are here reduced to the Oertlisponginae sensu KO-
ZUR & MOSTLER, 1981. Acaeniospongus KOZUR &
MOSTLER, 1981 and Kulacella KOZUR & MOSTLER,
1981, only tentatively assigned to the Oertlispongidae by
KOZUR & MOSTLER (1981) do not belong to the Oert-
lispongidae.

The Oertlispongidae are the basis groups of the Sa-
turnaliacea as already pointed out by KOZUR & MOS-
TLER (1983). All transitional forms between highly
evolved Oertlispongidae and Parasaturnalidae are present.

Genus Angulocircus LAHM, 1984

Type species: Spongosaturnalis bipartitus KOZUR &
MOSTLER, 1972

Distribution: Cordevolian-Julian

Assigned species:

Spongosaturnalis bipartitus KOZUR & MOSTLER,
1972

Synonym: ? Pseudoheliodiscus ? interruptus KOZUR &
MOSTLER, 1983

Angulocircus laterospinosus LAHM, 1984
Angulocircus multispinosus LAHM, 1984
Pseudoheliodiscus donofrioi KOZUR & MOSTLER,
1983

Synonym: Angulocircus longispinosus LAHM, 1984
Remarks: Until now, this genus was placed into saturnal-
id genera (Spongosaturnalis CAMPBELL & CLARK,
1944) Pseudoheliodiscus KOZUR & MOSTLER, 1972
Angulocircus LAHM, 1984). However, it belongs to
highly evolved Oertlispongidae KOZUR & MOSTLER,
1980, because the half-rings are not yet fused to a saturnal-
id ring. Moreover, even the position of the half-rings is
within the 2 known species not yet fixed within one plane.
Anyanglebetweenthe 2 half-ringsis possible; they may be
situated even perpendicularly to each other.

Pterospongus DUMITRICA, 1982 is distinguished
by the absence of auxiliary spines on the inner margin of
the half-rings. Only in Pterospongus incissus
DUMITRICA, 1982 tiny indistinct auxiliary spines are
present in some specimens.

Angulocircus LAHM, 1984 is a transitional form
between the Oertlispongidae and the Parasaturnalidae
(Pseudoheliodiscus KOZUR & MOSTLER, 1972). The
distance between the ends of both half-rings is very short.
According to this feature alone, Angulodiscus could be ei-
ther regarded as representative of highly evolved Oertlis-
pongidae or of primitive Parasaturnalidae. However, the
distinct differences in the denticulation of the 2 half-rings
(long spine opposite to the polar spine of one half-ring
against shorter triangular spine opposite ot the polar spine
of the other half-ring) and the variable angle of the half-
rings against each other are additional characters of the
Oertlispongidae. Polar differences in ring denticulation
can be also observed in some species of the Parasaturnali-
dae, butopen rings andinclination of some parts of thering
against the equator plane occur in the saturnalids only in
pathologic forms.

187



Family Parasaturnalidae KOZUR & MOSTLER, 1972
Synonym: Acanthocircidae PESSAGNO, 1977
Diagnosis: Shell globular, spongy, with numerous con-
centric layers and with tiny microsphere displaying large
pores. Complete equatorial ring always present. Ring in
stratigraphically older forms and in persistent conserva-
tive taxa among stratigraphically younger forms always
flat, mostly broad. Ring outline mostly roundish, in higher
evolved forms also subquadratic, rectangular or elliptical
with long axis parallel to the polar/peripolar spines or per-
pendicularly tothem. Ring surface in themost forms undif-
ferentiated, in higher evolved forms partly with ridges on
the lower and upper side of the outer ring margin that con-
nectridges on the outer spines. In higher evolved Acantho-
circinae these ridges on the ring cover the whole narrow
ring which is in these forms higher than broad or as high as
broad as displaying a lateral furrow on the outer margin.

Outer margin of ring always with spines, mostly
along the wholering, butin higher evloved forms often on-
ly at the polarregions of the long axis or opposite tothe po-
lar spines.

Ring primarily with 2 polar spines (first order
spines) on the inner side of the ring. Later peripolar spines
(likewise first order spines, but situated between 2 outer
spines and not opposite of an outer spine as in polar spines)
are increasingly frequent. auxiliary spines (second order
spines) in Late Triassic and Liassic representatives often
present, since the Middle Jurassic only very rare. In Norian
and Liassic forms often 4, 6 or more, rarely 3, 5 first order
spines are present (2 polar/peripolar spines and additional
spines of the same or nearly the same size that evolved
from auxiliary spines).

Distribution: Cordevolian Upper Cretaceous.
Assigned genera: See under the subfamilies.
Remarks: The Upper Cretaceous to Recent Saturnalidae
DEFLANDRE, 1953 have alatticed cortical shell, by some
formsstill covered by a thin spongy layer. The ring exhib-
its always a transversally oval outline and a triangular
cross section with broad base inside.

The Tertiary to Recent Saturnalideidae n. fam. dis-
plays the same roundish ring outline asthe most Parasatur-
nalidae, but also in this family a latticed cortical shell is
present. The Saturnalideidae n. fam. evolved by develop-
ment of a latticed cortical shell from the Parasaturnalidae
KOZUR & MOSTLER. Saturnalium HAECKEL, 1887
is therefore the last and only living representative of the
parasaturnalid stock.

The Pseudacanthocircidae n. fam. have invariably a
transversally elongatedring. By this feature the early Pseu-
dacanthocircidae n. fam. and the early Parasaturnalidae
KOZUR & MOSTLER (always with roundish ring out-
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line) are clearly distinguished each other. Later transver-
sally elongated rings evolved also in some Parasaturnali-
dae (especially in the Acanthocircinae). These forms dis-
play strong homoeomorphy to the Pseudacanthocircidae
n. fam., buthave never a triangular ring cross-section with
broad base inside.

Highly evolved Oertlispongidae KOZUR & MOS-
TLER, 1980 are connected by all transitions with the Para-
saturnalidae KOZUR & MOSTLER. All forms, in which
the ring is complete or where the half rings are at least at
one side connected, are placed into the Parasaturnalidae
KOZUR & MOSTLER. All forms, in which the ends of the
half-rings are close to each other, but still on both sides sep-
arated, are placed into the Oertlispongidae KOZUR &
MOSTLER. Atavistic forms, in which the saturnalid ring
is on one side widely open, occur still in the Jurassic.

Subfamily Parasaturnalinae KOZUR & MOSTLER,
1972

Diagnosis: Shell globular, spongy, with numerous con-
centric layersand with tiny microsphere. In higherevolved
forms also a larger, latticed second medullary shell may be
present. Equatorial ring always present, but in most primi-
tive forms on one side not yet closed. Ring always flat,
mostly broad, circular, in higher evolved forms (especially
in the Liassic) also subquadratic, rectangular, rarely hex-
agonal or oval with long axis in prolongation of polar/peri-
polar spines or perpendicularly to them.

Outer margin of ring always with spines, but in Het-
tangian forms their number may be strongly reduced,
sometimes to 2 spines opposite to the polar spines. The
spines are flat or oval in cross section. Only in the transi-
tional field to early Acanthocircinae the marginal spines
are differentiated (torsion, secondary spines). Only in
these transitional forms indistinct ridges connect the
spines across the outer ring margin. In all other Parasatur-
nalinae the ring is quite undifferentiated.

2 polar spines (opposite to outer spines), later in-
creasingly peripolar spines (likewise firstorder spines, but
situated opposite to the interspine spaces) at the inner mar-
gin of ring connect the shell with the ring. Auxiliary spines
(second order spines) often present. In higher evolved
forms the auxiliary spines may be transformed into addi-
tional firstorder spines. By this, forms evolved that have 4
first order spines in cross-like arrangement or 6 (7) first or-
der spines, 2 of them vertically arranged, the other 4 (5) di-
agonally arranged. Other forms have numerous first order
spines opposite to the spaces between the outer spines of
the ring. Rarely 3 first order spines can be observed.
Distribution: Very frequent from the Cordevolianup to
the Pliensbachian with the maximum diversity from the



Norian to Hettangian. Rare from the Toarcian to Upper
Cretaceous, with a second smaller maximum in the Upper
Cretaceous. Above the Bajocian only taxa with peripolar
spines have been observed.

Assigned genera:

Parasaturnalis KOZUR & MOSTLER, 1972
Japonisaturnalis KOZUR & MOSTLER, 1972

? Pseudosaturnalis KOZUR & MOSTLER, 1972
Heliosaturnalis KOZUR & MOSTLER, 1972
Pseudoheliodiscus KOZUR & MOSTLER, 1972 emend.
PESSAGNO, 1979

Synonym: Pessagnosaturnalis KOZUR, 1979
Saturnosphaera TICHOMIROVA, 1975
Palaeosaturnalis DONOFRIO & MOSTLER,
emend. KOZUR & MOSTLER, 1981
Mesosaturnalis KOZUR & MOSTLER, 1981
Praemesosaturnalis KOZUR & MOSTLER, 1981
Praehexasaturnalis KOZUR & MOSTLER, 1983
Stauracanthocircus KOZUR & MOSTLER, 1983
Remarks: All transitions between highly evolved Oert-
lispongidae KOZUR & MOSTLER, 1980 and Parasatur-
nalinae KOZUR & MOSTLER, 1972 are known (see un-
der Parasaturnalidae KOZUR & MOSTLER, 1972).

The Acanthocircinae PESSAGNO, 1977 have di-
rectly evolved from the Parasaturnalinae KOZUR &
MOSTLER, 1972. In transitional forms of the Parasatur-
nalinae the first indistinct marginal ridges on the ring, con-
necting the outer spines, can be observed. The most primi-
tive representative of the Acanthocircinae, Octosaturna-
lis n. gen., is still similar to the Parasaturnalinae, but has
already very robust, broad, tricarinate spines and a distinct
ridge on the upper and lower side of the outer marginal
partsof the ring. These ridges connect the ridges on neigh-
bouring spines and are therefore interrupted at the base of
the spines.

The higher evolved Acanthocircinae are distin-
guished by elongated oval, narrow rings that are in cross
section higher than broad and display a distinct furrow on
thelateral outer margin. The spines of these formsare con-
centrated to the polar region of the long axis (1-2 spines
each pole). These forms are clearly distinct from the Para-
saturnalinae. Only some extreme Liassic Parasaturnalinae
have an elongated oval ring that is, however, always flat,
undifferentiated, on the whole margin spined and displays
polar spines.

The Saturnalideidae n. fam. have developed from
Upper Cretaceous Parasaturnalinae (persistent group with
roundish ring). This family, represented only by one recent
genus, is clearly dinstinguished by a latticed cortical shell.
Already in the Liassic some taxa of the Parasaturnalinae
have arather big, latticed second medullary shell. There-
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fore it is possible that the Upper Cretaceous species of the
genera Pseudosaturnalis KOZUR & MOSTLER, 1972,
Mesosaturnalis KOZUR & MOSTLER, 1981, Praeme-
sosaturnalis KOZUR & MOSTLER, 1981 and Praehe-
xasaturnalis KOZUR & MOSTLER, 1983 have already a
latticed cortical shell, covered by a spongy layer. In this
case,they would belongto the Saturnalideidae n. fam. and
with exception of Pseudosaturnalis (type species from
the Upper Cretaceous), they would all belong tonew gene-
ra, because the type species of Mesosaturnalis, Praeme-
sosaturnalis and Praehexasaturnalis from the Late Tri-
assic have only a latticed microsphere. Unfortunately, the
inner shell structures of the Upper Cretaceous representa-
tives of the above mentioned genera are unknown.

P. catadelos (FOREMAN, 1968) has according to
FOREMAN (1968) possibly a latticed cortical shell cov-
eredby spongymaterial, but the small thorns on the peripo-
lar spines indicate rather a spongy structure of the whole
outer shell without latticed cortical shell. For this reason,
the genus Pseudosaturnalis is for the moment further-
more placed into the Parasaturnalinae.

Genus Pseudoheliodiscus KOZUR & MOSTLER, 1972
emend. PESSAGNO, 1979

Synonym: Pessagnosaturnalis KOZUR, 1979

Type species: Pseudoheliodiscus riedeli KOZUR &
MOSTLER, 1972

Pseudoheliodiscus alpinus n. sp.

(PL 5, figs. 1,3,5-9, 11, 12)

Derivatio nominis: According tothe occurrence in the
Alps.

Holotype: The specimen on pl. 5, fig. 1; rep.-no KoMo
1990 I-31

Material: More than 100 specimens.

Diagnosis: Spongy shell large, only alittle smaller than
the inner margin of the ring, partly reaching until the inner
margin of the ring. Shell surface withnumerous short, nee-
dle-shaped spines. Shell consisting of several concentric
layers. Microsphere latticed.

Ring circular, moderately broad, flat, undifferentiat-
ed, with 11-13, mostly 12 very large spines thattapers con-
tinuously toward their distal ends; some of it may be bifur-
cated. Beside the 2 strong polar spines, there are still 4-7
large auxiliary spines, mostly opposite to interspine spac-
es, but 1 or 2 of them may be situated opposite to spines.
Measurements:

Diameter of shell = 108-135 um
Diameter of ring = 175-200 pm
Width of ring = 16-20 ptm
Length of spines = 60-100 Lm
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Distribution: Hettangian of Alps and of the Varhegy
Cherty Limestone Formation of Csévar (Hungary). Very
frequent.

Remarks: Pseudoheliodiscus riedeli KOZUR & MOS-
TLER, 1972 displays shorter and numerous (about 20)
auxiliary spines and its shell grow a little over the inner
margin of the ring.

Pseudoheliodsicus alpinus n. sp. contains morpho-
logical transition forms to the genus Stauracanthocircus
KOZUR & MOSTLER, 1983 emend. Forms with 4 large
" auxiliary spines in diagonal arrangement against the polar
spines are not rare. They correspond otherwise perfectly
with the specimen that display 5-7 large auxiliary spines.
The large shell, never present in Stauracanthocircus KO-
ZUR & MOSTLER, 1983, indicates that these specimens
with 4 auxiliary spines belong to P. alpinus n. sp. The 4
auxiliary spines in diagonal arrangement against the polar
spine indicate only intraspecific variability in the number
of auxiliary spines (4-7). They donot indicate real phylom-
orphogenetic transitions to the genus Stauracanthocircus,
but only homoeomorphy.

Pseudoheliodiscus robustospinosus n. sp.

(PL. 2, figs. 3, 8; pl. 4, figs. 8-11; pl. S, fig. 10)

1978 ? Spongosaturnalis sp., pars FEARY & HILLS,
p- 366, only the specimen on fig. 9

Derivatio nominis: According to the broad, robust
spines.

Holotype: The specimen on pl. 3, fig. 8; rep.-no. KoMo
1990 1-32

Material: More than 50 specimens.

Diagnosis: Shell spongy, consisting of several concen-
tric layers. Latticed microsphere tiny. Few needle-like
short spines may be present on the shell surface.

Ring subspherical to subquadratic, moderately
broad to broad, flat, undifferentiated, with 8-11 moderate-
ly long, broad, robust, triangular spines, rarely with termi-
nal bifurcation. One axial spine has the same form and
length as the circum-axial spines, the other one is more
slender and generally longer. Beside the 2 polar spines ad-
ditionally 4-7, mostly large, robust auxiliary spines are
present, situated mostly opposite to interspine spaces, but
partly also opposite to outer spines.

Measurements:

Diameter of shell = 80—-105 um

Diameter of ring = 157-205 ftm

Width of ring = 15-25 um

Length of spines = 20—60 ftm

Distribution: Hettangian of the Alps and of Csovar
(Northern Hungary, Véarhegy Cherty Limestone Forma-
tion), ? Jurassic of New Zealand.
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Remarks: Pseudoheliodiscus alpinus n. sp. has more
and considerably longer spines and a larger shell.

Pseudoheliodiscus massivus n. sp.

(PL 4, fig. 5)

Derivatio nominis: According to the massive polar
spines.

Holotype: The specimen on pl. 4, fig. 5; rep.-no. KoMo
1990 1-36

Material: 5 incomplete specimens.

Diagnosis: Shell relatively small, spongy, with several
concentric layers and tiny latticed microsphere. Polar
spines very robust. 5-6 large, robust auxiliary spines. Ring
circular, moderately broad, with triangular spines opposite
to the polar spines (one may be more slender and longer)
and only 4-6 triangular, relatively short circumaxial
spines.

Measurements:

Diameter of shell = 80-90 pum

Diameter of ring = 180-190 pm

Width of ring = 18-21 pum

Length of spines = 20-30 um

Distribution: Hettangian of the type locality.
Remarks: Pseudoheliodiscus ? inaequispinosus n. sp.
has also small and few spines. However, the ring is ellipti-
cal with the long axis parallel to the polar spines. Atone po-
lar area of the long axis the ring is concave.

Pseudoheliodiscus ? inaequispinosus n. sp.

(Pl 4, fig. 4)

Derivatio nominis: According to the irregularly
spaced spines

Holotype: The specimen on pl4, fig.4; rep.no. KoMo
1990 I-37

Material: 4 specimens.

Diagnosis: Shell relatively small, spongy, consisting of
several concentric layers. Microsphere latticed. Polar
spines robust, partly one polar spine and one peripolar
spine is present. 1-4, mostly small auxiliary spines. Ring
narrow to moderately wide, oval, with long axis parallelto
the polar spines. The ring is irregularly covered by short,
triangular spines. A spiny and an almost smooth half of the
ring may be present.

Measurements:

Diameter of shell = 80— 89 um

Diameter of ring (long axis) = 192-200 pm

Diameter of ring (short axis) = 176180 um

Width of ring = 18-20 um

Length of spines = 9—-16 um

Distribution: Hettangian of the type locality.
Remarks: See under Pseudoheliodiscus massivus n. sp.



Pseudoheliodiscus ? inaequispinosus n. sp. is per-
haps a transitional form to Liassosaturnalis n. gen. that
has no or only one circumaxial spine and 2 spines opposite
to the polar spines.

Pseudoheliodiscus nevianii n. sp.

(Pl 4, figs. 1,2)

Derivatio nominis: Inhonour of A.NEVIANI, one of
the pioneers of Mesozoic radiolarian research
Holotype: The specimen on pl. 4, fig. 1; rep.-no. KoMo
1990 I-4

Material: 9 specimens.

Diagnosis: Unit large, shell globular to slightly el-
lipsoidal, spongy, consisting of several concentric layers.
Tiny latticed microsphere. Ring narrow, flat, undifferen-
tiated, elliptical with long axis perpendicularly to the polar
spines. 11-12 triangular to rounded triangular peripheral
spines (including the axial spines), at one pole of the long
axis longer than at the other pole. Axial spines not longer
than adjacent spines, with typical rounded triangular
shape. 2 robust polar spines and 5-6 very long, strong aux-
iliary spines are present.

Measurements:

Diameter of shell = 133-160 pum

Diameter of ring (long axis) = 353-367 um

Diameter of ring (short axis) = 247-273 um

Width of ring = 20-27 ftm

Length of denticles = 27--60 um, occasionally some spines
are shorter than 10 pim .

Distribution: Hettangian of the type locality.
Remarks: Pseudoheliodiscus nevianii n. sp. is a transi-
tional form to the genus Stauracanthocircus KOZUR &
MOSTLER, 1983 emend. By reduction of the number of
auxiliary spines to 4 evolved Stauracanthocircus asym-
metricus n. sp. that has a similar denticulation (larger den-
ticles at one pole of the long axis than at the opposite pole).

Pseudoheliodiscus n. sp. A

(PL 2, fig. 6)

Remarks: This distinct species has numerous slender,
relatively short spines and 8 strong, long auxiliary spines,
partly nearly as strong as the polar spines. Only one dam-
aged specimen is present from the Hettangian part of the
Kirchstein Limestone.

Genus Palaeosaturnalis DONOFRIO & MOSTLER,
1978 emend. KOZUR & MOSTLER, 1981

Type species: Spongosaturnalis triassicus KOZUR &
MOSTLER, 1972

Palaeosaturnalis blomei n. sp.

(PL. 9, fig. 9)

Derivatio nominis: In honour of Dr.Ch.D. BLOME,
Menlo Park, California

Holotype: The specimen on pl. 9, fig. 9; rep.-no. KoMo
1990 I-41

Material: 7 damaged specimens.

Diagnosis: Shell spherical, spongy, consisting of several
concentric layers. Microsphere latticed. Polar spines very
robust. Ring narrow, flat, undifferentiated, slightly trans-
versally elliptical. Axial spines triangular, short. Circum-
axial spines triangular, short, but adjacent to the polar axis
distinctly larger than axial spines.

Measurements:

Diameter of shell = 68-73 pum

Diameter of ring (long axis) = 179-185 um

Diameter of ring (short axis) = 146—154 um

Length of axial spines = 10-12 um

Length of circumaxial spines = 13-23 pum
Distribution: Hettangian of the type locality.
Remarks: This species can be easily distinguished from
other Palaeosaturnalis species by the short axial spines,
distinctly shorter (about half of size) than the adjacent cir-
cumaxial spines.

Palaeosaturnalis haeckeli n. sp.

(PL. 9, figs. 6, 8)

Derivatio nominis: In honour of the great pioneer of
radiolarian research, E. HAECKEL

Holotype: The specimen on pl. 9, fig. 6; rep.-no. KoMo
1990 I-40

Material: 17 specimens.

Diagnosis: Shell subsphericalto subellipsoidal, spongy,
consisting of several concentric layers. Microsphere lat-
ticed. Ring subelliptical toroundish subrectangular, some-
times subcircular, narrow, flat,undifferentiated. Long axis
mostly perpendicularly to the polar axis, in some speci-
mens parallel to it. Polar spines very robust. One axial
spine has about the same size and form as the adjacent
spines on both sides, the other axial spine is very long and
needle-shaped. Adjacent to the axial spines 1-2 long, wide-
ly spaced circumaxial spines are situated, followed by 2-3
(mostly 3) closely spaced smaller spines.
Measurements:

Diameter of shell = 85-90 pm

Diameter of ring (in the polar spine axis) = 210-220 pm
Diameter of ring (perpendicularly to the polar spine axis) =
205-250 pm

Width of the ring = 15-23 um

Length of the circumaxial spines adjacent to the axial
spines = 50-60 ptm
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Length ofthe spines around the pole perpendicularly to the
polar axis = 25-40 um
Length of the long axial spine = 90-104 um
Distribution: Hettangian part of the Kirchstein Lime-
stone at the type locality.
Remarks: The circumaxial spines in Palaeosaturnalis
subovalis n. sp. are not regularly differentiated in their
length.

In Palaeosaturnalis blomei n. sp. both axial
spines are smaller than the adjacent circumaxial spines.

Palaeosaturnalis lenggriesensis n. sp.

(PL. 1, fig. 8; pl. 13, figs. 10, 11)

Derivatio nominis: According to the occurrence in the

Hettangian of Lenggries (Bavaria)

Holotype: The specimen on pl. 13, fig. 11; rep.-no. Ko-

Mo 1990 1-43

Material: 31 specimens.

Diagnosis: Shell spherical, spongy, consisting of several

concentric layers. Microsphere latticed. Ring broad, flat,

undifferentiated, slightly elliptical or rounded subrectan-

gular, with long axis mostly perpendicularly to the polar

spines. 10-12 triangular, relatively short spines. Axial

spinesintypicalforms as broad and long as the circumaxial

spines. Polar spines very robust.

Measurements:

Diameter of shell = 84—90 um

Diameter of ring (long axis) = 168-240 um

Diameter of ring (short axis) = 160-210 ptm

Width of ring = 16-25 pm

Length of spines = 16-45 um

Distribution: Hettangian of the Alps and Csovar

(Vérhegy Cherty Limestone Formation), Northern Hun-

gary.

Remarks: Palaeosaturnalis rectangularis n. sp. has a

rectangular ring outline and one axial spine is distinctly

larger than the other one. Some specimens, determined as

Palaeosaturnalis cf. leggriesensis n. sp. display a round-

ed subrectangular to subelliptical outline. They can be re-

garded as transitional forms between P. lenggriesensis n.

sp. and P. rectangularis n. sp. From typical representa-

tives of P. lenggriesensis n. sp. they are especially distin-

guished by axial spines of different length.
Pseudoheliodiscus robustospinosus n. sp. has the

same outline and type of spines, but the axial spines have

different length and auxiliary spines are present.

Palaeosaturnalis liassicus n. sp.

(P1. 1,figs.2,3;pl. 12, figs. 1, 3,4,6, 8-10; pl. 13,figs. 1, 2,
6,7)

1982 Palaeosaturnalis sp. D YAO, pl. 4, fig. 2
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Derivatio nominis: According to the mass occurrence
in the Hettangian (Liassic)
Holotype: The specimen on pl. 12, fig. 9; rep.-no. KoMo
1990 I-38
Material: Several 100 specimens.
Diagnosis: Shell spongy, consisting of several concen-
tric layers. Microsphere latticed. Shell surface with nu-
merous short, needle-like spines. Ring narrow, flat, undif-
ferentiated. Ring outline variable, mostly slightly trans-
versally elliptical to subrectangular, butfew specimens are
transversally elliptical to subrectangular, few others
rounded subquadratic, subcircular or slightly subelliptical
with the long axis parallel to the polar spines. 11-13, most-
ly 12 very long, needle-shaped spines, exceptionally sin-
gle spines are terminally broadened or bifurcated.
Measurements:
Diameter of shell =95-110 um
Diameter of ring (vertical axis) = 150-205 pm
Diameter of ring (transversal axis ) = 180-230 um
Width of ring = 14-19 um
Length of spines = 55-110 pm
Distribution: Hettangian of the Alps, Csévar (Northern
Hungary, Varhegy Cherty Limestone Formation), Japan.
Remarks: Palaeosaturnalis dotti (BLOME, 1984) (=
Acanthocircus harrisonensis BLOME, 1984, A. laxus
BLOME, 1984, A. supleensis BLOME, 1984, A. sp. B
BLOME, 1984) displays likewise very variable ring out-
line, but the ring and the spines are broader. Only in one of
our specimens the spines are similarly broad (P. cf. liassi-
cus n. sp., pl.12, fig. 4). The 2 polar spines in P. dotti
(BLOME, 1984) are more delicate.

Most similar is Palaeosaturnalis fluegeli (KOZUR
& MOSTLER, 1972) with circular to slightly transversally
elliptical ring. Also in this form, like in all Triassic Pa-
laeosaturnalis species, the polar spines are more delicate
than in P. liassicus n. sp.

Palaeosaturnalis parvispinosus n. sp.

(PL 1, fig. S; pl. 13, figs. 3, 5, &; pl. 14, fig. 1)
Derivatio nominis: According to the very small cir-
cumaxial spines

Holotype: The specimen on pl. 13, fig. 3; rep.-no. KoMo
1990 1-46

Material: 46 specimens.

Diagnosis: Shell slightly ellipsoidal, spongy, consisting
of several concentric layers. Microsphere latticed. Ring
very narrow, flat, undifferentiated, of variable outline
(roundish, rounded subquadratic, elliptical with long axis
parallel tothepolarspines or perpendicularly to them). 5-9
mostly very short circumaxial spines widely spaced. 2 ax-
ial spines larger than circumaxial spines. Polar spines long
and very robust.



Measurements:

Diameter of shell (long axis) = 80-90 um

Diameter of shell (short axis) = 64-75 um

Diameter of ring (long axis) = 192-255 pm

Diameter of ring (short axis) = 154-225 pum

Width of ring = 9—16 um

Length of circumaxial spines =4-24 um

Length of axial spines = 16-50 um

Distribution: Hettangian of the Alps and Northern Hun-
gary (Csovar, Varhegy Cherty Limestone Formation).
Remarks: Palaeosaturnalis parvispinosus n. sp. may be
a transitional form to Liassosaturnalis n. gen. thathas on-
ly well developed axial spines, whereas the circumaxial
spines are missing or only one is present. Rudiments of pe-
ripheral spines arein this genus indicated by partly angular
undulations of the outer ring margin.

Palaeosaturnalis rectangularis n. sp.

(PL 1, figs. 9, 10)

Derivatio nominis: According to the rectangular out-

line of the ring

Holotype: The specimenonpl. 1, fig. 10; rep.-no. KoMo

1990 1-44

Material: 29 specimens.

Diagnosis: Shell spherical, spongy, consisting of several

concentric layers. Microsphere latticed. Ring flat, narrow

to moderately broad, undifferentiated, rectangular with

long axis parallel or perpendicular to the polar axis. 12-15

relatively short peripheral spines of variable shape, mostly

broadly triangular and slenderneedle-shaped spines occur

in the same specimen. One axial spine is as long as the cir-

cum-axial spines, the otherone is larger and needle-shaped

or slender triangular. Polar spines very robust.

Measurements:

Diameter of shell = 80-90 pm

Diameter of ring (long axis) = 187-215 um

Diameter of ring (short axis) = 160-200 pm

Width of ring = 15-23 um

Length of circumaxial spines = 16-35 [tm

Length of the large axial spine = 43-60 um

Distribution: Hettangian of the Alps and of Csovar

(Northern Hungary, Varhegy Cherty Limestone Forma-

tion).

Remarks: Palaeosaturnalis lenggriesensis n. sp. has a

rounded subrectangular outline and the polar spines have

the same length and shape as the circumaxial spines.
Palaeosaturnalis cf. lenggriesensis n. sp. is seem-

ingly a transitional form to P. rectangularis n. sp., from

which it is distinguished by its roundish subelliptical to

roundish subrectangular ring outline.

Palaeosaturnalis schaafi n. sp.

(PL 11, figs. 9-13; pl. 12, figs. 2, 7, 11)

Derivatio nominis: In honour of Dr. A. SCHAAF,
Strasbourg

Holotype: The specimen on pl. 11, fig. 11; rep.-no. Ko-
Mo 1990 1-42

Material: More than 50 specimens.

Diagnosis: Shell subellipsoidal to spherical, spongy,
consisting of several concentric layers. Microsphere lat-
ticed. Ringnarrow, flat,undifferentiated. Its outline is var-
iable, circular, subcircular, elliptical with long axis paral-
lel to the polar axis or perpendicular to it. Spines moderate-
ly long, varying in length, especially by intercalation of
one or few short spines that have a shorter distance to each
other than the longer spines. One of the axial spines is long-
er than the circumaxial spines. Strong polar spines.
Measurements:

Diameter of shell = 85-100 pm

Diameter of ring (long axis) = 190-260 pm

Diameter of ring (short axis) = 185-240 pm

Width of ring (short axis) = 12-20 um

Length of circumaxial spines = 35-50 um, intercalated
small spines 15-30 um

Length of the long axial spine = 50— 70 pm
Distribution: Hettangian of the Alps and of Northern
Hungary (Csovér, Varhegy Cherty Limestone Forma-
tions).

Remarks: Specimens withcircularring are similarto Pa-
laeosaturnalis zapfei (KOZUR & MOSTLER, 1972).
However, P. zapfei has always a circular ring and all
spines, including the axial spines, have the same length.

Palaeosaturnalis subovalis n. sp.

(PL. 1, fig. 7; pl. 13, figs. 4, 9)

Derivatio nominis: According to the suboval ring out-
line

Holotype: Thespecimen on pl. 13, fig. 4; rep.-no. KoMo
1990 1-39

Material: More than 50 specimens.

Diagnosis: Shell slightly ellipsoidal, spongy, consisting
of several concentric layers. Microsphere latticed. Ring
suboval to oval, narrow, flat, undifferentiated, with 9-11
slender, relatively short spines. One axial spine as long as
the circumaxial spines, the other one is considerably longer
and somewhat more slender. A larger smooth segment is
present to both sides of the axial spines. Polar spines very
robust.

Measurements:

Diameter of shell (parallel to polar axis) = 76-90 um
Diameter of shell (perpendicularly to polar axis) =
60-77 pum
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Diameter of ring (parallel to polar axis) = 192-215 pum
Diameter of ring (perpendicularly to polar axis) =
190-240 pum

Width of ring = 13-20 pm

Length of circumaxial spines = 2637 pum

Length of long axial spine = 5664 um

Distribution: Hettangian of the Alps and Northern Hun-
gary (Csovar, Varhegy Cherty Limestone Formation)
Remarks: In Palaeosaturnalis haeckeli n. sp. the cir-
cumaxial spines are more variable in their length. On both
sides of the axial spines 1-2 large, widely spaced spines are
present. The remaining circumaxial spines are smaller and
closely spaced.

"Palaeosaturnalis"’ fragilis n. sp.

(PL 14, fig. 2, 3)

Derivatio nominis: According to the very fragile ring
Holotype: The specimen on pl. 14, fig. 3; rep.-no. KoMo
1990 I-48

Material: 11 damaged specimens.

Diagnosis: Unitvery big, butfragile. Shell not preserved,
but according to the remnants on the polar spines it is
spongy and consists of several concentric layers. Ring very
narrow, fragile, flat, undifferentiated, with elongated ellip-
tical outline (long axis perpendicularly to the polar axis).
The about 20 needle-like spines vary strongly in length
even in one specimen. Axial spine longer than circum-ax-
ial spines, a little robuster, but also needle-shaped. Polar
spines very long, robust.

Measurements:

Diameter of ring (long axis) = 427-452 um

Diameter of ring (short axis) = 287— 300 ptm

Width of ring = 12-17 um

Length of circumaxial spines (maximum variation in one
specimen) = 7-3 [tm

Length of axial spines = More than 90 pum (not fully pre-
served)

Distribution: Hettangian Kirchstein Limestone of the
type locality.

Remarks: This species belongs surely not to Palaeosa-
turnalis DONOFRIO & MOSTLER, 1978. It has perhaps
evolved by total reduction of the auxiliary spines from
large representatives of Stauracanthocircus KOZUR &
MOSTLER, 1983.

Anew genus for this species will be only established,
if more material (with preserved shell) will be found. Be-
cause of the very large, but very fragile ring only broken
specimens could be found. However, this species can be
recognized even among strongly damaged specimens.
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Genus Praehexasaturnalis KOZUR & MOSTLER, 1983
emend.

Type species: Palaeosaturnalis tenuispinosus DONO-
FRIO & MOSTLER, 1978

Emended diagnosis: Spongy shell globular, consisting
of several concentric layers. Microsphere latticed.

Ring mostly narrow, rarely moderately broad, in
most primitive forms with 8 spines and with rounded oc-
togonal outline to rounded hexagonal outline, later invari-
ably with rounded hexagonal to hexagonal outline and 6
spines, occasionally with 1-2 further, mostly distinctly
smaller spines.

Most primitive forms only with polar spines, higher
evolved forms additionally with 2-12 auxiliary spines.
Distribution: Norian - Hettangian,? Upper Cretaceous.
World-wide.

Assigned species:

Palaeosaturnalis tenuispinosus DONOFRIO & MOST-

LER, 1978

Synonym: Acanthocircus vigrassi BLOME, 1984

Spongosaturnalis elegans KOZUR & MOSTLER, 1972

Acanthocircus burnensis BLOME, 1984

Synonyma: Acanthocircus lupheri BLOME, 1984
Acanthocircus macoyensis BLOME, 1984
Acanthocircus ochocoensis BLOME, 1984
Acanthocircus prinevillensis BLOME, 1984

Acanthocircus silverensis BLOME, 1984

Praehexasaturnalis germanicus n. sp.

Praehexasaturnalis kirchsteinensis n. sp.

Praehexasaturnalis tetraradiatus n. sp.

? Praehexasaturnalis n. sp. A (= Sponogsaturnalis ? sp.

FOREMAN, 1971, pl. 1, fig. 6)

Remarks: KOZUR & MOSTLER (1983) assumed that

Praehexasaturnalis KOZUR & MOSTLER, 1983 repre-

sents the forerunner of Hexasaturnalis KOZUR & MOS-

TLER, 1983, because the striking hexagonalringoutlineis

in both genera the same and Hexasaturnalis began later

than Praehexasaturnalis.

As already pointed out under the remarks to the Sa-
turnliacea DEFLANDRE, 1953 and Parasaturnalidae KO-
ZUR & MOSTLER, 1972, Praehexasaturnalis is a dead-
ending sidebranch of the Parasaturnalidae, in which the
same hexagonal ring outline as in primitive Acanthocirci-
nae PESSAGNO, 1977 emend. (Hexasaturnalis KOZUR
& MOSTLER, 1983, Yaosaturnalis KOZUR & MOS-
TLER, 1983) evolved, but the other characteristics of the
Acanthocircinae (peripolar spines, ridges on the outer
margin of the ring) never evolved.

Within the genus Praehexasaturnalis for the first
time the development of taxa with auxiliary spines from
taxa without auxiliary spines have been observed. Both



morphologically and phylogenetically near related forms,
connected by transitional forms, are here united into Prae-
hexasaturnalis that is therefore here used in a broader
sense as by KOZUR & MOSTLER (1983). The forms with
auxiliary spines continued seemingly until the Upper Cre-
taceous without larger morphological changes. These
Upper Cretaceous forms have the highest number of auxil-
iary spines (about 12). However, the inner structure of the
shell of these Upper Cretaceous forms is unknown. There-
fore they can be only tentatively assigned to Praehexasa-
turnalis.

Praehexasaturnalis germanicus n. sp.

(PL 6, figs. 1, 2)

Derivatio nominis: According to its occurrence in Ba-
varia (Germany)

Holotype: The specimen on pl. 6, fig. 2; rep.-no. KoMo
1990 I-51

Material: 22 specimens.

Diagnosis: Shell globular, spongy, consisting of several
concentric layers. Microsphere latticed. Ring narrow, flat
or with shallow elliptical cross-section, undifferentiated,
outline rounded heptagonal to rounded subquadratical. 7
very long, slender, needle-like spines. Polar spine robust.
auxiliary spines (mostly 5-6) always present.’
Measurements:

Diameter of shell = 105-125 um

Diameter of ring (in polar axis) = 165 175 um
Diameter of ring (perpendicularly to polar
170-175 um

Width of ring = 12-25 pum

Length of spines = 35-110 pm
Distribution: Hettangian of Alps and Northern Hungary
(Varhegy Cherty Limestone Formation of Csovar)

axis) =

~

Remarks: Praehexasaturnalis kirchsteinensis n. sp. has

only 6 spines and always a hexagonal ring outline.

Praehexasaturnalis kirchsteinensis n. sp.

(PL 6, figs, 4,5,7)

Derivatio nominis: According to the type locality
Holotype: The specimen on pl. 6, fig. 5; rep.-no. KoMo
1990 I-50

Material: Several 100 specimens.

Diagnosis: Spongy shell globular, big, comprising larg-
est part of the ring cavity. It consists of several concentric
layers. Microsphere latticed. The shell surface is covered
by numerous delicate, short, needle-like spines. Ring flat
or with shallow oval cross-section, narrow, undifferentiat-
ed, outline hexagonal, with 6 very long, slender spines in
the 6 corners of the ring. 2 polar spines very strong, nearly
totally overgrown by the shell. 5-10 auxiliary spines of dif-
ferent size always present.

Measurements:

Diameter of shell = 96-120 um

Diameter of ring (in polar axis) = 156—170 pm
Diameter of ring (perpendicular to the polar axis) =
160-170 um

Width of ring = 15-20 pum

Length of spines = 70-95 um

Distribution: Frequent in the Hettangian of the Alps and
of Northern Hungary (Csovar, Varhegy Cherty Limestone
Formation).

Remarks: See under P. tetraradiatus n. sp.

Praehexasaturnalis tetraradiatus n. sp.

(PL. 6, figs. 8,9, 11, 12)

Derivatio nominis: According to the 4 rays at the inner
margin of the ring (2 polar spines, 2 auxiliary spines)
Holotype: The specimen on pl. 6, fig. 1 1; rep.-no. KoMo
1990 1-49 '
Material: More than 50 specimens.

Diagnosis: Shell large, globular, spongy, consisting of
several concentric layers. Microsphere latticed. Shell sur-
face with delicate, short, needle-like spines. Ring narrow,
flat, undifferentiated, outline hexagonal. 6 very large,
slender spines in the 6 corners of the ring. Axial spines a lit-
tle larger and robuster than the 4 circumaxial spines. Polar
spines robust. 2 auxiliar spines cross-like arranged with the
polar spines, mostly short, elongated triangular.
Measurements:

Diameter of shell = 110-120 pum

Diameter of ring (in polar axis) = 144—170 um

Diameter of ring (perpendicularly to polar axis) =
144-170 um

Width of ring = 13-21 pm

Length of spines = 90-125 um

Distribution: Rhaetian and Hettangian, Alps, Northern
Hungary (Csovér, Csovar Limestone Formation and
Vérhegy Cherty Limestone Formation), Japan, Philip-
pines.

Remarks: The phylomorphogenetic development within
the genus Praehexasaturnalis KOZUR & MOSTLER,
1983 emend. is now well known. The oldest forms (Lower
to Middle Norian) have 8 needle-like spines, all of about
the same length (the axial spines may be somewhat larger
than the circumaxial spines, like in the stratigraphically
younger forms). The main stock (with narrow ring) of
these oldest Praehexasaturnalis is represented by Prae-
hexasaturnalis burnensis (BLOME, 1984), synonyma
see under the genus. The outline of this species is still vari-
able (roundish octogonal, roundish suboval, subquadrat-
ic).
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The next younger form is Praehexasaturnalis ele-
gans (KOZUR & MOSTLER, 1972) from the Middle and
Upper Norian. In this species the 2 spines perpendicularly
to the polar spines are already distinctly shorter than the re-
maining spines, the outline of the ring is rounded hexago-
nal to rounded subquadratic.

In the Upper Norian ( ? to Rhaetian) Praehexasatur-
nalis tenuispinosus (DONOFRIO & MOSTLER, 1978)
occur, in which the 2 spines perpendicularly to the polar
spines are not more present. The ring outline is hexagonal.

Inthe (highest UpperNorian 7) Rhaetian and Hettan-
gian Praehexasaturnalis tetraradiatus n. sp. occur, that
coincides morphologically with P. tenuispinosus, but has
2 auxiliary spines additional to the polar spines. These 4 in-
ner spines are cross-like arranged. _

In the Hettangian P. kirchsteinensis evolved that re-
mained morphologically unchanged, but displays, 5-10
auxiliary spines.

Maybe that Upper Cretaceous forms with the same
morphological character, but with peripolar spines,arethe
last representatives of this line that yields important guide
formsforthe Norianto Hettangiantime-interval. 5 distinct
zones can be discriminated within this interval by evalua-
tion of the phylomorphogenetic development within the
genus Praehexasaturnalis: P. burnensis without P. ele-
gans (Lower Norian) P. elegans without P. tenuispino-
sus (Middle Norian) P. tenuispinosus without P. tetra-
radiatus (Upper Norian, higher Upper Norian radiolarian
faunas not yet well investigated) P. tetraradiatus without
P. kirchsteinensis (7 uppermost Norian, Rhaetian) P. te-
traradiatus and P. kirchsteinensis (Hettangian).

Taxonomically this development is interesting, be-
cause taxa with auxiliary spines evolved from taxa without
auxiliary spines. Moreover, in P. tetraradiatus the 2 polar
spines and the 2 auxiliary spines are cross-like arranged,
like in the genus Stauracanthocircus KOZUR & MOS-
TLER, 1983 emend. This is surely a homoeomorphy (see
under this genus).

Genus Stauracanthocircus KOZUR & MOSTLER,
1983 emend.
Type species: Pseudoheliodiscus concordis De WEV-
ER, 1981
Emended diagnosis: Typical forms large. Shell
spongy, globular or with rhombic or polygonal equatorial
outline and subhemiglobular or somewhat flattened lower
and upper side. Around the latticed microsphere several
concentric or subconcentric layers of spongy meshwork
are present.

Ring narrow to very narrow, flat or with shallow el-
liptical cross-section, undifferentiated. Outline variable,
mostly rectangular, quadratic, sometimes subelliptical,
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rarely roundish. Outer margin with many spines of differ-
entlength. 2 long polar spines and 2-4 long auxiliary spines
are present. If there are 2 auxiliary spines, than they are al-
ways arranged in cross-like position with the polar spines.
Ifthereare 4 auxiliary spines, they are diagonally arranged
against the polar spines, but the midline of the 2 pairs of
auxiliary spines lies again in a cross-like position with the
polar spines. The auxiliary spines become often as strong
as the polar spines. In this case 4 or 6 first order spines of
thé above mentioned arrangements are present.
Distribution: Very rare in the Norian and Rhaetian, fre-
quent in the Hettangian and Pliensbachian. Typical forms
were until now only found in the Liassic.
Assigned species:
Pseudoheliodiscus concordis De WEVER, 1981
? Quadrisaturnalis dickinsoni YEH, 1989
Stauracanthocircus asymmetricus n. sp.
Stauracanthocircus circularis n. sp.
? Stauracanthocircus ? hettangicus n. sp.
Stauracanthocircus quadratus n. sp.
? Stauracanthocircus poetschensis n. sp.
Stauracanthocircus pessagnoi n. sp.
Stauracanthocircus ruesti n. sp.
Stauracanthocircus transitus n. sp.
Stauracanthocircus triangulospinosus n. sp.
Remarks: Originally only forms with 4 long inner rays
(first order spines) in cross-like position were placed into
Stauracanthocircus. However, all transitional forms are
present to forms with 6 first order spines or with 2 polar
spines and 4 a little smaller auxiliary spines. 2 pairs of aux-
iliary spines are in these forms diagonally arranged to the
polar spines. By fusion of the 2 pairs of diagonally ar-
ranged spines 2 auxiliary spines in cross-like position to
the polar spines evolved. Often such forms are present, in
which on one side still a pair of diagonally arranged auxil-
iary spines occur, whereas on the other side the other pair
of auxiliary spines is already fused to one auxiliary spine
perpendicularly arranged to the polar spines. Therefore al-
so forms with 4 auxiliary spines diagonally arranged to the
polar spines or with 6 first order spines of the same ar-
rangement (the 4 auxiliary spines have in these forms the
same size as the polar spines) are here placed into Staur-
acanthocircus KOZUR & MOSTLER, 1983 emend.
Thedevelopmentof 4 cross-like arranged innerrays
occurred iteratively in the Parasaturnalidae KOZUR &
MOSTLER, 1972, but also in not related forms with satur-
nalidring and coarsely latticed cortical shell. Itrepresents a
function-morphologically stable construction and has
originally nolargertaxonomicmeaning. Only in combina-
tion with othertaxonomic features it can be used for spear-
ation of genera.



The first time this construction can be found in the
Austrosaturnalidae KOZUR & MOSTLER, 1983 from the
Longobardian and Camian. These forms with saturnalid
ring have a primary latticed shell with big pores and they
do not belong to the Saturnaliacea DEFLANDRE, 1953
with primary spongy shells.

Few forms with 4 cross-like arranged spines of near-
ly the same size or with only slightly larger polar spines ap-
peared during the Norian, e.g. "Spongosaturnalis” qua-
driradiatus KOZUR & MOSTLER, 1972. These forms
have always a circular ring outline and long spines of al-
most invariable size, typical for many Triassic Pseudohe-
liodiscus and Palaeosaturnalis species. Seemingly these
forms are homoeomorphic to Stauracanthocircus and
nearer related to Pseudoheliodiscus. They are surely not
directly related to the typical large Liassic Stauracantho-
circus species. Polar spines and auxiliary spines are rather
fragile in these forms.

A second Norian group with 2 polar spines and 2
auxiliary spines in cross-like arrangement is represented
by Stauracanthocircus ? poetschensis n. sp. These forms
have a rectangular to quadratic very broad ring with rela-
tively small ring cavity. Also the (Lower) Norian "Qua-
drisaturnalis” dickinsoni YEH, 1989 belongs to this
group. Quadrisaturnalis YEH, 1989 was established for
forms, mostly identical with Praeheliostaurus KOZUR &
MOSTLER, 1972 and the type species of Quadrisaturna-
lis YEH, 1979 (Quadrosaturnalis grandis YEH, 1979)
belongs to this genus. The latticed cortical shell with big
pores is typical for this genus. However, neither in "Qua-
drisaturnalis” dickinsoni YEH nor in Stauracanthocir-
cus ? poetschensis n. sp. a shell was found. The shell rem-
nants at the polar spine indicate rather a spongy shell con-
sisting of several concentric layers. Therefore these forms
are probably true parasaturnalids. On the other hand, they
are surely not the forerunner of the typical Liassic Staura-
canthocircus species, but may belong to an other species
group of this genus. The Hettangian Stauracanthocircus ?
ruesti n. sp. belongs probably also to this group, distin-
guished from typical Liassic Stauracanthocircus species
by the very strong peripheral spines and at the Norian
forms alsoby the broaderring. So long the shell of the Nori-
an forms and their relation to the Liassic S. ruesti n. sp.
(with preserved shell) are not yet known, it cannot be de-
cided, whether these forms belong to Stauracanthocircus
or not. They are here tentatively assigned to this genus.

Taxa with 2 or 4 auxiliary spines in the above de-
scribed "Stauracanthocircus arrangement" developed al-
so from taxa without auxiliary spines. This was observed in
the genus Praehexasaturnalis KOZUR & MOSTLER,
1983 (see under this genus). Praehexasaturnalis tetrara-

diatus n. sp. with 2 auxiliary spines in cross-like arrange-
ment to the polar spines is the transitional form between the
Upper Norian P. tenuispinosus (DONOFRIO & MOS-
TLER, 1978) (without auxiliary spines) and the Hettan-
gian Praehexasaturnalis kirchsteinensis n. sp. (with 5-10
auxiliary spines). Inspite of the cross-like arrangement of
the polar spines and 2 auxiliary spines, P. tetraradiatus n.
sp. is not related to Stauracanthocircus.

The "Stauracanthocircus arrangement” of the aux-
iliary spines/polar spinescan be also found in the 2 known
species of Liassosaturnalis n. gen., which is likewise not
nearer related to Stauracanthocircus. In these species
forms without auxiliary spines and with 1-6 auxiliary
spines are present in one population (one sample) of other-
wise morphologically identical forms. Specimens with 2
and 4 auxiliary spines have the typical "Stauracanthocir-
cus arrangement” of the auxiliary and polar spines.
Whereas in Praehexasaturnalis tetraradiatus n. sp. the
"Stauracanthocircus arrangement” of the auxiliary
spines/polar spines is within the species fixed, in Liasso-
saturnalis the "Stauracanthocircus arrangement” is even
only part of the intraspecific variability within species that
contain also forms without "Stauracanthocircus arrange-
ment" of the auxiliary spines/polar spines (specimens
without auxiliary spines or with 1, 3, 5, 6 auxiliary spines).

Stauracanthocircus 7 hettangicus n. sp., in turn,
corresponds in thering outline and denticulation to Palae-
osaturnalis subovalis n. sp. However, we have found only
forms with 2 auxiliary spines in cross-like arrangement
with the 2 polar spines or forms, in which on one side 2
closely spaced auxiliary spines are present, whereas at the
opposite side only one auxiliary spine, perpendicularto the
polar spines, is present. This arrangement corresponds to
the transitional forms between Stauracanthocircus spe-
cies with 2 and with 4 auxiliary spines. Transitional forms
to Palaeosaturnalis subovalis n. sp. (with one auxiliary
spine) have not been found. Therefore Stauracanthocir-
cus ? hettangicus n. sp. cannot be united with this species.
It is here tentatively assigned to Stauracanthocircus, in
spite of the fact that it is surely not nearer related to typical
representatives of this genus.

Stauracanthocircus asymmetricus n. sp.

(PL. 2, fig. 9; pl. 8, figs. 7-10; pl. 9, figs. 1-5,7,10,12)
Derivatio nominis: According to the asymmetric size
distribution of the spines

Holotype: The specimen on pl. 2, fig. 9; rep.-no. KoMo
1990 I-52

Material: Several 100 specimens.

Diagnosis: Unitlarge. Spongy shell mostly roundish po-
lygonal, rarely subspherical, mostly with hexagonal equa-
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torial outline. It consists of several layers of spongy mesh-
work around a latticed microsphere. Ring mostly narrow,
in extreme forms moderately broad, always flat, undiffer-
entiated. Ring outline variable, mostly elliptical to subel-
liptical with long axis perpendicularly to the polar axis,
partly rounded subrectangular to subquadratic. The 14-22
peripheral spines are at one polar region of the long axis
long, cylindrical to needle-shaped. On the opposite pole
the spines are slender triangular to broadly triangular and
considerably shorter. Polar spines long, but mostly rather
slender. 6 auxiliary spines long, mostly as strong as the po-
lar spines oronly a little narrower, rarely distinctly narrow-
er.

Measurements:

Diameter of shell = 105-150 um

Diameter of ring (in polar axis) = 200-270 um )
Diameter of ring (perpendicularly to the polar axis) =
235-340 um

Width of ring = 11-25 pm

Length of spines (in the half with long spines) =30—-70 um
Length of spines (in the half with short spines) = 7-30 pm
Distribution: Common in the Hettangian ofthe Alps and
Northern Hungary (Csovar, Varhegy Cherty Limestone
Formation).

Remarks: By the different length and shape of the spines
in the 2 halfs of the ring along the long axis this species is
easily torecognize. The other typical Stauracanthocircus
species of the Hettangian display, moreover, different ring
outlines. S. pessagnoi n. sp., S. quadratus n. sp., S. tran-
situsn. sp.,and S. triangulospinosus n. sp. have rectangu-
lar to quadratic ring outline, S. circularis n. sp. displays
circular ring outline. S. pessagnoi n. sp., S. quadratus n.
sp.and S. triangulosbinosus n. sp. have, moreover, only 2
auxiliary spines in cross-like arrangement with the polar
spines.

Specimens of S. asymmetricus n. sp. with concave
incision of the ring around the polar spines are in the ring
outline similar to Stauracanthocircus concordis De
WEVER, 1981. However, this species displays 2 auxiliary
spines in cross-like arrangement with the polar spines.
Moreover, in most specimens of S. asymmetricus n. sp. the
concave incision of the ring around the polar spines is not
present.

Pseudoheliodiscus nevianii n. sp. has the same dif-
ferences in the size and shape of the spines in the 2 halfs of
the ring along the long axis. However, this species has 5-6
auxiliary spines and only 11-12 peripheral spines. Pseu-
doheliodiscus nevianii n. sp. is seemingly near related to
the forerunner of typical representatives of Stauracantho-
circus KOZUR & MOSTLER, 1983 emend. Stauracan-
thocircus asymmetricus n. sp., in turn, is the most primiti-
ve representative of typical Stauracanthocircus species.
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Stauracanthocircus circularis n. sp.

(PL. 2, figs. S, 7; pl. 7, fig. 4)

Derivatio nominis: According to the circular ring out-
line, exceptional for the genus Stauracanthocircus
Holotype: The specimen on pl. 2, fig. 5; rep.-no. KoMo
1990 1-57

Material: 41 specimens.

Diagnosis: Spongy shell globular, consisting of several
concentric layers. Microsphere latticed. Ring very narrow
to narrow, flat, undifferentiated, outline circular to subcir-
cular. The 9-11 peripheral spines are small, triangular and
widely spaced. The axial spines are mostly distinctly
biggerthan the circumaxial spines, but also notlarge. Polar
spines robust, distinctly broader than the 4, diagonally ar-
ranged auxiliary spines.

Measurements:

Diameter of shell = 100-135 um

Diameter of ring = 250-305 um

Width of ring = 10-24 um

Length of circumaxial spines = 7-20 um

Length of axial spines = 11-35 um

Distribution: Hettangian Alps and Northern Hungary
(Csovar, Varhegy Cherty Limestone Formation).
Remarks: Stauracanthocircus circularis n. sp. is by its
circular/subcircular ring outline and its small, widely
spaced spines well distinguished from all other Staura-
canthocircus species.

Stauracanthocircus hettangicus n. sp.

(PL 7, figs. 2, 7)

Derivatio nominis: According to the occurrence in the
Hettangian

Holotype: The specimen on pl. 7, fig. 2; rep.-no. KoMo
1990 I-60

Material: 12 specimens.

Diagnosis: Spongy shell ellipsoidal, consisting of sever-
al layers and a latticed microsphere. Ring narrow, flat to
shallow elliptical in cross-section, undifferentiated, out-
line subelliptical with long axis parallel to the polar axis. 7-
8 slender triangular to needle-shaped, moderately long cir-
cum-axial spines and 2 long axial spines. One of the axial
spines is larger than the other one and displays cylindrical
shape. A larger unspined part of the ring is present to both
sides of the axial spines, but partly also in this sector 1-2
spines are present. Polar spines very robust, broad. 2-4
auxiliary spines in typical "Stauracanthocircus arrange-
ment". The auxiliary spines are considerably thinner than
the polar spines.

Measurements:

Diameter of shell (long axis parallel to polar spines) =
95-104 pm



Diameter of shell (short axis) = 85-90 um

Diameter of ring (parallel to polar spines) = 180-195 pum
Diameter of ring (perpendicularly to polar spines) =
145-180 pm

Width of ring = 12-20 pum

Length of circumaxial spines = 25-50 ptm

Length of axial spines = 50-74 um

Distribution: Hettangian part of Kirchstein Limestone
at the type locality.

Remarks: Stauracanthocircus ? hettangicus n. sp. is in
its size, shape and spinosity very similar to Palaeosatur-
nalis subovalis n. sp. However, transitional forms to this
species (withone auxiliary spine) havenot been found. On
the other hand, also Stauracanthocircus sp. B is very simi-
lar, but with more subrectangularring outline and shorter,
more triangular spines. Number and arrangement of cir-
cumaxial spines, the different length and shape of the axial
spines and the very robust polar spines are identical with
S. ? hettangicus n. sp. Stauracanthocircus sp. B, in turn,
is nearly related to the typical Stauracanthocircus species
S. pessagnoi n. sp. (see under this species). For the mo-
ment, S. ? hettangicus n. sp. is tentatively placed into the
genus Stauracanthocircus KOZUR & MOSTLER, 1983
emend., but we cannotexcludenearrelations to Palaeosa-
turnalis subovalis n. sp.

Stauracanthocircus quadratus n. sp.

(PL 3, figs. 1, 6; pl. 8§, figs. 2, 3,5)

Derivatio nominis: According to the mostly quadratic
ring outline

Holotype: The specimen on pl. 8, fig. 3; rep.-no. KoMo
1990 I-56

Material: 37 specimens.

Diagnosis: Spongy shell consisting of several concentric
layers and a latticed microsphere. Equatorial shell outline
quadratic to subquadratic. Ring narrow to very narrow,
flat, undifferentiated, outline quadratic to rectangular, po-
lar sides slightly concave. In general 6 spines are present,
one circumaxial spine at each corner and 2 axial spines. All
spines are needle-like, mostlylong. The axial spines are in
general somewhat longer than the circumaxial spines.
Rarely 1-2 small additional spines are present on one of the
polarsides of the ring. Polar spines distinctly stronger than
the 2 auxiliary spines. Inner spines always cross-like ar-
ranged.

Measurements:

Diameter of shell = 95-120 um

Diameter of ring (parallel to polar spines) = 190- 240 pum
Diameter of ring (perpendicularly to polar spines) =
230-260 pim

Width of ring = 10-15 um

Length of spines = 30—80 Ltm

Distribution: Hettangian of Alps and Northern Hungary
(Csovar, Varhegy Cherty Limestone Formation).
Remarks: Stauracanthocircus pessagnoi n. sp. has
more spines and rounded corners.

Stauracanthocircus pessagnoi n. sp.

(PL. 3, fig. 7)

Derivatio nominis: In honour of Prof.Dr.A.A. PES-
SAGNO, Dallas

Holotype: The specimen on pl. 3, fig. 7; rep.-no. KoMo
1990 I-55

Material: 12 specimens.

Diagnosis: Shell spongy, consisting of several layers of
spongy meshwork around a latticed microsphere. Equato-
rial outline of shell quadratic to rhombic. Ring very nar-
row, flat, undifferentiated, outline subquadratic with
rounded corners. 10 needle-shaped spines (2 axial spines
and 8 circumaxial spines, situated in each corner and near
to the corners on the sides parallel to the polar spines). 2 po-
lar spines and 2 auxiliary spines in cross-like arrangement.
Polar spines distinctly broader than auxiliary spines.
Measurements:

Diameter of shell (parallel to the polar spines)
90-100 ptm

Diameter of shell (diagonally to the polar spines)
80-86 pum

Diameter of ring (parallel to polar spines) = 221-239 pm
Diameter of shell (perpendicularly to polar spines) =
205-218 um '

Width of ring = 10-17 um

Length of spines = 20-33um

Distribution: Hettangian part of Kirchstein Limestone
at the type locality.

Remarks: Stauracanthocircus quadratus n. sp. displays
a quadratic to rectangular outline and only 6-7 peripheral
spines.

Stauracanthocircus sp. B (pl. 3, fig. 5) displays sim-
ilar outline and arrangement of the peripheral spines, but
the shell is subspherical with rounded subquadratic equa-
torial outline, the ring is broader, the peripheral spines are
more triangular and the polar spines are very robust.

Stauracanthocircus ? poetschensis n. sp.

(PL. 7, fig. 8; pl. 8, figs, 1, 4)

Derivatio nominis: According to the occurrence in the
Potschen Limestone

Holotype: The specimen on pl. 8, fig. 1; rep.-no. KoMo
1990 1-59

Locus typicus: Potschenwand (Austria, Hallstatt
Nappe)

Stratum typicum: Sample POM 6/7, siliceous lime-
stone of higher Middle Norian age
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Material: 41 specimens.

Diagnosis: Shell not preserved, but remnants at the polar

spines indicate a spongy shell consisting of several layers.

Ring broad, flat, undifferentiated, outline hexagonal, sub-

hexagonal with long axis perpendicularly to the polar

spines or subquadratic. 11-13 slender triangular to needle-

like very large spines alternate with somewhat to consider-

ably smaller spines. 2 polar and 2 auxiliary spines in cross-

like arrangement. Polar spines slender triangular, bigger

than the auxiliary spines or of nearly the same size.

Measurements:

Diameter of ring (parallel to polar spines) = 158-200 um

Diameter of ring (perpendicular to polar spines) =

170-225 um

Width of ring = 2040 um

Length of spines = 15-110 um

Distribution: Middle Norian of the Alps.

Remarks: "Quadrisaturnalis” dickinsoni YEH, 1989 (=

"Quadrisaturnalis” quadratus YEH, 1989) from the No-

rian of Oregon has 8 spines, most of them very broad and at

least in their proximal part with parallel sides.
Differences to Stauracanthocircus ruesti n. sp. see

under this species.

Stauracanthocircus ruestin. sp.

(PL. 6, fig. 10; pl. 7, figs. 1, 3)

Derivatio nominis: In honour of one of the pioneers of
fossil radiolarian studies, D. RUST

Holotype: The specimen on pl. 7, fig. 1; rep.-no. KoMo
1990 1-58

Material: 19 specimens.

Diagnosis: Spongy shell, consisting of several concen-
tric layers. Microsphere latticed. Ring narrow to moder-
ately broad, flat, undifferentiated. Ring outline rectangular
to subrectangular (with long axis parallel to the polar
spines), partly also quadratic. 12-14 very long, needle-like
spines. Polar spines robust. 3-4, very rarely 5 auxiliary
spines delicate, shorter than the polar spines, in typical
"Stauracanthocircus arrangement”.

Measurements:

Diameter of shell = 80—100 um

Diameter of ring (parallel to polar spines) = 104—180 ptim
Diameter of ring (perpendicularly to polar spines) =
152-165 um

Width of ring = 12-25 pum

Length of spines = 55-115 pum

Distribution: Hettangian part of the Kirchstein Lime-
stone from the type locality.

Remarks: By its very long spines Stauracanthocircus
ruesti n. sp. is quite different from all other Hettangian
Stauracanthocircus species. The only similar species is
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the Middle Norian Stauracanthocircus ? poetschensis n.
sp- This species has a similar ring outline and similar large
spines. However, it has always 2 polar spines in cross-like
arrangement with the 2 polar spines. Moreover, the long
axis of the ring lies perpendicularly to the polar spines, the
ring is broader and the polar spines are shorter.

Stauracanthocircus transitus n. sp.

(PL. 3, figs. 2, 9; pl. 7, figs. 6, 9)

Derivatio nominis: According to the transitional posi-
tion from species with 4 diagonally arranged auxiliary
spines to species with 2 auxiliary spines arranged in cross-
like position with the polar spines

Holotype: The specimen on pl. 3, fig, 9; rep.-no. KoMo
1990 I-53

Material; 27 specimens.

Diagnosis: Unit large. Shell spongy, consisting of sever-
al layers of spongy network around a latticed microsphere.
Equatorial outline of shell quadratic to rhombic. Ring sub-
rectangular to subquadratic with rounded corners, very
narrow, flat, undifferentiated. 19-26 needle-shaped pe-
ripheral spines of variable length. Within this species all
transitions are present between forms with 4 auxiliary
spines, diagonally arranged to the polar spines, to forms
with 2 auxiliary spines, cross-like arranged with the 2 polar
spines. In specimens with 4 auxiliary spines the distance
between 2 adjacent auxiliary spines is not large. Therefore
the diagonally arrangement of these auxiliary spines is not
far fromacross-like arrangement with the polar spines. Of -
ten on one side one pair of auxiliary spines is already fused
to one auxiliary spines situated perpendicularly to the polar
spines, whereas on the other side the 2 auxiliary spines are
still separated and diagonally arranged. Moreover, one
auxiliary spine on both sides (or on one side) may be ar-
ranged already perpendicularly to the polar spines (cross-
like arrangement), whereas the other spine of the pair di-
verges only a little (diagonal arrangement). Auxiliary
spines and polar spines mostly of the same size (all are first
order spines).

Measurements:

Diameter of shell (along the first order spines) =
130-150 pm

Diameter of shell (diagonally to the first order spines) =
110-130 pm

Diameter of ring (parallel to the polar spines)
275-294 um

Diameter of ring (perpendicularly to the polar spines)
270-286 um

Width of ring = 10-15 um

Length of spines = 10-55 um



Distribution: Hettangian of the Alps and Northern Hun-
gary (Csovar, Varhegy Cherty Limestone Formation).
Remarks: Stauracanthocircus triangulospinosus n. sp.
displays always 4 first order spines in cross-like arrange-
ment. The peripheral spines are slender triangular.

Stauracanthocircus asymmetricus n. sp. has al-
ways 4 auxiliary spines, diagonally arranged to the polar
spines. The peripherial spines on one half of the ring along
the long axis are long and needle-shaped to cylindrical, like
in S. transitus n. sp., on the opposite half of ring considera-
bly shorter and triangular.

In the Pliensbachian Stauracanthocircus concor-
dis (De WEVER, 1981) the ring is concave around the po-
lar spines and distinctly convex perpendicularly to the po-
lar spines. Infew specimens of S. transitus n. sp. (pl. 3, fig.
2) the ring is slightly to distinctly convex perpendicularly
to the polar spines, but not yet concave around the polar
spines. These forms (S. cf. transitus n. sp.) are transition-
al forms to S. concordis (De WEVER), but still nearer re-
lated to S. transitus n. sp.

Stauracanthocircus triangulospinosus n. sp.

(Pl 3, figs. 8, 10; pl. 7, fig. 5)

Derivatio nominis: Accordingto the slender triangular
peripheral spines

Holotype: The specimen on pl. 3, fig. 10; rep.-no. KoMo
1990 I-54

Material: 45 specimens.

Diagnosis: Spongy shell withquadratictorhombicequa-
torial outline. It consists of several concentric layers of
spongy meshwork and displays a latticed microsphere.
Ring very narrow, flat, undifferentiated, outline subrec-
tangular to subquadratic with slightly rounded corners.
The 22-24 peripheral spines are short and slender triangu-
lar. Among the 4 first order spines in cross-like arrange-
ment no differentation into polar and auxiliary spines is
possible.

Measurements:

Diameter of shell (along the first order spines) =
100-125 pm

Diameter of shell (diagonally to the first order spines) =
100-105 pm

Diameter of ring (long axis) = 232-255 um

Diameter of ring (short axis) = 195— 208 tm

Width of ring =8-11 um

Length of spines = 10-25 um

Distribution: Hettangian of Alps and Northern Hungary
(Csovar, Varhegy Cherty Limestone Formation).
Remarks: Stauracanthocircus transitus n. sp. has a sim-
ilar ring outline, but it is larger, the spines are needle-
shaped and often 3 or 4 auxiliary spines are present.

Stauracanthocircus sp. A.

(P1. 8, fig. 6) .

Remarks: This form (only one broken specimen) is simi-
lar to Staurancanthocircus transitus n. sp., but has very
fragile and mostly short peripheral spines. Itis seemingly a
pathologic form, in which parts of the ring turned out of the
equatorial plane. Most probably it belongs to S. transitus
n. sp.

Distribution: Hettangian part of the Kirchstein Lime-
stone at Mt. Kirchstein.

Stauracanthocircus sp. B

(PL. 3, fig. 5)

Remarks: The outline of the ring, number and arrange-
ment of the peripheral spines are similar as in Stauracan-
thocircus pessagnoi n. sp. However, the ring is broader,
the peripheral spines are mostly triangular, the polar spines
are very robust and the shell is subglobular.

There are also similarities to Stauracanthocircus ?
hettangicus n. sp., but this species has a subelliptical ring
outline and larger spines.

Distribution: Hettangian part of the Kirchstein Lime-
stone at Mt. Kirchstein.

Stauracanthocircus sp. C

(PL 2, fig. 1)

Remarks: Only one damaged specimen of a distinct
Stauracanthocircus species with circular ring outline, cy-
lindrical circumaxial spines and broadly cylindrical, ter-
minal rounded triangular axial spines is present. Probably
it has the same asymmetric spinosity as Stauracanthocir-
cus asymmetricus n. sp. or Pseudoheliodiscus nevianii
n. sp. However, only a part of the second half of the ring is
preserved. Therefore no exact description of this probably
new species is possible. The near related Stauracantho-
circus asymmetricus n. sp. is distinguished by its ring out-
line.

Genus Stauromesosaturnalis n. gen.

Derivatio nominis: According to the peripolar spines

(as in Mesosaturnalis KOZUR & MOSTLER, 1983),

cross-like arranged with 2 auxiliary spines

Type species: Stauromesosaturnalis schizospinosus

n. gen. n. sp.

Diagnosis: Shell spherical or subspherical with rounded

subquadratic equatorial outline, spongy, consisting of sev-

eral concentric layers and a tiny latticed microsphere.
Ring narrow, flat, undifferentiated, with subellipti-

cal torounded quadratic outline and numerous, relatively

short peripheral spines. 2 peripolar and 2 auxiliar spines

(also opposite to interspine spaces) are cross-like ar-
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ranged. In early forms the peripolar spines are somewhat
broader than the auxiliary spines. In highly evolved forms
all4 spines have the same size. Atleastopposite to the peri-
polar spines, in higherevolved formsopposite to all 4 inner
spines the ring is concavely incised.

Distribution: Hettangian to Pliensbachian.

Assigned species:

Stauromesosaturnalis schizospinosus n. gen. n. sp.
Stauromesosaturnalis deweveri n. sp.

Remarks: Stauracanthocircus KOZUR & MOSTLER,
1983 emend. has polar spines.

Praemesosaturnalis KOZUR & MOSTLER, 1983
has several small auxiliary spines, not cross-like arranged
with the peripolar spines. This genus is probably the fore-
runner of Stauromesosaturnalis n. gen. However, also a
direct derivation from Staurocanthocircus KOZUR &
MOSTLER, 1983 emend. by transformation of the polar
spines into peripolar spines cannot be excluded.

Japonisaturnalis KOZUR & MOSTLER, 1973 has
evolved from Stauromesosaturnalis species with bifur-
cated peripheral spines. If the terminal branches of adja-
cent spines grow together, a second ring evolved, separat-
ed from the primary ring by a pore ring. The first true Ja-
ponisaturnalis KOZUR & MOSTLER, 1972 is known
from the Pliensbachian.

Stauromesosaturnalis schizospinosus n. gen. n. sp.

(PL. 3, fig. 3

Derivatio nominis: According to the bifurcated or oth-
erwise branched peripheral spines

Holotype: The specimens on pl. 3, fig. 3; rep.-no. KoMo
1990 I-61 :

Material: 7 specimens.

Diagnosis: Shell spongy, consisting of several concen-
tric layers and a central latticed microsphere. Equatorial
shell outline rounded subquadratic. Ring very narrow, flat,
undifferentiated. Ring outline subelliptical (long axis per-
pendicular to the peripolar spines), with distinct concave
incision above the peripolar spines. 22-24 short peripheral
spines, terminally bifurcated or asymmetrically branched.
Peripolar spines distinctly broader than the 2 auxiliary
spines. The 4 inner spines are cross-like arranged.
Measurements:

Diameter of shell = 100-110 pm

Diameter of ring (parallel to peripolar spines)
196-209 um

Diameter of ring (perpendicularly to peripolar spines)
241-263 um

Width of ring = 13-17 um

Length of spines = 19-30 um

Distribution: Hettangian part of Kirchstein Limestone
at the type locality.
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Remarks: Stauromesosaturnalis schizospinosus n. gen.
n. sp. is the forerunner of the Pliensbachian Japonisatur-
nalis n. sp. A (= Japonisaturnalis japonicus sensu De
WEVER, 1981, pl. 1, fig. 6). By fusion of the terminal
branches of adjacent peripheral spines a second ring
evolved that encloses together with the primary ring and
the primary peripheral spines of the pore ring.

The Pliensbachian Stauromesosaturnalis deweve-
rin. sp. displays terminally unbranched spines, the ring is
concavely incised opposite to all 4 first order spines that
have all the same size.

Stauromesosaturnalis deweveri n. sp.

Derivatio nominis: In honour of Dr. P. De WEVER,
Paris, who figured this species for the first time

1981 Pseudoheliodiscus ? sp. aff. P. concordis De WEV-
ER, p. 142, pl. 2, fig. 4

Holotype: The specimen, figured by De WEVER (1981,
pl. 2, fig. 4) as Pseudoheliodiscus ? sp. aff. concordis
Locus typicus: Giimiisli Unit (Western Taurus, eastern
Domuz Dag Massif), north of Korkuteli, Sogiitlii gorge, 1
km NW of Giimiislii village, Turkey

Stratum typicum: Sogiitlii dere Formation, radiolarian
limestone, Pliensbachian

Diagnosis: Shell globular, spongy. Ring narrow, flat, un-
differentiated, outline rounded subquadratic, opposite to
the 4firstorderspines concavely incised. 21 short, triangu-
lar peripheral spines. 4 first order inner spines of equal size
in cross-like arrangement, all opposite to interspine spac-
es. Peripolar and auxiliary spines cannot be separated.
Measurements (holotype):

Diameter of shell = 150 pm

Diameter of ring along the inner spines = 250 pm and
260 um

Width of ring = 15-18 um

Length of spines = 14-25 um

Distribution: Pliensbachian of the type locality.
Remarks: See under Stauromesosaturnalis schizospi-
nosus n. gen. n. sp.

Genus Liassosaturnalis n. gen.
Derivatio nominis: According to the occurrence in the
Liassic
Type species: Liassosaturnalis parvus n. gen. n. sp.
Diagnosis: Unit small. Shell spherical to slightly ellip-
soidal, spongy,consisting of several concentrical layers of
spongy meshwork and of a central latticed microsphere.
Ring narrow, flat, undifferentiated. Ring outline
subcircular, elliptical or subelliptical. Axial spines always
present. Remaining ring smooth or with one rudimentary
spine. Angular undulations as rudiments of former spines



often present. 2 polar spines very robust. Without or with
1-6 long, delicate auxiliary spines.
Distribution: Hettangian of the Alps and Northern Hun-
gary.
Assigned species:
Liassosaturnalis parvus n. gen. n. sp.
Liassosaturnalis undulatus n. sp.
Remarks: By the unspined or nearly unspined outer ring
margin with distinct axial spines this genus is clearly sep-
arated both from Pseudoheliodiscus KOZUR & MOS-
TLER, 1972 and from Palaeosaturnalis DONOFRIO &
MOSTLER, 1978, which have always many and mostly
long circumaxial peripheral spines. Palaeosaturnalis
parvispinosus n. sp. is probably closer related to the fore-
runner of Liassosaturnalis n. gen. In this species only 5-9
short, widely spaced circumaxial spines are present.
Mesosaturnalis KOZUR & MOSTLER, 1981 and
Praemesosaturnalis KOZUR & MOSTLER, 1981 are ad-
ditionally separated by their peripolar spines.
Pseudacanthocircus n. gen. has never polar spines
and auxiliary spines. Unspined ring can be often found in
this genus.

Liassosaturnalis parvus n. gen. sp.

(PL. 4, figs. 3, 7, 12; pl. 6, fig. 6)

Derivatio nominis: According to the small size of the
unit

Holotype: The specimen on pl. 4,fig. 12; rep.-no. KoMo
1990 I-62 ;
Material: 39 specimens.

Diagnosis: Unit small. Shell slightly ellipsoidal, spongy,
consisting of several concentric layers. Microsphere lat-
ticed. Ring narrow, flat, undifferentiated. Ring outline
subcircular or elliptical, with long axis parallel or perpen-
dicular to the polar spines. No circumaxial spines, but axial
spines well developed. 2 very robust polar spines. auxiliary
spines either missing orrarely 1-4 delicate auxiliary spines
are present.

Measurements:

Diameter of shell (parallel to polar spines) = 75-80 um
Diameter of shell (perpendicularly to polar spines)=
57--63 wm

Diameter of ring (parallel to polar spines) = 157-187 pm
Diameter of ring (perpendicularly to polar spines) =
140-213 um

Width of ring = 7-16 um

Length of axial spines = 10-27 um

Distribution: Hettangian of Alps and Northern Hungary
(Csovér, Varhegy Cherty Limestone Formation).
Remarks: Liassosaturnalis undulatus n. sp. is larger and
has angular undulations on the outer margin of the ring as

rudiments of peripheral spines. Sometimes also a small pe-
ripheral spine is present.

Liassosaturnalis undulatus n. sp.

(PL. 1, fig. 6; pl. 4, fig. 6; pl. S, figs. 2, 4)

Derivatio nominis: According to the angular undula-

tions on the outer margin of the ring

Holotype: The specimen on pl. 1, fig. 6; rep.-no. KoMo

1990 I-63

Material: 51 specimens.

Diagnosis: Shell subspherical to subellipsoidal, spongy,

consisting of several concentric layers of spongy mesh-

work. Microsphere latticed. Ring narrow, flat, undifferen-

tiated. Ring outline variable, subcircular, slightly subellip-

tical, elliptical, with long axis parallel or perpendicularly

to the polar spines. Outer margin of ring with angular un-

dulations as rudiments of former circumaxial spines.

Sometimes a single circumaxial spine is still present. Polar

spines very robust. auxiliary spines either missing or 1-6

fragile, long auxiliary spines are present.

Measurements:

Diameter of shell (parallel to polar spines) = 70--84 um

Diameter of shell (perpendicularly to polar spines)=

73-76 m

Diameter of ring (parallel to polar spines) = 175-220 pim

Diameter of ring (perpendicularly to polar spines) =

164-272 pm

Width of ring = 10-20 pm

Length of circumaxial spine (if present) = 5-16 um

Length of axial spines = 7-40 um

Distribution: Hettangian of Alps and Northern Hungary

(Csovar, Varhegy Cherty Limestone Formation).
Remarks: Liassosaturnalis parvus n. gen. n. sp. is

mostly smaller and has a smooth outer margin of ring.

Subfamily Acanthocircinae PESSAGNO, 1977 emend.
Synonym: Hexasaturnalinae KOZUR & MOSTLER,
1983

Emended diagnosis: Shell spongy, consisting of sever-
al concentric layers of spongy meshwork around a central
latticed microsphere. Ring outline in primitive forms still
variable: octogonal, heptagonal, rounded tetragonal or
slightly elliptical with long axis perpendicularly to the po-
lar axis. From the latter forms taxa with strongly transver-
sally elliptical rings evolved. This ring outline is present in
all highly evolved Acanthocircinae.

Most primitve forms have 8, 7, 6 or 4, very rarely 5
tricarinate spines. The carinae of the peripheral spines are
connected on the outer margin of the upper and lower ring
surface by distinct high ridges that enclose on the lateral
outer surfaces by distinct high ridges that enclose on the
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lateral outer surface of the ring a furrow that continues into
the furrows on the spines. The inner part of the ring is in
these primitive forms still flat. In higher evolved forms on-
ly 4, later by fusion only 2 strong periperhal spines are
present that are in the beginning still tricarinate, later bicar-
inate with carinae perpendicularly to the ring plane. These
carinaeare, like in the primitve forms, connected by aridge
on the lower and upper surfaces of the ring. These ridges
are very high and separated by a deep furrow on the outer
lateral surface of the ring and later even additionally by a
shallow furrow on the inner lateral surface of the ring. Parts
of the inner ring margin, at least in its lower part, remained
still wedge-like, but as a whole the ring is in these highly
evolved forms higher than broad.

2 peripolar spines. Only in the most primitive forms,
transitional to the Parasaturnalinae, polar spines are still
present. In primitive forms auxiliary spines are sometimes
present.

Distribution: Norian, Aptian, until the Liassic very rare.
Assigned genera:

Acanthocircus SQUINABOL, 1903

Hexasaturnalis KOZUR & MOSTLER, 1983
Yaosaturnalis KOZUR & MOSTLER, 1983
Octosaturnalis n. gen.

Remarks: The Acanthocircinae PESSAGNO, 1979
emend. have evolved from the Parasaturnalinae KOZUR
& MOSTLER, 1972. In the Middle and Upper Norian ex-
isted a distinct group of Pseudoheliodiscus and Praeme-
sosaturnalis species within the Parasaturnalinae that have
distorted peripheral spines turned out the ring plane under
different angles. The 2 edges of these spines, often differ-
entiated by secondary spines, are connected by a narrow,
mostly indistinct ridge at the outer margin of the ring. This
is already a characteristic feature of the Acanthocircinae,
but otherwise these species are still typical Parasaturnali-
nae with broad, flatringand numerous (10-12) peripheral
spines. They are here regarded as transitional group to pri-
mitve Acanthocircinae within the Parasaturnalinae.

In another group within the Norian to Hettangian
Parasaturnalinae the number of the peripheral spines is re-
duced to 6-8 and an octogonal to hexagonal ring outline
evolved, characteristical for primitive Acanthocircinae.
However, in these forms the marginal spines are not dis-
torted and connecting ridges on the ring between adjacent
peripheral spines are not present. This group (Praehexas-
aturnalis KOZUR & MOSTLER, 1983) evolved in the
Rhaetian and Hettangian auxiliary spines and deviated by
this again for the Acanthocircinae. Praehexasaturnalis
KOZUR & MOSTLER, 1983 is now not more regarded as
the forerunner of Hexasaturnalis KOZUR & MOSTLER,
1983, a primitive representative of the Acanthocircinae. It
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was a dead-ending side branch within the Parasaturnali-
nae, in which some features of primitive Acanthocircinae
(ring outline, reduction of number of peripheral spines)
evolved, butthe most characteristic feature of the Acantho-
circinae, the ridges on the outer part of the ring, have never
developed in this group.

Within the Norian-Liassic genus Stauracanthocir-
cus KOZUR & MOSTLER, 1983 forms with rectangular
rings are frequent and partly also elliptical rings are
present, the ring is narrow and few representatives display
even areduction of the periperhal spine number (6). How-
ever, also in this group the ring remains undifferentiated
and Stauracanthocircus disappeared without successors
within the Toarcian. \\ v

Both Praehexasaturnalis KOZUR & MOSTLER,
1983 and Stauracanthocircus KOZUR & MOSTLER,
1983 have been placed originally into the Hexasaturnali-
nae KOZUR & MOSTLER, 1983. However, our new in-
vestigations have shown that both groups are blind-ending
taxa within the Parasaturnalinae thatdeveloped some mor-
phological characters of the Acanthocircinae, but not the
most characteristic differentation of the ring. Therefore
they cannot be regarded as forerunners of Hexasaturnalis
KOZUR & MOSTLER, 1983, a primitive representative
of the Acanthocircinae PESSAGNO, 1977 emend. Even
they cannot be united with Hexasaturnalis into one sub-
family Hexasaturnalinae KOZUR & MOSTLER, 1983.
This subfamily is here regarded as synonym of the Acan-
thocircinae PESSAGNO, 1977. However, in tribus rank
the Hexasaturnalini KOZUR & MOSTLER, 1983 can be
furthermore separated from the Acanthocircini PESSAG-
NO, 1977.

Within the Hettangian Palaeosaturnalis evolved a
group with very variable ring outline, varying from circu-
lar to transversally elliptical (even intraspecifically). The
latter ring outline is typical for higher evolved Acanthocir-
cinae PESSAGNO, but also for the Pseudacanthocircidae
n. fam. This outline has therefore iteratively developed in
different saturnalid radiolarians. It does not indicate closer
relations. Also in this species group of Palaeosaturnalis
the ring remained flat, undifferentiated and with some ex-
ceptions rather braod. These forms disappeared without
successors at the top of the Hettangianor a little later. Also
this group cannot be regarded as forerunners of the Acan-
thocircinae PESSAGNO, 1977 emend.

The Pseudacanthocircidae n. fam.arein the ring out-
line homoeomorph to highly evolved Acanthocircinae
(Acanthocircus SQUINABOL). These highly evolved
Acanthocircinae and the Pseudacanthocircidae are mor-
phologically only separated by the different mode of ring
differentation. In highly evolved Pseudacanthocircidae al-



ways the inner margin is elevated, the outer margin, in turn,
wedge like (ring with triangular cross section with broad
base inside). Moreover, the highly evolved Pseudacantho-
circidae have mostly a strongly spined ring, whereas the
highly evolved Acanthocircinae have only 2 (rarely 2-4)
peripheral spines around the long axis poles.

In contrary to the highly evolved Acanthocircinae
and Pseudacanthocircidae, their primitive representatives
are morphologically very different: Octogonal, heptago-
nal, hexagonal or rounded tetragonal ring outline, 4-8
stout, tricarinate spines, strongring differentation by ridg-
es near the outer margin in early Acanthocircinae and
strongly transversally elongated ring outline, undifferen-
tiated ring, primary undenticulated ring, later partly with
numerous, but small spines in early Pseudacanthocircidae.

The phylomorphogenetic relations within the Acan-
thocircinae PESSAGNO, 1977 emend. are now well
known. The most primitive Norian forms (Octosaturnali.
n. gen.) have still 8 stout, tricarinate peripheral spines, po-
lar spines and auxiliary spines. During the Liassic the spine
number is reduced to 6 and forms with peripolar spines
evolved (Yaosaturnalis KOZUR & MOSTLER, 1983 =
Kozurastrum De WEVER, 1984 with auxiliary spines and
Hexasaturnalis KOZUR & MOSTLER, 1983 without
auxiliary spines). Forms with 4 stout, tricarinate spines ap-
peared for the first time in the basal Middle Jurassic. From
these forms evolved by prolongation of the ring (strongly
transversally elongated elliptical outline) still in the lower
part of Middle Jurassic the first, most primitive Acantho-
circus species, A. suboblongus (YAO, 1972).

This specieshasstillthe same type of ring differenta-
tion (connecting ridges between adjacent peripheral spines
on the lower and upper surface of the outer part of the ring)
as in the primitive Acanthocircinae (Octosaturnalis n.
gen., Hexasaturnalis KOZUR & MOSTLER, 1983, Yao-
saturnalis KOZUR & MOSTLER, 1983).

The Middle Jurassic A. suboblongus (YAO, 1972)
is the forerunner of the Late Jurassic A. variabilis (SQUI-
NABOL, 1914). In this species the outer ridges on the
upper and lower surfaces of the ring are almost as broad as
the wholering and the ring is because ofthe high and broad
ridges at least as high as wide, in all subsequent species
even higher than wide.

All transitional forms are known between A. varia-
bilis (SQUINABOL, 1914) with still 4 spines (2/2 along
the poles of the long ring axis) and the Late Jurassic to
Lower Barremian A. dicranacanthos (SQUINABOL,
1914). These transitional forms have beenalready figured
by SQUINABOL (1914, p. 22, fig. 7). 2 spines at both pole
fused to one spine that is distally still separated into 2
branches, the unfused remnants of the originally 2 spines.

In transitional forms at one pole the 2 spines are already
fused in the above described manner, whereas at the oppo-
site pole the 2 spines are not yet fused.

By total fusion of the spines (also the unfused termi-
nal parts of the 2 spines have been fused). A. trizonalis
(RUST, 1898) (= A. amissus SQUINABOL, 1914)
evolved from A. dicranacanthos (SQUINABOL, 1914).
With the disappearence of A. trizonalis (RUST) at the top
of the Aptian the genus Acanthocircus SQUINABOL and
with it the Acanthocircinae PESSAGNO disappeared. All
reported younger "Acanthocircus" are representatives of
the Pseudacanthocircidae n. fam. or of the Saturnalidae
DEFLANDRE, 1953.

Genus Octosaturnalis n. gen.

Derivatio nominis: Accordingto the 8 stout tricarinate
peripheral spines and the octogonal outline of the ring
Type species: Octocaturnalis carinatus n. gen. n. sp.
Diagnosis: Octogonal ring broad, flat, with 8 stout, tri-
carinate spines. The ridges on the spines are connected by
distinct, but narrow ridges on the upper and lower surfaces
of the outer part of the ring. These ridges are considerably
narrower than the width of the ring. They enclose a distinct
furrow on the lateral outer surface of the ring.

Polar spines small, 6-8 small auxiliary spines
present.

Distribution: Norian of Northern Calcareous Alps.
Assigned species: Octosaturnalis carinatus n. gen. n.
sp.

Remarks: The stout tricarinate peripheral spines and the
connecting ridges on the upper and lower surfaces (that
border a furrow on the lateral outer margin of the ring) are
almost identical with Hexasaturnalis KOZUR & MOS-
TLER, 1983, the immediate forerunner of Acanthocircus
SQUINABOL, 1903. However, Hexasaturnalis has peri-
polar spines and only 4-7, mostly 6 tricarinate peripheral
spines and heptagonal, hexagonal or roundish tetragonal to
slightly transversally elliptical ring outlines.

The carinate spines and the connecting ridges be-
tween adjacent spines across the outer part of the ring sur-
faces are the most characteristic features of all Acanthocir-
cinae PESSAGNO, 1977 emend. Therefore Octosaturna-
lis n. gen. is the stratigraphically oldest and most primitive
representative of this subfamily. It has still transitional
character tothe Parasaturnalinae (broad, flatring, relative-
ly high number of spines, polar spines, not more present in
younger representatives of the Acanthocircinae).

Also within the Parasaturnalinae KOZUR & MOS-
TLER, 1972, there is a species group with transitional
character to the Acanthocircinae PESSAGNO, 1977
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emend. Pseudoheliodiscus kahleri (KOZUR & MOST-
LER, 1972) and few further, still undescribed Parasatur-
nalinae have distorted spines, in which the 2 edges of the
spines turned out the ring plane under different angles.
Theseedgesofadjacent peripheral spines are connected on
the outermost part of the ring surfaces by narrow, mostly
indistinct ridges. Concerning the numerous peripheral
spines (10-12) these forms are still typical Parasaturnali-
nae. They are not direct forerunners of the earliest Acan-
thocircinae PESSAGNO, 1977 with tricarinate spines, but
near related to them.

Octosaturnalis carinatus n. gen. n. sp.

(PI. 10, figs. 1, 3,4)

Derivatio nominis: According to the stout tricarinate
spines

Holotype: The specimen on pl. 10, figs. 1, 3, 4; rep.-no.
KoMo 1990 1-24

Locus typicus: Potschen road, Hallstatt area (Austria)
Stratum typicum: Norian Potschen Limestone, sample
Ptx 1

Material: 7 specimens.

Diagnosis, distribution and remarks: See under the
genus.

Measurements:

Diameter of ring = 128-140 pm

Width of ring = about 20 pm

Width of ridges on the ring surfaces = about 4um
Length of the spines = 100-110 um

Genus Yaosaturnalis KOZUR & MOSTLER, 1983
Synonym: Kozurastrum De WEVER, 1984

Type species: Spongosaturnalis ? minoensis YAOQO,
1972

Remarks: De WEVER (1984) established for typical
Praemesosaturnalis species the genus Kozurastrum De
WEVER, 1984. He stated that this genus differs from Me-
sosaturnalis KOZUR & MOSTLER, 1981 by the pres-
ence of auxiliary spines. This is exactly the difference be-
tween Mesosaturnalis KOZUR & MOSTLER, 1981 and
Praemesosaturnalis KOZUR & MOSTLER, 1981 as
pointed out by KOZUR & MOSTLER (1981, 1983).
Therefore the Kozurastrum species, with exception of the
type species, belong to Praemesosaturnalis KOZUR &
MOSTLER, 1981.

The type species of Kozurastrum De WEVER,
1984, Spongosasaturnalis ? minoensis YAQO, 1982, is,
however, a typical representative of the early Acanthocir-
cinae. It displays tricarinate peripheral spines and strong
connecting ridges on the upper and lower surface of the
outer part of the ring, nearly as broad as half of the ring's
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width. For this species KOZUR & MOSTLER, 1983 intro-
duced the genus Yaosaturnalis KOZUR & MOSTLER,
1983. Because the type species of Yaosaturnalis KOZUR
& MOSTLER, 1983 and of Kozurastrum De WEVER,
1984 are identical, the latter genus is an younger synonym
of Yaosaturnalis KOZUR & MOSTLER, 1983, in spite of
the fact that almost all species of Kozurastrum belong to
Praemesosaturnalis KOZUR & MOSTLER, 1981.

Family Saturnalideidae n. fam.

Diagnosis: Latticed cortical shell, connected with a cir-
cular, undifferentiated ring by 2 polar spines. Numerous
peripheral spines.

Distribution: ? Tertiary, Recent.

Assigned genus: Saturnalium HAECKEL, 1887
Remarks: The Saturnalideidae n. fam. evolved from the
Parasaturnalidae KOZUR & MOSTLER, 1972 by devel-
opment of a latticed cortical shell.

The Saturnalidae DEFLANDRE, 1953 s. str. have
likewise a latticed cortical shell, but the ring is always
transversally elongated, smooth or with spines along the
poles ofthe long axis, differentiated by aridge on the lower
and upper surface of the inner side of the ring (triangular
cross section with broad base inside).

Family Pseudacanthocircidae n. fam.

Diagnosis: Shell globular, spongy, consisting of many
concentric layers. Microsphere latticed, displaying large
pores. Second latticed medullary shell may be present in
advanced representatives.

Ring always transversally elliptical, smooth or with
mostly very short spines either along the whole margin or
concentrated around the long axis or short axis poles. In
primitive forms, persisting partly up to the Cretaceous, the
ring is undifferentiated, with shallow elliptical cross-sec-
tion. Inmore advanced forms the ring is differentiated by a
ridge on the inner side of the ring. By thisithas a triangular
cross-section with the broad base inside.

Ring and shell connected by 2 peripolar spines, only
in few primitive forms with polarspines, butthe taxonomic
position of these latter taxa is unclear. Further 4 first order
spines, arranged diagonally against the peripolar spines,
may be present in primitive forms. Tiny auxiliary spines
only exceptionally present around the base of the peripolar
spines.

Distribution: Lower Carnian-Upper Cretaceous. In the
Triassic extremely rare.

Assigned genera:

Pseudacanthocircus n. gen.

Spongosaturnalis CAMPBELL & CLARK, 1944
Spongosatruninus CAMPBELL & CLARK, 1944



Praeacanthocircus KOZUR & MOSTLER, 1983
Eospongosaturninus n. gen.

? Spinoellipsella n. gen.

Triacanthocircus n. gen.

Remarks: The Pseudacanthocircidae n. fam. are ho-
moeomorphic to highly evolved Acanthocircinae PES-
SAGNO, 1977 that have evolved from the Parasaturnali-
nae KOZUR & MOSTLER, 1972. Primitive Pseudacan-
thocircidae n. fam. from the Triassic and Liassic are still
quite different from contemporaneous early Acanthocirci-
nae and Parasaturnalinae. The oldest representative of the
Pseudacanthocircinae n. fam., Praeacanthocircus KO-
ZUR & MOSTLER, 1983 has already during the Lower
Carnian a narrow, smooth, transversally strongly elongat-
ed ring with peripolar spines and 4 additional, diagonally
arranged firstorder spines. The contemporaneous Parasa-
turnalinae KOZUR & MOSTLER; 1972 have all a broad,
flat, circular ring with numerous spines. Acanthocircinae
PESSAGNO, 1977 had not yet evolved in this time.

The Norian to Liassic early Acanthocircinae PES-
SAGNO, 1977havenot yettransversally strongly elongat-
ed rings and the upper and lower ring surfaces have distinct
ridges, connecting the ridges of the tricarinate spines.
Highly evolved Acanthocircinae PESSAGNO, 1977 have
both a transversally strongly elongated elliptical ring and
ridges on the ring as the highly evolved contemporaneous
Pseudacanthocircidae n. fam. However, in the Pseudacan-
thocircidae n. fam. the ridges evolved on the inner side of
the ring that has in highly evolved forms therefore invari-
ably a triangular cross section with the broad basis inside.
In the Acanthocircidae the ring is broadeston its outerside,
where a furrow is present on the lateral outer surface.

Primitive Pseudacanthocircidae n. fam. have simi-
larities to some highly evolved Parasaturnalinae KOZUR
& MOSTLER, 1972. Some Liassic Palaeosaturnalis
KOZUR & MOSTLER, 1972 display a transversally elon-
gatedelliptical ring. These forms are only distinguished by
their polar spines, with exception of Spinoellipsella n.
gen. never present in the Pseudacanthocircidae n. fam.
Moreover, transversally elongated elliptical ring outline is
not fixed in highly evolved Parasaturnalinae. Except this
ringoutlinealso forms with roundish or vertically elongat-
ed elliptical ring may occur in the same species.

Strong homoeomorphy exists between spined Lias-
sic Pseudacanthocircidae n. fam. and highly evolved
Upper Cretaceous Mesosaturnalis KOZUR & MOST-
LER, 1981 with transversally somewhat elongated subel-
liptical ring. However, even these highly evolved Upper
Cretaceous Mesosaturnalis species have mostly a circu-
lar, broad ring. Contemporaneous latest Triassicand Low-
er Hettangian Mesosaturnalis species have almost exclu-

sively a circular ring. The few representatives of Mesosa-
turnalis with transversally slightly elongated ring from
this time interval have very long spines, untypical for the
Pseudacanthocircidae n. fam.

Genus Pseudacanthocircus n. gen.

Derivatio nominis: According the morphologic simi-
larity with Acanthocircus PESSAGNO, 1903

Type species: Pseudacanthocircus mediospinosus n.
gen. n. sp.

Diagnosis: Shell spherical, never reaching the ring,
spongy, consisting of several concentric layers and a mi-
crosphere. 2 peripolar spines connect the shell with the nar-
row, transversally strongly elongated elliptical ring. Outer
margin of the ring smooth or partly to totally denticulated.
Cross section of the undifferentiated ring shallow elliptical
to almost flat. Auxiliary spines never present.
Distribution: ? Rhaetian, Liassic.

Assigned species:

Pseudacanthocircus mediospinosus n. gen. n. sp.
Pseudacanthocircus baumgartneri n. sp.
Pseudacanthocircus laevis n. sp.

Pseudacanthocircus mocki n. sp.

Pseudacanthocircus praesimplex n. sp.
Pseudacanthocircus terminospinosus n. sp.
Pseudacanthocircus troegeri n. sp.

Remarks: Praeacanthocircus KOZUR & MOSTLER,
1983 from the Cordevolian to Pliensbachian is distin-
guished by the presence of 4 diagonally arranged first order
spines additionally to the peripolar spines. Moreover, in
this genus the ring has never outer spines. Praeacantho-
circus KOZUR & MOSTLER, 1983 is the oldest repre-
sentative of the Pseudacanthocircidae n. fam., because it is
already present in the Cordevolian together with the first
Parasaturnalidae KOZUR & MOSTLER, 1972. Pseuda-
canthocircus n. gen. has probably evolved from this genus
by disappearence of the 4 first order spines (additionally to
the 2 peripolar spines). Triacanthocircus n. gen. with only
one additional first order spine may be transitional be-
tween Praeacanthocircus KOZUR & MOSTLER, 1983
and Pseudacanthocircus n. gen.

An independent development of Pseudacanthocir-
cus n. gen. from Oertlispongidae KOZUR & MOSTLER,
1980 with smooth ring (QOertlispongus longirecurvatus
KOZUR & MOSTLER, 1983, O. annulatus KOZUR &
MOSTLER, 1983) cannot be excluded. However, Triassic
species of Pseudacanthocircus are so far unknown and in
the well studied Carnian and Norian radiolarian faunas
probably not present.

Also a development from Mesosaturnalis KOZUR
& MOSTLER, 1981 by development of a transversally
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strongly elongated ring cannot be quite excluded. Against
this derivation speaks especially that the early Pseuda-
canthocircus species have a high percentage of unspined
forms and forms, where only parts of the ring are spined.
Such forms are unknown in the genus Mesosaturnalis
KOZUR & MOSTLER, 1981 that has always a totally
spined ring. The short spines of Pseudacanthocircus n.
gen.have developed secondarily ona primary smoothring.

Spongosaturnalis CAMPBELL & CLARK, 1944
is the successor of Pseudacanthocircus n. gen. This genus
hasthe samering outline andthe same type ofring denticu-
lation (smooth to densily spinose), but it is clearly distin-
guished by adistinctbulge along the whole inner margin of
thering. By this, the ring has a triangularcross section with
the broad basis inside.

In Eospongosaturninus n. gen. the spongy shell
reaches the ring and overgrows it around the base of the
peripolar spines. Moreover, a bulge is present along the in-
ner margin of the long sides of the ring.

In Spongosaturninus CAMPBELL & CLARK,
1944, which evolved from Eospongosaturninus n. gen.,
additionally a latticed cortical shell is present.

Saturnalis HAECKEL, 1882 has a similar ring out-
line, but in cross-section the ring is triangular with broad
basis inside (bulge on the inner margin of ring) and a lat-
ticed cortical shell is present.

Pseudacanthocircus mediospinosus n. gen. n. sp.

(PL. 10, figs. 6, 8)

Derivatio nominis: According to the unusual arrange-
ment of the short spines in the middle part of the ring
Holotype: The specimen on pl. 10, fig. 8; rep.-no. KoMo
1990 I-27

Material: 31 specimens.

Diagnosis: Shell small, spongy, consisting of numerous
concentric layers. Microsphere latticed. Ring transversally
strongly elongated elliptical, flat, in large parts smooth.
The short denticles occur only around the short axis pole.
Polar regions of the long axis always smooth.
Measurements:

Diameter of shell =95-110 um

Diameter of ring (long axis) = 279-320 um

Diameter of ring (short axis) = 192-230 um

Width of ring = 10-16 pm

Length of spines = 2—-16 1tm

Distribution: Hettangian part of the Kirchstein Lime-
stone at the type locality.

Remarks: Pseudacanthocircus mediospinosus n. gen.
n. sp. is easily distinguished from other Pseudacanthocir-
cus species, by the position of the short peripheral spines.
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Pseudacanthocircus baumgartneri n. sp.

(PL 11, fig. 6)

Derivatio nominis: In honour of Dr. P. 0. BAUMGART-
NER, Ziirich

Holotype: The specimenon pl. 11, fig. 6; rep.-no. KoMo
1990 I-30

Material: 3 specimens.

Diagnosis: Unit small, but shell large, reaching almost
until the ring. Shell spongy, but with relatively robust pat-
tern. Ring asymmetrical, undifferentiated, transversally
subelliptical, cross-section shallow elliptical. Outer mar-
gin of ring with 14-15 irregularly spaced short spines, more
closely spaced at the narrower polar area of the long axis.
Measurements:

Diameter of shell = 68—70 pm

Diameter of ring (long axis) = 153—160 pm

Diameter of ring (short axis) = 110-123 um

Width of ring = 7-10 pim

Length of spines =4-13 pum

Distribution: Hettangian part of the Kirchstein Lime-
stone at the type locality.

Remarks: This species is different in outline and concern-
ing the big shell (compared with the small ring) from all
other Pseudacanthocircus species. Pseudacanthocircus
baumgartneri n. sp. or any near related form could be the
forerunner of Vitorfus PESSAGNO, that is distinguished
by a latticed cortical shell growing beyond the ring in the
region of the peripolar spines.

Pseudacanthocircus laevis n. sp.

(PL. 2, fig. 2; pl. 11, fig. 8)

Derivatio nominis: According to the smooth ring
Holotype: The specimen on pl. 11, fig. 8; rep.-no. 1990
[-26

Material: 15 specimens.

Diagnosis: Shell spongy, consisting of several concen-
tric layers. Ring small, transversally elliptical, without
spines, in cross-section nearly flat, without differentation,
above the peripolar spines considerably broader than in the
other parts of the ring.

Measurements:

Diameter of shell = 80-86 pum

Diameter of ring (long axis) = 226-238 pum

Diameter of ring (short axis) = 168—180 pum

Width of ring = 10 13 wum, above the peripolar spines
20-30 um

Distribution: Hettangian part of the Kirchstein Lime-
stone at the type locality.

Remarks: Pseudacanthocircus pseudosimplex n. sp.
has a narrower ring, not broadened around the peripolar
spines.



Pseudacanthocircus mocki n. sp.

(PL 1, fig. 1; pl. 10, fig. 9)

Derivatio nominis: In honour of Dr. R. MOCK, Bratis-
lava

Holotype: The specimen on pl. 1, fig. 1; rep.-no. KoMo
1990 1-28

Material: 11 specimens.

Diagnosis: Shell spongy, consisting of several concen-
tric layers. Microsphere latticed. Ring transversally ellipti-
cal, undifferentiated, cross-section flat to shallow ellipti-
cal. 21-23 very short, triangular peripheral spines, regular-
ly distributed along the whole outer margin, but not above
the peripolar spines.

Measurements:

Diameter of shell = 120-131 um

Diameter of ring (long axis) = 250—-400 um

Diameter of ring (short axis) = 205-250 um

Width of ring = 10-16 pm

Length of spines = 4-10 um

Distribution: Hettangian part of Kirchstein Limestone
at the type locality.

Remarks: Pseudacanthocircus troegeri n. sp. has con-
siderably longer spines.

Pseudacanthocircus pseudosimplex n. sp.

(PL. 11, fig. 2)

Derivatio nominis: According to the morphological
similarity to Spongosaturnalis simplex (SQUINABOL,
1914)

1981 Acanthocircus simplex (SQUINABOL) De WEV-
ER, p. 140-141, pl. 1, fig. |

Holotype: The specimen on pl. 11, fig. 2; rep.-no. KoMo
1990 1-27

Material: 23 specimens.

Diagnosis: Shell spongy, consisting of several concen-
tric layers. Microsphere latticed. Ring transversally
strongly elongated, very narrow, cross-section nearly flat
to shallow oval, without any bulge. No peripheral spines.
Measurements:

Diameter of shell = 70-75 um

Diameter of ring (long axis) = 225-289 um

Diameter of ring (short axis) = 150-181 pm

Width of ring = 7-11 um

Distribution: Hettangian to Pliensbachian. Alps, Hun-
gary, Turkey.

Remarks: The drawing of Spongosaturnalis simplex
(squinabol, 1914) by SQUINABOL (1914) show no bulge
on the ring. However, restudies of radiolarians from the
higher Upper Jurassic, from where "Saturnalis” simplex
was described by SQUINABOL (1914) have shown that
the ring in "Saturnalis simplex” is high and has distinct

bulges on the inner side of the ring (triangular cross-sec-
tion with broad basis inside). It belongs therefore to Spon-
gosaturnalis CAMPBELL & CLARK, 1944 emend.

Pseudacanthocircus terminospinosus n. sp.

(PL. 10, fig. 2; pl. 11, figs. 1, 4)

Derivatio nominis: According to the restriction of the
spines to the polar regions of the long axis

71981 Acanthocircus italicus (SQUINABOL) De WEV-
ER, p. 141, pl. 1, fig. 2

Holotype: The specimen on pl. 10, fig. 2; rep.-no. KoMo
1990 1-25

Material: 29 specimens.

Diagnosis: Shell spongy, consisting of several concen-
tric layers. Microsphere latticed. Second latticed medul-
lary shell perhaps present. Ring transversally strongly el-
ongated elliptical, opposite tothe peripolar spines a little to
distinctly concave, narrow, cross-section shallow oval to
almost flat, without differentation. Largest parts of thering
smooth. In the polarregion of the long axis with 1-3 short
spines, often spines are only present at one pole or the num-
ber of spines is different on both poles.
Measurements:

Diameter of shell =91-100 um

Diameter of ring (long axis) = 217-240 um

Diameter of ring (short axis) = 160—180 um

Width of ring = 8-13 um

Length of spines = 4—7 um

Distribution: Hettangian to Pliensbachian. Alps, north-
ern Hungary, Turkey.

Remarks: Pseudacanthocircus pseudosimplex n. sp.
displays identical morphological features, but the whole
ring is smooth.

Pseudacanthocircus mediospinosus n. sp. has only
spines around the short pole.

"Acanthocircus" italicus (SQUINABOL) sensu De
WEVER (1981) is larger, but otherwise identical. Itis here
determined as Pseudacanthocircus cf. terminospinosus
n. sp. The real Spongosaturnalis italicus (SQUINABOL,
1914) has abulge on the inner side ofthe ring, butitmay be
indistinct in forms with few spines. The number of the
spines is more variable and as a whole greater (4-14).
Forms with4-6spines are most similar and seemingly tran-
sitional forms to the genus Pseudacanthocircus n. gen.
The bulge on the ring is in these forms rather indistinct and
therefore the triangular cross-section of the ring is not yet
pronounced, but the ring is on the inner side clearly higher
than in Pseudacanthocircus terminospinosus n. sp. How-
ever, also these forms can be clearly distinguished, be-
cause Pseudacanthocircus terminospinosus n. sp. has
never more than 3 spines on the ring.
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Pseudacanthocircus troegeri n. sp.

(PL 11, fig. 7)

Derivatio nominis: In honour of Dr. habil. K. A.

TROEGER, Freiberg, Germany

Holotype: The specimen on pl. 11, fig. 7; rep.-no. KoMo

1990 1-29

Material: 7 specimens.

Diagnosis: Shell spongy, consisting of several concen-

tric layers. Microsphere latticed. Ring flat, undifferentiat-

ed, transversally elliptical, with numerous (24) relatively

long spines.

Measurements:

Diameter of shell = 104-116 pum

Diameter of ring (long axis) = 261-270 pm

Diameter of ring (short axis) = 202-219 pum

Width of ring = 12-15 um

Length of spines = 11-30 m

Distribution: Hettangian part of the Kirchstein Lime-

stone at the type locality.

Remarks: Outline of the ring and spines corresponds to

the Cretaceous Spongosaturnalis multidentatus (SQUI-

NABOL, 1914). However, as in all Spongosaturnalis spe-

cies, the ring in S. multidentatus (SQUINABOL, 1914) is

strongly differentiated by an inner ridge. The cross section

of the ring is therefore triangular with broad basis inside.
By the flat undifferentiated ring and the numerous

relatively long spines, Pseudacanthocircus troegeri n.

sp. is the only Pseudacanthocircus species that is similar

to Mesosaturnalis KOZUR & MOSTLER, 1981. Howev-

er, the transversally elongated ring outline is different from

this genus. Moreover, the Norian to Liassic Mesosaturna-

lis species have all considerably fewer (about 10) and

longer spines.

Genus Spongosaturnalis CAMPBELL & CLARK, 1944
emend.

Type species: Spongosaturnalis spiniferus CAMP-
BELL & CLARK, 1944

Emended diagnosis: Shell spongy,never reaching un-
til the ring, with several concentric layers. Microsphere
with big pores. Ring transversally elliptical, always with a
ridge on the inner side of the narrow ring. Cross-section of
the ring triangular with broad base inside. Outer margin of
ring smooth or with peripheral spines that are mostly rela-
tively short.

Distribution: ? Middle Jurassic, UpperJurassic to Upper
Cretaceous

Assigned species:

Spongosaturnalis spiniferus CAMPBELL & CLARK,
1944

Saturnalis ellipticus SQUINABOL, 1903
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Saturnalis italicus SQUINABOL, 1914

Saturnalis multidentatus SQUINABOL, 1914
Saturnalis simplex SQUINABOL, 1914
Spongosaturnalis campbelli FOREMAN, 1968
Acanthocircus breviaculeatus DONOFRIO & MOS-
TLER, 1978

Acanthocircus squinaboli DONOFRIO & MOSTLER,
1978

? Saturnalis subquadratus DONOFRIO & MOSTLER,
1978

Remarks: The Liassic Pseudacanthocircus n. gen. is
distinguished by the undifferentiated, rather flat ring. It is
the forerunner of Spongosaturnalis CAMPBELL &
CLARK, 1944.

In the Middle Jurassic Eospongosaturninus n. gen.
the spongy shell reaches on the ring around the peripolar
spines. This is also the case in the Upper Cretaceous
Spongosaturninus CAMPBELL & CLARK, 1944 that
has, moreover, a second latticed medullary shell and a third
latticed medullary shell or latticed cortical shell, covered
by spongy meshwork.

The Tertiary to Recent Saturnalis HAECKEL,
1882 has a latticed cortical shell, which is only rarely cov-
ered by a thin layer of delicate spongy meshwork.

Acanthocircus SQUINABOL, 1903 is a homoeo-
morph form with ridges on the outer side of the ring or on
the whole ring, but also in the latter case a distinct furrow is
present on the outer lateral surface of the ring. Therefore
the cross-section of the ring is always different in Acan-
thocircus SQUINABOL, 1903 and Spongosaturnalis
CAMPBELL & CLARK, 1944.

Spongosaturnalis CAMPBELL & CLARK, 1944
emend. comprises also forms with smooth and sparcely
spined transversally elliptical ring. Therefore an emenda-
tion of the original diagnosis was necessary. All transitions
between the totally spined typical Spongosaturnalis to the
unspined ring of S. simplex are known. Sometimes the
number of the spines varies considerably even within one
species, e.g. in Spongosaturnalis italicus (SQUINA-
BOL, 1914).

Genus Spongosaturninus CAMPBELL & CLARK,
1944

Type species: Spongosaturninus ellipticus CAMP-
BELL & CLARK, 1944

Diagnosis: The shell consists of a tiny latticed micro-
sphere, a second latticed medullary shell and a rather large
third latticed medullary shell (or cortical shell) covered by
a thick layer of spongy meshwork that reaches along the
peripolar spines on the ring or even beyond the ring.



Ring transversally strongly elongated elliptical,
with distinct ridge on the inner margin of the ring. Cross-
section of the ring therefore triangular with broad base in-
side. The ring has mostly 1-3 spines ineach polarregion of
the long axis, but may be additionally spined around the
whole outer ring margin.

Distribution: Upper Cretaceous.

Assigned species:

Spongosaturninus ellipticus CAMPBELL & CLARK,
1944
Spongosaturnalis
CLARK, 1944
Spongosaturninus latiformis CAMPBELL & CLARK,
1944

Spongosaturninus parvulus CAMPBELL & CLARK,
1944

Spongosaturnalis nematodes FOREMAN, 1968
Remarks: Spongosaturninus CAMPBELL & CLARK,
1944 is a transitional group to the Saturnalidae DEFLAN-
DRE, 1953. The third medullary shell is so large that it can
be also regarded as cortical shell (see DUMITRICA,
1985). However, the spongy layer on this shell is always
thickerthanthedistance betweenthe second and third (me-
dullary) shells. In Saturnalis HAECKEL, 1882 disap-
peared this thick outer spongy layer. By this the outer lat-
ticed medullary shell was transformed into a latticed corti-
cal shell.

lateralispinosus CAMPBELL &

Genus Praeacanthocircus KOZUR & MOSTLER, 1983
Type species: Praeacanthocircus carnicus KOZUR &
MOSTLER, 1983

Praeacanthocircus spinosus n. sp.

Derivatio nominis: According to the presence of small
peripheral spines

1981 Pseudoheliodiscus sp. A De WEVER, p. 144, pl. 4,
figs. 5, 7

Holotype: The specimen, figured by De WEVER (1981,
pl. 4, fig. 7) as Pseudoheliodiscus sp. A

Locus typicus: Giimiislii Unit (Western Taurus, eastern
Domuz Dag Massif) north of Korkuteli, Sogiitlii gorge, 1
km NW of Giimiislii village, Turkey

Stratum typicum: Sogiitlii dere Formation, radiolarian
limestone, Pliensbachian (bedded siliceous limestones be-
low Upper Pliensbachian ammonoid-bearing beds)
Diagnosis: Shell spongy, relatively large, but not reach-
ing the asymmetrical, transversally elliptical ring. Cross-
section of ring shallow oval to nearly flat. Larger parts of
the ring smooth, only in the polar region of the long axis
small spines are present at both poles or only at one pole.
Beside the peripolar spines 4 further first order spines are

present, diagonally arranged to the peripolar spines.
Measurements:

Diameter of shell = 130-135 pm

Diameter of ring (long axis) = about 250-300 pum (ring in
this direction not fully preserved

Diameter of ring (short axis) = 210-230 um

Width of ring = 15-25 um

Length of spines = about 5 um

Distribution: 7 Upper Sinemurian, Pliensbachian of Tur-
key.

Remarks: The matieral of this species is incomplete pre-
served, but very important for phylomorphogenetic con-
siderations. It shows that in Praeacanthocircus KOZUR
& MOSTLER, 1983 the same type of ring sculpture is
present as in Pseudacanthocircus n. fam. (smooth, short
spines around the poles, short spines around the whole out-
er margin of the ring) and also in the Saturnalidae DE-
FLANDRE, 1953 s. str. which derived from the Pseuda-
canthocircidae n. fam.

Eospongosaturninus n. gen.

Derivatio nominis: Forerunner of Spongosaturninus

CAMPBELL & CLARK, 1944

Type species: Spongosaturnalis protoformis YAO,

1972

Diagnosis: Shell large, spongy, consisting of several

concentric layers. Microsphere latticed. The shell reaches

on the ridge around the base of the peripolar spines.
Ring transversally elongated elliptical, narrow to

moderately broad, in parts of the ring undifferentiated, in

other parts with ridge near the inner side of the ring. Outer

margin of ring smooth or with one peripolar spine on the

long axis poles. Near the base of the peripolar spines tiny

auxiliar spines may be present.

Distribution: Middle Jurassic of Japan.

Assigned species:

Spongosaturnalis protoformis Y AO, 1972

? Spongosaturnalis bispinus YAO, 1972

Remarks: Eospongosaturninus n. gen. is the forerunner

of Spongosaturninus CAMPBELL & CLARK, 1944 that

has more distinct ridges along the whole inner margin of

thering, alatticedsecondmedullary shelland arather large

third medullary shell (transitional to a cortical shell) cov-

ered by a still rather thick spongy layer.
Pseudacanthocircus n. gen. has an undifferentiated

ring and the shell reaches never until the ring.
Spongosaturnalis CAMPBELL & CLARK, 1944

displaysmore distinctridges alongthe whole inner margin

of the ring and the shell does not reach the ring.
Eospongosaturninus n. gen. lies in the transition

field between the genera Pseudacanthocircus n. gen.,
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Spongosaturninus CAMPBELL & CLARK, 1944 and
Spongosaturnalis CAMPBELL & CLARK, 1944. The
type species is surely the forerunner of Spongosaturninus
CAMPBELL & CLARK, 1944. In Eospongosaturninus ?
bispinosus (YAQ, 1972) the overreach of the shell on the
ring is not so distinct and in several specimens the inner
ridge on the ring is indistinct, partly even missing (YAO,
1972, pl. 2,fig. 9). The specimen, figured by YAO (1972,
pl. 2, fig. 8) as Spongosaturnalis bispinosus belongs to an
other species and is probably the first representative of the
genus Spongosaturnalis CAMPBELL & CLARK, 1944.

The genus Acanthocircus SQUINABOL, 1903 has
strong outer ridges on the ring or the ridges cover the whole
ring. A deepfurrow on thelateral outer side of thering is al-
ways present. This genus is only homoeomorphic to the
Pseudacanthocircidae n. fam. (and in it to Eospongosatur-
ninus n. gen.) and evolved from the parasaturnalinid
stock.

Genus Spinoellipsella n. gen.

Derivatio nominis: According to the transversally el-
liptical spiny ring

Type species: Spinoellipsella densispinosa n. gen. n.
sp.

Diagnosis: Unit small. Shell relatively large, reaching in
fully preserved forms in the short axis until the ring. It is
spongy and consists of several concentric layers around a
latticed microsphere.

Ring flat, undifferentiated, moderately broad, with
numerous broad, but always short, triangular spines. 2 po-
lar spines.

Distribution: Hettangian of the Alps.

Assigned species:

Spinoellipsella densispinosa n. gen. n. sp.
Spinoellipsella latispinosa n. sp.

Remarks: Palaeosaturnalis DONOFRIO & MOS-
TLER, 1978 is distinguished by the mostly circular or sub-
rectangular ring and the considerably larger spines.

Pseudacanthocircus n. gen. has the same outline of
the ring, but peripolar spines.

The taxonomic position of Spinoellipsella n. gen. is
not clear. A derivation from Palaeosaturnalis DONO-
FRIO & MOSTLER, 1978 is possible. In this case it would
be a blind-ending side-branch of the Parasaturnalidae KO-
ZUR & MOSTLER, 1972. However, the numerous broad,
triangular spines are typical for several taxa within the
Pseudacanthocircidae n. fam., but quite unknown within
the genus Palaeosaturnalis DONOFRIO & MOSTLER,
1978 and within the Parasaturnalidae KOZUR & MOS-
TLER, 1972 at all. Therefore the placement into the Pseu-
dacanthocircidae n. fam. thathave the same ring outline, is
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more probably than the placement into the Parasaturnali-
dae KOZUR & MOSTLER, 1972.

Spinoellipsella densispinosa n. gen. n. sp.

(PL. 1, fig. 4; pl. 11, figs. 3, 5)

Derivatio nominis: According the numerous, closely
spaced, short, broad spines

Holotype: The specimen on pl. 1, fig. 4; rep.-no. KoMo
1990 1-34

Material: 21 specimens.

Diagnosis: With the character of the genus. Ring trans-
versally elliptical, moderately wide, one half-ring smaller
than the other one. Numerous (27-29) short, triangular
spines are closely spaced along the whole ring.
Measurements:

Diameter of shell = 80—90 um

Diameter of ring (long axis) = 147-158 um

Diameter of ring (short axis) = 117-138 um

(’Vidth of ring = 9-19 um

Length of spines = 3-6 um

Distribution: Hettangian part of the Kirchstein Lime-
stone at the type locality.

Remarks: Spinoellipsella latispinosa n. sp. displays
fewer, widely spaced, broader spines.

Spinoellipsella latispinosa n. sp.

(PL. 2, fig. 4)

Derivatio nominis: According to the broad spines
Holotype: The specimen on pl. 2, fig. 4; rep.-no. KoMo
1990 I-35

Material: 4 specimens.

Diagnosis: Withthe character of the genus. Ring moder-
ately broad, transversally strongly elongated elliptical,
asymmetrical (one half-ring larger than the other one),
with 10-16, broadly triangular, short, widely spaced
spines.

Measurements:

Diameter of shell = 80—83 um

Diameter of ring (long axis) = 183-190 pm

Diameter of shell (short axis) = 123—129 um

Width of ring = 17-20 um

Length of spines = 7-10 um

Distribution: Hettangian part of the Kirchstein Lime-
stone at the type locality.

Remarks: Spinoellipsella densispinosa n. gen. n. sp. has
considerably more, closely spacedand notsobroad spines.

Genus Triacanthocircus n. gen.

Derivatio nominis: According to the 3 inner spines
Type species: Triacanthocircus muellerin. gen. n. sp.
Diagnosis: Spongy shell subspherical, on the side of the



auxiliary spine rounded conical, opposite side hemiglobu-
lar. The shell consists of several concentric layers of
spongy meshwork. Microsphere latticed.

Ring transversally elliptical, undifferentiated, in
cross-section flat to shallow oval. Peripheral spines very
short to moderately long. Middle sector of ring to both
sides of the peripolar spines smooth. A third inner spine is
situated perpendicularly to the 2 peripolar spines. Itis a lit-
tle narrower than the peripolar spines.

Distribution: Hettangian of the Alps.

Assigned species:

Triacanthocircus muelleri n. gen. n. sp.
Triacanthocircus squinaboli n. sp.

Remarks: Triacanthocircus n. gen. is morphologically
transitional between Praeancanthocircus KOZUR &
MOSTLER, 1983 with 6 first order spines (2 peripolar
spines and 4 additional spines) and Pseudacanthocircus
n. gen. that has only the 2 peripolar spines without addi-
tional first order spines.

Triacanthocircus muellerin. gen. n. sp.

(PL.9, fig. 11; pl. 10, figs. S, 7, 10)

Derivatio nominis: In honour of Prof. Dr. A. H.
MULLER, Freiberg, Germany

Holotype: The specimen on pl. 10, fig. 7; rep.-no. KoMo
1990 I-31

Material: 9 specimens.

Diagnosis: Withthe character of the genus. The 9-12 pe-
ripheral spines on the ring are very short.
Measurements:

Diameter of shell = 70-90 um

Diameter of ring (long axis) = 230-240 um

Diameter of ring (short axis) = 170-180 um

Width of ring = 10-15 um

Length of spines = 5-10 pum

Distribution: Hettangian part of the Kirchstein Lime-
stone at the type locality.

Remarks: Triacanthocircus squinaboli n. sp. displays
longer spines and a wider unspined area aroundthe peripo-
lar spines.

Triacanthocircus squinaboli n. sp.

(PL 3, fig. 4)

Derivatio nominis: In honour of S. SQUINABOL, one
of the pioneers of the fossil Radiolaria research
Holotype: The specimen on pl. 3, fig. 4; rep.-no. KoMo
1990 1-33

Material: 3 specimens.

Diagnosis: With the character of the genus. The 10
spines are long for the genus and concentrated in the polar
area of the long axis.

Measurements:

Diameter of shell = 80-86 um

Diameter of ring (long axis) = about 250 pum

Diameter of ring (short axis) = 184—-196 um

Width of ring = about 10 um

Length of spines = 20-25 pm

Distribution: Hettangian part of the Kirchstein Lime-
stone at the type locality.

Remarks: Triacanthocircus muelleri n. gen. n. sp. dis-
tinguished by its considerably shorter spines.

Family Saturnalidae DEFLANDRE, 1953 emend.
Emended diagnosis: Latticed microsphere and latticed
cortical shell always present. Additionally a latticed sec-
ond medullary shell may be present. Between the medul-
lary shell(s) and the cortical shell a very loose, delicate
spongy meshwork is present. Very rarely the cortical shell
is covered by a thin layer of spongy meshwork.

Ring transversally elliptical with ridge on the inner
side. Cross-section of ring trigonal with broad base inside.
Outermarginof ring smooth or with spines in the polarre-
gion on the long axis. 2 peripolar spines.

Distribution: Upper Cretaceous-Recent.

Assigned genera:

Saturnalis HAECKEL, 1882

Vitorfus PESSAGNO, 1977

Remarks: The Saturnalidae evolved from the Pseudacan-
thocircidaen.fam. by development of a large latticed shell
inside the spongy meshwork and following lost of the outer
spongy layer. Spongosaturninus CAMPBELL &
CLARK, 1944 is a transitional form between both fami-
lies. In this genus the third latticed medullary shell is al-
ready as large as a cortical shell, but the surrounding
spongy meshwork is still thicker than the distance between
the second and third latticed medullary shells. By disap-
pearence of the outer spongy layerthe outer latticed medul-
lary shellis transformed into a cortical shell. In atavistic (?)
forms of Saturnalis circularis HAECKEL, 1882 the type
species of Saturnalis HAECKEL, 1882, the latticed corti-
cal shell is still covered by a very thin spongy layer (NAK-
ASEKO & NISHIMURA, 1982, pl. 3, fig. 3). The very
fragile, loose spongy meshwork inside the latticed cortical
shell is only preserved in well preserved specimens. Both
these features indicate the derivation of the Saturnalidae
DEFLANDRE, 1953 s. str. from saturnalids with spongy
shell.

Theridge on the inner side of the ring causes the tri-
angular cross-section of the ring (with broad base inside,
see NAKASEKO & NISHIMURA, 1982, pl. 4, fig. 3).
This differentation of the ring confirms the derivation of
the Saturnalidae DEFLANDRE, 1953 s. str. from highly
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evolved Pseudacanthocircidae n. fam. that have all this
typeofring differentation, quite different from the ring dif -
ferentation of the Acanthocircinae PESSAGNO, 1977
emend. (see there).

Superfamily Actinommacea HAECKEL, 1862 emend.
KOZUR & MOSTLER, 1979

Family Pantanellidae PESSAGNO, 1977

Remarks: The terminology and abbreviations for the de-
scription of the Pantanellidae have been adopted from
PESSAGNO & BLOME (1980).

Genus Ellipsoxiphus DUNIKOWSKI, 1882
Type species: Xiphosphaera (Ellipsoxiphus) suessi
DUNIKOWSKI, 1882 = Xiphosphaera (Ellipsoxiphus)
parvoforaminosus DUNIKOWSKI, 1882
Synonyma: Druppatractylis HAECKEL, 1887
Pantanellium PESSAGNO, 1977
Remarks: KOZUR & MOSTLER (1979) recognized that
Pantanellium PESSAGNO, 1977 is a younger synonym
of Druppatractus HAECKEL, 1887. Our restudy of the
*‘Lower Jurassic radiolarians described by DUNIKOWSKI
(1882) has shown that Ellipsoxiphus DUNIKOWSKI,
1882 originally introduced as subgenus of Xiphospaera
HAECKEL, 1882, is identical with Pantanellium, too.
CAMPBELL (Treatise, 1954) figured under Ellipsoxi-
phus DUNIKOWSKI, 1882 a recent species that does not
belong to this genus.

Two species, Xiphospaera (Ellipsoxiphus) suessi
DUNIKOWSKI, 1882 and X. (E.) parvoforaminosus DU-
NIKOWSKI, 1882 were originally placed into the subge-
nus Ellipsoxiphus. The holotype of E. suessi is better pre-
served and corresponds best to the genus diagnosis. There-
fore it was described firstin DUNIKOWSKI's paper. Quite
surprisingly, CAMPBELL (1954) has choicen the not so
well preserved X. (E.) parvoforaminalis as type species of
Ellipsoxiphus. In the holotype of this species, part of the
second primary spine is broken away and the big pores are
partly closed by recrystallisation and filling with sediment
material. For this reason, by using the primitve micro-
scopes of the last century, the partly closed big pores ap-
peared as 1-3 small pores. Moreover, some (? pathologic)
forms of Ellipsoxiphus show subdivision of some large
pores into 2 or more smaller ones (e.g. Pantanellium sp. 1
in PESSAGNO & BLOME, 1980 pl. 3, figs. 6, 12, 19 or
Pantanellium aff. cumshewaense in SASHIDA, TONI-
SHI& IGO, 1986, fig. 5/10). This feature has nospecificor
even generic importance. The only real difference between
the two holotypes is that the cortical shell in X. (E.) parvo-
foraminosus is a little fewer elongated than in X. (E.)
suessi, but this difference lies within the intraspecific vari-
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ability. Both species are here regarded as synonymous.
The priority is given to E. suessibecause of its better pre-
served holotype.

E. kluensis (PESSAGNO & BLOME, 1980) is very
similar and possibly identical. The only difference is that
the polar spines are stronger in E. suessi (DUNIKOWSKI,
1882), but their strength shows intraspecific variability.
As in E. suessi, also in E. kluensis the ellipsoidal cortical
shell is sometimes more, sometimes fewer elongated. In
any case, E. suessi belongs to the E. kluensis group, char-
acteristic for Lower Liassic (? and topmost Rhaetian)
rocks.

Ellipsoxiphus suessi (DUNIKOWSKI, 1882)

(PL. 14, fig. 12; pl. 15, figs, 12, 13)

1882 Xiphospaera (Ellipsoxiphus) suessi nov. sp. DUNI-
KOWSK]I, pl. §, fig. 50

1882 Xiphospaera (Ellipsoxiphus) parvoforaminosus
nov. sp. DUNIKOWSKI, p. 186, pl. 5, fig. 51
Remarks: This species is figured here to present a SEM
picture of the firstdescribed Ellipsoxiphus species. No ge-
neric differences against Druppatractylis HAECKEL,
1887 and Pantanellium PESSAGNO, 1977 can be ob-
served.

Age: Hettangian of the Alps and northern Hungary
(Csovar, Varhegy Cherty Limestone Formation).

Ellipsoxiphus browni (PESSAGNO & BLOME, 1980)
(PL. 14, fig. 14, pl. 15, figs. 11,14)

1980: Pantanellium browni PESSAGNO & .BLOME, n.
sp. PESSAGNO & BLOME, p. 239, pl. 4, figs. 5-7 12, 14,
16, 19,20

Remarks: Some of our specimens are identical with this
species, other are very similar and determined here as E!-
lipsoxiphus cf. browni (Pl. 14, f@g. 14; pl. 15, fig. 11). In
these forms the nodes occuring at vertices of pore frames
are larger.

Distribution: Hettangian of the Alps, (Upper) Hettan-
gian of western North America.

Ellipsoxiphus tanuensis (PESSAGNO & BLOME,
1980)

(P1. 14, figs. 10, 11

1980: Pantanellium tanuense PESSAGNO & BLOME,
n. sp. PESSAGNO & BLOME, p. 247, pl. 4, figs, 3, 4, 24
Remarks: This typical form with spherical cortical shell
and predominance ofhexagonal pore frames is easily to de-
termine and together with E. suessi (DUNIKOWSKI,
1882) the most frequent Ellipsoxiphus species in our ma-
terial. Insome specimens thenodesoccurring at vertices of
pore frames area little larger. Theyare here determined as
Ellipsoxiphus cf. tanuensis.



Distribution: Hettangian of the Alps, Lower Hettangian
(? Upper Rhaetian) of western North America.

Ellipsoxiphus cf. danaensis (PESSAGNO & BLOME,
1980)

(P1. 14, fig. 13; pl. 15, fig. 15)

1980: Pantanellium danaense PESSAGNO & BLOME,
n.sp. PESSAGNO & BLOME, p. 241, pl. 4, figs.9-11, 15
Remarks: The spines at the vertices of pore frames are
longer than in the type material. However, the bars of pore
frames, thin along Y and high along Z are strongly corrod-
ed and therefore the spines at the vertices appear higher.
Distribution: Hettangian of the Alps, and northern Hun-
gary, (Upper) Hettangian and Sinemurian of western
North America.

Genus Betraccium PESSAGNO, 1979
Type species: Betraccium smithi PESSAGNO, 1979

Betraccium bavaricum n. sp.
(PL. 14, figs. 4,9)
Derivatio nominis: According to its occurrence in Ba-
varia
Holotype: The specimen on pl. 14, fig. 4; rep.-no. KoMo
1990 1-20
Material: 21 specimens.
Diagnosis: Cortical shell subspherical with large trigo-
nal, tetragonal and pentagonal pores. Distinct nodes, partly
with small, needle-like spines are situated on pore frame
vertices. Bars of the pore frames narrow in Y direction and
moderately high in Z direction. 4-5 pore frames visible on
top and bottom surfaces along an axis in line with that of a
given primary spine. Primary spines long, symmetrically
arranged, equidistant and of nearly equal length. No or on-
ly very slight torsion along the largest part of the spines.
Only their terminal part displays a slight torsion. Tips of
the primary spines elongated into needle-like prolonga-
tions.
Measurements:
Diameter of the cortical shell = 108-120 um
Length of the primary spines = 100—120 pm
Distribution: Hettangian part of the Kirchstein Limestone
at the type locality.
Remarks: Betraccium inaequiporatum n. sp. has the
same pore frames, but the primary spines display no tor-
sion and the cortical shell is smaller.

Betraccium verticispinosum n. sp. displays strong
torsion of the distal part of the primary spines and the nodes
on the pore frame vertices display distinct spines.

Betraccium hettangicum n. sp.

(PL. 14, fig. 5)

Derivatio nominis: According tothe occurrence in the
Hettangian

Holotype: The specimen on pl. 14, fig. 5; rep.-no. KoMo
1990 I-1

Material: 12 specimens.

Diagnosis: Cortical shell subspherical with large, pre-
dominantly quadratic pore frames having indistinct py-
ramidal cones at pore frame vertices. Bars of the pore
frames narrow in Y- and low to moderately high in Z-direc-
tion. 4-5 pore frames visible on top and bottom surfaces
along an axis in line with that of a given primary spine. Pri-
mary spines long, symmetrically arranged, equidistant and
of equal length, with 3 wide groves alternating with 3 ridg-
es. Groves and ridges displaying moderate torsion.
Measurements:

Diameter of cortical shell = 100—110 pm

Length of primary spines = 83-93 pm

Distribution: Until now only known from the Hettan-
gian part of the Kirchstein Limestone at the type locality.
Remarks: Betraccium hettangicum n. sp. is a quite typi-
cal representative of the genus Betraccium (symmetrical-
ly arranged, equidistant spines of equal length, torsion of
the spines, very large pores of the cortical shell). It is the
youngest typical representative of the genus Betraccium.
From Triassic species it is distinguished by the predomi-
nantly quadratic pore frames. The Hettangian Betraccium
inaequiporatum is distinguished by primary spines with-
out torsion and by different pore frames.

Betraccium inaequiporatum n. sp.

(PI. 14, fig. 6)

Derivatio nominis: According to the different pore
frame present in the same specimen

Holotype: The specimen on pl. 14, fig. 6; rep.-no KoMo
1990 I-2

Material: 5 specimens.

Diagnosis: Cortical shell spherical with large, trigonal,
tetragonal and pentagonal pore frames in the same speci-
mens. Very short pyramidal spines are situated at pore
frame vertices. Bars of the pore frames narrow in Y direc-
tion and low in Z direction. 5-6 pore frames visible on top
and bottom surfaces along an axis in line with that of a giv-
en primary spine. Primary spines long, symmetrically ar-
ranged, equidistant and of equal length, with 3 deep groves
alternating with 3 ridges. No torsion of the spines.
Measurements:

Diameter of cortical shell = 80-88 um

Length of primary spines = Ca. 80 pm

215



Distribution: Until now only known from the Hettan-
gian part of the Kirchstein Limestone at the type locality.
Remarks: The equidistant primary spines of equal length
and all other generic characters of B. inaequiporatum n.
sp. are typical for the genus Betraccium. However, the
spines display no torsion. By this feature B. inaequipora-
tum n. sp. is clearly separated from the most Triassic rep-
resentatives of this genus (see below), but also from the
Hettangian B. hettangicum n. sp. and B. verticispinosum
n. sp.. Moreover, the presence of trigonal, tetragonal and
pentagonal pore frames in the same specimen is a quite
unique feature for the genus Betraccium and can be only
observed in the Hettangian species B. inaequiporatum n.
sp. and B. bavaricum n. sp.

CHENG (1989) figured from the Philippines under
Betraccium sp. A, B, C Upper Norian forms without tor-
sion of the primary spines. However, the Upper Norianage
was determined by the presence of Betraccium PESSAG-
NO & BLOME and the absence of Capuchnosphaera DE
WEVER. RhaetianorevenLowerHettangianage for these
faunas cannot be excluded.

Betraccium verticispinosum n. sp.

(P1. 14, figs. 7, 8)

Derivatio nominis: According to the distinct spines on
the pore frame vertices

Holotype: The specimen on pl. 14, fig. §; rep.-no. KoMo
1990 I-19

Material: 15 specimens.

Diagnosis: Cortical shell spherical with large tetragonal
and trigonal pores. The distinct nodes on the pore frame
vertices end in needle-like spines. Bars of the pore frames
very narrow in Y-direction and low to moderately high in
Z-direction. 5-6 pore frames visible on top and bottom sur-
faces along an axis in line with that of a given primary
spine. Primary spines long, symmetrically arranged, equi-
distant, but with slightly different length. Theirridges and
groves displaying strong torsion in the distal third. Re-
maining part of the primary spines almost without torsion.
Measurements:

Diameter of cortical shell = 88—110 um

Length of primary spines = 84-110um

Distribution: Hettangian part of the Kirchstein Lime-
stone at the type locality.

Remarks: Betraccium inaequiporatumn. sp. displays no
torsion of the spines.

Betraccium hettangicum n. sp. displays a moderate
torsion of the primary spines throughout their whole
length.

Betraccium alpinum n. sp. displays only in the ter-
minal part of the primary spines a slight torsion, and spines
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on the pore frame vertices, if present, are not so pro-
nounced.

Genus Gorgansium PESSAGNO & BLOME, 1980
Type species: Gorgansium silviesense PESSAGNO &
BLOME, 1980

Gorgansium alpinum n. sp.

(Pl 16, fig. 12)

1984 Gorgansium sp. A, pars IGO & NISHIMURA, pl. 3,
figs. 18, 7 20, ? 21, 7 23, pl. 4, fig. 8

Derivatio nominis: According to the first discovery of
the genus Gorgansium in the Liassic of the Alps
Holotype: The specimen on pl. 16, fig. 12; rep.-no. Ko-
Mo 19901/3

Material: 15 specimens.

Diagnosis: Cortical shell spherical with large, predomi-
nantly pentagonal pore frames having well developed
nodes at pore frame vertices. Bar of pore frames thinin Y-
direction, but thickened near the pore frame vertices; high
in Z direction. 6-7 pore frames visible bothalong AB and
CD. Primary spines with 3 broad ridges having a shallow
secondary furrow. Primary furrows between the ridges
deep, but narrow. One spine almost twice as long as the
other two spines that are situated nearer each other than to
the longer spine.

Measurements:

AB =100-110 pm

AT =105-115 pm

CD = 95-102 pm

EF and GH = 67-70 pm

Distribution: Hettangian of the Alps and from Japan.
Remarks: Gorgansium blomi n. sp. has a subspherical
cortical shell,.the 3 primary spines have either all almost
the same length or two spines are somewhat shorter than
the third one, the pore frames are broader in Y and no dis-
tinct nodes at pore frame vertices are present.

Gorgansium blomi n. sp.

(PL. 16, fig. 13)

1980: Gorgansium sp. C PESSAGNO & BLOME, p. 236,
pl. 4, fig. 8

Derivatio nominis: In honour of Prof.Dr. CH. D.
BLOME, Dallas

Holotype: Thespecimenon pl. 16, fig. 13; rep.-no KoMo
1990 1/4

Material: 7 specimens.

Diagnosis: Cortical shell subspherical, outline almost
straigth between the two closely spaced spines. All 3 pri-
mary spines have either almost the same length or the two



closely spaced spines are somewhat shorter than the third
primary spine. The 3 primary spines are tricarinate, with
moderately broad ridges and furrows. Pore frames moder-
ately broad in Y direction and very high in Z-direction.
Pore frames predominantly hexagonal. 5 pore frames visi-
ble along AB; 6 pore frames visible along CD. No distinct
nodes at pore frame vertices.

Measurements:
AB =100-115 pm
AT = 48-50 ptm

CD = 125-130 um

EF and GH = 45-50 um

Distribution: Hettangian of Alps and British Columbia.
Remarks: This distinct form is identical with Gorgansi-
um sp. C from the Hettangian of British Columbia de-
scribed by PESSAGNO & BLOME (1980).

Superfamily Trematodiscacea HAECKEL, 1862 emend.
KOZUR & MOSTLER, 1978
Synonyma: Spongodiscacea  HAECKEL,
BAUMGARTNER, 1980
Euchitoniilae HAECKEL 1887 sensu CAMP-
BELL, 1954
Remarks: CAMPBELL (1954) revised the "subsuper-
family" Euchitoniilae HAECKEL, 1887 to a rather natural
group including also the Trematodiscidae HAECKEL,
1862 and the Spongodiscidae HAECKEL 1862 (mostly
datedas HAECKEL, 1882 or 1881). Some forms, like Ha-
giastrum HAECKEL, 1882 with the type species Hagia-
strum plenum RUST, 1885 do not belong to this "subsu-
perfamily”, but CAMPBELL (1954) used Hagiastrum in
an other sense for forms that belong to his Euchitoniilae.
The oldest family taxon which CAMPBELL (1954)
placed into the Euchitoniilae HAECKEL, 1887 are the
Trematodiscidae HAECKEL, 1862 that have therefore the
priority also in superfamily rank.

PESSAGNO (1971) enclosed into the Spongodisca-
cea HAECKEL, 1881 all Spumellaria with spongy tests
varying in shape, lacking sieve plates, latticed shells, or
chambered rays and having pore frames symmetrically or
asymmetrically arranged. In this original definition the
nominate family Spongodiscidae HAECKEL, 1862 are
excluded from the Spongodiscacea, because they have at
least one latticed medullary shell. Later, PESSAGNO
(1973) included into the Spongodiscacea also forms with
spongy cortical shell and latticed medullary shell, but he
excluded furthermore forms that belong to the Tremato-
discidae HAECKEL, 1862 and forms with chambered
arms.

KOZUR & MOSTLER (1978) followed with their
superfamily Trematodiscacea HAECKEL, 1862 emend.

1862 sensu

largely CAMPBELL (1954), but named their superfamily
for priority reasons not Euchitoniacea HAECKEL, 1887,
but TrematodiscaceaHAECKEL, 1862. Radiolarians with
elliptical, cyclindrical, sometimes constricted, in primitve
forms rarely spherical spongy, often heteropolar test were
placed into the superfamily Sponguracea HAECKEL,
1862 emend. KOZUR & MOSTLER, 1981.

BAUMGARTNER (1980) followed KOZUR &
MOSTLER (1978), but he named the Trematodiscacea
HAECKEL, 1862 emend. KOZUR & MOSTLER, 1978
again as Spongodiscacea HAECKEL, 1882. This would
be not possible for priority reasons, butthe Spongodiscidae
have been also established by HAECKEL, 1862. Howev-
er, by the first revising-authors KOZUR & MOSTLER
(1978) the Spongodiscidae HAECKEL, 1862 have been
placed into the Trematodiscacea HAECKEL, 1862.
Therefore thp name Trematodiscacea HAECKEL, 1862
emend. KOZUR & MOSTLER 1978 has the priority
against the Spongodiscacea HAECKEL, 1862 (both fami-
ly taxa have been established in the same paper by
HAECKEL, 1862).

PESSAGNO (1971, 1973) cannot be regarded as the
firstrevising author, because he never placed the Tremato-
discacea into the same superfamily as the Spongodiscacea.
On the contrary, his diagnosis for the Spongodiscacea ex-
cluded the Trematodiscidae from the Spongodiscacea.

Also KOZUR & MOSTLER (1978) discussed the
possibility that the Trematodiscacea (in a restricted sense
for forms with concentric or spiral structure covered by a
lower and upper spongy layer) and the Spongodiscacea
(lacking the central concentric or spiralic structure) could
belong to 2 different-superfamilies, but they recognized
several transitions between both groups. We have now
studied material from Barbados to discuss once more this
possibility. In this Tertiary material both Spongodiscidae
HAECKEL, 1862, Orbiculiformidae PESSAGNO, 1973
and all transitional forms between both families are
present. Moreover, also Trematodiscidae HAECKEL,
1862 are present, with transitional forms to the Spongodis-
cidae.

Both in the Orbiculiformidae and in the Spongodis-
cidae the spongy meshwork is often arranged into concen-
tric rings or spirals. They are more pronounced in many
Neozoic Spongodiscidae and Orbiculiformidae, than in
Mesozoic Orbiculiformidae, buteven in the oldest typical
Orbiculiformidae from the Lower Camian of Austria spe-
cies with distinct concentric arrangements of the spongy
meshwork are present.

In transitional forms between Spongodiscidae and
Trematodiscidae the concentric structure is very pro-
nounced and the forms are flat and quite plane. Intrue Tre-
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matodiscidae the concentric or spiralic structure is not only
strong, but separated from the remaining test as an inner
single layer of concentric or spiralic pore frames with
strong bars (both the rings or spirals and the transverse bars
that spearate big pores). This inner layer is covered on the
lower and upper side by a layer of spongy meshwork. The
transitional forms indicate that both groups belong to the
same superfamily as assumed already by CAMPBELL
(1954) and KOZUR & MOSTLER (1978). In both groups
discoidal and armed forms can be observed.

The Trematodiscacea have in their centre a tiny mi-
crosphere, already recognizable in Triassic forms. In Neo-
zoic forms often a somewhat larger second latticed medul-
lary shell encloses this microsphere.

Genus Crucella PESSAGNO 1971
Type species: Crucella messinae PESSAGNO, 1971

Crucella carteri n. sp.

(PL. 15, figs. 2,4,9)

Derivatio nominis: In honour of Dr. E.S. CARTER,
Vancouver

Holotype: The specimen on pl. 15, fig. 4; rep.-no. KoMo
1990 1/8

Material: More than 100 specimens.

Diagnosis: 4 rays short, with very broad base. Pore
frames large, parallelogram-shaped, subordinately trigo-
nal. Mostly 4 bars originate in the vertices of pore frames.
Terminal spines robust, proximally broad, tricarinate.
Measurements:

Diameter of cortical shell between the spines: 88—96 \um
Length of the rays = 40-60 Ltm

Maximum width of the rays = 58—63 um

Maximum length of the spines = 70—87 um
Distribution: Until now only known from the Hettan-
gian part of the Kirchstein Limestone at the type locality.
Remarks: Crucella prisca n. sp. is most similar, but this
species is distinguished by different pore frames.

Crucella hettangica n. sp.

(PL. 15, fig. 7)

Derivationominis: According to its occurrence in the Het-
tangian part of the Kirchstein Limestone

Holotype: The specimen on pl. 15, fig. 7; rep.-no. KoMo
1990 177

Material: 4 specimens.

Diagnosis: 4 rays long, slender, with slightly tapering
tips. Pore frames tetragonal to pentagonal. Terminal
spines tricarinate, distally rounded, very long and needle-
shaped.

Measurements:

Width of cortical shell between the rays: 70-75 um
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Maximum width of rays: 40—48 Lim

Length of rays: 80-85 um

Maximum length of terminal spines: 116 pm
Distribution: Hettangian part of the Kirchstein Lime-
stone in the type locality and Varhegy Cherty Limestone
Formation of Csovér (northern Hungary).

Remarks: Crucella longispinosa (KOZUR & MOS-
TLER, 1978) from the Lower Carnian of Austria has the
same type of terminal spines, but the rays are shorter and
broader.

Crucella angulosa CARTER; CAMERON &
SMITH, 1988 from the Late Pliensbachian to Middle Toar-
cian of western North America is similar, but the terminal
spines are basally very broad.

Crucella prisca n. sp.

(PL. 15, figs. 1, 3, 5, 8, 10)

1984 Staurodoras (?) sp. IGO & NISHIMURA; pl.5, figs.
12,13

Derivatio nominis: Oldest known Jurassic Crucella
species

Holotype: The specimen on pl. 15, fig. 10; rep.-no. Ko-
Mo 1990 1/6

Material: More than 100 specimens.

Diagnosis: Tapering tips of the 4 short, especially proxi-
mally broad rays with long, robust tricarinate spines. Pore
frames of Alievium type, single pores tetragonal or trigo-
nal. Vertices of pore frames node-like. 4-6, mostly 5 bars
originate from the vertices.

Measurements:

Diameter of cortical shell between the rays: 92-110 um
Length of the rays = 56—65 um

Maximum width of the rays = 54—-60 um

Length of the spines = More than 80 ptm

Distribution: Uppermost part of the Canoptum rhaeti-
cum A. Z. s.str. (conodont proven uppermost Rhaetian),
Relanus hettangicus Zone, (Hettangian), Lower Sinemu-
rian part of the Parahsuum simplum Zone. Alps, northern
Hungary (Csovdr), Japan.

Remarks: Crucella squamosa (KOZLOVA, 1971) has
roundish to oval pores frames.

Crucella longispinosa (KOZUR & MOSTLER,
1978) from the Lower Carnian has similar rays (form and
length), but the spines are very long and except of their
proximal part needle-shaped.

Crucella angulosa CARTER; CAMERON &
SMITH, 1988 has proximally slender rays of nearly the
same width throughout its length. In our material only one
specimen shows this latter feature, but also in this specim-
en the length to widthratio is smaller thanin C. angulosa.
Moreover, the pore frames are different.



Crucella hettangica n. sp. has larger and slender
rays and larger and more needle-shaped terminal spines.

Crucella carteri n. sp. has larger, parallelogram-
shaped pore frames.

Some of our specimens have considerably shorter
terminal spines (40-50 pum), but are otherwise identical
with C. prisca n. sp. They are here determined as C. cf.
priscan. sp.

Genus Paronaella PESSAGNO, 1971
Type species: Paronaella solanoensis PESSAGNO,
1971

Paronaella striatan. sp.

(PL 15, fig. 6)

Derivatio nominis: According to the linear pore ar-
rangement in large parts of the rays

Holotype: The specimen on pl. 15, fig. 6; rep.-no. KoMo
1990 1/5

Material: 2 specimens.

Diagnosis: Test composed of 3 rays with circular cross
section thatare distally only a little broader than proximal-
ly.Pores of irregularshape and size are lineary arranged in
the proximal parts of the rays. In thedistal part the pore ar-
rangement is irregular or indistinctly linear. Especially in
the distal part of the rays irregular short spines are present
at some vertices of pore frames in the marginal parts of the
rays. Internal structure of the rays spongy.
Measurements:

Length of the rays = 132—-136 um

Minimum width of the rays = 24 um

Maximum width of rays (without spines) = 32-35 um
Distribution: Until now only known from the Hettan-
gian part of the Kirchstein Limstone at the type locality.
Remarks: Theoutermorphology with rather distinct line-
ar arrangement of the pore frames in the proximal parts of
the rays remembers to Homoeoparonaella BAUM-
"GARTNER, 1980, but the inner structure ist typical for
Paronaella PESSAGNO, 1971. True hagiastrids, present
since the Lower Sinemurian, are not yet present in our Het-
tangian material.

Subordo Entactinaria KOZUR & MOSTLER, 1982
Superfamily Hexastylacea HAECKEL, 1882 emend. PE-
TRUSEVSKAIJA, 1979

Family Triposphaeridae VINASSA DE REGNY, 1898
emend. KOZUR & MOSTLER, 1981

Genus Xenorum BLOME, 1984

Type species: Xenorum largum BLOME, 1984

Xenorum jurassicum n. sp.

(PL. 16, fig. 15

Derivatio nominis: According to its occurrence in the
Jurassic (so far only known from the Upper Triassic)
Holotype: The specimen on pl. 16, fig. 15; rep.-no. Ko-
Mo 1990 I-21

Material: 3 specimens.

Diagnosis: Cortical shell spherical, with large tetrago-
nal, pentagonal and smaller trigonal pore frames. Outer
layer exhibiting large polygonal pore frames with large
and high nodes at the pore frame vertices, often ending in
short spines. 3 primary spines symmetrically arranged, of
medium length, tricarinate, withbroadridges and deep fur-
rows between the ridges, without or with slight torsion.
Measurements:

Diameter of cortical shell = 136-144 um

Length of spines = 80—-89 um

Distribution: Hettangian part of the Kirchstein Lime-
stone at the type locality.

Remarks: Xenorum jurassicum n. sp. has the typical
shell structure of the genus Xenorum BLOME, 1984
known so faronly from the Late Triassic. The 2 former de-
scribed species, X. flexum BLOME, 1984 and X. largum
BLOME, 1984, have spines with strong torsion, but Xeno-
rumsp. A BLOME is a Late Triassic species without tor-
sion of the spines, like X. jurassicum n. sp.

Suborder Nassellaria EHRENBERG, 1875

Family Canoptidae PESSAGNO, 1979

Canoptum PESSAGNO, 1979

Type species: Canoptum poissoni PESSAGNO, 1979

Canoptum rhaeticum KOZUR & MOSTLER, 1981
1981 Canoptum rhaeticum n. sp. KOZUR & MOS-
TLER, p. 103-104, pl. 20, figs. 1-4

1982 Canoptum triassicum Y AO, n. sp. Y AO, p. 60, pl. 3,
figs. 1-4

Distribution: According to KOZUR & MOSTLER
(1981) this species israre in the Norian and widely distrib-
uted in the Rhaetian. Accordingto YAO (1982) it occurs in
the Sevatian and Rhaetian of Japan. However, seemingly
this species occurs here also above the highest occurrence
of Rhaetian conodonts, but below the appearence of Pa-
rahsuum simplex Y AO that begins within the Hettangian.
According to IGO & NISHIMURA (1984) C. rhaeticum
(=C. triassicum) ranges upward until the lowermost sam-
ple with Parahsuum simplum Y AO. Therefore this spe-
cies has a total range from the Middle Norian up to the Het-
tangian but it is common only in the Rhaetian worldwide
distribution.
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This range is for the upper part confirmed in our Het-
tangian material that contains still rarely C. rhaeticum.
The uppermost C. “triassicum” Zone of Japan (above the
last occurrence of Rhaetian conodonts) is here excluded
fromthe C.rhaeticum A.Z. and tentatively placed into the
Relanus hettangicus Zone. This interval has a quite dis-
tinct fauna, clearly separated both from the C. rhaeticum
AZ. s.str. and from the Parahsuum simplum Zone that be-
gins within the Hettangian.

In Japan the ranges of the radiolarians from this in-
tervalare well studied by HORI (1988) in the Kurusu sec-
tion. It comprises here a short interval of the samples KU
(c) 1, Ku (e) 2, Ku (b) 15 between the last occurrence of
Rhaetian conodonts and the first occurrence of Parahsu-
um simplumthat comprises only about 2 m of chert. In this
interval Droltus eurasiaticus (= Parahsuum ? sp. A) and
Syringocapsa coliforme HORI make their first appear-
ences. Both species are also present in our material. The
discussed interval in the Kurusu section corresponds prob-
ably to the topmost Rhaetian and (Lower) Hettangian.

Genus Paracanoptum YEH, 1987
Type species: Canoptum anulatum PESSAGNO &
POISSON, 1981

Paracanoptum primitivum n. sp.

(P1. 17, figs. 7,9 13)

Derivatio nominis: According to the primitive stage in
the Paracanoptum development

Holotype: The specimen on pl. 17, fig. 12; rep.-no. Ko-
Mo 1990 1-22

Material: More than 50 specimens.

Diagnosis: Multicyrtid test conical. Cephalis hemi-
spherical to rounded conical, imperforate. Thorax and fol-
lowing segments trapezoidal. Cephalis and thorax, some-
times also abdomen not separated on the outer surface by
strictures. Surface of cephalis smooth. Thorax and abdo-
men covered by small nodes. Postabdominal segments
well visible on the outer surface. Inner pore frames of post-
abdominal segments consisting of 2 rings of pores between
adjacent circumferential rings. These 2 pore rings are sep-
arated by a more or less distinct ring. Pore frames linearly
arranged. Pores of different size and shape, mostly oval or
polygonal. Inner pore frames covered by a layer of micro-
granular silica. The stricturesare poreless, in the proximal
part with irregular nodes, in the distal part smooth. Cir-
cumferential ridges in the proximal part of test with short
vertical ribs or elongated nodes, arranged as "H-linked"
ridges. In the distal part of test often only nodes or elongat-
ed nodesare present on the circumferential ridges. In many
specimens even the nodes become here indistinct. 2 rings
of tiny pores are present on the upper and lower part of the
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circumferential ridges, but these tiny pores are often closed
(partly because of recrystallization).

Measurements:

Length of test = 173—-190 pm

Maximum width = 80-90 um

Distribution: Hettangian of the Alps and northern Hun-
gary. (Varhegy Cherty Limestone Formation of Csovdr).
Remarks: In Paracanoptum anulatum (PESSAGNO &
POISSON, 1981) from the Upper Sinemurian and Pliens-
bachian the "H-linked" frames on the circumferential ridg-
esaremore pronounced and the pores in the outer layer are
more distinct. Moreover, the test of P. anulatum is more
slender.

Paracanoptum rugosum (PESSAGNO & POIS-
SON, 1981) from the Upper Sinemurian and Pliensba-
chian has the same shape of the test as P. primitivumn. sp.,
but the circumferential ridges are more pronounced
(sharper separated from the strictures) and the distances
between 2 circumferential ridges are larger than in P. pri-
mitivum.

Genus Relanus PESSAGNO & WHALEN, 1982
Type species: Relanus reefensis PESSAGNO &
WHALEN, 1982

Relanus hettangicus n. sp.

(Pl 16, figs. 1,4, 5,7, 10, 11, 14; pl. 17, figs. 8, 14-16)
Derivatio nominis: According to the frequent occur-
rence in our Hettangian material

Holotype: The specimen on pl. 17, fig. 16; rep.-no. Ko-
Mo 1990 I-9 .

Material: Several 100 specimens.

Diagnosis: Multicyrtid, elongated spindle-shaped.
Cephalis, thorax and abdomen, sometimes also the first
postabdominal segment built up an outside unsegmented
cone. Postabdominal segments outside hoop-like, closely
spaced, gradually increasing in width until the last 4-5
chambers, which decrease rather rapidly toward the distal
end. Distal aperture relatively small.

The cephalis bears an externally situated short horn
and it is imperforate like the thorax. Other segments with
two rings of vertically elongated, irregularly shaped and
sized pores, covered outside by a layer of microgranular
silica that is mostly imperforate or pierced by tiny pores
along the circumferential ridges. On the inner side the cir-
cumferential ridges are very high and narrow. In the distal
narrow segments the layer of microgranular silica is thin
and here the inner pores are sometimes also outside visible
and only partly closed by the layer of microgranular silica.
Theouterlayer is especially in the proximal half of the test
covered by mostly indistinct rings of small nodes.



Measurements:

Length =227-267 um

Maximum width = 86-98 pum

Distribution: Very frequent in the Hettangian of the
Alps and northern Hungary (Varhegy Cherty Limestone
Formation of Csovar).

Remarks: Relanus PESSAGNO & WHALEN, 1982 is
seemingly a very characteristic genus of Hettangian radio-
larian faunas. It began sporadically and very rarely in the
Middle Norian and became only in the Late Rhaetian more
frequent. After its maximum in the Hettangian, Relanus
disappeared at the top of the Hettangian.

Relanus reefensis PESSAGNO & WHALEN, 1982
is more slender and only the last segment decreases in
width. Moreover, numerous small pores are visible on the
outer surface above all along the circumferential rings.

Relanus hettangicus n. sp. is similar to Canoptum
rhaeticumn KOZUR & MOSTLER, 1981. This species has
no apical horn and the outer segmentation begins higher.

Relanus multiperforatus n. sp. is distinguished by
numerous small pores on the outer surface of microgranu-
lar layer.

Relanus multiperforatus n. sp.

(PL. 16, figs. 2, 3)

Derivatio nominis: According to the numerous small
pores in the layer of microgranular silica

Holotype: The specimen on pl. 16, fig. 3; KoMo 1990
1/10

Material: 4 specimens.

Diagnosis: Test conical to elongated spindle-shaped.
Cephalis hemispherical, imperforat, with distinct, asym-
metrically, externally situated apical horn. Remaining
chambers trapezoidal, gradually increasing in width until
6th or 7th postabdominal chamber. The distal 4-5 cham-
bers become again narrower. Cephalis, thorax and abdo-
men outside united into a unsegmented cone. Postabdomi-
nal segments outside visible aslow rounded rings of large,
vertically elongated pores, covered on the outer side by a
layer of microgranular silica pierced by numerous small
pores along the circumferential ridges. In the constrictions
only fewporesare visible in the marginal partoftheridges.
Measurements:

Length =252-300 um

Maximum width = 100-123 um

Distribution: Until now only known from the Hettan-
gian part of the Kirchstein Limestone at the type locality.
Remarks: Relanus reefensis PESSAGNO & WHALEN,
1982 is very slender, the segmentation is outside more pro-
nounced and the outside unsegmented proximal part is
missing.

In the latter feature (outside unsegmented cone of
cephalis, thorax and abdomen) R. multiporatus n. sp. cor-
responds to R. hettangicus n. sp., but this species has no or
only a few tiny pores in the quter layer of microgranular
silica.

Relanus longus n. sp.
(PL. 17, fig. 19)
Derivatio nominis: According to the long, slender test
Holotype: The specimen on pl. 17, fig. 19; rep.-no. Ko-
Mo 1990 I/11
Material: 23 specimens.
Diagnosis: Test long, very slender, with a large distal
part of equal width. Cephalis hemispherical with asym-
metrically (externally) situated horn. Segmentation until
the abdomen or first postabdominal segment outside not
visible. Remaining segments closely spaced, outside visi-
ble as low hoop-like rings separated by relatively narrow
constrictions. Postabdominal segments increase gradually
in width until the fifth or sixth postabdominal segment.
The following 5-6 segments have about the same width. In-
ner pore frames consistof tworings of pores in the postab-
dominal segments and in the abdomen, covered by a layer
of microgranular silica that is only in the distal segment
pierced by tiny pores along the circumferential rings. In the
proximal part of the test indistinct nodes are present.
Measurements:
Length =261-279 um
Maximum width: 75-79 um
Distribution: Until now only known from the Hettan-
gian part of the Kirchstein Limestone at the type locality.
Remarks: Relanus reefensis PESSAGNO & WHALEN,
1982 has more pronounced segments outside visible until
the proximal part of the test. Numerous small pores are
present in all postthoracic segments.

Relanus hettangicus n. sp. is elongated spindle-
shaped with distinctly decreasing width of segmentsinthe
distal part.

Relanus striatus n. sp.

(PL 16, figs. 8, 9; pl. 17, fig. 17, 18)

Derivatio nominis: According to the faint short vertical
ribs on the circumferential ring

Holotype: The specimen on pl. 17, fig. 17; rep.-no. Ko-
Mo 1990 I/12

Material: 4 specimens.

Diagnosis: Test conical to slender conical. Cephalis
asymmetrically conical with rather strong, excentrically
(externally) situated apical horn and sometimes also with
tiny lateral horn. Following closely spaced segments tra-
pezoidal, increasing gradually in width and height, but the
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last 4-5 segments decrease again very slowly in width.
Segmentation on the outer surface well visible. Cephalis
and thorax imperforate. Remaining segments with two
rings of pores, on the outer surface covered by alayer of mi-
crogranular silica, pierced along the circumferential rings
by tworings of small pores. Until the second to fourth post-
.abdominal segment mostly no poresare present. The outer
rings of the postabdominal segments are covered by aring
of low, densely spaced nodes that are in the upper half of
test prolongated into very short, narrow, very low ribs,
partly "H-linked" frames. In the lower part of test theseribs
are indistinct.

Measurements:

Length = 275401 um

Maximum width: 90-109 um

Distribution: Until now only known fromthe type local-
ity of the Kirchstein Limestone in its Hettangian lower
part.

Remarks: By the surface sculpture this species is well dis-
tinguished from all other Relanus species. Paracanop-
tum YEH 1987 has no apical spine.

Family Bagotidae PESSAGNO & WHALEN, 1982
Synonym: Canutidae PESSAGNO & WHALEN, 1982
Remarks: PESSAGNO & WHALEN (1982, p. 117) rec-
ognized several differences between the Bagotidae and
Canutidae that cannot be confirmed by our investigations.
Only in some Canutus species the outer layer consists ex-
clusively of bars that are anchored to the pillar-like nodes
of the inner layer. In several other Canutus species some
or all bars are connected with the bars of the inner pore
frames. This is quite the same shell structure as in the Ba-
gotidae. Moreover, both in the Bagotidae and in the Canu-
tidae (Canutus s.l.) the outer layer is often reduced to
nodes on the pore frame vertices and finally even these
nodes may become indistinct. The only remaining differ-
ence between the Bagotidae and Canutidae is, that in the
Canutidae the pore frames of the inner layer are linearly ar-
ranged throughout the whole test, whereas in the Bagotidae
the pore frames of the inner layer are in the proximal part
often irregularly arranged. However, the part with irregu-
larly arranged pore frames has different length and may
even disappear within one species, like in some Parahsu-
um species. It may be also present in some typical Canuti-
dae (e.g. Praecanutus n. gen.). This difference cannot be
used for separating family taxons.

Asthefirstrevising authors we give here the Bagoti-
dae the preference against the Canutidae, both published in
the same paper. The Bagotidae have the page priority and
the Canutidae were based only on one genus.
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Genus Parahsuum Y AO, 1982
Type species: Parahsuum simplum YAO, 1982
Synonyma: Drulanta YEH, 1987

Fantus YEH, 1987
Remarks: Parahsuum YAO, 1982 comprises both spe-
cies, where all pore frames are linearly arranged and spe-
cies with irregular pore frames in the proximal third of the
test. In some species, like in the type species, both types oc-
cur together in one population. Drulanta YEH, 1987 and
Fantus YEH, 1987 are forms, in which all pore frames are
linearly arranged, like in the holotype of Parahsuum sim-
plum YAO, 1982. As already recognized by HORI &
YAO (1988), Drulanta and Fantus cannot be separated
from Parahsuum. Lupherium PESSAGNO & WHAL-
EN, 1982 is similar, but has aapicalhornand it is here not
regarded as younger synonym of Parahsuum Y AO, 1982
as in HORI & YAO (1988). However, we place it in the
same family as Parahsuum (Bagotidae) and not into the
Hsuidae PESSAGNO & WHALEN, 1982. We could not
recognize the growing type of the Hsuidae as published by
PESSAGNO & WHALEN (1982), but the growing mech-
anism is quite identical with that of the Bagotidae PES-
SAGNO & WHALEN, 1982.

Some of the Canutus s.l. species, but not the type
species Canutus tipperi PESSAGNO & WHALEN,
1982, belong also to Parahsuum Y AO, 1982. Therefore
Canutus PESSAGNO & WHALEN, 1982 is not synony-
mous with Parahsuum YAOQO, 1982. Canutus can be dis-
tinguished from Parahsuum by an outer layer that covers
parts or all of the inner pore frames with very large rectan-
gular pores. Moreover, typical Canutus have a spindle-
shaped test. More elongate subconical species of Canutus
s.l., in which the outer layer is reduced to nodes on the pore
frame vertices or directly superimposed on the inner pore
frames (no bars of the outer pore frame between the bars of
the inner pore frames) as Canutus giganteus PESSAGNO
& WHALEN, 1982, C. indomitus PESSAGNO &
WHALEN, 1982 and C. izeensis PESSAGNO & WHAL-
EN, 1982 are here placed into Parahsuum YAO, 1982.
Canutus giganteus PESSAGNO & WHALEN, 1982
(Pliensbachian) is seemingly even a younger synonym of
Parahsuum simplum Y AO, 1982 (Hettangian to Pliensba-
chian).

Parahsuum simplum Y AO, 1982

(PL. 17, fig. 2)

1982 (March) Parahsuum simplum Y AO, n. sp. YAO, p.
61, pl. 4, figs. 1-4, 6-8, non! fig. 5

1982 (June) Canutus giganteus PESSAGNO & WHAL-
EN, n. sp. PESSAGNO & WHALEN, p. 127-128, pl. 4,
figs. 5, 13.



Distribution: Hettangian to Pliensbachian of Japan,
Hettangian of the Alps.

Remarks: The specimen figured in YAO (1982, pl. 4,
fig. 5) belongs to Parahsuum ovale HORI & YAO, 1988.
In our material P. simplum YAQ, 1982 is still very rare
and represented by very primitive specimens. The pore
frames are already rectangular as in typical P. simplum,
but their size and the linear arrangement of the pore frames
is not yet soregular as in typical representatives of this spe-
cies.

In Parahsuum primitivum n. sp. the pore frames are
irregular in size and shape and the linear arrangement of
the pores is missing or indistinct in the upper third of the
test.

Parahsuum primitivum n. sp.

(PL. 17, fig. 1)

Derivatio nominis: According to the primitive stage
within the genus Parahsuum Y AO, 1982

Holotype: The specimen on pl. 17, fig. 1; rep.-no KoMo
I-16

Material: 6 specimens.

Diagnosis: Test conical, multicyrtid, with 4-5 postab-
dominal chambers. No strictures visible on the outer sur-
face. Cephalis hemispherical, imperforate, distally with
few small pores. Other segments trapezoidal. In the proxi-
mal third to half of the test the pores are irregularly spaced
and shaped and their size differs. In the distal part of the test
the pore frames are aligned in vertical rows. However, also
here the pores have different size and shape. Small nodes
are present on the pore frame vertices.

Measurements:

Length of test = 120-136 pm

Maximum width = 80-86 um

Distribution: Hettangian part of the Kirchstein Lime-
stone at the type locality and Varhegy Cherty Limestone
Formation (Hettangian) of Csovar (northern Hungary).
Remarks: In Parahsuum simplum Y AO, 1982 the pores
areregularly rectangularand the pore framesare aligned in
regularrows. Only in a small proximal part (thorax, abdo-
men, but never in postabdominal segments) the pores are
irregularly arranged in some specimens.

Genus Droltus PESSAGNO & WHALEN, 1982
Type species: Droltus lyellensis PESSAGNO &
WHALEN, 1982

Droltus carinaspinosus n. sp.

(PL. 17, fig. 5)

Derivatio nominis: According to the tricarinate apical
horn

Holotype: The specimen on pl. 17, fig. 5; rep.-no. KoMo
1990 I-14

Material: 23 specimens.

Diagnosis: Test conical, mostly with 6 postabdominal
chambers. Cephalis conical, with strong, tricarinate apical
horn. Thorax and following segments trapezoidal. Cephal-
is and thorax covered by a layer of microgranular silica,
imperforate or with few small single pores. Pores in the re-
maining chambers become increasingly larger toward the
final chamber that is again a little narrower. Outer latticed
layer of abdomen and proximal postabdominal chambers
with irregularly sized and shaped polygonal pore frames.
Pore frames ofthe last 3-4 chambers larger, more regular,
predominantly tetragonal, aligned in vertical rows.
Measurements:

Length of the test = 183-207 um

Maximum width = 85-89 um

Distribution: Hettangian part of the Kirchstein Lime-
stone at the type locality.

Remarks: Droltus robustospinosus n. sp. has a very ro-
bust tricariante apical horn and the outer layer of the apical

_part of the test is arranged in coarse pore frames.

Droltus eurasiaticus n. sp.

(Pl 17, figs. 3, 4)

1982 Parahsuum (?) sp. A YAO, pl. 3, fig. 6
Derivatio nominis: According to its occurrence in Eur-
asia

Holotype: The specimen on pl. 17. fig. 3; rep.-no. KoMo
1990 I-13

Material: More than 100 specimens.

Diagnosis: Test conical, multicyrtid, with 6-7 postab-
dominal segments lacking strictures at joints. Cephalis
rounded conical, imperforate, with prominentapical horn.
Cephalis covered by a layer of microgranular silica. Tho-
rax and subsequent chambers trapezoidal in cross section.
Pores arranged in vertical lines. In the thorax they are
closed by a layer of microgranular silica. In the remaining
chambers the pores are openand become increasingly larg-
er toward the final postabdominal chamber. Outer latticed
layerindistinct to distinct, with large pore frames, arranged
in vertical lines and with small to distinct nodes at the pore
frame vertices.

Measurements:

Length of the test = 200-214 (im

Maximum width = 83-100 um
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Distribution: Droltus eurasiaticus n. sp. occurs in Ja-
pan according to the databy YAO (1982) in the uppermost
Canoptum "triassicum” Zone (above the last occurrence
of Rhaetian conodonts) up to the basal Parahsuum sim-
plumzone. The range inJapan is therefore Upper Rhaetian
(7), Hettangian. In our material D. eurasiaticus occurs in
the Hettangian part of the Kirchstein Limestone and in the
Hettangian Varhegy Cherty Limestone Formation of
Csovar (northern Hungary).

Remarks: The other Droltus specieé of our material have
tricarinate spines.

Droltus robustospinosus n. sp.

(PL. 17, fig. 6)

Derivatio nominis: According tothe very strong tricar-
inate apical horn

Holotype: The specimen on pl. 17, fig. 6; rep.-no KoMo
1990 I-15

Material: 7 specimens.

Diagnosis: Multicyrtid. Test in the apical part conical,
distally cylindrical, with 5-6 postabdominal segments.
Cephalis conical, with very strong, tricarinate apical horn.
Thorax, abdomen and proximal postabdominal segments
trapezoidal, distal postabdominal segments cylindrical.
Cephalis imperforate. Following segments with an inner
layer that has 2 rings of pores of different size and shape,
but mostly oval or roundish. Pore frames of the outer layer
in the proximal part coarse and irregular. In the distal part
of the test the pore frames of the outer (and inner) layers are
aligned in irregular vertical rows of different length.
Measurements:

Length of the test = 167-193 um

Maximum width = 80-83 pum

Distribution: Hettangian part of the Kirchstein Lime-
stone at the type locality.

Remarks: Droltus carinaspinosus n. sp. displays a coni-
cal test and only the last 2 chambers are cylindrical. The
outer layer has smaller pore frames in the proximal part of
the test and predominantly tetragonal pores in the distal
part of the test.

Family Syringocapsidae FOREMAN, 1973

Genus Syringocapsa NEVIANI, 1900

Type species: Theosyringium robustum VINASSA DE
REGNY, 1900

Syringocapsa coliforme HORI, 1988

(PL. 16, fig. 6)

1988 Syringocapsa coliforme HORI, n. sp. HORI, p. 556-
558, figs. 8/1-10
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Distribution: According to HORI (1988) S. coliforme
occurs in Japan from the Rhaetian up to the Sinemurian.
However, it begins in the Kurusu section 22 cm above the
lastoccurrence of Rhaetian conodonts. Therefore it may be
restricted to the Hettangian and Sinemurian.

Addendum:

Table 1: Distribution of saturnalid stock, without Acantho-
circinae.

Table 2: saturnalid stock and parasaturnalid stock (only
Acanthocircinae)
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Explanation of plates

If not mentioned otherwise, alle figured specimens derived from the type locality of the Kirchstein Limestone at Mt.
Kirchstein, 6.5 km WSW of Lenggries/Isar (Bavaria), sample L 1, Kirchstein Limestone, about 1 m above the Rhaetian
Dachstein Limestone, Hettangien.

Plate 1
Fig. 1:
Figs 2, 3:
Fig. 4:
Fig. 5:
Fig. 6:
Fig. 7:
Fig. 8:

Figs 9, 10:

Plate 2
Fig. 1:
Fig. 2:
Figs 3, &:
Fig. 4:
Figs 5, 7:
Fig. 6:
Fig. 9:

Plate 3
Figs 1, 6:
Fig. 2:
Fig. 3:
Fig. 4:
Fig. 5:
Fig. 7:

Figs 8, 10:

Fig. 9:

Plate 4
Fig.1:
Fig. 2:
Fig. 3:
Fig. 4:
Fig. 5:
Fig. 6:
Fig. 7:
Fig. 8:
Fig. 9:
Fig. 10:
Fig. 11:
Fig. 12:

Pseudacanthocircus mocki n.sp., holotype, x200.

Palaeosaturnalis liassicus n.sp., x200, fig. 3: pathologic form with open ring.
Spinoellipsella densispinosa n.gen.n.sp., holotype, x300.

Palaeosaturnalis parvispinosus n.sp., pathologic form with branching of the ring, x300.
Liassosaturnalis undulatus n.gen.n.sp., holotype, x200.

Palaeosaturnalis subovalis n.sp., x200.

Palaeosaturnalis cf. lenggriesensis n.sp., x200.

Palaeosaturnalis rectangularis n.sp., fig. 9: x200, fig. 10: holotype, x300.

Stauracanthocircus sp.C, x200.

Pseudacanthocircus ? laevis n.sp., x300.

Pseudoheliodiscus robustospinosus n.sp., fig. 3: x200, fig. 8: holotype, x300.
Spinoellipsella latispinosa n.gen.n.sp., holotype, x300.

Stauracanthocircus circularis n.sp., x200, fig. 5: holotype.
Pseudoheliodiscus n.sp.A, x200.

Stauracanthocircus asymmetricus n.sp., holotype, x200.

Stauracanthocircus quadratus n.sp., x200, fig. 1: pathologic form with open ring.
Stauracanthocircus cf. transitus n.sp., x200.

Stauromesosatuinalis schizospinosus n.sp., holotype, x200.

Triacanthocircus squinaboli n.sp., holotype, x200.

Stauracanthocircus sp.B, x300.

Stauracanthocircus pessagnoi n.sp., holotype, x300.

Stauracanthocircus triangulospinosus n.sp., x200, fig. 10: holotype.
Stauracanthocircus transitus n.sp., holotype, x200.

Pseudoheliodiscus nevianii n.sp., holotype (slightly tilted), x150.
Pseudoheliodiscus nevianii n.sp., x150.

Liassosaturnalis parvus n.gen.n.sp., x300.
PSeudoheliAdiscus inaequispinosus n.sp., holotype, x250.
Pseudoheliodiscus massivus n.sp., holotype, x300.
Liassosaturnalis undulatus n.gen.n.sp., x250.
Liassosaturnalis parvus n.gen.n.sp., x300.
Pseudoheliodiscus robustospinosus n.sp., x250.
Pseudoheliodiscus robustospinosus n.sp., x300.
Pseudoheliodiscus cf. robustospinosus, x200.
Pseudoheliodiscus robustospinosus n.sp., x250.
Liassosaturnalis parvus n.gen.n.sp., holotype, x300.
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Plate 5

Fig. 1: Pseudoheliodiscus alpinus n.sp., holotyp), x250.
Fig. 2: Liassosaturnalis undulatus n.gen.n.sp., x250.
Fig. 3: Pseudoheliodiscus alpinus n.gen.n.sp., x200 (specimen with four large auxiliary spines, diagonally ar-

ranged against the polar spine, homoeomorph form with Stauroacanthocircus KOZUR & MOSTLER,
1983 emend., but clearly distinguished by the big shell).

Fig. 4: Liassosaturnalis undulatus n.gen.n.sp. (pathologic form), x200.

Fig. 5: Pseudoheliodiscus alpinus n.sp. (with four large auxiliary spines), x200.
Fig. 6-9: Pseudoheliodiscus alpinus n.sp., x200.

Fig. 10: Pseudoheliodiscus robustospinosus, x200.

Fig. 11, 12:  Pseudoheliodiscus alpinus n.sp, x200.

Plate 6

Fig. 1: Praehexasaturnalis germanicus n.sp., x200.

Fig. 2: Praehexasaturnalis germanicus n.sp., holotype, x200.
Fig. 3: Liassosaturnalis undulatus n.gen.n.sp., x300.

Fig. 4: Praehexasaturnalis kirchsteinensis n.sp., x200.

Fig. 5: Praehexasaturnalis kirchsteinensis n.gen.n.sp., holotype, x250.
Fig. 6: Liassosaturnalis parvus n.sp., x300.

Fig. 7: Praehexasaturnalis kirchsteinensis n.sp., x200.

Fig. 8,9: Praehexasaturnalis tetraradiatus n.sp., x200.

Fig. 10: Stauracanthocircus ruestin.sp., x200.

Fig. 11: Praehexasaturnalis tetraradiatus n.sp., holotype, x200.
Fig. 12: Praehexasaturnalis tetraradiatus n.sp., x250.

Plate 7

Fig. 1: Stauracanthocircus ruesti n.sp., holotype, x200.

Fig. 2: Stauracanthocircus ? hettangicus n.sp., holotype, x200.
Fig. 3: Stauracanthocircus cf. ruesti, x250.

Fig. 4: Stauracanthocircus circularis n.sp., x200.

Fig. 5: Stauracanthocircus triangulospinosus n.sp., x250.

Fig. 6: Stauracanthocircus transitus n.sp., x200.

Fig. 7: Stauracanthocircus ? hettangicus n.sp., x200.

Fig. 8: Stauracanthocircus poetschensis n.sp. (POM 6/7), x300.
Fig. 9: Stauracanthocircus transitus n.sp., x200.

Plate 8

Fig. 1: Stauracanthocircus ? poetschensis n.sp., holotype (POM 6/7, Pétschenwand), x200.
Fig. 2: Stauracanthocircus quadratus n.sp., x200.

Fig. 3: Stauracanthocircus quadratus n.sp., holotype, x200.
Fig. 4: Stauracanthocircus ? poetschensis n.sp. (POM 6/7, Potschenwand), x250.
Fig. 5: Stauracanthocircus quadratus n.sp., x200.

Fig. 6: Stauracanthocircus sp.A, x200.

Fig. 7-9: Stauracanthocircus asymmetricus n.sp., x200.

Fig. 10: Deformed Stauracanthocircus asymmetricus n.sp., x200.
Plate 9

Fig. 14,

7,10, 12: Stauracanthocircus asymmetricus n.sp., x200.

Fig. 5: Stauracanthocircus cf. asymmetricus n.sp., x200.

Fig. 6: Palaeosaturnalis haeckeli n.sp., holotype, x200.

Fig. 8: Palaeosaturnalis haeckeli n.sp., holotype, x200.

Fig. 9: Palaeosaturnalis blomei n.sp., x300.

Fig. 11: Triacanthocircus muelleri n.gen.n.sp., x200.
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Plate 10
Fig. 1:

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
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Plate 11
Fig. 1:

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig. 9:

Fig. 10:
Fig. 11:
Fig. 12:
Fig. 13:
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Plate 12
Fig. 1, 3,
6, 8-10:
Fig. 2:
Fig. 4:
Fig. 5:

Fig. 7:
Fig. 11:

Plate 13
Fig. 1, 2:
Fig. 3:
Fig. 4:
Fig. 5:
Fig. 6:

Fig. 7:

Fig. 8:
Fig. 9:
Fig. 10:
Fig. 11:

b

Octosaturnalis carinatus n.gen.n.sp., holotype (Ptx1), x150.
Pseudacanthocircus terminospinosus n.gen.n.sp., holotype, x200.
Octosaturnalis carinatus n.gen.n.sp., holotype (Ptx1, Ptschen road), x400.
Triacanthocircus muelleri n.gen.n.sp., x200.

Pseudacanthocircus mediospinosus n.gen.n.sp., x200.

Triacanthocircus muelleri n.gen.n.sp., holotype, x200.
Pseudacanthocircus mediospinosus n.gen.n.sp., holotype, x200.
Pseudacanthocircus mocki n.gen.n.sp., x200.

Triacanthocircus muelleri n.gen.n.sp., x200.

Pseudacanthocircus terminospinosus n.gen.n.sp., x250.
Pseudacanthocircus pseudosimplex n.gen.n.sp. , holotype, x200.
Spinoellipsella densispinosa n.gen.n.sp., x300.
Pseudacanthocircus terminospinosus n.sp., x300.
Spinoellipsella densispinosa n.sp., x300.

Pseudacanthocircus baumgartneri n.gen. sp., holotype, x300.
Pseudacanthocircus troegeri n.gen.n.sp., holotype, x200.
Pseudacanthocircus laevis n.gen.n.sp., holotype, x300.
Pathologic Pseudosaturnalis schaafi n.sp., x200.
Palaeosaturnalis cf. schaafi n.sp., x200.

Palaeosaturnalis schaafi n.sp., holotype, x200.
Palaeosaturnalis schaafi n.sp., x200.

Palaeosaturnalis cf. schaafi, x200.

Palaeosaturnalis liassicus n.sp., x200, fig. 9: holotype.

Pathologic Palaeosaturnalis schaafi n.sp., with obtuse angle between the two polar spines, x200.
Palaeosaturnalis cf. liassicus, x200.

Mesosaturnalisn.sp. (sample POM 6/7 from Pétschenwand, Middle Norian), development of an unspined
or very slightly spined narrow ring with axial spine, opposite to an inner polar spine from a form with broad,
heavily spined ring and peripolar spine (for explanation see discussion of Saturnaliacea DEFLANDRE,
1953), x300

Palaeosaturnalis schaafi n.sp., x200.

Palaeosaturnalis cf. schaafi, x200.

Palaeosaturnalis liassicus n.sp., x200.

Palaeosaturnalis parvispinosus n.sp., holotype, x250.

Palaeosaturnalis subovalis n.sp., holotype, x250.

Palaeosaturnalis parvispinosus n.sp., x250.

Pathologic Palaeosaturnalis liassicus n.sp. with obtuse angle between the polar spines and ring
deformation, x200.

Pathologic Palaeosaturnalis liassicus n.sp. with obtuse angle between the polar spines and ring
defomation. Additionally two fragile auxiliary spines evolved for stabilization of the asymmetric polar
ring system, x180.

Palaeosaturnalis parvispinosus n.sp., x200.

Pathologic form of Palaeosaturnalis subovalis, x300.

Palaeosaturnalis lenggriesensis n.sp., x200.

Palaeosaturnalis lenggriesensis (holotype), x250.
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Plate 14
Fig. 1: Palaeosaturnalis parvispinosus n.sp., x200.

Fig. 2: "Palaeosaturnalis” fragilis n.sp., x200.

Fig. 3: “Palaeosaturnalis” fragilis n.sp., holotype, x150.

Fig. 4: Betraccium bavaricum n.sp., holotype, x250.

Fig. 5: Betraccium hettangicum n.sp., holotype, x300.

Fig. 6: Betraccium inaequiporatum, holotype, x250.

Fig. 7: Betraccium verticispinosum n.sp., x300.

Fig. 8: Betraccium verticispinosum, holotype, x250.

Fig. 9: Betraccium bavaricum n.sp., x250.

Fig. 10: Ellipsoxiphus tanuensis (PESSAGNO & BLOME, 1980), x350.

Fig. 11: Ellipsoxiphus cf.tanuensis (PESSAGNO & BLOME, 1980), x350.

Fig. 12: Ellipsoxiphus suessi (DUNIKOWSKI, 1882), x300.

Fig. 13: Ellipsoxiphus cf. danaensis (PESSAGNO & BLOME, 1980), x300.

Fig. 14: Ellipsoxiphus cf. browni (PESSAGNO 6 BLOME, 1980), x350.

Plate 15

Fig. 1: Crucella prisca n.sp., x250.

Fig. 2: Crucella carteri n.sp., x250.

Fig. 3: Crucella prisca n.sp., x200.

Fig. 4: Crucella carteri n.sp., holotype, x300.

Fig. 5: Crucella prisca n.sp., x200.

Fig. 6: Paronaella striata n.sp., holotype, x250.

Fig. 7: Crucella hettangica n.sp., holotype, x250.

Fig. 8: Crucella cf. prisca n.sp., x250.

Fig. 9: Crucella cf. carteri n.sp., x200. '

Fig. 10: Crucella prisca n.sp. (holotype), x250. ‘

Fig. 11: Ellipsoxiphus cf. browni (PESSAGNO & BLOME, 1980), x300.

Fig. 12, 13:  Ellipsoxiphus suessi (DUNIKOWSKI, 1882), fig. 12: x350, fig. 13: x300.

Fig. 14: Ellipsoxiphus browni (PESSAGNO & BLOME, 1980), x300.

Fig. 15: Ellipsoxiphus cf. danaensis (PESSAGNO & BLOME, 1980), x300.

Plate 16

Fig. 1, 4,

7, 10: Relanus hettangicus n.sp., x300.

Fig. 2: Relanus multiperforatus n.sp. (apical hornon the backside of the specimen and therefore not well visible),
x250.

Fig. 3 Relanus multiperforatus n.sp., holotype, x250.

Fig. 5: Relanus hettangicus n.sp. (photo from the direction of excentric apical horn), x300.

Fig. 6: Syringocapsa coliforme HORI, 1988, x300.

Fig. &: Relanus striatus n.sp., x300.

Fig. 9: Relanus striatus n.sp. (recrystallized specimen), x300.

Fig. 11: Relanus hettangicus n.sp., x200.

Fig. 12: Gorgansium alpinum n.sp., holotype, x300.

Fig. 13: Gorgansium blomei n.sp., holotype, x400.

Fig. 14: Relanus hettangicus n.sp., x500.

Fig. 15: Xenorum jurassicum n.sp., holotype, x250.
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Plate 17
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Fig.
Fig.
Fig.
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A A

11:
12:
13:
14:

15:
16:
17:
18:
19:

Parahsuum primitivum n.sp., holotype, x350.
Parahsuum simplum Y AO 1982, x300.
Droltus eurasiaticus n.sp., holotype, x300.
Droltus eurasiaticus n.sp., x300.

Droltus carinaspinosus n.sp. , holotype, x300.
Droltus robustospinosus n.sp., holotype, x300.
Paracanoptum primitivum n.sp., x300.

Relanus hettangicus n.sp., x300. (Photo from the opposite direction of apical horn, that is not visible)

Paracanoptum cf. primitivum n.sp., x350.
Paracanoptum primitivum n.sp., holotype, x300.
Paracanoptum primitivum n.sp., x350.

Relanus hettangicus n.sp., x250.

Relanus hettangicus n.sp., x200.
Relanus hettangicus, holotype, x300.
Relanus striatus n.sp., holotype, x200.
Relanus striatus n.sp. (holotype), x300.
Relanus longus n.sp. (holotype), x300.
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