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IMPORTANT RADIOLARIA FROM TUE HETTANGIAN OF LENGGRIES/ISAR 

(BAVARIA, NORTHERN CALCAREOUS ALPS) 

Heinz Kozur & Reifried Mostler 

With 17 plates and 2 tables 

Abstract: In the Kirchstein Limestone of the type locality 6.5 km WSW of Lenggries/lsar (Bavaria) rich radiolarian and 
sponge spicule associations have been discovered about 1 m above the Rhaetian Dachstein Limestone. The radiolarians in
dicate Hettangian age. 
All discovered species of the Satumaliacea 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 Typuslokalität 6,5 km WSW von Lenggries/lsar (Bayern) wurden ca. 1 m 
über dem rhätischen Dachsteinkalk reiche Radiolarien und Schwammspicula-Faunen entdeckt. Die Radiolarien zeigen 
Hettangian-Alter an. 
Alle nachgewiesenen Arten der Satumaliacea DEFLANDRE, 1953 werden beschrieben. Überdies 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 with descriptions of the other radiolarian 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/lsar 
in Bavaria (see TOLLMANN, 1976). The best preserved 
radiolarians were found in sample L 1 about 1 m above the 
Rhaetian Dachstein Limestone. All described radiolarians 
derived from this sample. 

The type locality of the Kirchstein Limestone lies in 
the northern marginal zone of the Lechtal N appe. Accord
ing to TOLLMANN ( 197 6) 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 higlier 
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, 1 882), 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 ( 1 980) 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. 

Barliest Liassie 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 
et al., 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 Triassie /Jurassie 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 Stratigraphie 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 Triassie genera have in the Hettangian 
their last occurrence or their last frequent occurrence and 
many typical Hettangian or Liassie genera began already 
in the Rhaetian or even in the Norian. For instance, the 
genus Re/anus PESSAGNO & WHALEN, very frequent 
in the Hettangian and absent in the Sinemurian, began 
with the primitive Re/anus 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 Liassie genera, are already 
present in the Rhaetian. Also the important Lower Liassie 
genus Parahsuum Y AO, 1982 is present in Rhaetian beds. 
Even the Rhaetian zonal index species, Canoptum rhaeti

cum KOZUR & MOSTLER, 1981 (= C. triassicum 

Y AO, 1982) is still rarely present in the Hettangian (also in 
our fauna). 

The Upper Rhaetian and Hettangian radiolarian 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 Y AO, 1982) or Rhaetian radiolarian faunas have been 
placed into the Hettangian, like the lower part of the Ca

noptum merum Zone of westem North America (see be
low). 

The differences between the Rhaetian and Hettang
ian radiolarian faunas concem mostly the species Ievel, but 
also several new genera appeared at or somewhat above the 
base of the Hettangian, especially among the Nassellaria. 
The characteristic and common Re/anus hettangicus n. 
sp. is not yet present in the Rhaetian. The Hettangian Para
satumalidae 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 Parasatumalidae 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 Triassie holdovers disappeared, e.g. 
Betraccium PESSAGNO & BLOME, 1980, still common 
in the Hettangian (4 species). 

According to PESSAGNO et al. (1987) Crucel/a 

PESSAGNO, 1971 s.str. and Katroma PESSAGNO & 
POISSON, 1981 appeared at the base of the Sinemurian, 
but both genera are already present in the Hettangian, Cru

cel/a is here even common. The oldest typical Crucel/a 

species with tapering tips of the rays, Crucella longispino

sa (KOZUR & MOSTLER, 1978) is already present in the 
Camian, 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 Crucel/a 

and Katroma can be therefore not used for spearating the 
Hettangian and Sinemurian radiolarian faunas. 

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



(common), Re/anus hettangicus n. sp. (very common), 
Re/anus longus n. sp. (rare), Relanus multipeiforatus 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, 1 988 
(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 (DUN1KOWSKI, 
1 882) (common), Ellipsoxiphus browni (PESSAGNO & 
BLOME) (common), Ellipsoxiphus tanuense (PESSAG
NO & BLOME, 1 980) (common), Gorgansium alpinum 

n. sp. (rare), Gorgansium blomei n. sp. (rare), Xenorum 

jurassicum n. sp. (rare). Very characteristic and common 
for the Relanus hettangicus zone are different species of 
Parasatumalidae 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 .  
A g  e :  Hettangian. 
D is tr i b u t i o n :  Alps ,  Hungary, British Columbia and 
Oregon, Japan. 
R e m  a r k s : The correlation with the higher part of the 
Zone 05 (Canoptum merum Concurrent Range Zone) of 
British Columbia and Oregon is indicated by the rieb oc
currence of the genus Relanus PESSAGNO & WHAL
EN, 1 982, 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, 1 982) is not present in our material , but it oc
curs together with C. praeanulatum PESSAGNO & 
WHALEN, 1 982 and Relanus reefensis PESSAGNO & 
WHALEN, 1 982 in the higher Rhaetian of the Alps .  All 
these 3 species are restricted to the C. merum Zone of the 
westem N orth 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 westem North 
America and the common occurrence ofthe genus Crucel

la s .  str. that begins in westem North America only in the 
basal Sinemurian. 

More s imilarities exist between the Re/anus het

tangicus Zone and the topmost Canoptum "triassicum" 

Zone (Canoptum triassicum YAO, 1 982 is an younger 
synonym of C. rhaeticum KOZUR & MOSTLER, 1 98 1 )  
and the lowermost Parahsuum simplum Zone of Japan. 
Canoptum rhaeticum KOZUR & MOSTLER, 1 98 1  (= C. 

triassicum YAO, 1 98 1 ), Droltus eurasiaticus n. sp. (= 

Parahsuum ? sp. A YAO, 1 982), primitive Parahsuum 

simplum YAO, Syringocapsa coliforme HORI, 1 988, 
Crucella prisca n. sp. ( = Staurodaras ? sp. sensu IGO & 
NISHIMURA, 1 984) and Gorgansum alpinum n. sp. ( = 

Gorgansum sp. A sensu IGO & NISHIMURA, 1 984) oc
cur both in this interval of the J apanese sections and in the 
Re/anus hettangicus Zone of the Alps .  

Most o f  the common species between these Japa
nese radiolarian associations and the Re/anus 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
clus ively Misikella posthernsteini KOZUR & MOCK. In 
Europe still 2 Rhaetian conodont zones fol low 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 J apanese radiolarian specialis ts at the base of 
the Parahsuum simplum Zone may be correct or it may be 
s ituated only a little deeper, but still somewhat above the 
conodont extinction datum. 

3. Taxonomie part 
Beside the Satumaliacea DEFLANDRE, 1 953 also some 
s tratigraphically important species of other radiolarian 
genera are described to demoostrate 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 species is the type locality 
of the Kirchstein Limestone at the Mt. Kirchstein 6.5 km 
WSW of Lenggries/lsar (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 1 990 l/1-42. 
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Subdass Radiolaria MÜLLER, 1 858 
Order Polycystina EHRENBERG, 1 838 
Suborder Spumellaria EHRENBERG, 1 875 
Superfamily Saturnalicaea DEFLANDRE, 1 953 

D i ag n o s i s :  Shell primary spongy, eonsisting of many 
eoneentrie layers. A tiny mierosphere with large pores is  
always present. In stratigraphieally younger forms a see
ond, larger medullary shell evolved within the spongy 
meshwork. Later this seeond medullary shell was trans
formed by enlargement into a lattieed eortieal shell or a 
eortieal shell evolved outside the second medullary shell . 
In the beginning, this eortieal shell is  stil l  eoverd by a thick
er spongy layer (Spongosaturninus CAMPBELL & 
CLARK, 1 944). Finally, this spongy layer on the latticed 
eortieal shell is absent or it beeame very thin and del ieate, 
preserved only in some specimeris 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 taxa rarely present. The 
polar spines are terminally mostly differentiated, in the 
Oertlispongidae KOZUR & MOSTLER, 1980 often in 
form of halfringlike, mostly flattened structures, often 
with seeondary outer spines. 

In the satumalid forms the halfrings join to a satur
nalid ring. In stratigraphieally 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, perpendieularly to the polar/peripolar 
spines. In these forms the ring is mostly elliptieal or reetan
gular with the Iong axis perpendicularly to the polar spines 
(transversally elliptieal or transversally reetangular). 
D i s t r i b u t i o n : Middle Triassie to Recent, very common 
from the Middle Triassie to Pliensbaehian, after the Creta
ceous very rare. 
A s s i g n e d  fa m i l i e s :  Saturnalidae DEFLANDRE, 1 953 
ernend 
Synonym: Vitorfidae PESSAGNO, 1977 
Parasatumalidae KOZUR & MOSTLER, 1 972 emend. 
KOZUR & MOSTLER, 1983 
Synonym: Aeanthoeireidae PESSAGNO, 1 977 
Oertlispongidae KOZUR & MOSTLER, 1 980 
Pseudaeanthocireidae n. fam. 
Satumalideidae n. fam.  
R e m ark s : The basie subdivision of  the Mesozoie satur
nalids was established by KOZUR & MOSTLER ( 1 972). 
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Later PESSAGNO (in PESSAGNO et al ., 1 979), DONO
FRIO & MOSTLER ( 1978) revised some genera of the 
Parasatumalidae and KOZUR & MOSTLER ( 1 98 1 )  re
vised the satumalid genera and introduced new genera and 
supragenerie taxa. 

KOZUR & MOSTLER ( 1 983) and De WEVER 
( 1 984) presented independently eaeh other 2 classifiea
tions of the satumalid radiolarians and DUMITRICÄ 
( 1 985) discussed the systematie position of this group. 

Different evaluations of the morphologie eharacters 
of the satumalids Iead to different classifications. Aceord
ing to KOZUR & MOSTLER ( 1 983) the satumalid radio
larians have polyphyletie origin and belong partly to the 
Entaetinaria, partly to the Spumellaria. DUMITRICÄ 
( 1985) questioned the polyphyletic eharacter of the satur
nalids and pointed out that the saturnalids are more related 
to the Entactinaria than to the Spumellaria. On the other 
band, he excluded partly exactly the same groups from the 
satumalid radiolarians as it was done by KOZUR & 
MOSTLER ( 1983) and he eonfirmed by this the polyphy
letic origin for the same groups of satumalid radiolarians 
that have been excluded from the satumalids s. str. by KO
ZUR & MOSTLER ( 1 983) (Hungarosatumalinae KO
ZUR & MOSTLER, 1983 of Austrosatumalidae KOZUR 
& MOSTLER, 1 983). 

The Entaetinaria eharacter of the satumalids s. str. is 
not clear form the figures by DUMITRICÄ ( 1 985). Like 
their forerunners (Oertlispongidae ), they have a miero
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 Entaetinaria have no microsphere, but the 
pentactine shell is large to very Iarge or the Entactinaria 
spicular system is point- or bar-eentred. Further detailed 
studies are necessary to clear finally the taxonomic posi
tion of the Satumaliacea. A strong point-eentred entacti
narian spieular system as in the Spongo-satumaloididae 
KOZUR & MOSTLER, 1983, as figured by KOZUR & 
MOSTLER ( 1 983, pl. 3, fig. 1 )  is surely not present in the 
Satumaliaeea, so that the polyphyletie origin of the ringed 
radiolarians is beyond any doubt and it was finally also ac
cepted by DUMITRICÄ ( 1 985, p. 1 85).  

KOZUR & MOSTLER ( 198 1 )  reeognized the su
praspecific importance of the position of polar/peripolar 
rays in satumalids (polar = opposite to outer spines on the 
ring, peripolar = opposite to interspine space or on smooth 
rings). De WEVER ( 1 98 1 )  plaeed forms with polar and 
peripolar spines stil l  in the same genus or even in the same 
species group. However, De WEVER ( 1 984) 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, 1 98 1 and Saturnalinae DEFLAN
DRE, 1953 emend. on the base of tbis difference. Howev
er, we cannot confirm that the presence of polar or peripo
lar spines is more than a generic difference. From the N ori
an to Recent we find forms with polar and peripolar spines 
and many form groups in this  long time interval have 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 l isted "form pairs" show 
clearly that the development of forms with peripolar spines 
is interative in several different l ines.Jn 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 form� of differ
ent lines. Therefore we cannot support the subdivision of 
the saturnalids proposed by De WEVER ( 1 984). 

On the other band, 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 oiher su
prageneric taxon, in turn, of minor taxonomic value. 

The subdivision of the saturnalids into Saturnalinae 
DEFLANDRE, 1 953 and Palaeosaturnalinae KOZUR & 
MOSTLER, 1 98 1  by De WEVER ( 1 984) cannot be ac
cepted also for priority reasons. The Palaeosaturnalinae 
KOZUR & MOSTLER, 1 98 1  sensu De WEVER ( 1 984) 
(pro Palaeosaturn!llini KOZUR & MOSTLER, 1 98 1 )  con
tain also the genus Heliosaturnalis KOZUR & MOS
TLER, 1 972, the nominate genus for the Heliosatumalinae 
KOZUR & MOSTLER, 1 982. Therefore in any case the 
Palaeosatumalinae 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), Mesosnturnalis (Norian Upper Cretaceous) 
Praemesosaturnalis (Norian Upper Cretaceous), Hexa

saturnalis (Toarcian Upper Cretaceous) Y aosaturnalis 

(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 auxi liary spines is  a generic difference. PES
SAGNO (in PESSAGNO et al., 1979) separated even the 
Parasaturnalinae KOZUR & MOSTLER 1972 (without 
auxi liary spines) from the Heliosaturnalinae KOZUR & 
MOSTLER, 1 972 (with auxiliary spines) on the base of 
this  difference. However, the "form pairs" with and with
out auxiliary spines have the same or similar Stratigraphie 
ranges. Except of the above mentioned "pairs", in the fol
lowing genera forms with and without auxiliary splnes are 
known, partly even within one species : Spongosaturni

nus CAMPBELL & CLARK (within one s.Q_e_cies:-8:- el

lipticus CAMPBELL & CLARK), Eospongosaturninus 

n. gen. (within one species: E. protoformis (YAO)), 
Praehexasaturnalis KOZUR & MOSTLER, 1 983, 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, 1 972 and Palaeosa

turnalis DONOFRIO & MOSTLER, 1 978 are clearly dif
ferent, in spite of the fact that the type species ofboth gene
ra came from the same layer and both genera have the same 
Stratigraphie range. No transitional forms between the 
Carnian Pseudoheliodiscus and Palaeosaturnalis spe
cies can be found. Either only 2 polar spines are present 
(Palaeosaturnalis) or beside of the 2 polar spines numer
o�s 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 4-6 (7) 
first order spines are present, cross-like or slightly diago
nally arranged. These forms (Stauracanthocircus KO
ZUR & MOSTLER, 1 983) can be easily distinguised both 
from forms without auxi liary spines and from forms with 
numerous small auxiliary spines. 

Quite different is the situation, if in one sample ( or in 
one population) in a morphologically uniform group both 
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specimens occur that have 2 polar or perlpolar spines with
out auxiliary 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 Stratigraphie 
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, 1 983. In this genus 2 No
rian species are present, in which no auxiliary spines can be 
observed, the Middle Norian to Upper Norian P. elegans 

(KOZUR & MOSTLER, 1 972) and the Upper Norian P. 

tenuispinosus (DONOFRIO & MOSTLER, 1 978). Dur
ing the Rhaetian the general morphological character of 
the latter species remained unchanged, but 2 tiny auxi l iary 
spines evolved (cross-like arranged with the polar spines). 
This form, P. tetraradiatus n. sp. continued into the Het
tangian, where the auxi liary spines became somewhat 
more pronounced. In the Hettangian a further species oc
curred, morphologically identical with P. tenuispinosus 

and P. tetraradiatus, but with 5 - 1 0  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 thi s  case the presence and absence of aux
i l iary spines cannot be used for separating 2 genera, be
cause P. kirchsteinensis is an end form without successor. 
On the other hand, it cannot be placed into Pseudohel iodis
cus, because it did not derive from Triassie 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 main problern 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 Stratigraphie value, ifthe development in different l ines 
is  known, because some trends were realized in different 
l ines to different times. 

Moreover, single morphologic changes that define 
in their combination a h igher evolved taxon, can be real
ized also in other groups without combination with other 
morphological changes. By thi s, for instance, 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 l ines, in turn, the ring outline remained 
constant from the 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 l ines, 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 Ieads to the development of the 
Saturnalidae from the Pseudoacanthocircidae, but it can be 
also observed in recent descendants of the Parasaturnali
dae (Saturnalium HAECKEL, 1 887). The same trend can 
be observed in different lines within the Trematodiscacea. 
This development has within a phylomorphogenetic l ine 
suprageneric importance (family rank), but it does not indi
cate direct relations between the newly evolved taxa with 
latticed cortical shell,  because they evolved from different 
forerunners. 

- Development of a narrow differentiated ring (with 
ridges ) .  Also this  trend can be observed in 2 different lines, 
but with constant 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 l ines. 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 is  highest on its outer margin and lowest on its 
inner margin. Moreover, a distinct furrow developed on 
the outer s ide of the ring between the 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 sti l l  stronger 
development of the ridges on the ring the genus Hexasa

turnalis KOZUR & MOSTLER, 1 983 evolved during the 
Liassie from Octosaturnalis n. gen. Hexasaturnalis, in 
turn, is  the forerunner of Acanthocircus SQUINABOL, 
1 903 s.  str. (basal Middle J urassic to Lower Cretaceous ) .  In 



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

Within the Pseudaeanthoeireidae n. fam. the devel
opment of the ridges on the ring began only during the ba
sal Middle J urassie. On the eontrary to the Aeanthoeircinae 
(Parasatumalidae ), the ridges evolved on the upper and 
lower surfaee of the inner side of the ring. B y thi s  the ring 
displays a triangular eross seetion with its wide base inside. 
This type of ring ean be observed for the first time in the ge
nus Eospongosaturninus n. gen. and in primitive Spon

gosaturnalis CAMPBELL & CLARK, 1 944, both from 
the basal Middle Jurassie. This ring type remained un
ehanged within the Pseudaeanthoeireidae n. fam. until the 
end of the Cretaeeous and also the Satumalidae DEFLAN
DRE, 1 953 s. str. (Upper Cretaeeous-Reeent) that evolved 
from the Pseudaeanthoeireidae n. fam. ,  have the same type 
of ring differentation. 

- Development of a narrow, transversally oval to ree
tangular ring (long axis perpendieular to the polar/peripo
lar spines ). This ring form is invariably present in the Pseu
daeanthocireidae n. fam. (Cordevolian-Upper Creta
eeous). It remained unehanged also in the Upper Creta
eeous-Reeent Satumalidae DEFLANDRE, 1 953 s. str. 

In eontrary to this invariable general ring outline of 
the Pseudaeanthoeireidae/Satumalidae ( transversall y 
oval, very rarely transversally reetangular), the Parasatur
nalidae display big variations in the general ring outline. 
The Camian Parasatumalidae have always roundish rings. 
During the Norian and Rhaetian, but espeeially during the 
Liassie forms with transversally oval/reetangular rings ap
peared in several l ines that are homoeomorphie to the 
Pseudaeanthocircidae and Satumalidae. However, in the 
Parasatumalidae this  trend is not fixed to the whole family. 
Even �ithin many Hettangian speeies the ring 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 vertieally reetangular 
to transversally reetangular. After the strong ineision in the 
diversity and frequeney of Parasatumalidae during the ba
sal Toareian only the persistent group with roundish or 
subroundish ring outline survived until the end of the Cre
taeeous. Also the reeent Satumalideidae n. fam. that 
evolved from the Parasatumalidae have a roundish ring 
outline. 

Within the genus Palaeosaturnalis DONOFRIO & 
MOSTLER, 1 978 the first transversally oval or transver
sally reetangular forms appeared during the Norian, but 
stil l  in the Liassie the ring outline remained mostly intra
speeifieally variable. Only in some Hettangian speeies the 
distinet transversally oval outline is specifieally fixed, but 

all these forms disappeared already in the Sinemurian. On
ly very few Palaeosaturnalis speeies with round or slight
ly vertieally oval ring outline oeeur from the Sinemurian to 
the Bajoeian before thi s  genus finally disappeared. 

In the genus Stauracanthocircus KOZUR & MOS
TLER, 1 983 reetangular ring outlines are dominant, but in 
the most speeies the ring outline is  very variable (from 
transversally reetangular to quadratie vertieally reetangu
lar or from transversally oval to roundish vertieally oval) .  

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

The primitive Aeanthoeireinae PESSAGNO, 1 977 
began with forms with oetogonal ring outline. During the 
Liassie evolved by reduetion 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 Jurassie the rounded tetragonal ring outline was 
transformed into transversally oval ring outline that is typi 
eal for the higher evolved Aeanthoeireinae. This transver
sally oval ring outline beeame still more prominent by the 
arrangement of 1 -2 spines in the polar region of the long 
axis. 

- Reduetion of the number of auxiliary spines. This  
trend ean be  observed within several lines of  the satumal
ids. It is aeeompanied by enlargement of the auxi l iary 
spines that beeame finally as large as the polar spines. In 
the Pseudaeanthocireidae n. fam. already the most primit
ve form, Praeacanthocircus carnicus KOZUR & MOS
TLER from the Cordevolian, has only 6 inner spines of 
nearly the same size. In the Palaeosatumalidae thi s  stage of 
development is only reaehed during the Liassie (genus 

· Stauracanthocircus KOZUR & MOSTLER). 
- Appearenee and disappearenee of auxiliary spines. 

Highly evolved Oertlispongidae with large shell (reaehing 
near to the inner side of the half rings branehing from the 
terminal part of the polar spines) have numerous, but most
ly indistinet auxiliary spines on the inner side of the half 
rings. If the shell ist relatively small and does not reaeh 
near to the inner side of the half ring, no auxiliary spines are 
present. Therefore the presenee or absenee of auxil iary 
spines in the earliest satumalids (thatevolved from Oertlis
pongidae) is a primary feature. The frequent oeeurrenee of 
forms with auxiliary spines in the Cordevolian to Pliensba
ehian interval and its rare oeeurrenee in Middle Jurassie or 
younger beds does not indieate that forms without auxil
iary spines developed in several l ines from forms with aux
iliary spines, but this  ehange refleets rather the disappear
enee of most of the Parasatumalinae KOZUR & MOST
LER (with many taxa that have auxiliary spines). 
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In spite of the faet that the number of auxil iary spines 
is  redueed in several l ines, we do not know any l ine, in 
whieh the forms without auxiliary spines have evolved 
from forms with auxiliary spines. On the eontrary, in some 
l ines the development of forms with auxiliary spines from 
forms without auxiliary spines ean be observed, e.g. Prae

hexasaturnalis tenuispinosus (without auxiliary spines, 
Upper Norian), P. tetraradiatus (with 2 auxiliary spines 
in eross-like arrangement with the polar spines, Rhaetian
Hettangian) P. kirchsteinensis (5-9 auxiliary spines, Het
tangian). In the Bajoeian Eospongosaturninus n. gen. 
forms with and without auxiliary spines oeeur within one 
speeies. It has evolved from Pseudacanthocircus n. gen. ,  
in whieh auxiliary spines are unknown. 

- Changes in the dentieulation or spinosity ofthe out
er ring margin. Here different trends ean be observed in 
different l ines. The Parasatumalidae have primary strong
ly spined rings. In the Norian began in some l ines a redue
tion of the spine number. One trend Iead to the develop
ment of forms with fewer, but very strong and partly eari
nate spines. This trend of reduetion is aeeompanied by a 
ehange ofthe ring outline from roundish to oetogonal, hep
tagonal, hexagonal and finally rounded tetragonal (devel
opment of earliest Aeanthoeireinae ) .  In an other l ine the 
spines (with exeeption of the spines opposite to the polar 
spines) beeame rarer, smaller and finally they disappeared 
(Liassosaturnalis n. gen.). 

In the Pseudaeanthoeireidae 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 eover the whole outer ring. 

An interesting mode of development of a slightly 
spined to nearly smooth narrow ring from a heavily spined 
broad ring with big triangular spines have been observed in 
a new Norian Mesosaturnalis speeies (pl. 1 2, fig. 5) de
seribed in an other paper. In this  speeies the broad ring is in
temal ly subdivided into a stable inner ring and a stable out
er ring, the latter with big spines. During eorrosion pro
eesses a zone of material weakness between the 2 partial 
rings is removed nearly totally and both partial rings be
eame separated. The inner ring with the peripolar spines 
has a small spine in most of the spaees between the big 
spines on the outer ring, including opposite to the peripolar 
spines. These small spines eonneet both partial rings, if 
they are not yet totally  separated. lf the 2 partial rings be
eame totally separated, a narrow ring (former inner partial 
ring) with small outer spines evolved. By this  proeess a 
form with small polar spines developed from a form with 
peripolar spines. This mode of ring ehange eould perhaps 
explain the oeeurrenee of Saturnalium HAECKEL with 
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narrow spined ring and polar spines in reeent material in
spite of the disappearenee of the last genera with polar 
spines (Palaeosaturnalis DONOFRIO & MOSTLER, 
Pseudoheliodiscus KOZUR & MOSTLER) during the 
Lower Dogger. 

- Development of double rings. This feature devel
oped several tim es in independent, only partly near related 
l ines from Parasatumalinae 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 ( 1 972, 1 983) 
Heliosaturnalis evolved from parasatumalids with single 
ring and numerous long outer spines by development of 
eonneeting bars about in the midlength of the outer spines 
(Pseudoheliodiscus Heliosaturnalis) . During the Liassie 
a stil l  undeseribed new genus evolved by the same''Helio
saturnalis mode" from Praemesosaiurnalis KOZUR & 
MOSTLER, 1 98 1 .  

Japonisaturnalis KOZUR & MOSTLER, 1 972 
evolved from Stauromesosaturnalis n. gen. partly by the 
above deseribed "Heliosaturnalis mode",  partly by di
branehing of the outer spines of the s ingle ring and eon
neeting of the branehes to a seeond ring ( "Parasaturnalis 

mode"). In this ease 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 Jurassie Parasa

turnalis KOZUR & MOSTLER, 1972 evolved exclusive
ly by this  latter mode from Mesosaturnalis speeies with 
terminally forked spines, present in the highest Triassie. 

In parasatumalids with multiple rings (Upper Creta
eeous Pseudosaturnalis KOZUR & MOSTLER, 1 972), 
the further rings evolved either by the "Heliosaturnalis 

mode" or by the "Parasaturnalis mode" from the outer 
spines of the seeond ring. 

Beeause double or multiple rings developed within 
the Parasatumalidae several times from different genera 
(Pseudosaturnalis, Heliosaturnalis, Meosaturnalis, Pa

rasaturnalis, Stauromesosaturnalis, Japonisaturnalis, 

Praemesosaturnalis undeseribed new genus), the supra
generie 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, 1 983) display a 
strong entaetinarian spieular system l ike Spongosaturna

loides KOZUR & MOSTLER, 1 972. Therefore they do 
not belong to the true satumalid radiolarians (Parasatur
nalidae KOZUR & MOSTLER, 1972), but to the family 
Spongosatumaloididae KOZUR & MOSTLER, 1 983 
nom. eorr. of the Entaetinaria. By a printing mistake, the 
Spongosatumaloididae were written as Satumaloididae in 
KOZUR & MOSTLER ( 1 983, p. 9, under the diagnosis), 



but correctly written by KOZUR & MOSTLER ( 1 983,  
p. 5) .  

The below following subdivision of the Satumalia
cea DEFLANDRE, 1 953 is based on complex evaluation 
of all available morphological and structural data and on 
the evaluation of phylomorphogenetic l ines. 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 satumalid radiolarians. This is the only way to 
distinguish between real relations and morphological ho
moeomorphies of not closer related forrns. Because some 
phylomorphogenetic lines are not yet known and the shell 
structure of many Cretaceous forrns is unknown, uncer
tainties remain that will be discussed. 

Family Oertlispongidae KOZUR & MOSTLER, 1 980 
D i ag n o s i s  (KOZUR & MOSTLER, 198 1 for Oertli
sponginae): Spherical to subspherical spongy shell con
sisting of 10 or more, sometimes 5 - 1 0  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. 
D i s t r i b u t i o n : Illyrian to Sevatian, very frequent in the 
Middle Triassic, especially in the Ladinian. 
A s s i g n e d  g e n e r a :  
Oertlispongus DUMITRICÄ, KOZUR & MOSTLER, 
1 980 
Synonym: Falcispongus DUMITRICÄ, 1 982 
? Vinassaspongus KOZUR & MOSTLER, 1 979 
? Zhamoidasphaera KOZUR & MOSTLER, 1 979 
Neopaurinella KOZUR & MOSTLER, 1 98 1  
Paroertlispongus KOZUR & MOSTLER, 1 98 1  
Baumgartneria DUMITRICÄ, 1 982 
Pterospongus DUMITRICÄ, 1 982 
Spongoserrula DUMITRICÄ, 1982 
Angulocircus LAHM, 1984 
R e m a rk s :  The Oertlispongidae KOZUR & MOSTLER, 
1 980 are here reduced to the Oertlisponginae sensu KO
ZUR & MOSTLER, 198 1 .  Acaeniospongus KOZUR & 
MOSTLER, 1 98 1  and Kulacella KOZUR & MOSTLER, 
198 1 ,  only tentatively assigned to the Oertlispongidae by 
KOZUR & MOSTLER ( 1 98 1 )  do not belong to the Oert
lispongidae. 

The Oertlispongidae are the basis groups of the Sa
tumaliacea as already pointed out by KOZUR & MOS
TLER ( 1 983). All transitional forrns between highly 
evolved Oertlispongidae and Parasatumalidae are present. 

Genus Angulocircus LAHM, 1 984 
Type species: Spongosaturnalis bipartitus KOZUR & 
MOSTLER, 1 972 
D i s  tri b u t i o n :  Cordevolian-Julian 
A s s i g n e d  s p e c i e s :  
Spongosaturnalis bipartitus KOZUR & MOSTLER, 
1 972 
Synonym: ? Pseudoheliodiscus ? interruptus KOZUR & 
MOSTLER, 1 983 
Angulocircus laterospinosus LAHM, 1984 
Angulocircus multispinosus LAHM, 1 984 
Pseudoheliodiscus donofrioi KOZUR & MOSTLER, 
1 983 
Synonym: Angulocircus longispinosus LAHM, 1 984 
R e m arks : Until now, this genus was placed into satumal
id genera (Spongosaturnalis CAMPBELL & CLARK, 
1 944) Pseudoheliodiscus KOZUR & MOSTLER, 1 972 
Angulocircus LAHM, 1 984). However, it belongs to 
highly evolved Oertlispongidae KOZUR & MOSTLER, 
1980, because the half-rings are not yet fused to a satumal
id ring. Moreover, even the position of the half-rings is 
within the 2 known species not yet fixed within one plane. 
Any angle between the 2 half-rings is possible; they may be 
situated even perpendicularly to each other. 

Pterospongus DUMITRICÄ, 1 982 is distinguished 
by the absence of auxiliary spines on the inner margin of 
the half-rings. Only m Pterospongus incissus 

DUMITRICÄ, 1 982 tiny indistinct auxiliary spines are 
present in some specimens. 

Angulocircus LAHM, 1 984 is a transitional form 
between the Oertlispongidae and the Parasatumalidae 
(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 Parasatumalidae. 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 Parasatumali
dae, but open rings and inclination of some parts of the ring 
against the equator plane occur in the satumalids only in 
pathologic forrns. 
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Family Parasaturnalidae KOZUR & MOSTLER, 1972 
Synonym: Acanthocircidae PESSAGNO, 1 977 
D i ag n o s i s :  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, reetangular or elliptical 
with long axis parallel to the polar/peripolar spines or per
pendicularly to them. Ring surface in the most forms undif
ferentiated, in higher evolved forms partly with ridges on 
the lower and upper side of the outer ring margin that con
nect ridges 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 whole ring, but in higher evloved forms often on
ly at the polar regions ofthe long axi s  or opposite to the 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 Triassie and Liassie representatives often 
present, since the Middle Jurassic only very rare. In Norian 
and Liassie forms often 4, 6 or more, rarely 3, 5 first order 
spines are present (2 polar/perlpolar spines and additional 
spines of the same or nearly the same size that evolved 
from auxiliary spines). 
D i s tr i b u t i o n :  Cordevolian Upper Cretaceous. 
A s s  i g n e d  g e n e r a :  See under the subfami lies. 
R e m ark s : The Upper Cretaceous to Recent Saturnalidae 
DEFLANDRE, 1953 have a latticed cortical shell, by some 
forms still 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 as the 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, 1 887 
is therefore the last and only living representative of the 
parasaturnalid stock. 

The Pseudacanthocircidae n. fam. have invariably a 
transversally elongated ring. By this feature the early Pseu
dacanthocircidae n. fam. and the early Parasaturnalidae 
KOZUR & MOSTLER (always with roundish ring out-
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l ine) 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., but have never a triangular ring cross-section with 
broad base inside. 

Highly evolved Oertlispongidae KOZUR & MOS
TLER, 1 980 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 sti l l  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 stil l  in the Jurassic. 

Subfamily Parasaturnalinae KOZUR & MOSTLER, 
1 972 
D i ag n o s i s :  Shell globular, spongy, with numerous con
centric layers and with tiny microsphere. In high er evolved 
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 first order 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 first order 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. 
D i s t r i b u t i o n : Very frequent from the Cordevolian up to 
the Pliensbachian with the maximum diversity from the 



Norian to Hettangian. Rare from the Toarcian to Upper 
Cretaceous, with a second smaller maxirnum in the Upper 
Cretaceous. Above the Bajocian only taxa with peripolar 
spines have been observed. 
A s s i g n e d  g e n e r a :  
Parasaturnalis KOZUR & MOSTLER, 1 972 
Japonisaturnalis KOZUR & MOSTLER, 1 972 
? Pseudosaturnalis KOZUR & MOSTLER, 1 972 
Heliosaturnalis KOZUR & MOSTLER, 1 972 
Pseudoheliodiscus KOZUR & MOSTLER, 1 972 emend. 
PESSAGNO, 1 979 
Synonym: Pessagnosaturnalis KOZUR, 1 979 
Saturnosphaera TICHOMIROV A, 1 975 
Palaeosaturnalis DONOFRIO & MOSTLER, 1 978 
emend. KOZUR & MOSTLER, 1 98 1  
Mesosaturnalis KOZUR & MOSTLER, 1 98 1  
Praemesosaturnalis KOZUR & MOSTLER, 1 98 1  
Praehexasaturnalis KOZUR & MOSTLER, 1 983 
Stauracanthocircus KOZUR & MOSTLER, 1 983 
R e m ar k s : All transitions between highly evolved Oert
l ispongidae KOZUR & MOSTLER, 1 980 and Parasatur
nalinae KOZUR & MOSTLER, 1 972 are known (see un
der Parasaturnalidae KOZUR & MOSTLER, 1 972). 

The Acanthocircinae PESSAGNO, 1 977 have di
reetly evolved from the Parasaturnalinae KOZUR & 
MOSTLER, 1 972. In transitional forms of the Parasatur
nalinae the first indistinet marginal ridges on the ring, eon
neeting the outer spines, ean be observed. The most primi
tive representative of the Aeanthoeireinae, Octosaturna

lis n. gen. ,  is stil l  similar to the Parasaturnalinae, but has 
already very robust, broad, triearinate spines and a distinet 
ridge on the upper and lower side of the outer marginal 
parts of the ring. These ridges eonneet the ridges on neigh
bouring spines and are therefore interrupted at the base of 
the spines. 

The higher evolved Aeanthocireinae are distin
guished by elongated oval, narrow rings that are in eross 
seetion higher than broad and display a distinet furrow on 
the lateral outer margin. The spines of these forms are eon
eentrated to the polar region of the long axis ( 1 -2 spines 
eaeh pole). These forms are clearly distinet from the Para
saturnalinae. Only some extreme Liassie Parasatumalinae 
have an elongated oval ring that is, however, always flat, 
undifferentiated, on the whole margin spined and displays 
polar spines. 

The Satumalideidae n. fam. have developed from 
Upper Cretaeeous Parasatumalinae (persistent group with 
roundish ring). This family, represented only by one reeent 
genus, is clearly dinstinguished by a latticed eortieal shell .  
Already in the Liassie some taxa o f  the Parasatumalinae 
have a rather big, latticed seeond medullary shell. There-

fore it is possible that the Upper Cretaeeous species of the 
genera Pseudosaturnalis KOZUR & MOSTLER, 1 972, 
Mesosaturnalis KOZUR & MOSTLER, 1 98 1 ,  Praeme

sosaturnalis KOZUR & MOSTLER, 1 98 1  and Praehe

xasaturnalis KOZUR & MOSTLER, 1 983 have already a 
lattieed eortieal shell, eovered by a spongy layer. In this 
ease, they would belong to the Satumalideidae n. fam. and 
with exeeption of Pseudosaturnalis (type speeies from 
the Upper Cretaeeous ), they would all belong to new gene
ra, beeause the type species of M esosaturnalis, Praeme

sosaturnalis and Praehexasaturnalis from the Late Tri
assie have only a lattieed mierosphere. Unfortunately, the 
inner shell struetures of the Upper Cretaeeous representa
tives of the above mentioned genera aie un191own. 

P. catadelos (FO�EMAN, 1 968) has aceording to 
FOREMAN ( 1 968) pössibly a lattieed eortieal shell eov
ered by spongy material, but the small thoms on the peripo
lar spines indieate rather a spongy strueture of the whole 
outer shell without lattieed eortieal shell .  For this  reason, 
the genus Pseudosaturnalis is for the moment firrtper
more plaeed into the Parasatumalinae. 

Genus Pseudoheliodiscus KOZUR & MOSTLER, 1 972 
emend. PESSAGNO, 1 979 
Synonym: Pessagnosaturnalis KOZUR, 1 979 
Type species: Pseudoheliodiscus riedeli KOZUR & 
MOSTLER, 1 972 

Pseudoheliodiscus alpinus n. sp. 
(Pl . 5, figs. 1, 3, 5-9, 1 1 , 1 2) 
D e r i  v a t i o  n om i n i s :  Aeeording to the oeeurrenee in the 
Alps. 
H o l o t y p e :  The speeimen on pl.  5 ,  fig. 1 ;  rep.-no KoMo 
1 990 I-3 1 
M at e r i a l : More than 1 00 speeimens. 
D i ag n o s i s :  Spongy shell large, only a l i ttle smaller than 
the inner margin of the ring, partl y reaehing until the inner 
margin of the ring. Shell surfaee with numerous short, nee
dle-shaped spines. Shell eonsisting of several eoneentrie 
layers. Mierosphere lattieed. 

Ring eircular, moderate I y broad, flat, undifferentiat
ed, with 1 1 - 1 3, mostly 1 2  very large spines that tapers eon
tinuously toward their distal ends; some of it may be bifur
eated. Beside the 2 strong polar spines, there are stil l  4-7 
large auxiliary spines, mostly opposite to interspine spac
es, but 1 or 2 of them may be situated opposite to spines. 
M e a s  u re m e n  t s :  
Diameter of shell = 1 08-1 35 J.lm 
Diameter of ring = 1 75-200 J.lm 
Width of ring = 1 6-20 J.lm 
Length of spines = 60-1 00 J.lm 
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D i s t r i b u t i o n : Hettangian of Alps and of the Varhegy 
Cherty Limestone Formation of Csövar (Hungary). Very 
frequent. 
R e m ar k s :  Pseudoheliodiscus riedeli KOZUR & MOS
TLER, 1 972 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. eontains morpho
logieal transition forms to the genus Stauracanthocircus 

KOZUR & MOSTLER, 1 983 emend. Forms with 4 large 
auxiliary spines in diagonal arrangement against the polar 
spines are not rare. They eorrespond otherwise perfeetly 
with the speeimen that display 5 -7 large auxiliary spines. 
The large shell ,  never present in Stauracanthocircus KO
ZVR & MOSTLER, 1983, indieates that these speeimens 
with 4 auxiliary spines belang to P. alpinus n. sp. The 4 
auxiliary spines in diagonal arrangement against the polar 
spine indieate only intraspeeifie variability in the number 
of auxiliary spines ( 4-7). They do not indieate real phylom
orphogenetie transitions to the genus Stauracanthocircus, 

but only homoeomorphy. 

Pseudoheliodiscus robustospinosus n. sp. 
(PI. 2, figs. 3 ,  8;  pl. 4, figs. 8- 1 1 ;  pl. 5,  fig. 1 0) 
1 978  '! Spongosaturnalis sp., pars FEARY & HILLS, 
p. 366, only the speeimen on fig. 9 
D e r i v a t i o  n om i n i s :  Aeeording to the broad, robust 
spines. 
H a l o t y p e :  The speeimen on pl. 3, fig. 8 ;  rep.-no. KoMa 
1 990 1-32 
M at e r i a l :  More than 50 speeimens. 
D i a g n o s i s :  Shell spongy, eonsisting of several eoneen
trie layers. Lattieed mierosphere tiny. Few needle-like 
short spines may be present on the shell surfaee. 

Ring subspherieal to subquadratie, moderately 
broad to broad, flat, undifferentiated, with 8- 1 1  moderate
ly lang, broad, robust, triangular spines, rarely with termi
nal bifureation. One axial spine has the same form and 
length as the eireum-axial spines, the other one is more 
slender and generally langer. Beside the 2 polar spines ad
ditionally 4-7, mostly large, robust auxiliary spines are 
present, situated mostly opposite to interspine spaees, but 
partly also opposite to outer spines. 
M e a s  u re m e n  t s : 
Diameter of shell = 80-105 J.lm 
Diameter of ring = 1 57-205 J.lm 
Width of ring = 1 5-25 J.lm 
Length of spines = 20-60 J.lm 
D i s t r i b u t i o n : Hettangian of the Alps and of Csövar 
(Northem Hungary, Varhegy Cherty Limestone Forma
tion), ? Jurassie of New Zealand. 
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R e m arks : Pseudoheliodiscus alpinus n. sp. has more 
and eonsiderably Ionger spines and a larger shell. 

Pseudoheliodiscus massivus n. sp. 
(PI . 4, fig. 5) 
D e ri v at i o  n o m i n i s :  Aeeording to the massive polar 
spines. 
H o l o t y p e : The speeimen on pl. 4, fig. 5; rep.-no. KoMa 
1 990 1-36 
M a t e r i a l : 5 ineomplete speeimens. 
D i a g n o s i s :  Shell relatively small ,  spongy, with several 
eoneentrie layers and tiny lattieed mierosphere. Polar 
spines very robust. 5-6 1arge, robust auxiliary spines. Ring 
eireular, moderately broad, with triangular spines opposite 
to the polar spines (one may be more slender and langer) 
and only 4-6 triangular, relatively short eireumaxial 
spines. 
M e a s  u re m e n  t s :  
Diameter of shell = 80-90 J.lm 
Diameter of ring = 1 80-1 90 J.lm 
Width of ring = 1 8-2 1 J.lm 
Length of spines = 20-30 J.lm 
D i s t r i b u t i on : Hettangian of the type loeality. 
R e m a rk s :  Pseudoheliodiscus ? inaequispinosus n. sp. 
has also small and few spines. However, the ring is ellipti
eal with the lang axis parallel to the polar spines. At one po
lar area of the lang axis the ring is eoneave. 

P.seudoheliodiscus ? inaequispinosus n. sp. 
(PI . 4, fig. 4) 
D e r i v at i o  n o m i n i s :  Aeeording to the irregularly 
spaeed spines 
H o l o t y p e : The speeimen on p1.4, fig.4; rep.no. KoMa 
1990 1-37 
M a ter i a l : 4 speeimens. 
D i a g n o s i s :  Shell relatively small ,  spongy, eonsisting of 
several eoneentrie layers. Mierosphere lattieed. 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 lang axis parallel to 
the polar spines. The ring is irregularly eovered by short, 
triangular spines. A spiny and an almost smooth half of the 
ring may be present. 
M e a s  u re m e n t s : 
Diameter of shell = 80- 89 J.lm 
Diameter of ring (lang axis) = 1 92-200 J.lm 
Diameter of ring (short axis) = 1 76--1 80 J.lm 
Width of ring = 1 8-20 J.lm 
Length of spines = 9-1 6  J.lm 
D i s t r i b u t i o n : Hettangian of the type loeality. 
R e m ark s :  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. 
(PI .  4, figs. 1 ,  2) 
D e r i v a t i o  n o m i n i s :  In honour of A. NEVIANI, one of 
the pioneers of Mesozoic radiolarian research 
H o l o t y p e : The specimen on pl. 4, fig. 1 ;  rep.-no. KoMo 
1990 I-4 
M a te r i a l : 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. 1 1 - 1 2  triangular to rounded triangular peripheral 
spines (including the axial spines), at one pole of the long 
axis Ionger than at the other pole. Axial spines not Ionger 
than adjacent spines, with typical rounded triangular 
shape. 2 robust polar spines and 5-6 very long, strong aux
iliary spines are present. 
M e a s  u r e m e n  t s : 
Diameter of shell = 1 33-1 60 jlm 
Diameter of ring (long axis) = 353-367 jlm 
Diameter of ring (short axis) = 247-273 jlm 
Width of ring = 20-27 jlm 
Length of denticles = 27-60 jlm, occasionally some spines 
are shorter than 10 jlm 
D i s t ri b u t i o n : Hettangian of the type locality. 
R e m a rk s :  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
tides at one pole of the long axis than at the opposite pole) . 

Pseudoheliodiscus n. sp. A 
(PI. 2, fig. 6) 
R e m ark s :  This distinct species has numerous slender, 
relatively short spines and 8 strong, long auxil iary 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, 
1 978 emend. KOZUR & MOSTLER, 198 1 
Type species: Spongosaturnalis triassicus KOZUR & 
MOSTLER, 1972 

Palaeosaturnalis blomei n. sp. 
(PI. 9, fig. 9) 
D e r i v a t i o  n o m i n i s :  In honour of Dr.Ch.D. BLOME, 
Menlo Park, California 
H o l o t y p e : The specimen on pl. 9,  fig. 9; rep.-no. KoMo 
1990 I-4 1 
M a t e r i a l : 7 damaged specimens. 
D i a g n o s i s :  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. eireum
axial spines triangular, short, but adjacent to the polar axis 
distinctly larger than axial spines. 
M e a s  u re m e n  t s :  
Diameter of shell = 68-73 jlm 
Diameter of ring (long axis) = 1 79-1 85 jlm 
Diameter of ring (short axis) = 146-154 jlm 
Length of axial spines = 1 0- 1 2  jlm 
Length of circumaxial spines = 1 3-23 jlm 
D i s tr i b u t i o n :  Hettangian of the type locality. 
R e m a rk s :  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. 
(PI . 9,  figs. 6, 8) 
D e r i v a t  i o n o m i n i  s : In honour of the great pioneer of 
radiolarian research, E. HAECKEL 
H o l o t y p e : The specimen on pl . 9, fig. 6; rep.-no. KoMo 
1 990 I-40 
M a t e r i a l :  1 7  specimens. 
D i ag n o s i s :  Shell subspherical to subellipsoidal , spongy, 
consisting of several concentric layers. Microsphere lat
ticed. Ring subelliptical to roundish 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. 
M e a s u re m e n t s : 
Diameter of shell = 85-90 jlm 
Diameter of ring (in the polar spine axis) = 2 1 0-220 jlm 
Diameter of ring (perpendicularly to the polar spine axis) = 
205-250 jlm 
Width of the ring = 1 5-23 jlm 
Length of the circumaxial spines adjacent to the axial 
spines = 50-60 jlm 
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Length ofthe spines around the pole perpendieularly to the 
polar axis = 25-40 Jlm 
Length of the long axial spine = 90-104 J.Lm 
D i s tr i b u t i o n :  Hettangian part of the Kirehstein Lime
stone at the type loeality. 
R e m a r k s :  The eireumaxial 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 adjaeent eireumaxial spines. 

Palaeosaturnalis lenggriesensis n. sp. 
(PI . 1 ,  fig. 8;  pl. 1 3 , figs. 1 0, 1 1 ) 
Derivatio nominis : Aeeording to the oeeurrenee in the 
Hettangian of Lenggries (Bavaria) 
Holotype: The speeimen on pl. 1 3 , fig. 1 1 ; rep.-no. Ko
Mo 1 990 1-43 
Material : 3 1  speeimens. 
Diagnosis: Shell spherieal, spongy, eonsisting of several 
eoneentrie layers. Mierosphere lattieed. Ring broad, flat, 
undifferentiated, slightly elliptieal or rounded subreCtan
gular, with long axis mostly perpendieularly to the polar 
spines. 1 0- 1 2  triangular, relatively short spines. Axial 
spines in typieal forms as broad and long as the eireumaxial 
spines. Polar spines very robust. 
Measurements: 

Diameter of shell = 84-90 j.lm 
Diameter of ring (long axis) = 1 68-240 j.lm 
Diameter of ring (short axis) = 1 60-2 10  j.lm 
Width of ring = 1 6--25 j.lm 
Length of spines = 1 6-45 j.lm 
D istribution: Hettangian of the Alps and Csövar 
(V arhegy Cherty Limestone Formation), Northern Hun
gary. 
Remarks: Palaeosaturnalis rectangularis n. sp. has a 
reetangular ring outline and one axial spine is distinetly 
larger than the other one. Some speeimens, determined as 
Palaeosaturnalis ef. leggriesensis n. sp. display a round
ed subreetangular to subelliptieal outline. They ean be re
garded as transitional forms between P. lenggriesensis n. 
sp. and P. rectangularis n. sp. From typieal representa
tives of P. lenggriesensis n. sp. they are espeeially 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. 
(PI. 1 ,  figs. 2, 3 ;  pl .  1 2, figs. 1 ,  3 ,  4, 6, 8- 1 0; pl .  1 3 ,  figs. 1, 2, 
6, 7) 
1 982 Palaeosaturnalis sp. D Y AO, pl.  4, fig. 2 
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Derivatio nominis : Aeeording to the mass oeeurrenee 
in the Hettangian (Liassie) 
Holotype: The speeimen on pl. 1 2, fig. 9; rep. -no. KoMo 
1990 1-38 
Material : Several 1 00 speeimens. 
Diagnosis: Shell spongy, eonsisting of several eoneen
trie layers. Mierosphere lattieed. Shell surfaee with nu
merous short, needle-like spines. Ring narrow, flat, undif
ferentiated. Ring outline variable, mostly slightly trans
versally elliptieal to subreetangular, but few speeimens are 
transversally elliptieal to subreetangular, few others 
rounded subquadratie, subeireular or slightly subelliptieal 
with the long axis parallel to the polar spines. 1 1 - 1 3 , most
ly 12 very long, needle-shaped spines, exeeptionally sin
gle spines are terminally broadened or bifureated. 
Measurements: 

Diameter of shell = 95- 1 1 0  j.lm 
Diameter of ring (vertieal axis) = 150-205 j.lm 
Diameter of ring (transversal axis ) = 1 80-230 j.lm 
Width of ring = 1 4-19 j.lm 
Length of spines = 55-1 1 0  j.lm 
Distribution: Hettangian of the Alps, Csövar (Northern 
Hungary, Varhegy Cherty Limestone Formation), Japan. 
Remarks: Palaeosaturnalis dotti (BLOME, 1 984) (= 

Acanthocircus harrisonensis BLOME, 1 984, A .  laxus 

BLOME, 1 984, A .  supleensis BLOME, 1 984, A. sp. B 
BLOME, 1 984) displays likewise very variable ring out
line, but the ring and the spines are broader. Only in one of 
our speeimens the spines are similarly broad (P. ef. liassi

cus n. sp., p1. 1 2, fig. 4). The 2 polar spines in P. dotti 

(BLOME, 1 984) are more delieate. 
Most similar is Palaeosaturnalis fluegeli (KOZUR 

& MOSTLER, 1 972) with eireular to slightly transversally 
elliptieal ring. Also in this form, l ike in all Triassie Pa

laeosaturnalis speeies, the polar spines are more delieate 
than in P. liassicus n. sp. 

Palaeosaturnalis parvispinosus n. sp. 
(PI. 1 ,  fig. 5; pl. 1 3 , figs. 3, 5, 8; pl. 14,  fig. 1 )  
Derivatio nominis: Aeeording to the very small eir
eumaxial spines 
Holotype: The speeimen on pl. 1 3 ,  fig. 3; rep.-no. KoMo 
1990 1-46 
Material : 46 speeimens. 
Diagnosis: Shell slightly ellipsoidal, spongy, eonsisting 
of several eoneentrie layers. Mierosphere lattieed. Ring 
very narrow, flat, undifferentiated, of variable outline 
(roundish, rounded subquadratie, elliptieal with long axis 
parallel to the polar spines or perpendieularly to them). 5 -9 
mostly very short eireumaxial spines widely spaeed. 2 ax
ial spines !arger than eireumaxial spines. Polar spines long 
and very robust. 



Measurements: 

Diameter of shell (long axis) = 80-90 f.lm 
Diameter of shell (short axis) = 64-75 f.lm 
Diameter of ring (long axis) = 1 92-255 f.lm 
Diameter of ring (short axis) = 154-225 f.lm 
Width of ring = 9-1 6  f.lm 
Length of eireumaxial spines = 4-24 f.lm 
Length of axial spines = 1 6-50 f.lm 
Distribution: Hettangian of the Alps and Northem Hun
gary (Csövar, Varhegy Cherty Limestone Formation). 
Remarks :  Palaeosaturnalis parvispinosus n.  sp. may be 
a transitional form to Liassosaturnalis n. gen. that has on
ly weil developed axial spines, whereas the eireumaxial 
spines are missing or only one is present. Rudiments of pe
ripheral spines are in this genus indieated by partly angular 
undulations of the outer ring margin. 

Palaeosaturnalis rectangularis n. sp. 
(PI . 1 ,  figs. 9, 1 0) 
Derivatio nominis: Aeeording to the reetangular out
line of the ring 
Holotype: The speeimen on pl. 1 ,  fig. 1 0; rep.-no. KoMo 
1990 1-44 
Material: 29 specimei)S. 
Diagnosis:  Shell spherieal, spongy, eonsisting of several 
eoneentrie layers. Microsphere lattieed. Ring flat, narrow 
to moderately broad, undifferentiated, reetangular with 
long axis parallel or perpendieular to the polar axis. 1 2- 1 5  
relatively short peripheral spines ofvariable shape, mostly 
broadly triangular and slender needle-shaped spines occur 
in the same speeimen. One axial spine is as long as the eir
eum-axial spines, the other one is I arger and needle-shaped 
or slender triangular. Polar spines very robust. 
Measurements: 

Diameter of shell = 80-90 f.lm 
Diameter of ring (long axis) = 1 87-2 1 5  f.lm 
Diameter of ring (short axis) = 1 60-200 f.lm 
Width of ring = 1 5-23 f.lm 
Length of circumaxial spines = 1 6-35 f.lm 
Length of the large axial spine = 43-60 f.lm 
Distribution: Hettangian of the Alps and of Csövar 
(Northem Hungary, Varhegy Cherty Limestone Forma
tion) .  
Remarks: Palaeosaturnalis lenggriesensis n. sp. has a 
rounded subreetangular outline and the polar spines have 
the same length and shape as the cireumaxial 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 subelliptieal to 
roundish subreetangular ring outline. 

Palaeosaturnalis schaafi n. sp. 
(PI . 1 1 , figs. 9- 1 3 ;  pl. 12 ,  figs. 2, 7, 1 1 ) 
Derivatio nominis: In honour of Dr. A. SCHAAF, 
Strasbourg 
Holotype: The speeimen on pl. 1 1 , fig. 1 1 ; rep.-no. Ko
Mo 1 990 1-42 
Material: More than 50 speeimens. 
Diagnosis: Shell subellipsoidal to spherical, spongy, 
eonsisting of several coneentrie layers. Mierosphere lat
ticed. Ring narrow, flat, undifferentiated. Its outline is var
iable, eireular, subeireular, elliptieal with long axis paral
lel to the polar axis or perpendieular to it. Spines moderate
ly long, varying in length, espeeially by intercalation of 
one or few short spines that have a shorter distance to eaeh 
other than the Ionger spines. One of the axial spines is long
er than the cireumaxial spines. Strong polar spines. 
Measurements: 

Diameter of shell = 85-100 f.lm 
Diameter of ring (long axis) = 1 90-260 f.lm 
Diameter of ring (short axis) = 1 85-240 f.lm 
Width of ring (short axis) = 1 2-20 f.lm 
Length of cireumaxial spines = 35-50 f.lm, interealated 
small spines 1 5-30 f.lm 
Length of the long axial spine = 50- 70 f.lm 
Distribution: Hettangian of the Alps and of Northem 
Hungary (Csövar, Varhegy Cherty Limestone Forma
tions). 
Remarks: Specimens with cireular ring are similar to Pa

laeosaturnalis zapfei (KOZUR & MOSTLER, 1 972). 
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. 1 3 , figs.  4, 9) 
Derivatio nominis: According to the suboval ring out
line 
Holotype: The speeimen on pl. 1 3, fig. 4; rep.-no. KoMo 
1 990 I-39 
Material: More than 50 speeimens. 
Diagnosis: Shell slightly ellipsoidal, spongy, eonsisting 
of several coneentrie layers. Mierosphere lattieed. Ring 
suboval to oval, narrow, flat, undifferentiated, with 9- 1 1  
slender, relatively short spines. One axial spine as long as 
the eireumaxial spines, the other one is eonsiderably Ionger 
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 f.lm 
Diameter of shell (perpendieularly to polar axis) 
60-77 f.lm 
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Diameter of ring (parallel to polar axis) = 1 92-2 1 5  Jlm 
Diameter of ring (perpendieularly to polar axis) = 

1 90-240 Jlm 
Width of ring = 1 3-20 Jlm 
Length of eireumaxial spines = 26-37 Jlm 
Length of long axial spine = 56-64 Jlm 
Distribution: Hettangian of the Alps and Northem Hun
gary (Csövar, Varhegy Cherty Limestone Formation) 
Remarks: In Palaeosaturnalis haeckeli n. sp. the eir
eumaxial spines are more variable in their length. On both 
sides ofthe axial spines 1 -2 large, widely spaeed spines are 
present. The remaining eireumaxial spines are smaller and 
closely spaeed. 

"Palaeosaturnalis " fragilis n. sp. 
(Pl. 1 4, fig. 2, 3) 
Derivatio nominis: Aeeording to the very fragile ring 
Ho1otype: The speeimen on pl. 14,  fig. 3; rep.-no. KoMo 
1990 1-48 
Material: 1 1  damaged speeimens. 
Diagnosis: Unit very big, but fragile. Shell not preserved, 
but aeeording to the remnants on the polar spines it is 
spongy and eonsists of several eoneentrie layers. Ring very 
narrow, fragile, flat, undifferentiated, with elongated ell ip
tieal outline (long axis perpendieularly to the polar axis). 
The about 20 needle-like spines vary strongly in length 
even in one speeimen. Axial spine Ionger than eireum-ax
ial spines, a little robuster, but also need1e-shaped. Polar 
spines very long, robust. 
Measurements: 

Diameter of ring (long axis) = 427-452 Jlm 
Diameter of ring (short axis) = 287- 300 Jlm 
Width of ring = 1 2- 1 7  Jlm 
Length of eireumaxial spines (maximum variation in one 
speeimen) = 7-3 Jlm 
Length of axial spines = More than 90 Jlm (not fully pre
served) 
Distribution: Hettangian Kirehstein Limestone of the 
type loeality. 
Remarks: This speeies belongs surely not to Palaeosa

turnalis DONOFRIO & MOSTLER, 1978 .  It has perhaps 
evolved by total reduetion of the auxiliary spines from 
large representatives of Stauracanthocircus KOZUR & 
MOSTLER, 1 983 .  

A new genus for this speeies will be only established, 
if more material (with preserved shell) will be found. Be
eause of the very large, but very fragile ring only broken 
speeimens eould be found. However, this speeies ean be 
reeognized even among strongly damaged speeimens. 
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Genus Praehexasaturnalis KOZUR & MOSTLER, 1 983 
emend. 
Type species: Palaeosaturnalis tenuispinosus DONO
FRIO & MOSTLER, 1978 
Emended diagnosis: Spongy shell globular, eonsisting 
of several eoneentrie layers. Mierosphere lattieed. 

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

Most primitive forms only with polar spines, higher 
evolved forms additionally with 2- 1 2  auxiliary spines. 
Distribution: Norian - Hettangian,? Upper Cretaeeous. 
World-wide. 
Assigned species: 

Palaeosaturnalis tenuispinosus DONOFRIO & MOST
LER, 1978 
Synonym: Acanthocircus vigrassi BLOME, 1 984 
Spongosaturnalis elegans KOZUR & MOSTLER, 1 972 
Acanthocircus burnensis BLOME, 1984 
Synonyma: Acanthocircus lupheri BLOME, 1 984 

Acanthocircus macoyensis BLOME, 1 984 
Acanthocircus ochocoensis BLOME, 1 984 
Acanthocircus prinevillensis BLOME, 1984 

Acanthocircus silverensis BLOME, 1 984 
Praehexasaturnalis germanicus n. sp. 
Praehexasaturnalis kirchsteinensis n. sp. 
Praehexasaturnalis tetraradiatus n. sp. 
? Praehexasaturnalis n. sp. A (= Sponogsaturnalis ? sp. 
FOREMAN, 1 97 1 ,  pl. 1 ,  fig. 6) 
Remarks: KOZUR & MOSTLER ( 1 983) assumed that 
Praehexasaturnalis KOZUR & MOSTLER, 1 983 repre
sents the forerunner of Hexasaturnalis KOZUR & MOS
TLER, 1 983, beeause the striking hexagonal ring outline is 
in both genera the same and H exasaturnalis began later 
than Praehexasaturnalis. 

As already pointed out under the remarks to the Sa
tumliaeea DEFLANDRE, 1 953 and Parasatumalidae KO
ZUR & MOSTLER, 1972, Praehexasaturnalis is a dead
ending sidebraneh of the Parasatumalidae, in whieh the 
same hexagonal ring outline as in primitive Aeanthoeirei
nae PESSAGNO, 1977 emend. (Hexasaturnalis KOZUR 
& MOSTLER, 1 983, Yaosaturnalis KOZUR & MOS
TLER, 1 983) evolved, but the other eharaeteristies of the 
Aeanthoeireinae (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 ( 1 983). The forms with 
auxiliary spines continued seemingly until the Upper Cre
taceous without larger morphological changes. These 
U pper Cretaceous forms have the highest number of auxil
iary spines (about 1 2) .  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. 
(PI. 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 1-5 1 
Material: 22 specimens. 
Diagnosis: Shell globular, spongy, consisting of several 
concentric layers. Microsphere Iatticed. 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 = 105-1 25 J..Lm 
Diameter of ring (in polar axis) = 1 65 1 7  5 J..Lm 
Diameter of ring (perpendicularly to polar 
1 70-1 75 J..Lm 
Width of ring = 1 2-25 J..Lm 
Length of spines = 35-1 1 0  J..Lm 

axis) 

Distribution: Hettangian of Alps and Northem Hungary 
(Varhegy Cherty Limestone Formation of Csövar) 
Remarks: Praehexasaturnalis kirchsteinensis n. sp. has , 
only 6 spines and always a hexagonal ring outline. 

Praehexasaturnalis kirchsteinensis n. sp. 
(PI. 6, figs, 4, 5, 7) 
Derivatio nominis:  According to the type locality 
Holotype: The specimen on pl. 6, fig. 5; rep.-no. KoMo 
1 990 1-50 
Material: Several 1 00 specimens. 
Diagnosis: Spongy shell globular, big, comprising larg
est part of the ring cavity. lt 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 comers of the ring. 2 polar spines very strong, nearly 
totally overgrown by the shell. 5 - 1 0  auxiliary spines of dif
ferent size always present. 

Measurements: 

Diameter of shel l  = 96-120 J..Lm 
Diameter of ring (in polar axis) = 1 56-1 70 J..Lm 
Diameter of ring (perpendicular to the polar axis) 
1 60-1 70 J..Lm 
Width of ring = 1 5-20 J..Lm 
Length of spines = 70-95 J..Lm 
Distribution: Frequent in the Hettangian ofthe Alps and 
of Northem Hungary (Csövar, Varhegy Cherty Limestone 
Formation). 
Remarks: See under P. tetraradiatus n. sp. 

Praehexasaturnalis tetraradiatus n. sp. 
(PI .  6, figs. 8, 9, 1 1 , 1 2) 
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 
1 990 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 comers 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 = 1 10-1 20 J..Lm 
Diameter of ring (in polar axis) = 1 44-1 70 J..Lm 
Diameter of ring (perpendicularly to polar axis) = 
1 44- 1 70 J..Lm 
Width of ring = 1 3-2 1 J..Lm 
Length of spines = 90-125 J..Lm 
Distribution: Rhaetian and Hettangian, Alps, Northem 
Hungary (Csövar, Csövar Limestone Formation and 
Varhegy Cherty Limestone Formation), Japan, Philip
pines. 
Remarks: The phylomorphogenetic development within 
the genus Praehexasaturnalis KOZUR & MOSTLER, 
1 983 emend. is now weil 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, 1 984), 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, 1 972) 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, 1 978) 
occur, in which the 2 spines perpendicularly to the polar 
spines are not more present. The ring outline is hexagonal. 

In the (highest Upper Norian ?) 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, are the 
last representatives of this line that yields important guide 
forms for the Norian to Hettangian time-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 (? 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, 1 983 emend. This is surely a homoeomorphy (see 
under this genus). 

Genus Stauracanthocircus KOZUR & MOSTLER, 
1 983 emend. 
Type species: Pseudoheliodiscus concordis De WEV
ER, 1 98 1  
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
ent length. 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. 
If there are 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 
the 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, 1 98 1  
? Quadrisaturnalis dickinsoni YEH, 1 989 
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
i liary 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, 1 983 emend. 
The development of 4 cross-like arranged inner rays 

occurred iteratively in the Parasatumalidae KOZUR & 
MOSTLER, 1972, but also in not related forms with satur
nalid ring and coarsel y latticed cortical shell .  It represents a 
function-morphologically stable construction and has 
originally no larger taxonomic meaning. Only in combina
tion with other taxonomic features it can be used for spear
ation of genera. 



The first time this  eonstruetion ean be found in the 
Austrosatumalidae KOZUR & MOSTLER, 1 983 from the 
Longobardian and Camian. These fonns with satumalid 
ring have a primary lattieed shell with big pores and they 
do not belang to the Satumaliaeea DEFLANDRE, 1 953 
with primary spongy shells. 

Few fonns with 4 eross-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, 1 972. These fonns 
have always a eireular ring outline and long spines of al
most invariable size, typieal for many Triassie Pseudohe

liodiscus and Palaeosaturnalis speeies. Seemingly these 
fonns are homoeomorphie to Stauracanthocircus and 
nearer related to Pseudoheliodiscus. They are surely not 
direetly related to the typieal large Liassie Stauracantho

circus speeies. Polar spines and auxiliary spines are rather 
fragile in these fonns .  

A seeond Norian group with 2 polar spines and 2 
auxiliary spines in eross-like arrangement is represented 
by Stauracanthocircus ? poetschensis n. sp. These fonns 
have a reetangular to quadratie very broad ring with rela
tively small ring eavity. Also the (Lower) Norian "Qua

drisaturnalis" dickinsoni YEH, 1 989 belongs to this 
group. Quadrisaturnalis YEH, 1 989 was established for 
fonns, mostly identieal with Praeheliostaurus KOZUR & 
MOSTLER, 1 972 and the type speeies of Quadrisaturna

lis YEH, 1979 (Quadrosaturnalis grandis YEH, 1979) 
belongs to this genus. The lattieed eortieal shell with big 
pores is typieal 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 indieate rather a spongy shell eon
sisting of several eoneentrie layers. Therefore these fonns 
are probably true parasatumalids. On the other hand, they 
are surely not the forerunner of the typical Liassie Staura

canthocircus speeies, but may belang to an other speeies 
group of this genus .  The Hettangian Stauracanthocircus ? 

ruesti n. sp. belongs probably also to this group, distin
guished from typieal Liassie Stauracanthocircus speeies 
by the very strong peripheral spines and at the Norian 
forms also by the broader ring. So long the shell ofthe Nori
an forms and their relation to the Liassie S. ruesti n. sp. 
(with preserved shell) are not yet known, it eannot be de
eided, whether these fonns belang to Stauracanthocircus 

or not. They are here tentatively assigned to this genus. 
Taxa with 2 or 4 auxiliary spines in the above de

seribed "Stauracanthocircus arrangement" developed al
so from taxa without auxiliary spines. This was observed in 
the genus Praehexasaturnalis KOZUR & MOSTLER, 
1 983 (see under this genus). Praehexasaturnalis tetrara-

diatus n .  sp. with 2 auxiliary spines in eross-like arrange
ment to the polar spines is the transitional form between the 
Upper Norian P. tenuispinosus (DONOFRIO & MOS
TLER, 1 978) (without auxiliary spines) and the Hettan
gian Praehexasaturnalis kirchsteinensis n. sp. (with 5- 1 0  
auxiliary spines). Inspite of the eross-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 spines ean be also found in the 2 known 
speeies of Liassosaturnalis n. gen . ,  whieh is l ikewise not 
nearer related to Stauracanthocircus. In these speeies 
fonns without auxiliary spines and with 1 -6 auxiliary 
spines are present in one population ( one sample) of other
wise morphologieally identieal forms. Speeimens with 2 
and 4 auxiliary spines have the typieal "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 speeies fixed, in Liasso

saturnalis the "Stauracanthocircus arrangement" is even 
only part of the intraspeeifie variability within speeies that 
eontain also fonns without "Stauracanthocircus arrange
ment" of the auxiliary spines/polar spines (speeimens 
without auxiliary spines or with 1 ,  3, 5, 6 auxiliary spines). 

Stauracanthocircus ? hettangicus n. sp., in turn, 
eorresponds in the ring outline and dentieulation to Palae

osaturnalis subovalis n. sp. However, we have found only 
fonns with 2 auxiliary spines in eross-like arrangement 
with the 2 polar spines or fonns, in which on one side 2 
closely spaeed auxiliary spines are present, whereas at the 
opposite side only one auxiliary spine, perpendieular to the 
polar spines, is present. This arrangement eorresponds to 
the transitional fonns between Stauracanthocircus spe
cies with 2 and with 4 auxiliary spines. Transitional fonns 
to Palaeosaturnalis subovalis n. sp. (with one auxiliary 
spine) have not been found. Therefore Stauracanthocir

cus ? hettangicus n. sp . eannot be united with this speeies. 
It is here tentatively assigned to Stauracanthocircus, in 
spite of the faet that it is surely not nearer related to typieal 
representatives of this genus. 

Stauracanthocircus asymmetricus n. sp. 
(Pl . 2,  fig. 9; pl .  8,  figs. 7- 10; pl. 9, figs. 1 -5 ,7 , 1 0, 1 2) 
Derivatio nominis: Aeeording to the asymmetrie size 
distribution of the spines 
Holotype: The speeimen on pl. 2, fig. 9; rep.-no. KoMo 
1 990 1-52 
Material: Several 1 00 speeimens. 
Diagnosis: Unit large. Spongy shell mostly roundish po
lygonal, rarely subspherical, mostly with hexagonal equa-
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torial outline. lt eonsists of several layers of spongy mesh
work around a lattieed mierosphere. Ring mostly narrow, 
in extreme forms moderately broad, always flat, undiffer
entiated. Ring outline variable, mostly elliptieal to subel
liptieal with long axis perpendieularly to the polar axis, 
partly rounded subreetangular to subquadratie. The 1 4-22 
peripheral spines are at one polar region of the long axis 
long, eylindrieal to needle-shaped. On the opposite pole 
the spines are slender triangular to broadly triangular and 
eonsiderably shorter. Polar spines long, but mostly rather 
slender. 6 auxiliary spines long, mostly as strong as the po
lar spines oronly a l ittle narrower, rarely distinetly narrow
er. 
Measurements:  

Diameter of shell = 1 05-1 50 J.lm 
Diameter of ring (in polar axis) = 200-270 J.lm 
Diameter of ring (perpendieularly to the polar axis) = 

235-340 J.lm 
Width of ring = 1 1 -25 J.lm 
Length of spines (in the half with long spines) = 30-70 J.lm 
Length of spines (in the half with short spines) = 7-30 J.lm 
Distribution: Common in the Hettangian ofthe Alps and 
Northem Hungary (Csövar, 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 speeies is 
easily to reeognize. The other typieal Stauracanthocircus 

speeies ofthe Hettangian display, moreover, different ring 
outlines. S. pessagnoi n. sp. ,  S. quadratus n. sp. ,  S. tran

situs n. sp., and S. triangulospinosus n. sp. have reetangu
lar to quadratie ring outline, S. circularis n. sp. displays 
eireular ring outline,: S. pessagnoi n. sp. ,  S. quadratus n. 
sp. and S. triangulospinosus n. sp. have, moreover, only 2 
auxil iary spines in eross-like arrangement with the polar 
spines. 

Speeimens of S. asymmetricus n. sp. with eoneave 
ineision of the ring around the polar spines are in the ring 
outline similar to Stauracanthocircus concordis De 
WEVER, 1 98 1 .  However, this speeies displays 2 auxiliary 
spines in eross-l ike arrangement with the polar spines. 
Moreover, in most speeimens of S. asymmetricus n. sp. the 
eoneave ineision of the ring around the polar spines is not 
present. 

Pseudoheliodiscus nevianii n. sp. has the same dif
ferenees in the size and shape of the spines in the 2 halfs of 
the ring along the long axis. However, this speeies has 5 -6 
auxiliary spines and only 1 1 - 12 peripheral spines. Pseu

doheliodiscus nevianii n. sp. is seemingly near related to 
the forerunner of typieal representatives of Stauracantho

circus KOZUR & MOSTLER, 1 983 emend. Stauracan

thocircus asymmetricus n. sp. ,  in turn, is the most primiti
ve representative of typieal Stauracanthocircus speeies. 
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Stauracanthocircus circularis n. sp. 
(PI . 2, figs. 5, 7; pl. 7, fig. 4) 
Derivatio nominis:  Aeeording to the eireular ring out
l ine, exeeptional for the genus Stauracanthocircus 

Holotype: The speeimen on pl. 2, fig. 5; rep.-no. KoMo 
1 990 1-57 
Material : 41 speeimens. 
Diagnosis:  Spongy shell globular, eonsisting of several 
eoneentrie layers. Mierosphere lattieed. Ring very narrow 
to narrow, flat, undifferentiated, outline eireular to subeir
eular. The 9- 1 1 peripheral spines are smal l ,  triangular and 
widely spaeed. The axial spines are mostly distinetly 
bigger than the eireumaxial spines, but also not large. Polar 
spines robust, distinetly broader than the 4, diagonally ar
ranged auxiliary spines. 
Measurements:  

Diameter of shell = 100-135 J.lm 
Diameter of ring = 250-305 J.lm 
Width of ring = 1 0-24 J.lm 
Length of eireumaxial spines = 7-20 J.lm 
Length of axial spines = 1 1-35 J.lm 
Distribution: Hettangian Alps and Northem Hungary 
(Csövar, Varhegy Cherty Limestone Formation).  
Remarks: Stauracanthocircus circularis n.  sp. is by its 
eireular/subeireular ring outline and its small ,  widely 
spaeed spines weil distinguished from all other Staura

canthocircus speeies. 

Stauracanthocircus hettangicus n. sp. 
(PI. 7, figs. 2, 7) 
Derivatio nominis:  Aeeording to the oeeurrenee in the 
Hettangian 
Holotype: The speeimen on pl. 7, fig. 2; rep.-no. KoMo 
1 990 1-60 
Material :  12 speeimens. 
Diagnosis:  Spongy shell ellipsoidal, eonsisting of sever
al layers and a lattieed mierosphere. Ring narrow, flat to 
shallow elliptieal in eross-seetion, undifferentiated, out
line subelliptieal with long axis parallel to the polar axis. 7-
8 slender triangular to needle-shaped, moderately long eir
eum-axial spines and 2 long axial spines. One of the axial 
spines is larger than the other one and displays eylindrical 
shape. A !arger unspined part of the ring is present to both 
sides of the axial spines, but partly also in this seetor 1 -2 
spines are present. Polar spines very robust, broad. 2-4 
auxiliary spines in typieal "Stauracanthocircus arrange
ment" . The auxiliary spines are eonsiderably thinner than 
the polar spines. 
Measurements: 

Diameter of shell (long axis parallel to polar spines) = 

95-104 J.lm 



Diameter of shell (short axis) = 85-90 Jlm 
Diameter of ring (parallel to polar spines) = 1 80- 195 J.lm 
Diameter of ring (perpendieularly to polar spines) = 
145- 1 80 Jlm 
Width of ring = 1 2-20 Jlm 
Length of eireumaxial spines = 25-50 Jlm 
Length of axial spines = 50-74 J.lm 
Distribution: Hettangian part of Kirehstein Limestone 
at the type loeality. 
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 
speeies (with one auxiliary spine) have not been found. On 
the other hand, also Stauracanthocircus sp. B is very simi
lar, but with more subreetangular ring outline and shorter, 
more triangular spines. Number and arrangement of eir
eumaxial spines, the different length and shape of the axial 
spines and the very robust polar spines are identieal with 
S. ? hettangicus n. sp. Stauracanthocircus sp. B, in turn, 
is nearly related to the typieal Stauracanthocircus speeies 
S. pessagnoi n. sp. (see under this speeies). For the mo
ment, S. ? hettangicus n. sp. is tentatively plaeed into the 
genus Stauracanthocircus KOZUR & MOSTLER, 1983 
emend. ,  but we eannot exclude near relations to Palaeosa

turnalis subovalis n. sp. 

Stauracanthocircus quadratus n. sp. 
(Pl. 3, figs. 1 ,  6; pl. 8, figs. 2, 3, 5) 
Derivatio nomin is: Aeeording to the mostly quadratie 
ring outline 
Holotype: The speeimen on pl. 8 ,  fig. 3; rep.-no. KoMo 
1 990 I-56 
Material: 37 speeimens. 
Diagnosis: Spongy shell eonsisting of several eoneentrie 
layers and a lattieed mierosphere. Equatorial shell outline 
quadratie to subquadratie. Ring narrow to very narrow, 
flat, undifferentiated, outline quadratie to reetangular, po
lar sides slightly eoneave. In general 6 spines are present, 
one eireumaxial spine at eaeh eomer and 2 axial spines. All 
spines are needle-like, mostly long. The axial spines are in 
general somewhat Ionger than the eireumaxial spines. 
Rarely 1 -2 small additional spines are present on one ofthe 
polar sides of the ring. Polar spines distinetly stronger than 
the 2 auxiliary spines. Inner spines always eross-like ar
ranged. 
Measurements: 

Diameter of shell = 95-1 20 Jlm 
Diameter of ring (parallel to polar spines) = 190- 240 Jlm 
Diameter of ring (perpendieularly to polar spines) = 
230-260 Jlm 
Width of ring = 10-15  J.lm 
Length of spines = 30-80 Jlm 

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

Stauracanthocircus pessagnoi n. sp. 
(Pl. 3, fig .  7)  
Derivatio nominis: In honour of Prof.Dr.A.A. PES
SAGNO, Dallas 
Holotype: The speeimen on pl. 3, fig. 7; rep. -no. KoMo 
1990 1-55 
Material: 12 speeimens. 
Diagnosis: Shell spongy, eonsisting of several layers of 
spongy meshwork around a lattieed mierosphere. Equato
rial outline of shell quadratie to rhombie. Ring very nar
row, flat, undifferentiated, outline subquadratie with 
rounded eomers. I 0 needle-shaped spines (2 axial spines 
and 8 eireumaxial spines, situated in eaeh eomer and near 
to the eomers on the sides parallel to the polar spines). 2 po
lar spines and 2 auxiliary spines in eross-like arrangement. 
Polar spines distinetly broader than auxiliary spines. 
Measurements: 

Diameter of shell (parallel to the polar spines) 
90-100 Jlm 
Diameter of shell (diagonally to the polar spines) 
80-86 J.lm 
Diameter of ring (parallel to polar spines) = 22 1-239 Jlm 
Diameter of shell (perpendieularly to polar spines) = 
205-2 1 8  J.lm 
Width of ring = 1 0-17  J.lm 
Length of spines = 20-33J.lm 
Distribution: Hettangian part of Kirehstein Limestone 
at the type loeality. 
Remarks: Stauracanthocircus quadratus n. sp. displays 
a quadratie to reetangular 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 subspherieal with rounded subquadratie 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: Aeeording to the oeeurrenee in the 
Pötsehen Limestone 
Holotype: The speeimen on pl. 8, fig. 1 ;  rep.-no. KoMo 
1 990 1-59 
Locus typicus: Pötsehenwand (Austria, Hallstatt 
Nappe) 
Stratum typicum: Sampie POM 6/7, silieeous Iime
stone of higher Middle Norian age 
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Material :  4 1  specimens. 
Di agnosis:  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. 1 1 - 1 3  sieoder triangular to needle
l ike very I arge spines altemate with somewhat to consider
ably smaller spines. 2 polar and 2 auxiliary spines in cross
like arrangement. Polar spines sieoder triangular, bigger 
than the auxiliary spines or of nearly the same size. 
Measurements: 

Diameter of ring (parallel to polar spines) = 1 58-200 J.lm 
Diameter of ring (perpendicular to polar spines) = 
1 70-225 J.lm 
Width of ring = 20-40 J.lm 
Length of spines = 1 5-1 1 0  J.lm 
D istribution: Middle Norian of the Alps. 
Remarks: "Quadrisaturnalis" dickinsoni YEH, 1 989 (= 
"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 ruesti n. sp. 
(PI . 6, fig. 1 0; pl .  7 ,  figs. 1 ,  3) 
Derivatio nominis:  In honour of one of the pioneers of 
fossil radiolarian studies, D. RÜST 
Holotype: The specimen on pl. 7, fig. 1 ;  rep.-no. KoMo 
1990 I-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 reetangular 
to subreetangular (with long axis parallel to the polar 
spines), partly also quadratic. 1 2- 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 J.lm 
Diameter of ring (parallel to polar spines) = 1 04-1 80 J.lm 
Diameter of ring (perpendicularly to polar spines) = 
1 52-1 65 J.lm 
Width of ring = 1 2-25 J.lm 
Length of spines = 55-1 1 5  J.lm 
D istribution: 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 Iransitus n. sp. 
(PI . 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 
1 990 I-53 
Material; 27 specimens. 
Diagnosis: Unit I arge. Shell spongy, consisting of sever
al layers of spongy network around a latticed microsphere. 
Equatorial outline of shell quadratic to rhombic. Ring sub
reetangular to subquadratic with rounded comers, 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. ln 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 from a cross-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 auxil iary 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 ofthe same size (all are first 
order spines). 
Measurements: 

Diameter of shell (along the first order spines) = 
1 30-1 50 J.lm 
Diameter of shell (diagonally to the first order spines) = 
1 10-130 J.lm 
Diameter of ring (parallel to the polar spines) = 
275-294 J.lm 
Diameter of ring (perpendicularly to the polar spines) = 
270-286 J.lm 
Width of ring = 1 0-15  J.lm 
Length of spines = 10-55 J.lm 



Distribution: Hettangian ofthe Alps and Northem Hun
gary (Csövar, 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, 1 98 1 )  the ring is concave around the po
lar spines and distinctly convex perpendicularly to the po
lar spines. In few 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. 
(PI. 3, figs. 8 ,  1 0; pl. 7 ,  fig. 5) 
Deri v atio nominis: According to the slender triangular 
peripheral spines 
Holotype: The specimen on pl. 3, fig. 1 0; rep.-no. KoMo 
1 990 1-54 
Material: 45 specimens. 
Diagnosis: Spongy shell with quadratic to rhombic equa
torial outline. It consists of several concentric layers of 
spongy meshwork and displays a latticed microsphere. 
Ring very narrow, flat, undifferentiated, outline subree
tangular to subquadratic with slightly rounded comers. 
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) = 

1 00-1 25 Jlm 
Diameter of shel l (diagonally to the first order spines) = 

1 00-105 Jlm 
Diameter of ring (long axis) = 232-255 Jlm 
Diameter of ring (short axis) = 195- 208 Jlm 
Width of ring = 8-1 1 �-tm 
Length of spines = I 0-25 �-tm 
Distribution: Hettangian of Alps and Northem Hungary 
(Csövar, 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.  
(PI. 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. It is seemingly a 
pathologic form, in which parts of the ring tumed 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 
(PI. 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 
(PI. 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, 1 983), 
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 to rounded 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 
all 4 spines have the same size. At least opposite to the peri
polar spines, in higher evol ved forms opposite 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, 
1 983 emend. has polar spines. 

Praemesosaturnalis KOZUR & MOSTLER, 1 983 
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, 1 983 emend. by transformation of the polar 
spines into peripolar spines cannot be excluded. 

Japonisaturnalis KOZUR & MOSTLER, 1 973 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, 1 972 is known 
from the Pliensbachian. 

Stauromesosaturnalis schizospinosus n. gen. n.  sp. 
(PI . 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 
1 990 I-6 1 
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 = 1 00-1 1 0  Jlm 
Diameter of ring (parallel to peripolar spines) = 
1 96-209 Jlm 
Diameter of ring (perpendicularly to peripolar spines) = 
24 1-263 Jlm 
Width of ring = 1 3-17 Jlm 
Length of spines = 1 9-30 Jlm 
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, 198 1 ,  pl. 1 ,  fig. 6). By fusion of the terminal 
branches of adjacent peripheral spines a second ring 
evolved that encloses tagether with the primary ring and 
the primary peripheral spines of the pore ring. 

The Pliensbachian Stauromesosaturnalis deweve

ri n. 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 
198 1  Pseudo

_
heliodiscus ? sp. aff. P. concordis De WEV

ER, p. 142, pl. 2, fig. 4 
Holotype: The specimen, figured by De WEVER ( 198 1 ,  
pl. 2 ,  fig. 4) as Pseudoheliodiscus ? sp. aff. concordis 

Locus typicus: Gümüslü Unit (Western Taurus, eastern 
Domuz Dag Massit), north of Korkuteli, Sögütlü gorge, 1 
km NW of Gümüslü village, Turkey 
Stratum typicum: Sögütlü dere Formation, radiolarian 
limestone, Pliensbachian 
Diagnosis: Shell globular, spongy. Ring narrow, flat, un
differentiated, outline rounded subquadratic, opposite to 
the 4 first order spines 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 = 1 50 Jlm 
Diameter of ring along the inner spines = 250 Jlm and 
260 Jlm 
Width of ring = 1 5- 1 8  Jlm 
Length of spines = 14-25 Jlm 
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 
Liassie 
Type species: Liassosaturnalis parvus n. gen. n.  sp. 
Diagnosis: Unit smal l .  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, ell iptical or subelliptical . Axial spines always 
present. Remaining ring smooth or with one rudimentary 
spine. Angular undulations as rudiments of form er 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, 198 1  and 
Praemesosaturnalis KOZUR & MOSTLER, 198 1 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. 
(PI . 4, figs. 3, 7, 1 2; pl. 6, fig. 6) 
Derivatio nominis: According to the small size of the 
unit 
Holotype: The specimen on pl. 4, fig. 1 2 ; rep.-no. KoMo 
1 990 1-62 
Material:  39 specimens. 
Diagnosis: Unit small .  Shell sl ightly ellipsoidal , spongy, 
consisting of several concentric layers. Microsphere lat
ticed. Ring narrow, flat, undifferentiated. Ring outline 
subcircular or ell iptical, with Iong axis parallel or perpen
dicular to the polar spines. No circumaxial spines, but axial 
spines weil developed. 2 very robust polar spines. auxiliary 
spines either missing or rarely 1 -4 delicate auxiliary spines 
are present. 
Measurements: 

Diameter of shell (parallel to polar spines) = 75-80 Jlm 
Diameter of shell (perpendicularly to polar spines)= 
57-63 Jlm 
Diameter of ring (parallel to polar spines) = 1 57-1 87 Jlm 
Diameter of ring (perpendicularly to polar spines) = 
1 40--2 1 3  Jlm 
Width of ring = 7-1 6  Jlm 
Length of axial spines = 1 0--27 Jlm 
Distri bution : Hettangian of Alps and Northern Hungary 
(Csövar, Varhegy Cherty Limestone Formation). 
Remarks: Liassosaturnalis undulatus n. sp. is Jarger and 
has angular undulations on the outer margin of the ring as 

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

Liassosaturnalis undulatus n. sp. 
(PI . 1 ,  fig. 6; pl. 4, fig. 6; pl. 5, 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 1-63 
Material: 5 1  specimens. 
Diagnosis: Shell subsphericaJ to subellipsoidaJ , spongy, 
consisting of several concentric Jayers of spongy mesh
work. Microsphere latticed. Ring narrow, flat, undifferen
tiated. Ring outline variable, subcircular, slightly subellip
tical, ell ipticaJ, 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. auxi liary spines either missing or 1 -6 
fragile, long auxi liary spines are present. 
Measurements: 

Diameter of shell (parallel to polar spines) = 70--84 Jlm 
Diameter of shell (perpendicularly to polar spines)= 
73-76 Jlm 
Diameter of ring (parallel to polar spines) = 1 75-220 Jlm 
Diameter of ring (perpendicularly to polar spines) = 
164-272 Jlm 
Width of ring = 1 0--20 Jlm 
Length of circumaxial spine (if present) = 5-1 6  Jlm 
Length of axial spines = 7-40 Jlm 
Distribution: Hettangian of Alps and Northern Hungary 
(Csövar, Varhegy Cherty Limestone Formation) .  

Remarks: Liassosaturnalis parvus n. gen. n.  sp. i s  
mostly smaller and has a smooth outer margin of ring. 

Subfamily Acanthocircinae PESSAGNO, 1 977 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 
sl ightly ell iptical with Jong 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 peripheraJ 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 
carinae are, like in the primitve forms, connected by a ridge 
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 Parasatumalinae, polar spines are still 
present. In primitive forms auxiliary spines are sometimes 
present. 
Distribution : Norian, Aptian, until the Liassie very rare. 
Assigned genera: 

Acanthocircus SQUINABOL, 1 903 
Hexasaturnalis KOZUR & MOSTLER, 1 983 
Yaosaturnalis KOZUR & MOSTLER, 1 983 
Octosaturnalis n. gen. 
Remarks: The Acanthocircinae PESSAGNO, 1 979 
emend. have evolved from the Parasatumalinae KOZUR 
& MOSTLER, 1 972. In the Middle and Upper Norian ex
isted a distinct group of Pseudoheliodiscus and Praeme

sosaturnalis species within the Parasatumalinae that have 
distorted peripheral spines tumed 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 stil l  typical Parasatumali
nae with broad, flat ring and numerous ( 1 0- 1 2) peripheral 
spines. They are here regarded as transitional group to pri
m itve Acanthocircinae within the Parasatumalinae. 

In another group within the Norian to Hettangian 
Parasatumalinae 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, 1 983) 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, 
1 983 ,  a primitive representative of the Acanthocircinae. It 
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was a dead-ending side branch within the Parasatumali
nae, in which some features of primitive Acanthocircinae 
(ring outline, reduction of number of peripheral spines) 
evolved, but the 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 reetangular 
rings are frequent and partly also ell iptical rings are 
present, the ring is narrow and few representatives display 
even a reduction of the periperhal spine number (6) . How
ever, also in this group the ring remains undifferentiated 
and Stauracanthocircus disappeared without su�cessors 
within the Toarcian. � ' ·  -

Both Praehexasaturnalis KOZUR & MOSTLER, 
I 

1 983 and Stauracanthocircus KOZUR & MOSTLER, 
1 983 have been placed originally into the Hexasatumali
nae KOZUR & MOSTLER, 1 983.  However, our new in
vestigations have shown that both groups are blind-ending 
taxa within the Parasatumalinae that developed some mor
phological characters of the Acanthocircinae, but not the 
most characteristic differentation of th� ring. Therefore 
they cannot be regarded as forerunners of Hexasatumalis 
KOZUR & MOSTLER, 1 983, a primitive representative 
of the Acanthocircinae PESSAGNO, 1 977 emend. Even 
they cannot be united with Hexasaturnalis into one sub
family Hexasatumalinae KOZUR & MOSTLER, 1983 .  
This subfamily is here regarded as synonym of the Acan
thocircinae PESSAGNO, 1 977. However, in tribus rank 
the Hexasatumalini KOZUR & MOSTLER, 1 983 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 satumalid 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 Hettangian or a l ittle later. Also 
this group cannot be regarded as forerunners of the Acan
thocircinae PESSAGNO, 1977 emend. 

The Pseudacanthocircidae n. fam. are in 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, strong ring 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, 1 977 emend. are now well 
known. The most primitive Norian forms (Octosaturnali. 

n. gen.) have stil 1 8 stout, tricarinate peripheral spines, po
lar spines and auxiliary spines. During the Liassie the spine 
number is reduced to 6 and forms with peripolar spines 
evolved (Yaosaturnalis KOZUR & MOSTLER, 1 983 = 

Kozurastrum De WEVER, 1 984 with auxiliary spines and 
Hexasaturnalis KOZUR & MOSTLER, 1 983 without 
auxiliary spines) .  Forms with 4 stout, tricarinate spines ap
peared for the first time in the basal Middle J urassic. From 
these forms evolved by prolongation of the ring (strongly 
transversally elongated ell iptical outline) sti l l  in the lower 
part of Middle Jurassie the first, most primitive Acantho

circus species, A. suboblongus (Y AO, 1 972). 
This species has still the 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, 1 983,  Yao

saturnalis KOZUR & MOSTLER, 1 983). 
The Middle Jurassie A .  suboblongus (Y AO, 1972) 

is  the forerunner of the Late Jurassie A.  variabilis (SQUI
NABOL, 1 9 1 4).  In this species the outer ridges on the 
upper and lower surfaces of the ring are almost as broad as 
the whole ring 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, 1 9 14) with sti l l 4 spines (2/2 along 
the poles of the long ring axis) and the Late Jurassie to 
Lower Barremian A. dicranacanthos (SQUINABOL, 
1 9 1 4) .  These transitional forms have been already figured 
by SQUINABOL ( 1 9 14, 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 

(RÜST, 1 898) (= A. amissus SQUINABOL, 1 9 1 4) 
evolved from A. dicranacanthos (SQUINABOL, 1 9 14). 
With the disappearence of A .  trizonalis (RÜST) 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 Satumalidae 
DEFLANDRE, 1 953.  

Genus Octosaturnalis n. gen. 
Derivatio nominis: According to 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 Northem 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, 1 983, the immediate forerunner of Acanthocircus 

SQUINABOL, 1 903. However, Hexasaturnalis has peri
polar spines and only 4-7, mostly 6 tricarinate peripheral 
spines and heptagonal, hexagonal or roundish tetragonal to 
s lightly 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, 1 977 emend. Therefore Octosaturna

lis n. gen. is the stratigraphically oldest and most primitive 
representative of this  subfamily. I t  has sti l l  transitional 
character to the Parasatumalinae (broad, flat ring, relative
ly high number of spines, polar spines, not more present in 
younger representatives of the Acanthocircinae). 

Also within the Parasatumalinae KOZUR & MOS
TLER, 1 972, there is  a species group with transitional 
character to the Acanthocircinae PESSAGNO, 1 977 
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emend. Pseudoheliodiscus kahleri (KOZUR & MOST
LER, 1 972) and few further, sti l l  undescribed Parasatur
nalinae have distorted spines, in which the 2 edges of the 
spines tumed out the ring plane under different angles. 
These edges of ad jacent peripheral spines are connected on 
the outermost part of the ring surfaces by narrow, mostly 
indistinct ridges. Conceming the numerous peripheral 
spines ( 1 0- 1 2) these forms are sti ll typical Parasatumali
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. 
(Pl . 10, figs. 1, 3 ,  4) 
Derivatio nom i n i s :  According to the staut tricarinate 
spines 
Holotype: The specimen on pl . 10, figs. 1 ,  3, 4; rep.-no. 
KoMa 1 990 I-24 
Locus typicus: Pötschen road, Hallstatt area (Austria) 
Stratum typicum : Norian Pötschen Limestone, sample 
Ptx 1 
Material:  7 specimens. 
Diagnosis,  distribution and remarks: See under the 
genus. 
Measurements: 

Diameter of ring = 1 28-140 Jlm 
Width of ring = about 20 Jlm 
Width of ridges on the ring surfaces = about 4Jlm 
Length of the spines = 1 00-1 1 0 Jlm 

Genus Yaosaturnalis KOZUR & MOSTLER, 1983 
Synonym : Kozurastrum De WEVER, 1 984 
Type species : Spongosaturnalis ? minoensis Y AO, 
1 972 
Remarks: De WEVER ( 1 984) established for typical 
Praemesosaturnalis species the genus Kozurastrum De 
WEVER, 1984. He stated that this genus differs from Me
sosaturnalis KOZUR & MOSTLER, 198 1 by the pres
ence of auxil iary spines. This is exactly the difference be
tween Mesosaturnalis KOZUR & MOSTLER, 198 1 and 
Praemesosaturnalis KOZUR & MOSTLER, 198 1 as 
pointed out by KOZUR & MOSTLER ( 1 98 1 ,  1983). 
Therefore the Kozurastrum species, with exception of the 
type species, belang to Praemesosaturnalis KOZUR & 
MOSTLER, 1 98 1 .  

The type species of Kozurastrum De WEVER, 
1 984, Spongosasaturnalis ? minoensis Y AO, 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, 
1 983. Because the 'type species of Yaosaturnalis KOZUR 
& MOSTLER, 1983 and of Kozurastrum De WEVER, 
1 984 are identical , the latter genus is an younger synonym 
of Yaosatumalis KOZUR & MOSTLER, 1 983, in spite of 
the fact that almost al l species of Kozurastrum belang to 
Praemesosaturnalis KOZUR & MOSTLER, 198 1 .  

Family Saturnalideidae n. fam. 
Diagnosis:  Latticed cortical shell, connected with a cir
cular, undifferentiated ring by 2 polar spines. Numerous 
peripheral spines. 
D istribution: ? Tertiary, Recent. 
Assigned gen us : Saturnalium HAECKEL, 1 887 
Remarks: The Satumalideidae n. fam. evolved from the 
Parasatumalidae KOZUR & MOSTLER, 1972 by devel
opment of a latticed cortical shel l .  

The Satumal idae DEFLANDRE, 1953 s .  str. have 
l ikewise a latticed cortical shell ,  but the ring is always 
transversally elongated, smooth or with spines along the 
pol es ofthe lang axis, differentiated by a ridge 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 )arge 
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 araund the lang axis or short axis poles. In 
primitive forms, persisting partly up to the Cretaceous, the 
ring is undifferentiated, with shallow elliptical cross-sec
tion. In more advanced forms the ring is differentiated by a 
ridge on the inner side of the ring. By this i t has a triangular 
cross-section with the broad base inside. 

Ring and shell connected by 2 peripolar spines, only 
in few primitive forms with polar spines, but the 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 araund the base ofthe peripolar 
spines. 
Distribution: Lower Camian-Upper Cretaceous. In the 
Triassie extremely rare. 
Assigned genera: 

Pseudacanthocircus n. gen . 
Spongosaturnalis CAMPBELL & CLARK, 1 944 
Spongosatruninus CAMPBELL & CLARK, 1 944 



Praeacanthocircus KOZUR & MOSTLER, 1 983 
Eospongosaturninus n. gen. 
? Spinoellipse/la n. gen. 
Triacanthocircus n. gen. 
Remarks: The Pseudaeanthoeireidae n. fam. are ho
moeomorphie to highly evolved Aeanthoeireinae PES
SAGNO, 1 977 that have evolved from the Parasatumali 
nae KOZUR & MOSTLER, 1 972. Primitive Pseudaean
thoeireidae n. fam. from the Triassie and Liassie are sti l l  
quite different from eontemporaneous early Aeanthoeirei
nae and Parasatumalinae. The oldest representative of the 
Pseudaeanthoeireinae n. fam., Praeacanthocircus KO
ZUR & MOSTLER, 1 983 has already_ during th€ Lower 
Camian a narrow, smooth, transyersally strongly elongat
ed ring with peripolar spi11,�s and 4 _additional , diagonally 
arranged first order spines . The eontemporaneous Parasa
tumaliriae KOZUR & MOSTLER; 1 972 have all a broad, 
flat, eireu1ar ring with numerous spines. Aeanthoeireinae 
PESSAGNO, 1 977 had not yet evolved in this time. 

The Norian to Liassie early Aeanthoeireinae PES
SAGNO, 1 977 have not yet transversally strongly elongat
ed rings and the upper and lower ring surfaees have distinet 
ridges, eonneeting the ridges of the triearinate spines. 
H ighly evolved Aeanthoeireinae PESSAG NO, 1 977 have 
both a transversal ly strongly elongated elliptieal ring and 
ridges on the ring as the highly evolved eontemporaneous 
Pseudaeanthoeireidae n. fam. However, in the Pseudaean
thoeireidae n. fam. the ridges evolved on the inner side of 
the ring that has in highly evolved forms therefore invari
ably a triangular eross seetion with the broad basis inside. 
In the Aeanthoeireidae the ring is  broadest on its outer side, 
where a furrow is present on the lateral outer surfaee. 

Primitive Pseudaeanthoeireidae n. fam. have simi
lari ties to some h ighly evolved Parasatumalinae KOZUR 
& MOSTLER, 1 972. Some Liassie Palaeosaturnalis 

KOZUR & MOSTLER, 1 972 display a transversally elon
gated ell iptieal ring. These forms are only distinguished by 
their polar spines, with exeeption of Spinoellipsella n. 
gen. never present in the Pseudaeanthoeireidae n. fam. 
Moreover, transversal ly elongated elliptieal ring outline is 
not fixed in highly evolved Parasatumalinae. Exeept this 
ring outl ine also forms with roundish or vertieally elongat
ed elliptieal ring may oeeur in the same speeies. 

Strong homoeomorphy exists between spined Lias
sie Pseudaeanthoeireidae n. fam. and highly evolved 
Upper Cretaeeous Mesosaturnalis KOZUR & MOST
LER, 1 98 1  with transversally somewhat elongated subel
liptieal ring. However, even these highly evolved Upper 
Cretaeeous Mesosaturnalis speeies have mostly a eireu
lar, broad ring. Contemporaneous latest Triassie and Low
er Hettangian Mesosaturnalis speeies have almost exclu-

s ively a eireular ring. The few representatives of Mesosa

turnalis with transversally slightly elongated ring from 
this  time interval have very long spines, untypieal for the 
Pseudaeanthoeireidae n. fam. 

Genus Pseudacanthocircus n. gen. 
Derivatio nominis:  Aeeording the morphologie simi
larity with Acanthocircus PESSAGNO, 1 903 
Type species : Pseudacanthocircus mediospinosus n. 
gen. n. sp. 
Diagnosis:  Shell spherieal, never reaehing the ring, 
spongy, eonsisting of several eoneentrie layers and a mi
erosphere. 2 peripolar spines eonneet the shell with the nar
row, transversally strongly elongated elliptieal ring. Outer 
margin of the ring smooth or partly to totally dentieulated. 
Cross seetion ofthe undifferentiated ring shallow elliptieal 
to almost flat. Auxiliary spines never present. 
Distri bution : ? Rhaetian, Liassie. 
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, 
1 983 from the Cordevolian to Pliensbaehian is distin
guished by the presenee 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, 1 983 is the oldest repre
sentative ofthe Pseudaeanthoeireidae n. fam., beeause it is  
already present in the Cordevol ian tagether with the first 
Parasatumalidae KOZUR & MOSTLER, 1 972.  Pseuda

canthocircus n. gen. has probably evolved from this  genus 
by disappearenee of the 4 first order spines (additional ly to 
the 2 peripolar spines). Triacanthocircus n. gen. with only 
one additional first order spine may be transitional be
tween Praeacanthocircus KOZUR & MOSTLER, 1 983 
and Pseudacanthocircus n. gen. 

An independent development of Pseudacanthocir

cus n. gen. from Oertl ispongidae KOZUR & MOSTLER, 
1 980 with smooth ring (Oertlispongus longirecurvatus 

KOZUR & MOSTLER, 1 983, 0. annulatus KOZUR & 
MOSTLER, 1 983) eannot be excluded. However, Triassie 
speeies of Pseudacanthocircus are so far unknown and in 
the weil studied Camian and Norian radiolarian faunas 
probably not present. 

Also a deyelopment from Mesosaturnalis KOZUR 
& MOSTLER, 1 98 1  by development of a transversally 
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strongly elongated ring cannot be quite excluded. Against 
this derivation speaks especial ly that the early Pseuda

canthocircus species have a high percentage of unspined 
forrns and forrns, where only parts of the ring are spined. 
Such forrns are unknown in the genus Mesosaturnalis 

KOZUR & MOSTLER, 1 98 1  that has always a totally 
spined ring. The short spines of Pseudacanthocircus n. 
gen. have developed secondarily on a primary smooth ring. 

Spongosaturnalis CAMPBELL & CLARK, 1 944 
is the successor of Pseudacanthocircus n. gen. This genus 
has the same ring outline and the same type of ring denticu
lation (smooth to densily spinose), but it is clearly distin
guished by a distinct bulge along the whole inner margin of 
the ring. 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, 
1 944, which evolved from Eospongosaturninus n. gen. ,  
additionally a latticed cortical shell is present. 

Saturnalis HAECKEL, 1 882 has a similar ring out
l ine, 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. 
(PI . 1 0, figs. 6,  8) 
Deriv atio nominis: According to the unusual arrange
ment of the short spines in the middle part of the ring 
Holotype: The specimen on pl. 1 0, fig. 8;  rep.-no. KoMo 
1 990 I-27 
Material :  3 1  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 shel l = 95- 1 1 0  Jlm 
Diameter of ring (long axis) = 279-320 Jlm 
Diameter of ring (short axis) = 192-230 Jlm 
Width of ring = 10-1 6 Jlm 
Length of spines = 2-1 6  Jlm 
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. 
(PI. 1 1 , fig. 6) 
Derivatio nominis: In honour of Dr. P. 0. BAUMGART
NER, Zürich 
Holotype: The specimen on pl . 1 1 , fig. 6; rep.-no. KoMo 
1 990 1-30 
Material : 3 specimens. 
Diagnosis: Unit small ,  but shell large, reaching almost 
until the ring. Shell spongy, but with relatively robust pat
tem. Ring asymmetrical, undifferentiated, transversally 
subelliptical , cross-section shallow elliptical . Outer mar
gin of ring with 1 4- 1 5  irregularly spaced short spines, more 
closely spaced at the narrower polar area of the long axis. 
Measurements: 

Diameter of shell = 68-70 Jlm 
Diameter of ring (long axis) = 1 53- 1 60 Jlm 
Diameter of ring ( short ax is) = 1 1  0-1 23 Jlm 
Width of ring = 7-1 0  Jlm 
Length of spines = 4- 1 3  Jlm 
Distribution: Hettangian part of the Kirchstein Lime
stone at the type locality. 
Remarks: This species is different in outline and concem
ing the big shell (compared with the small ring) from all 
other P seudacanthocircus species. P seudacanthocircus 

baumgartneri n. sp. or any near related form could be the 
forerunner of VitO!fus PESSAG NO, 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 .  1 1 , fig. 8) 
Derivatio nominis: According to the smooth ring 
Holotype: The specimen on pl . 1 1 , fig. 8;  rep.-no. 1 990 
1-26 
Material:  1 5  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 Jlm 
Diameter of ring (long axis) = 226-238 Jlm 
Diameter of ring (short axis) = 168-1 80 Jlm 
Width of ring = 1 0  1 3  Jlm, above the peripolar spines 
20-30 Jlm 
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. 
(PI . 1 ,  fig. 1 ;  pl. 1 0, 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 : 1 I  specimens. 
Diagnosis: Shell spongy, consisting of several concen
tric layers. Microsphere latticed. Ring transversal ly ellipti
cal, undifferentiated, cross-section flat to shallow ellipti
cal . 2 1 -23 very short, triangular peripheral spines, regular
ly distributed along the whole outer margin, but not above 
the peripolar spines. 
M e a s u r e m e n t s : 
Diameter of shell = 1 20--1 3 1  J.lm 
Diameter of ring (long axis) = 250-400 J.lm 
Diameter of ring (short axis) = 205-250 J.lm 
Width of ring = I 0-- 1 6  J.lm 
Length of spines = 4-10  J.lm 
Distribution: Hettangian part of Kirchstein Limestone 
at the type locality. 
Remarks: Pseudacanthocircus troegeri n. sp. has con
siderably Ionger spines. 

Pseudacanthocircus pseudosimplex n. sp. 
(PI . 1 1 , fig. 2) 
Derivatio nominis:  According to the morphological 
similarity to Spongosaturnalis simplex (SQUINABOL, 
1 9 14) 
1 98 I Acanthocircus simplex (SQUINABOL) Oe WEV
ER, p. I 40- 1 4 1 ,  pl. I ,  fig. I 
Holotype: The specimen on pl.  I I , fig. 2; rep.-no. KoMo 
1 990 I-27 
Materi al : 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 shel l = 70-75 J.lm 
Diameter of ring (long axis) = 225-289 J.lm 
Diameter of ring (short axis) = 1 50-- 1 8 1  J.lm 
Width of ring = 7-1 1 J.lm 
D istribution: Hettangian to Pliensbachian. Alps, Hun
gary, Turkey. 
Remarks: The drawing of Spongosaturnalis simplex 

(squinabol, 1 9 14) by SQUINABOL ( 1 9 14) show no bulge 
on the ring. However, restudies of radiolarians from the 
higher Upper Jurassic, from where "Saturnalis" simplex 

was described by SQUINABOL ( 1 9 14) 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, 1 944 emend. 

Pseudacanthocircus terminospinosus n. sp. 
(Pl . 1 0, fig. 2; pl. 1 1 , figs. 1 ,  4) 
Derivatio nominis: According to the restriction of the 
spines to the polar regions of the long axis 
? 198 1 Acanthocircus italicus (SQUINABOL) De WEV
ER, p. 14 1 ,  pl. 1 ,  fig. 2 
Holotype: The specimen on pl . I 0, fig. 2; rep.-no. KoMo 
I 990 1 -25 
Materi al: 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 to the peripolar spines a little to 
distinctly concave, narrow, cross-section shal low oval to 
almost flat, without differentation. Largest parts of the ring 
smooth. In the polar region 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 = 9 1-100 J.lm 
Diameter of ring (long axis) = 2 1 7-240 J.lm 
Diameter of ring (short axis) = 1 60-1 80 J.lm 
Width of ring = 8-1 3  J.lm 
Length of spines = 4-7 J.lm 
D istribution: Hettangian to Pliensbachian. Alps, north
em 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 ( 1 98 1 )  is larger, but otherwise identical . It is here 
determined as Pseudacanthocircus cf. terminospinosus 

n. sp. The real Spongosaturnalis italicus (SQUINABOL, 
1 9 1 4) has a bulge on the inner side ofthe ring, but it may be 
indistinct in forms with few spines. The number of the 
spines is more variable and as a whole greater (4- 14).  
Forms with 4-6 spines 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. 1 1 , fig. 7) 
Deriv atio nominis: In honour of Dr. habil. K. A. 
TROEGER, Freiberg, Gerrnany 
Hol otype: The speeimen on pl. I I , fig. 7; rep. -no. KoMa 
1990 1-29 
Material: 7 speeimens. 
Diagnosis: Shell spongy, eonsisting of several eoneen
trie layers. Mierosphere lattieed. Ring flat, undifferentiat
ed, transversally ell iptieal, with numerous (24) relatively 
lang spines . 
M e a s u re m e n t s : 
Diameter of shell = 1 04-1 1 6  Jlm 
Diameter of ring (lang axis) = 26 1-270 Jlm 
Diameter of ring (short axis) = 202-2 1 9  Jlm 
Width of ring = 1 2- 1 5  Jlm 
Length of spines = 1 1 -30 Jlm 
D istribution: Hettangian part of the Kirehstein Lime
stone at the type loeal ity. 
Remarks: Outline of the ring and spines eorresponds to 
the Cretaeeous Spongosaturnalis multidentatus (SQUI
NABOL, 1 9 1 4).  However, as in all Spongosaturnalis spe
cies, the ring in S. multidentatus (SQUINABOL, 1 9 1 4) is 
strongly differentiated by an inner ridge. The cross seetion 
of the ring is therefore triangular with broad basis inside. 

By the flat undifferentiated ring and the numerous 
relatively lang spines, Pseudacanthocircus troegeri n. 
sp. is the only Pseudacanthocircus speeies that is similar 
to Mesosaturnalis KOZUR & MOSTLER, 1 98 1 .  Howev
er, the transversally elongated ring outl ine is different from 
this  genus .  Moreover, the Norian to Liassie Mesosaturna

lis speeies have all eonsiderably fewer (about 10) and 
Ionger spines. 

Genus Spongosaturnalis CAMPBELL & CLARK, 1944 
emend. 
Type species: Spongosaturnalis spiniferus CAMP
BELL & CLARK, 1 944 
E m e n d e d  d i ag n o s i s :  Shell spongy, never reaehing un
ti l the ring, with several eoneentrie layers. Mierosphere 
with big pores. Ring transversal ly ell iptieal , always with a 
ridge on the inner side of the narrow ring. Cross-seetion of 
the ring triangular with broad base inside. Outer margin of 
ring smooth or with peripheral spines that are mostly rela
tively short. 
Distributi on: ? Middle Jurassie, Upper Jurassie to Upper 
Cretaeeous 
Assigned species: 

Spongosaturnalis spiniferus CAMPBELL & CLARK, 
1 944 
Saturnalis ellipticus SQUINABOL, 1903 
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Saturnalis italicus SQUINABOL, 1 9 1 4  
Saturnalis multidentatus SQUINABOL, 1 9 14 
Saturnalis simplex SQUINABOL, 1 9 14  
Spongosaturnalis campbelli FOREMAN, 1968 
Acanthocircus breviaculeatus DONOFRIO & MOS
TLER, 1 978 
Acanthocircus squinaboli DONOFRIO & MOSTLER, 
1978 
? Saturnalis subquadratus DONOFRIO & MOSTLER, 
1 978 
Remarks: The Liassie Pseudacanthocircus n.  gen.  is 
distinguished by the undifferentiated, rather flat ring. It is 
the forerunner of Spongosaturnalis CAMPBELL & 
CLARK, 1944. 

In the Middle Jurassie Eospongosaturninus n. gen. 
the spongy shel l  reaehes on the ring araund the peripolar 
spines. This is also the ease in the Upper Cretaeeous 
Spongosaturninus CAMPBELL & CLARK, 1944 that 
has, moreover, a seeond lattieed medullary shell and a third 
lattieed medullary shell or lattieed eortieal shell ,  eovered 
by spongy meshwork. 

The Tertiary to Reeent Saturnalis H AECKEL, 
1 882 has a lattieed eortieal shel l ,  whieh is only rarely eov
ered by a thin layer of delieate spongy meshwork. 

Acanthocircus SQUINABOL, 1 903 is a homoeo
morph form with ridges on the outer side of the ring or on 
the whole ring, but also in the latter ease a distinet furrow is 
present on the outer lateral surfaee of the ring. Therefore 
the eross-seetion of the ring is always different in Acan

thocircus SQUINABOL, 1 903 and Spongosaturnalis 

CAMPBELL & CLARK, 1 944. 
Spongosaturnalis CAMPBELL & CLARK, 1944 

emend. eomprises also forrns with smooth and spareely 
spined transversal ly ell iptieal ring. Therefore an emenda
tion of the original diagnosis was neeessary. All transitions 
between the total ly spined typieal Spongosaturnalis to the 
unspined ring of S. simplex are known. Sometimes the 
number of the spines varies eonsiderably even within one 
speeies, e.g. in Spongosaturnalis italicus (SQUINA
BOL, 1 9 1 4).  

Genus Spongosaturninus CAMPBELL & CLARK, 
1 944 
Type species: Spongosaturninus ellipticus CAMP
BELL & CLARK, 1 944 
Diagnosis: The shell eonsists of a tiny lattieed miero
sphere, a seeond lattieed medullary shell and a rather large 
third lattieed medullary shell ( or eortieal shel l )  eovered by 
a thiek layer of spongy meshwork that reaehes 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 in each polar region 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 lateralispinosus CAMPBELL & 
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 Satumalidae DEFLAN
DRE, 1 953.  The third medullary shell is so I arge that it can 
be also regarded as cortical shell (see DUMITRICÄ, 
1985). However, the spongy layer on this shell is always 
thicker than the distance between the second and third (me
dullary) shells. In Saturnalis HAECKEL, 1 882 disap
peared this thick outer spongy layer. By this the outer lat
ticed medullary shell was transformed into a latticed corti
cal shell .  

Genus Praeacanthocircus KOZUR & MOSTLER, 1983 
Type species: Praeacanthocircus carnicus KOZUR & 
MOSTLER, 1 983 

Praeacanthocircus spinosus n. sp. 
Derivatio nominis: According to the presence of small 
peripheral spines 
198 1 Pseudoheliodiscus sp. A De WEVER, p. 1 44, pl. 4, 
figs. 5, 7 
Holotype: The specimen, figured by De WEVER ( 1 98 1 ,  
pl . 4 ,  fig. 7 )  as Pseudoheliodiscus sp. A 
Locus typicus: Gümüslü Unit (Western Taurus, eastem 
Domuz Dag Massif) north of Korkuteli ,  Sögütlü gorge, 1 
km NW of Gümüslü vil lage, Turkey 
Stratum typicum: Sögütlü dere Formation, radiolarian 
l imestone, Pliensbachian (bedded siliceous I imestones 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 = 1 30-1 35 Jlm 
Diameter of ring (long axis) = about 250-300 Jlm (ring in 
this direction not fully preserved 
Diameter of ring (short axis) = 2 1 0-230 J..Lm 
Width of ring = 1 5-25 J..Lm 
Length of spines = about 5 J..Lm 
Distribution: ? Upper S inemurian, 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, 1 983 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 Satumalidae DE
FLANDRE, 1953 s.  str. which derived from the Pseuda
canthocircidae n. fam. 

Eospongosaturninus n. gen. 
Derivatio nominis: Forerunner of Spongosaturninus 

CAMPBELL & CLARK, 1 944 
Type species: Spongosaturnalis protoformis Y AO, 
1 972 
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 pol es. Near the base of the peripolar spines tiny 
auxiliar spines may be present. 
Distribution: Middle Jurassie of Japan. 
Assigned species: 

Spongosaturnalis protoformis Y AO, 1 972 
? Spongosaturnalis bispinus YAO, 1972 
Remarks: Eospongosaturninus n. gen . is the forerunner 
of Spongosaturninus CAMPBELL & CLARK, 1 944 that 
has more distinct ridges along the whole inner margin of 
the ring, a latticed second medullary shell and a rather large 
third medullary shell (transitional to a cortical shell) cov
ered by a sti l l  rather thick spongy layer. 

Pseudacanthocircus n. gen. has an undifferentiated 
ring and the shell reaches never until the ring. 

Spongosaturnalis CAMPBELL & CLARK, 1944 
displays more distinct ridges along the whole inner margin 
of the ring and the shell does not reach the ring. 

Eospongosaturninus n. gen. l ies in the transition 
field between the genera Pseudacanthocircus n. gen. ,  
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Spongosaturninus CAMPBELL & CLARK, 1 944 and 
Spongosaturnalis CAMPBELL & CLARK, 1 944. The 
type species is surely the forerunner of Spongosaturninus 

CAMPBELL & CLARK, 1 944. In Eospongosaturninus ? 
bispinosus (Y AO, 1 972) 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, 
1 972, pl. 2, fig. 9). The specimen, figured by Y AO ( 1 972, 

pl. 2, fig. 8) as Spongosaturnalis bispinosus belongs to an 
other species and is probably the first representative of the 
genus Spongosaturnalis CAMPBELL & CLARK, 1 944. 

The genus Acanthocircus SQUINABOL, 1 903 has 
strong outer ridges on the ring or the ridges cover the whole 
ring. A deep furrow on the lateral outer side of the ring 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 parasatumalinid 
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, 1 978 is  distinguished by the mostly circular or sub
reetangular ring and the considerably !arger spines. 

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

The taxonomic position of Spinoe/lipsel/a n. gen .  is 
not clear. A derivation from Palaeosaturnalis DONO
FRIO & MOSTLER, 1 978 is  possible. In this case it would 
be a blind-ending side-branch of the Parasatumalidae KO
ZUR & MOSTLER, 1 972. 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, 
1 978 and within the Parasatumalidae KOZUR & MOS
TLER, 1 972 at all. Therefore the placement into the Pseu
dacanthocircidae n. fam. that have the same ring outline, is 
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more probably than the placement into the Parasatumali
dae KOZUR & MOSTLER, 1 972. 

Spinoellipsella densispinosa n. gen. n.  sp. 
(PI . 1 ,  fig. 4; pl. 1 1 , figs. 3, 5) 

Derivatio nominis: According the numerous, closely 
spaced, short, broad spines 
Holotype: The specimen on pl. 1, fig. 4; rep.-no. KoMo 
1 990 I-34 

Material: ·  2 1  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 )..lm 
piameter of ring (long axis) = 1 47- 1 58 )..lm 
Diameter of ring (short axis) = 1 1 7-1 38 )..lm 
Width of ring = 9-1 9  )..lm 
Length of spines = 3-6 )..lm 
Distribution: Hettangian part of the Kirchstein Lime
stone at the type locality. 
Remarks: Spinoel/ipsella latispinosa n. sp. displays 
fewer, widely spaced, broader spines. 

Spinoellipsella latispinosa n. sp. 
(PI . 2, fig. 4) 

Derivatio nominis: According to the broad spines 
Ho1otype: The specimen on pl. 2, fig. 4; rep.-no. KoMo 
1 990 I-35 

Material: 4 specimens. 
Diagnosis: With the character of the genus. Ring moder
ately broad, transversally strongly elongated elliptical, 
asymmetrical (one half-ring !arger than the other one), 
with 1 0- 1 6, broadly triangular, short, widely spaced 
spines. 
Measurements: 

Diameter of shell = 80-83 )..lm 
Diameter of ring (long axis) = 1 83-1 90 )..lm 
Diameter of shell (short axis) = 1 23-1 29 )..lm 
Width of ring = 1 7-20 )..lm 
Length of spines = 7-1 0  )..lm 
Distribution: Hettangian part of the Kirchstein Lime
stone at the type locality. 
Remarks: Spinoellipsella densispinosa n. gen. n. sp. has 
considerably more, closely spaced and not so broad spines. 

Genus Triacanthocircus n. gen. 
Derivatio nominis: According to the 3 inner spines 
Type species: Triacanthocircus muelleri n. 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. It is a l it
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, 1 983 with 6 first order spines (2 peripolar 
spines and 4 additional spines) and P seudacanthocircus 

n. gen. that has only the 2 peripolar spines without addi
tional first order spines. 

Triacanthocircus muelleri n. gen. n.  sp. 
(PI . 9, fig. 1 1 ; pl. 1 0, figs. 5, 7, 1 0) 
Derivatio nominis: In honour of Prof. Dr. A. H. 
MÜLLER, Freiberg, Germany 
Holotype: The specimen on pl. 1 0, fig. 7; rep.-no. KoMo 
1 990 I-3 1 
Material : 9 specimens. 
Diagnosis: With the character of the genus. The 9-1 2  pe
ripheral spines on the ring are very short. 
Measurements: 

Diameter of shell  = 70-90 J.Lm 
Diameter of ring (long axis) = 230-240 Jlm 
Diameter of ring (short axis) = 1 70-1 80 Jlm 
Width of ring = 1 0- 1 5  J.Lm 
Length of spines = 5-1 0  J.Lm 
Distribution: Hettangian part of the Kirchstein Lime
stone at the type locality. 
Remarks: Triacanthocircus squinaboli n. sp. displays 
Ionger spines and a wider unspined area around the peripo
lar spines. 

Triacanthocircus squinaboli n. sp. 
(PI . 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 
1 990 1-33 
Material :  3 specimens. 
Diagnosis: With the character of the genus. The 1 0  
spines are long for the genus and concentrated in the polar 
area of the long axis. 

Measurements: 

Diameter of shell = 80-86 Jlm 
Diameter of ring (long axis) = about 250 Jlm 
Diameter of ring ( short axis) = 1 84-1 96 Jlm 

Width of ring = about 10 J.Lm 
Length of spines = 20-25 Jlm 
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, 1 953  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. 
Outer margin of ring smooth or with spines in the polar re
gion on the long axis. 2 peripolar spines. 
Distribution: Upper Cretaceous-Recent. 
Assigned genera: 

Saturnalis HAECKEL, 1 882 
Vitorfus PESSAGNO, 1 977 
Remarks: The Satumalidae evolved from the Pseudacan
thocircidae n. fam. by development of a I arge latticed shell 
inside the spongy meshwork and fol lowing lost of the outer 
spongy layer. Spongosaturninus CAMPBELL & 
CLARK, 1 944 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 layer the outer latticed medul
lary shell is  transformed into a cortical shell .  In atavistic (?) 
forms of Saturnalis circularis HAECKEL, 1 882 the type 
species of Saturnalis HAECKEL, 1 882, the latticed corti
cal shell is still covered by a very thin spongy layer (NAK
ASEKO & NISHIMURA, 1 982, pl. 3, fig. 3). The very 
fragile, loose spongy meshwork inside the latticed cortical 
shell is only preserved in weil preserved specimens. Both 
these features indicate the derivation of the Satumalidae 
DEFLANDRE, 1 953 s.  str. from satumalids with spongy 
shell .  

The ridge on the inner side of the ring causes the tri
angular cross-section of the ring ( with broad base inside, 
see NAKASEKO & NISHIMURA, 1 982, pl . 4, fig. 3). 
This differentation of the ring confirms the derivation of 
the Satumalidae DEFLANDRE, 1 953 s.  str. from highly 
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evolved Pseudaeanthoeireidae n. fam. that have all this  
type of ring differentation, quite different from the ring dif
ferentation of the Aeanthoeireinae PESSAGNO, 1 977 

emend. (see there). 

Superfamily Actinommacea HAECKEL, 1 862 emend. 
KOZUR & MOSTLER, 1 979 

Family Pantanellidae PESSAGNO, 1 977 

Remarks: The terminology and abbreviations for the de
seription of the Pantanellidae have been adopted from 
PESSAG NO & BLOME ( 1 980). 

Genus Ellipsoxiphus DUNIKOWSKI, 1 882 

Type species: Xiphosphaera (Ellipsoxiphus) suessi 

DUNIKOWSKI, 1 882 = Xiphosphaera (Ellipsoxiphus) 

parvoforaminosus DUNIKOWSKI, 1 882 

Synonyma: Druppatractylis HAECKEL, 1 887 

Pantanellium PESSAGNO, 1 977 

Remarks: KOZUR & MOSTLER ( 1 979) reeognized that 
Pantanellium PESSAGNO, 1 977 is a younger synonym 
of Druppatractus HAECKEL, 1 887. Our restudy of the 

' Lower Jurassie radiolarians deseribed by DUNIKOWSKI 
( 1 882) has shown that Ellipsoxiphus DUNIKOWSKI, 
1 882 originally introdueed as subgenus of Xiphospaera 

HAECKEL, 1 882, is identieal with Pantanellium, too. 
CAMPBELL (Treatise, 1 954) figured under Ellipsoxi

phus DUNIKOWSKI, 1 882 a reeent speeies that does not 
belang to thi s  genus. 

Two speeies, Xiphospaera (Ellipsoxiphus) suessi 

DUNIKOWSKI, 1 882 and X. (E.) parvoforaminosus DU
NIKOWSKI, 1 882 were originally plaeed into the subge
nus Ellipsoxiphus. The halotype of E. suessi is better pre
served and eorresponds best to the genus diagnosis .  There
fore it was deseribed first in DUNIKOWSKI's paper. Quite 
surprisingly, CAMPBELL ( 1 954) has choicen the not so 
weil preserved X. ( E.) parvoforaminalis as type species of 
Ellipsoxiphus. In the halotype of this species, part of the 
sec_ond primary spine is broken away and the big pores are 
partly closed by reerystall isation and filling with sediment 
material. For this reason, by using the primitve micro
seopes of the last century, the partly closed big pores ap
peared as 1 -3 small pores. Moreover, some (? pathologie) 
forms of Ellipsoxiphus show subdivision of some large 
pores into 2 or more smaller ones (e.g. Pantanellium sp. I 
in PES SAGNO & BLOME, 1 980 pl . 3, figs. 6, 1 2, 1 9  or 
Pantanellium aff. cumshewaense in SASHIDA, TONI
SHI & IGO, 1 986, fig. 5/1 0). This feature has no specific or 
even generie importanee. The onl y real differenee between 
the two holotypes is that the eortical shell in X. ( E.) parvo

foraminosus is a little fewer elongated than in X. ( E.) 

suessi, but this difference l ies within the intraspecific vari-

2 1 4  

ability. Both species are here regarded as  synonymous. 
The priority is  given to E. suessi beeause of its better pre
served holotype. 

E. kluensis (PESSAGNO & BLOME, 1 980) is very 
similar and possibly identieal . The only difference i s that 
the polar spines are stronger in E. suessi (DUNIKOWSKI, 
i 882), but their strength shows intraspeeific variability. 
As in E. suessi, also in E. kluensis the ell ipsoidal cortical 
shell is sometimes more, sometimes fewer elongated. In 
any ease, E. suessi belongs to the E. kluensis group, ehar
acteristic for Lower Liassie (? and topmost Rhaetian) 
rocks. 

Ellipsoxiphus suessi (DUNIKOWSKI, 1 882) 

(PI . 1 4, fig. 1 2; pl. 1 5 ,  figs, 1 2, 1 3) 

1 882 Xiphospaera (Ellipsoxiphus) suessi nov. sp. DUNI
KOWSKI, pl. 5, fig. 50 

1 882 X iphospaera ( Ellipsoxiphus) parvoforaminosus 

nov . sp. DUNIKOWSKI, p. 1 86, pl. 5 ,  fig. 5 1  

Remarks: This speeies is figured here to present a SEM 
pieture of the first described Ellipsoxiphus species. No ge
nerie differences against Druppatractylis HAECKEL, 
1 887 and Pantanellium PESSAGNO, 1 977 ean be ob
served. 
Age: Hettangian of the Alps and northem Hungary 
(Csövar, Varhegy Cherty Limestone Formation). 

Ellipsoxiphus browni (PESSAGNO & BLOME, 1 980) 

(PI. 14, fig. 1 4, pl. 1 5 ,  figs. 1 1 , 14) 

1 980: Pantanellium browni PESSAGNO & BLOME, n. 
sp. PESSAGNO & BLOME, p. 239, pl . 4,  figs. 5-7 1 2, 1 4, 

1 6, 19 , 20 

Remarks: Some of our speeimens are identieal with this 
speeies, other are very similar and determined here as El

lipsoxiphus cf. browni (PI . 14 ,  f�g. 1 4; pl. 1 5 ,  fig. 1 1  ). In 
these forms the nodes oecuring at vertiees of pore frames 
are larger. 
Distribution: Hettangian of the Alps, (Upper) Hettan
gian of westem North America. 

Ellipsoxiphus tanuensis (PESSAGNO & BLOME, 
1980) 

(PI. 1 4, figs. 1 0, 1 1  

1 980: Pantanellium tanuense PESSAGNO & BLOME, 
n. sp. PESSAGNO & BLOME, p. 24 7, pl. 4, figs, 3 ,  4, 24 

Remarks: This typieal form with spherical eortieal shell 
and predominance ofhexagonal pore frames is easily to de
tennine and tagether with E. suessi (DUNIKOWSKI, 
1 8 82) the most frequent Ellipsoxiphus species in our ma
terial. In some specimens the nodes oecurring at vertiees of 
pore frames are a little larger. They are here detennined as 
Ellipsoxiphus ef. tanuensis. 



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

Ellipsoxiphus cf. danaensis (PESSAGNO & BLOME, 
1980) 
(PI . 14, fig. 1 3 ; pl. 1 5 ,  fig. 1 5) 
1 980: Pantanellium danaense PESSAGNO & BLOME, 
n. sp. PESSAGNO & BLOME, p. 24 1 ,  pl. 4, figs. 9- 1 1 ,  1 5  
Remarks: The spines at the vertices of pore frames are 
Ionger 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 northem Hun
gary, (Upper) Hettangian and Sinemurian of westem 
North America. 

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

Betraccium bavaricum n. sp. 
(PI .  14, figs. 4, 9) 
Derivatio nomini·s: According to its occurrence in Ba
varia 
Holotype: The specimen on pl. 1 4, fig. 4; rep.-no. KoMo 
1 990 1 -20 
M aterial : 2 1  specimens. 
Diagnosis: Cortical shell subspherical with large trigo
nal, tetrago�al and pentagonal pores. Distinet nodes, partly 
with small ,  needle-like spines are situated on pore frame 
vertices. Bars of the pore frame� 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 sl ight 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 = 1 08-1 20 f-Lm 
Length of the primary spines = 1 00-120 f-Lm 
Distribution: Hettangian part of the Kirchstein Limestone 
at the type locali ty .  
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. 
(PI . 1 4, fig. 5) 

Derivatio nominis: According to the occurrence in the 
Hettangian 
Holotype: The specimen on pl. 1 4, fig. 5; rep.-no. KoMo 
1 990 1- 1 
Material: 1 2  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 moderate I y high in Z-direc
tion. 4-5 pore frames v isible on top and bottom surfaces 
along an axis in l ine with that of a given primary spine. Pri
mary spines long, symmetrically arranged, equidistant and 
of equal length, with 3 wide groves altemating with 3 ridg
es. Groves and ridges displaying moderate torsion. 
M e a s  u re m e n t s : 
Diameter of cortical shell = 100-1 1 0 f-Lm 
Length of primary spines = 83-93 f-Lrn 
D i s t r i b u t i o n : Until now on1y known from the Hettan
gian part of the Kirchstein Limestone at the type locality. 
R e m a rk s :  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 shel l). lt is the 
youngest typical representative of the genus Betraccium. 

From Triassie 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 .  1 4, fig. 6) 

Derivatio nominis: According to the different pore 
frame present in the same specimen 
Holotype: The specimen on pl . 1 4, fig. 6; rep.-no KoMo 
1990 1-2 
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 l ine with that of a giv
en primary spine. Primary spines long, symmetrically ar
ranged, equidistant and of equal length, with 3 deep groves 
altemating with 3 ridges. No torsion of the spines .  
Measurements: 

Diameter of cortical shell = 80-88 f-Lrn 
Length pf primary spines = Ca. 80 f-Lm 
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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 Triassie 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 ( 1 989) figured from the Philippines under 
Betracciwiz sp. A, B, C Upper Norian forrns without tor
sion ofthe primary spines. However, the Upper Norian age 
was deterrnined by the presence of Betraccium PESSAG
NO & B LOME and the absence of Capuchnosphaera DE 
WEVER. Rhaetian or even Lower Hettangian age for these 
faunas cannot be excluded. 

Betraccium verticispinosum n. sp. 
(PI . 14 ,  figs. 7, 8) 
Derivatio nominis: According to the distinct spines on 
the pore frame vertices 
Holotype: The specimen on pl. 1 4, fig. 8; rep.-no. KoMo 
1 990 1- 1 9  
Material: 1 5  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 l ine with that of a given primary 
spine. Primary spines long, symmetrically arranged, equi
distant, but with slightly different length. Their ridges and 
groves displaying strong torsion in the distal third. Re
maining part of the primary spines almost without torsion. 
Measurements: 

Diameter of cortical shell  = 88-1 1 0  �m 
Length of primary spines = 84- 1 1 O�m 
Distribution: Hettangian part of the Kirchstein Lime
stone at the type locality. 
Remarks: Betraccium inaequiporatum n.  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 s light torsion, and spines 
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on the pore frame vertices, if present, are not so  pro
nounced. 

Genus Gorgansium PESSAGNO & BLOME, 1 980 
Type species: Gorgansium silviesense PESSAGNO & 
BLOME, 1 980 

Gorgansium alpinum n. sp. 
(PI . 1 6, fig. 1 2) 
1 984 Gorgansium sp. A, pars IGO & NISHIMURA, pl .  3 ,  
figs. 1 8, ? 20, ? 2 1 , ? 23 , p l .  4, fig. 8 
Derivatio nominis: According to the first discovery of 
the genus Gorgansium in the Liassie of the Alps 
Holotype: The specimen on pl.  1 6, fig. 1 2; rep.-no. Ko
Mo 1 990 l/3 
Material: 1 5  specimens. 
Diagnosis: Cortical shell spherical with large, predomi
nantly pentagonal pore frames having well developed 
nodes at pore frame vertices. Bar of pore frames thin in Y
direction, but thickened near the pore frame vertices; high 
in Z direction. 6-7 pore frames visible both along 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 Ionger spine. 
Measurements: 

AB = 1 00-1 10 �m 
AT = 1 05-1 1 5  �m 
CD = 95-1 02 �m 
EF and GH = 67-70 �m 
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. 1 6, fig. 1 3) 
1 980: Gorgansium sp. C PESSAGNO & BLOME, p. 236, 
pl.  4, fig. 8 
Derivatio nominis: In honour of Prof.Dr. CH. D. 
BLOME, Dallas 
Holotype: The specimen on pl. 1 6, fig. 1 3 ;  rep.-no KoMo 
1 990 1/4 
Material: 7 specimens. 
Diagnosis: Cortical shell subspherical, outline almost 
straigth between the two c losely 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 = 1 00-1 1 5  Jlm 
AT = 48-50 Jlm 
CD = 1 25-1 30 Jlm 
EF and GH = 45-50 Jlm 
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 ( 1 980). 

Superfamily Trematodiscacea HAECKEL, 1 862 emend. 
KOZUR & MOSTLER, 1 978 
Synonyma: Spongodiscacea HAECKEL, 1 862 sensu 

BAUMGARTNER, 1 980 
Euchitoniilae HAECKEL 1 887 sensu CAMP
BELL, 1 954 

Remarks: CAMPBELL ( 1 954) revised the "subsuper
family" Euchitoniilae HAECKEL, 1 887 to a rather natural 
group including also the Trematodiscidae HAECKEL, 
1 862 and the Spongodiscidae HAECKEL 1 862 (mostly 
dated as HAECKEL, 1 882 or 1 88 1 ). Some forms, like Ha
giastrum HAECKEL, 1 882 with the type species Hagia

strum plenum RÜST, 1 885 do not belong to this "subsu
perfamily", but CAMPBELL ( 1 954) used Hagiastrum in 
an other sense for forms that belong to bis Euchitoniilae. 
The oldest family taxon which CAMPBELL ( 1 954) 
placed into the 

(
Euchitoniilae HAECKEL, 1 887 are the 

Trematodiscidae HAECKEL, 1 862 that have therefore the 
priority also in superfamily rank. 

PESSAGNO ( 1 97 1 ) enclosed into the Spongodisca
cea HAECKEL, 1 8 8 1  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, 1 862 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, 1 862 and forms with chambered 
arms. 

KOZUR & MOSTLER ( 1 978) fol lowed with their 
superfamily Trematodiscacea HAECKEL, 1 862 emend. 

largely CAMPBELL ( 1 954), but narned their superfamily 
for priority reasons not Euchitoniacea HAECKEL, 1887, 

but Trematodiscacea HAECKEL, 1862. Radiolarians with 
elliptical, cyclindrical, sometimes constricted, in primitve 
forms rarely spherical spongy, often heteropolar test were 
placed into the superfamiiy Sponguracea HAECKEL, 
1 862 emend. KOZUR & MOSTLER, 1 98 1 .  

BAUMGARTNER ( 1980) followed KOZUR & 
MOSTLER ( 1 978), but he named the Trematodiscacea 
HAECKEL, 1 862 emend. KOZUR & MOSTLER, 1 978  
again as  Spongodiscacea HAECKEL, 1 882. This would 
be not possible forpriority reasons, but the Spongodiscidae 
have been also established by HAECKEL, 1 862. Howev
er, by the first revisirtg··authors KOZUR & MOSTLER 
( 1 978) the Spongodiscidae HAECKEL, 1 862 have been 
placed into the Trematodiscacea HAECKEL, 1 862. 
Therefore thr name Trematodiscacea HAECKEL, 1 862 
emend. KOZUR & ·  MOSTLER 1 978 has the priority 
against the Spongodiscacea HAECKEL, 1 862 (both fami
ly taxa have been . established in the same paper by 
HAECKEL, 1 862). 

PESSAGNO ( 1 97 1 ,  1 973) cannot be regarded as the 
first revising author, because he never placed the Tremato
discacea into the same superfamily as the Spongodiscacea. 
On the contrary, bis 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 
possibil ity. In this Tertiary material both Spongodiscidae 
HAECKEL, 1 862, Orbiculiformidae PESSAGNO, 1 973 
and al l  transitional forms between both families are 
present. Moreover, also Trematodiscidae HAECKEL, 
1 862 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, but even in the oldest typical 
Orbiculiformidae from the Lower Carnian of Austria spe
cies with distinct concentric arrangements of the spongy 
meshwork are present. 

In transitional forms b�ween Spongodiscidae and 
Trematodiscidae the concentric structure is very pro
nounced and the forms are flat and quite plane. In true Tre-
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matodiseidae the eoneentrie or spiralie strueture is not only 
strong, but separated from the remaining test as an inner 
single layer of eoneentrie or spiralie pore frames with 
strong bars (both the rings or spirals and the transverse bars 
that spearate big pores). This inner layer is eovered on the 
lower and upper side by a layer of spongy meshwork. The 
transitional forms indieate that both groups belong to the 
same superfamily as assumed already by CAMPBELL 
( 1 954) and KOZUR & MOSTLER ( 1 978). In both groups 
diseoidal and armed forms ean be observed. 

The Trematodiseaeea have in their eentre a tiny mi
erosphere, already reeognizable in Triassie forms. In Neo
zoie forms often a somewhat larger seeond lattieed medul
lary shell encloses this mierosphere. 

Genus Crucella PESSAGNO 197 1  
Type species: Crucella messinae PESSAGNO, 1 97 1  

Crucella carteri n. sp. 
(PI . 1 5 ,  figs. 2, 4, 9) 
Derivatio nominis: In honour of Dr. E.S. CARTER, 
Vaneouver 
Holotype: The speeimen on pl. 15 ,  fig. 4; rep.-no. KoMo 
1 990 1/8 
Material: More than 100 speeimens. 
Diagnosis: 4 rays short, with very broad base. Pore 
frames large, parallelogram-shaped, subordinately trigo
nal. Mostly 4 bars originate in the vertiees of pore frames. 
Terminal spines robust, proximally broad, triearinate. 
Measurements: 

Diameter of eortieal shell between the spines: 88-96 Jlm 
Length of the rays = 40-60 Jlm 
Maximum width of the rays = 58--63 Jlm 
Maximum length of the spines = 70-87 Jlm 
Distribution: Until now only known from the Hettan
gian part of the Kirehstein Limestone at the type loeali ty. 
Remarks: Crucella prisca n. sp. is most similar, but this 
speeies is  distinguished by different pore frames. 

Crucella hettangica n. sp. 
(PI . 1 5 , fig. 7) 
Derivatio nominis: Aeeording to its oeeurrenee in the Het
tangian part of the Kirehstein Limestone 
Holotype: The speeimen on pl. 1 5 ,  fig. 7; rep.-no. KoMo 
1 990 I/7 
M aterial: 4 speeimens. 
Diagnosis: 4 rays long, slender, with slightly tapering 
tips. Pore frames tetragonal to pentagonal. Terminal 
spines triearinate, distally rounded, very long and needle
shaped. 
Measurements: 

Width of eortieal shell between the rays: 70-75 Jlm 
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Maximum width of rays: 40-48 Jlm 
Length of rays: 80-85 Jlm 
Maximum length of terminal spines: 1 1 6 Jlm 
Distribution: Hettangian part of the Kirehstein Lime
stone in the type loeality and Varhegy Cherty Limestone 
Formation of Csövar (northem Hungary). 
Remarks: Crucella longispinosa (KOZUR & MOS
TLER, 1978) from the Lower Camian of Austria has the 
same type of terminal spines, but the rays are shorter and 
broader. 

Crucella angulosa CARTER; CAMERON & 
SMITH, 1 988 from the Late Pliensbaehian to Middle Toar
eian of westem North Ameriea is similar, but the terminal 
spines are basally very broad. 

Crucella prisca n. sp. 
(PI .  1 5 ,  figs. 1 ,  3, 5, 8, 1 0) 
1984 Staurodaras (?) sp. IGO & NISHIMURA; pl.5 , figs. 
1 2, 1 3 
Derivatio nominis: Oldest known Jurassie Crucella 

speeies 
Holotype: The speeimen on pl. 1 5 , fig. 10; rep.-no. Ko
Mo 1 990 I/6 
Material: More than 100 speeimens. 
Diagnosis: Tapering tips of the 4 short, espeeially proxi
mally broad rays with long, robust triearinate spines. Pore 
frames of Alievium type, single pores tetragonal or trigo
nal . Vertiees of pore frames node-like. 4-6, mostly 5 bars 
originate from the vertiees. 
Measurements: 

Diameter of eortieal shell between the rays: 92-1 10  Jlm 
Length of the rays = 56-65 Jlm 
Maximum width of the rays = 54--60 Jlm 
Length of the spines = More than 80 Jlm 
Distribution: Uppermost part of the Canoptum rhaeti

cum A. Z. s. str. (eonodont proven uppermost Rhaetian), 
Re/anus hettangicus Zone, (Hettangian), Lower Sinemu
r
.
ian part of the Parahsuum simplum Zone. Alps, northem 

Hungary (Csövar), Japan. 
Remarks: Crucella squamosa (KOZLOV A, 1 97 1 ) has 
roundish to oval pores frames. 

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

Crucella angulosa CARTER; CAMERON & 
SMITH, 1 988 has proximally slender rays of nearly the 
same width throughout its length. In our material only one 
speeimen shows this latter feature, but also in this speeim
en the length to width ratio is smaller than in 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 speeimens have eonsiderably shorter 
terminal spines (40-50 jlm), but are otherwise identieal 
with C. prisca n. sp. They are here determined as C. cf. 
prisca n. sp. 

Genus Paronaella PESSAGNO, 1 97 1  
Type speeies: Paronaella solanoensis PESSAGNO, 
1 97 1  

Paronaella striata n .  sp. 
(PI. 1 5 , fig. 6) 
Deri vatio nominis: Aeeording to the linear pore ar
rangement in large parts of the rays 
Hol otype: The speeimen on pl. 15 ,  fig. 6; rep.-no. KoMo 
1 990 I/5 
Materi a l :  2 speeimens. 
Diagnosis: Test eomposed of 3 rays with cireular eross 
seetion that are distally only a l ittle broader than proximal
ly. Pores of irregular shape and size are l ineary arranged in 
the proximal parts of the rays. In the distal part the pore ar
rangement is irregular or indistinetly l inear. Espeeially in 
the distal part of the rays irregular short spines are present 
at some vertiees of pore frames in the marginal parts of the 
rays. Internat strueture of the rays spongy. 
Measurements: 

Length of the rays = 1 32-1 36 11m 
Minimum width of the rays = 24 jlm 
Maximum width of rays (without spines) = 32-35 11m 
Distribution: Until now only known from the Hettan
gian part of the Kirehstein Limstone at the type loeality. 
Remarks: The outer morphology with rather distinet line
ar arrangement of the pore frames in the proximal parts of 
the rays remembers to Homoeoparonaella BAUM

·GARTNER, 1 980, but the inner strueture ist typieal for 
Paronaella PESSAGNO, 197 1 .  True hagiastrids, present 
sinee the Lower S inemurian, are not yet present in our Het
tangian material. 

Subordo Entactinaria KOZUR & MOSTLER, 1 982 
Superfamily Hexastylacea HAECKEL, 1 882 emend. PE
TRUSEVSKAJA, 1 979 
Family Triposphaeridae VINASSA DE REGNY, 1 898 
emend. KOZUR & MOSTLER, 1 98 1  
Genus Xenorum BLOME, 1 984 
Type species: Xenorum largum BLOME, 1 984 

Xenorum jurassie um n. sp. 
(PI . 16, fig. 1 5  
Derivatio nominis: Aeeording to its oeeurrenee in the 
Jurassie (so far only known from the Upper Triassie) 
Ho1otype: The speeimen on pl. 1 6, fig. 15 ;  rep.-no. Ko
Mo 1 990 I-2 1 
Material: 3 speeimens. 
Di agnosis: Cortieal shell spherieal, 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 vertiees, often ending in 
short spines. 3 primary spines symmetrieally arranged, of 
medium length, triearinate, with broad ridges and deep fur
rows between the ridges, without or with sl ight torsion. 
Measurements: 

Diameter of eortieal shell = 1 36-144 11m 
Length of spines = 80-89 11m 
Distributi on: Hettangian part of the Kirehstein Lime
stone at the type loeal ity. 
Remarks: Xenorum jurassicum n. sp. has the typieal 
shell strueture of the genus Xenorum BLOME, 1984 
known so far only from the Late Triassie. The 2 former de
seribed speeies, X. flexum BLOME, 1984 and X. !arg um 

BLOME, 1 984, have spines with strong torsion, but Xeno

rum sp. A BLOME is a Late Triassie speeies without tor
sion of the spines, l ike X. jurassie um n. sp. 

Suborder Nassellaria EHRENBERG, 1 875 
Family Canoptidae PESSAGNO, 1979 
Canoptum PESSAGNO, 1 979 
Type species: Canoptum poissoni PESSAGNO, 1979 

Canoptum rhaeticum KOZUR & MOSTLER, 1 98 1  
1 98 1  Canoptum rhaeticum n. sp. KOZUR & MOS
TLER, p. 103- 1 04, pl. 20, figs. 1 -4 
1 982 Canoptum triassicum Y AO, n. sp. Y AO, p. 60, pl. 3 ,  
figs. 1 -4 
Distribution: Aeeording to KOZUR & MOSTLER 
( 1 98 1 )  this speeies is rare in the Norian and widely distrib
uted in the Rhaetian. Aeeording to Y AO ( 1982) it oeeurs in 
the Sevatian and Rhaetian of Japan. However, seemingly 
this speeies oeeurs here also above the highest oeeurrenee 
of Rhaetian eonodonts, but below the appearenee of Pa

rahsuum simplex Y AO that begins within the Hettangian. 
Aeeording to IGO & NISHIMURA ( 1 984) 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 eommon only in the Rhaetian worldwide 
distribution. 
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This range is for the upper part confirrned in our Het
tangian material that contains stil l  rarely C. rhaeticum. 

The upperrnost C. "triassicum" Zone of Japan (above the 
last occurrence of Rhaetian conodonts) is here excluded 
from the C. rhaeticum A.Z. and tentatively placed into the 
Re/anus hettangicus Zone. This interval has a quite dis
tinct fauna, clearly separated both from the C. rhaeticum 

A.Z. s. str. and from the Parahsuum simplum Zone that be
gins within the Hettangian. 

In Japan the ranges of the radiolarians from this in
terval are 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) 1 5  between the last occurrence of 
Rhaetian conodonts and the first occurrence of Parahsu

um simplum that 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, 1 987 
Type species: Canoptum anulatum PESSAGNO & 
POISSON, 1 98 1  

Paracanoptum primitivum n. sp. 
(PI. 1 7 , figs. 7, 9 1 3) 
Derivatio nominis:  According to the primitive stage in 
the Paracanoptum development 
Holotype: The specimen on pl. 1 7, fig. 1 2; rep.-no. Ko
Mo 1 990 I-22 
Material:  More than 50 specimens. 
D i agnosis: Multicyrtid test conical. Cephal is 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 
wei l visible on the outer surface. Inner pore frames of post
abdominal segments consisting of2 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 strictures are 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 nodes are 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 recrystall ization). 
Measurements: 

Length of test = 1 73-1 90 flm 
Maximum width = 80-90 flm 
Distri bution: Hettangian of the Alps and northem Hun
gary. (Varhegy Cherty Limestone Formation of Csövar). 
Remarks: In Paracanoptum anulatum (PESSAGNO & 
POISSON, 198 1 )  from the Upper Sinemurian and Pliens
bachian the "H-linked" frames on the circumferential ridg
es are more 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, 1 98 1 )  from the Upper Sinemurian and Pliensba
chian has the same shape of the test as P. primitiv um n. 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: Re/anus reefensis PESSAGNO & 
WHALEN, 1982 

Relanus hettangicus n. sp. 
(PI. 1 6, figs. 1 ,  4, 5, 7 ,  1 0, 1 1 , 14; pl. 1 7 , figs. 8,  14- 1 6) 
Derivatio nominis: According to the frequent occur
rence in our Hettangian material 
Holotype: The specimen on pl. 1 7, fig. 1 6; 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, gradual ly increasing in width until the last 4-5 
chambers, which decrease rather rapidly toward the distal 
end. Distal aperture relatively smal l .  

The cephalis bears an extemally situated short hom 
and it is imperforate l ike 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 si l ica. 
The outer layer is especially in the proximal half of the test 
covered by mostly indistinct rings of small nodes. 



Measurements: 

Length = 227-267 J.Lm 
Maximum width = 86-98 J.Lm 
Distribution: Very frequent in the Hettangian of the 
Alps and northem Hungary (V arhegy Cherty Limestone 
Formation of Csövar). 
Remarks: Re/anus PESSAGNO & WHALEN, 1982 is 
seemingly a very characteristic genus ofHettangian 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. 

Re/anus reefensis PESSAGNO & WHALEN, 1 982 
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. 

Re/anus hettangicus n. sp. is similar to Canoptum 

rhaeticum KOZUR & MOSTLER, 1 98 1 .  This species has 
no apical hom and the outer segmentation begins higher. 

Re/anus multipelforatus 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) 
Deri vatio nominis: According to the numerous small 
pores in the layer of microgranular si lica 
Holotype: The specimen on pl. 16, fig. 3; KoMo 1990 
I/1 0  
Material: 4 specimens. 
Diagnosis: Test conical to elongated spindle-shaped. 
Cephalis hemispherical, imperforat, with distinct, asym
metrically, extemally situated apical hom. 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 as low 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 few pores are visible in the marginal part ofthe ridges. 
Measurements: 

Length = 252-300 J.Lm 
Maximum width = 100-123 J.Lm 
Distribution: Until now only known from the Hettan
gian part of the Kirchstein Limestone at the type locality. 
Remarks: Re/anus 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 . 1 7 ,  fig. 19) 
Derivatio nominis: According to the long, slender test 
Holotype: The specimen on pl. 17 ,  fig. 19; rep. -no. Ko
Mo 1990 I/ 1 1 
Material: 23 specimens. 
Diagnosis: Test long, very slender, with a large distal 
part of equal width. Cephalis  hemispherical with asym
metrically (extemally) situated hom. 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 fol lowing 5-6 segments have about the same width. In
ner pore frames consist of two rings 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 = 26 1-279 J.Lm 
Maximum width : 75-79 J.Lm 
Distribution: Until now only known from the Hettan
gian part of the Kirchstein Limestone at the type locality. 
Remarks: Re/anus 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. 

Re/anus hettangicus n. sp. is elongated spindle
shaped with distinctly decreasing width of segments in the 
distal part. 

Relanus striatus n. sp. 
(Pl. 1 6, figs. 8, 9; pl. 1 7 ,  fig. 1 7 ,  1 8) 
Derivatio nominis: According to the faint short vertical 
ribs on the circumferential ring 
Holotype: The specimen on pl. 1 7, fig. 17 ;  rep.-no. Ko
Mo 1 990 1/1 2  
Material : 4 specimens. 
Diagnosis: Test conical to slender conical. Cephalis 
asymmetrically conical with rather strong, excentrically 
(extemally) situated apical hom and sometimes also with 
tiny lateral hom. Following c losely 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 weil visible. Cephalis 
and thorax imperforate. Remaining segments with two 
rings ofpores, on the outer surface covered by a layer ofmi
crogranular si l ica, pierced along the circumferential rings 
by two rings of smal l pores. Until the second to fourth post

. abdominal segment mostly no pores are present. The outer 
rings of the postabdominal segments are covered by a ring 
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 oftest these ribs 
are indistinct. 
Measurements: 

Length = 27 5-40 1 J.lm 
Maximum width : 90-109 J.lm 
Distri buti on: Until now only known from the type local
ity of the Kirchstein Limestone in its Hettangian lower 
part. 
Remarks: By the surface sculpture this species is weil dis
tinguished from all other Relanus species . Paracanop

tum YEH 1987 has no apical spine. 

Family Bagotidae PESSAGNO & WHALEN,  1 982 
Synonym : Canutidae PESSAGNO & WHALEN, 1 982 
Remarks: PESSAG NO & WHALEN ( 1982, p. 1 1 7) 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 pi l lar-l ike nodes 
of the inner layer. In several other Canutus species some 
or al l bars are connected with the bars of the inner pore 
frames. This is quite the same she l l  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 final ly  even these 
nodes may become indistinct. The only remaining differ
ence between the Bag9tidae and Canutidae is, that in the 
Canutidae the pore frames ofthe inner layer are l inearly 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, l ike 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. 

As the first revising 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, 1 982 
Type species: Parahsuum simplum Y AO, 1 982 
Synonyma: Drulanta YEH, 1 987 

Fantus YEH, 1987 
Remarks: Parahsuum Y AO, 1982 comprises both spe
cies, where al l pore frames are l inearly 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 al l pore frames are 
l inearly arranged, l ike in the holotype of Parahsuum sim

plum Y AO, 1982. As already recognized by HORI & 
Y AO ( 1 988), Drulanta and Fantus cannot be separated 
from Parahsuum. Lupherium PESSAGNO & WHAL
EN, 1982 is simi lar, but has a apical horn and it is here not 
regarded as younger synonym of Parahsuum Y AO, 1 982 
as in HORI & YAO ( 1 988). 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 
PESSAG NO & 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, 
1 982, belong also to Parahsuum Y AO, 1982. Therefore 
Canutus PESSAGNO & WHALEN, 1982 is not synony
maus with Parahsuum Y AO, 1 982. Canutus can be dis
tinguished from Parahsuum by an outer layer that covers 
parts or all of the inner pore frames with very large reetan
gular pores. Moreover, typical Canutus have a spindle
shaped test. More elongate subconical species of Canutus 

s . l . ,  in which the outer 1ayer 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 PESSAG NO 
& WHALEN, 1 982, C. indomitus PESSAGNO & 
WHALEN, 1 982 and C. izeensis PESSAGNO & WHAL
EN, 1 982 are here placed into Parahsuum Y AO, 1 982. 
Canutus giganteus PESSAGNO & WHALEN, 1 982 
(Pl iensbachian) is seemingly even a younger synonym of 
Parahsuum simplum Y AO, 1 982 (Hettangian to Pl iensba
chian). 

Parahsuum simplum Y AO, 1982 
(PI . 17 ,  fig. 2) 
1982 (March) Parahsuum simplum Y AO, n. sp. Y AO, p. 
6 1 ,  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,  1 3 .  



Distri bution : Hettangian to Pliensbaehian of Japan, 
Hettangian of the Alps. 
Remarks: The speeimen figured in Y AO ( 1 982, pl .  4, 
fig .  5) belongs to Parahsuum ovale HORI & Y AO, 1988. 
In our material P. simplum Y AO, 1982 is  sti l l  very rare 
and represented by very primitive speeimens. The pore 
frames are already reetangular as in typieal P. simplum, 

but their size and the linear arrangement of the pore frames 
is not yet so regular as in typieal representatives ofthis spe
eies. 

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

Parahsuum primitivum n. sp. 
(PI .  1 7 , fig. 1 )  
Derivatio nominis:  Aeeording to the primitive stage 
within the genus Parahsuum Y AO, 1982 
Holotype: The speeimen on pl. 17 ,  fig. I ;  rep.-no KoMo 
I- 1 6  
Material : 6 speeimens. 
Diagnosis: Test eonieal , multieyrtid, with 4-5 postab
dominal ehambers. No strietures visible on the outer sur
faee. Cephalis hemispherieal, imperforate, distally with 
few small pores. Other segments trapezoidal . In the proxi
mal third to half of the test the pores are irregularly spaeed 
and shaped and their size differs. In the distal part of the test 
the pore frames are aligned in vertieal rows. However, also 
here the pores have different size and shape. Small nodes 
are present on the pore frame vertiees. 
Measurements: 

Length of test = 1 20-1 36 J.lm 
Maximum width = 80-86 J.lm 
Distribution : Hettangian part of the Kirehstein Lime
stone at the type loeality and Varhegy Cherty Limestone 
Formation (Hettangian) of Csövar (northern Hungary). 
Remarks: In Parahsuum simplum YAO, 1982 the pores 
are regularly reetangular and the pore frames are aligned in 
regular rows. Only in a small proximal part (thorax, abdo
men, but never in postabdominal segments) the pores are 
irregularly arranged in some speeimens. 

Genus Droltus PESSAGNO & WHALEN, 1 982 
Type species: Droltus lyellensis PESSAGNO & 
WHALEN, 1982 

Droltus carinaspinosus n. sp. 
(PI . 17 ,  fig. 5) 
Derivatio nominis:  Aeeording to the triearinate apieal 
horn 
Holotype: The speeimen on pl . 17 ,  fig. 5; rep.-no. KoMo 
1990 I- 14 
Material : 23 speeimens. 
Diagnosis: Test eonieal, mostly with 6 postabdominal 
ehambers. Cephal is e�nieal, with strong, triearinate apieal 
horn. Thorax and fol lowing segments trapezoidal . Cephal
is and thorax eovered by a layer of mierogranular sil iea, 
imperforate or with few small single pores. Pores in the re
maining ehambers beeome inereasingly larger toward the 
final ehamber that is again a little narrower. Outer lattieed 
layer of abdomen and proximal postabdominal ehambers 
with irregularly sized and shaped polygonal pore frames. 
Pore frames of the last 3-4 ehambers I arger, more regular, 
predominantly tetragonal, aligned in vertieal rows. 
Measurements: 

Length of the test = 1 83-207 J.lm 
Maximum width = 85-89 J.lm 
Distribution : Hettangian part of the Kirehstein Lime
stone at the type loeality. 
Remarks: Droltus robustospinosus n.  sp. has a very ro
bust trieariante apieal horn and the outer layer of the apieal 

. part of the test is arranged in eoarse pore frames. 

Droltus eurasiaticus n. sp. 
(PI. 1 7, figs. 3 ,  4) 
1982 Parahsuum (?) sp. A YAO, pl .  3, fig. 6 
Derivatio nominis:  Aeeording to its oeeurrenee in Eur
asia 
Holotype: The speeimen on pl . 1 7. fig. 3 ;  rep.-no. KoMo 
1990 I- 1 3  
Material :  More than 1 00 speeimens. 
Diagnosis: Test eonieal , multieyrtid, with 6-7 postab
dominal segments laeking strietures at joints. Cephal is 
rounded eonieal , imperforate, with prominent apieal horn. 
Cephalis eovered by a layer of mierogranular si liea. Tho
rax and subsequent ehambers trapezoidal in cross seetion. 
Pores arranged in vertieal l ines. In the thorax they are 
closed by a layer of mierogranular siliea. In the remaining 
ehambers the pores are open and beeome inereasingly larg
er toward the final postabdominal ehamber. Outer lattieed 
layer indistinet to distinet, with I arge pore frames, arranged 
in vertieal l ines and with small to distinet nodes at the pore 
frame vertiees. 
Measurements: 

Length of the test = 200-21 4  J.lm 
Maximum width = 83-100 J.lm 
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Distribution : Droltus eurasiaticus n. sp. occurs in Ja
pan according to the data by Y AO ( 1 982) in the uppennost 
Canoptum "triassicum" Zone (above the last occurrence 
of Rhaetian conodonts) up to the basal Parahsuum sim

plum zone. The range in Japan is therefore Upper Rhaetian 
(?), Hettangian. In our material D. eurasiaticus occurs in 
the Hettangian part of the Kirchstein Limestone and in the 
Hettangian V arhegy Cherty Limestone Fonnation of 
Csövar (northem Hungary). 
Remarks:  The other Droltus species of our material have 
tricarinate spines. 

Droltus robustospinosus n. sp. 
(PI . 1 7 ,  fig. 6) 
Derivatio nominis: According to the very strong tricar
inate apical hom 
Holotype: The specimen on pl .  1 7 ,  fig .  6; rep.-no KoMo 
1 990 I- 1 5  
Material: 7 specimens. 
Diagnosi s :  Multicyrtid. Test in the apical part conical , 
distally  cylindrical, with 5-6 postabdominal segments. 
Cephalis  conical, with very strong, tricarinate apical hom. 
Thorax, abdomen and proximal postabdominal segments 
trapezoidal , distal postabdominal segments cylindrical. 
Cephalis  imperforate. Fol lowing 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 Jength. 
Measurements : 

Length of the test = 1 67-193 J..Lm 
Maximum width = 80-83 J..Lm 
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, 1 900 
Type species: Theosyringium robustum VINASSA DE 
REGNY,  1 900 

Syringocapsa coliforme HORI, 1 988 
(PI . 1 6, fig. 6) 
1 988 Syringocapsa coliforme HORI, n. sp. HORI, p. 556-
558, figs. 8/1 - 1 0  
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Distribution : According to HORI ( 1 988) S. coliforme 

occurs in Japan from the Rhaetian up to the Sinemurian. 
However, it begins in the Kurusu section 22 cm above the 
last occurrence ofRhaetian conodonts. Therefore it may be 
restricted to the Hettangian and Sinemurian. 

Addendum: 
Table 1 :  Distribution of satumalid stock, without Acantho
circinae. 
Table 2: satumalid stock and parasatumalid stock (only 
Acanthocircinae) 

LITERATUR 
BAUMGARTNER, P.O. ( 1 980) : Late Jurassie Hagiastri

dae and Patulibrachiidae (Radiolaria) from the Ar
golis Peninsula (Peloponnesus, Greece). - Micropa
leontology, 26,3,  274-322, pls. 1-12 .  

BLOME, C.D.  ( 1 984a): Upper Triassic Radiolaria and Ra
diolarian zonation from westem North America. -
Bull .  Amer. Paleont. ,  85, 3 1 8 , 88-99. 

BLOME, C.D. ( 1 984b) : Middle Jurassie (Callovian) Ra� , 
diolaria from carbonate concrations, Alaska and 
Oregon. - Micropaleontology, 30, 4, 343-389, 
pls. 1-16. 

CAMPBELL, A.S.  ( 1 954): Protozoa (chiefly Radolaria 
and Tintinnia). - In: MOORE, R.C. (ed.) :  Treatise on 
Invertebrate Paleontology. New York, Geol. Assoc. 
London, Proc. ,  61, 3, 206-2 1 7 .  

CAMPBELL, A . S .  & Clark, B .L. ( 1944a): Miocene radio
larian faunas from Southem Califomia. - Geol. Soc. 
Amer. , Spec. Papers, 51, 1-76, 7 Taf. , Baltimore. 

CAMPBELL, A.S.  & CLARK, B .L. ( 1 944) : Radiolaria 
from the Upper Cretaceous of Middle Califomia. -
Geol. Soc. Amer. Spec. Paper, 57, 1 -6 1 .  

CARTER, E.S. ,  CAMERON, B .E.B. & SMITH, P.L. 
( 1 988): Lower and Middle Jurassie radiolarian bio
stratigraphy and systematic paleontology, Queen 
Charlotte Islands, British Columbia. - Bull .  Geol. 
Surv. Canada, 386, 1-108 .  

CHENG, Y.  ( 1 989): Upper Paleozoic and Lower Mesozo
ic radiolarian assemblages from the Busuanga Is
lands, North Palawan Block, Phil ippines. - Bul1 .  Na
tional Museum of Natural Science, 1, 1 29-1 75 ,  Tai
chung, Taiwan. 

DEFLANDRE, G. ( 1 953):  Radiolaires fossiles. - In: 
GRASSE, P.P. (ed.) :  Traite de Zoologie. - Masson, 
Paris, 1, 2, 389-436. 

De WEVER, P. ( 1 98 1 ) : Parasatumalidae, Pantanell idae et 
Sponguridae (Radiolaires polycystines) du Lias de 
Turquie. - Rev. Micropaleont., 24, 3 ,  1 38-1 56, 
3 figs. , 5 pls . ,  Paris. 

De WEVER, P. ( 1 98 1  b ) :  Parasatumalidae, Pantaneli idae 
et Sponguridae (Radiolaires polycystines) du Lias 
de Turquie. - Rev. Micropaleont. , 24, 3 .  



De WEVER, P. ( 1 984): Revision des Radiolaires Meso
zoiques de type Saturnalidae, proposition d'une nou
velle classification. Rev. Micropoaleont., 27 ( 1 ), 
1 0--19,  Paris 1 984. 

DeWEVER, P., SANFILIPPO, A., RIEDEL, W.R. & 
GRUBER, B. ( 1 979): Triassie radiolarians from 
Greece, Sicily and Turkey. - Micropaleontology, 25, 
I ,  75-1 10, pls. 1-7 .  

DONOFRIO, D.A. & MOSTLER, H. ( 1 978):  Zur Ver
breitung der Saturnalidae (Radiolaria) im Mesozoi
kum der Nördlichen Kalkalpen und Südalpen. -
Geol. Paläont. Mitt. Innsbruck, 7, 5, 1-55,  8 figs, 
5 tabs. ,  Innsbruck. 

DUMITRICÄ, P. ( 1 985): Interna! morphology of the Sa
turnalidae (Radiolaria): Systematic and phylogenet
ic consequences. - Revue. de Micropaleontologie, 
28, 3, 1 8 1-196. 

DUMITRICÄ, P. , KOZUR, H. & MOSlLER, H. ( 1980) : 
Contribution to the radiolarian fauna of the Middle 
Triassie of the Southern Alps. - Geol. Paläont. Mitt. 
Innsbruck, 10, 1, 1 -46, 1 fig. ,  15 pls., Innsbruck. 

DUNIKOWSKI, E. ( 1 882): Die Spongien, Radiolarien 
und Foraminiferen der unterliassischen Schichten 
vom Schafberg bei Salzberg. - Denkschr. Kaiserl. 
Akad. Wiss. ,  Wien, math.-naturw. Kl . ,  45, 1 63 p. 

FEARY, D.A. & HILL, P.H. ( 1 978): Mesozoic Radiolaria 
from cherts in the Raukumara Peninsula, New Zea
land. - N.Z. Journal of Geology and Geophysics, 21, 
3 ,  363-373. 

FOREMAN, H.P. ( 1968): Upper Maestrichtian Radiolaria 
of California. - Paleont. Assoc. London, Spec. 
Paper 3, 1-82. 

FOREMAN, H.P. ( 1 97 1 ) :  Cretaceous Radiolaria, Leg 7 ,  
DSDP. - In :  WINTERER, E.L. e t  al . :  Initial reports 
of the Deep Sea Drill ing Project, 7, 2, 1 673-1 693, 
5 pls . ,  Washington. 

HAECKEL, E. ( 1 862) : Die Radiolarien (Rhizopoda, Ra
diolaria). Eine Monographie. - Reimer, Berlin, 
xiv+572, 35 pls., atlas. 

HAECKEL, E. ( 1 887): Report on the Radiolaria of Ore
gon . - Ph.D. dissert. 

HORI, R. ( 1 988) :  Some characteristic radiolarians from 
some Jurassie bedded cherts of the Inuyama area 
southwest Japan. Trans .  Proc. Palaeont. Soc. Japan, 
N.S . ,  151, 543-563 . Tokyo. 

HORI, R. & Y AO, A. ( 1 988): Parahsuum (Radiolaria) 
from the Lower J urassic ofthe Inuyama area, Central 
Japan. Journ. Geosc. ,  Osaka City Univ . ,  31, 3, 47-
6 1 ,  Osaka. 

IGO, H. & NISHIMURA, H. ( 1 984 ): The Late Triassie and 
Early Jurassie radiolarian biostratigraphy in the Kar
asana, Kuzuu town, Tochigi Prefecture. (Prelimi
nary report). Bull. Tokyo Garugei Univ. Sect. , 4 , 36, 
1 73-1 93,  Tokyo. 

ISOZAKI, Y. & MATSUDA, T. ( 1 985) :  Early Jurassie ra
diolarians from bedded chert in Kamiaso, Mino 
Belt, Central Japan. - Earth Sei. (Chikyu Kagaku), 
39, 429-442. 

KISHIDA, Y. & HISIDA, K. ( 1 985) : Late Triassic to Early 
Jurassie radiolarian assemblages from the Uenomu
ra area, Kanto Mountains, Central Japan, Mem. 
Osaka Kyoiku Univ. ,  Ser. III, 34, 2, 1 03-29, Osaka. 

KOJUMA, S. & MIZUTANI, S. ( 1 987): Triassie and Ju
rassic Radiolaria from the Nadanhacha Range, 
northeast China. trans. Prol. Palaeont. Soc. Japan, 
N.S . ,  148, 256-275 ,  Tokyo. 

KOZUR, H. ( 1 979): Pessagnosaturnalis n.gen. ,  eine 
neue Gattung der Saturnalidae DEFLANDRE, 1 953 
(Radiolaria). - Z. geol. Wiss., 7, 5,  669-672, Berlin. 

KOZUR, H. ( 1 979) : Beiträge zur Erforschung der meso
zoischen Radiolarien. Teil III : Oberfami lien Acti
nommacea Haeckel, 1 862, emend. Artiscacea 
Haeckel,  1 882, Multiarcusellacea nov. der Spumel
laria und triassische Nassellaria. - Geol. Paläont. 
Mitt. Innsbruck, 8, 1-1 32, Innsbruck. 

KOZUR, H. ( 1 984) : The Triassie radiolarian genus, Tri
assocrucella · gen.nov. and the Jurassie Hagia
strum Haeckel ,  1 882. - J. micropalaeontol. , 3, 1 ,  
33-35.  

KOZUR, H. & MOSTLER, H. ( 1972): Beiträge zur Er
forschung der mesozoischen Radiolarien. Teil I: Re
vision der Oberfamilie Coccodiscacea HAECKEL 
1 862 emend. und Beschreibung ihrer triassischen 
Vertreter. - Geol. Paläont. Mitt. Innsbruck, 2, 8/9, 
1-60, 4 pls. ,  Innsbruck. 

KOZUR, H. & MOSTLER, H. ( 1 978):  Beiträge zur Er
forschung der mesozoischen Radiolarien. Teil II :  
Oberfamilie Trematodiscacea HAECKEL 1 862 
emend. und Beschreibung ihrer triassischen Ver
treter. - Geol. Paläont. Mitt. Innsbruck, 8 (Fest
schrift W. HEISSEL), 1 23-1 82, 5 pls . ,  Innsbruck. 

KOZUR, H. & MOSTLER, H. ( 1979) : Beiträge zur Er
forschung der mesozoischen Radiolarien. Teil 3 :  
Die Oberfamilien Actinommacea Haeckel, 1 862, 
emend. , Artiscacea Haeckel ,  1 882, Multiarcusella
cea nov . der Spumellaria und triassische Nassellaria. 
- Geol. Paläont. Mitt. Innsbruck, 9, l/2, 1-1 32. 

KOZUR, H. & MOSTLER, H. ( 1 98 1 ) :  Beiträge zur Er
forschung der mesozoischen Radiolarien. Tei l  4: 
Thalassosphaeracea Haeckel, 1 862, Hexcastylacea 
Haeckel, 1 882 emend. Petrushevskaya, 1 979, Spon
guracea Haeckel, 1 862 emend. und weitere triassis
che Lithocycliicea, Trematodiscacea, Actinomma
cea und Nassellaria. - Geol. Paläont. Mitt. Inns
bruck, Sonderbd. 1 ,  208 p. 

KOZUR, H. & MOSTLER, H. ( 1 983): The polyphyletic 
origin and the classification of the Mesozoic satur
nalids (Radiolaria). - Geol. Paläont. Mitt. Innsbruck, 
13, 1 ,  1-47, Innsbruck. 

KOZUR, H. & MOSTLER, H. ( 1984) : Systematical re
view of the up to now described Triassie radiolari
ans. - Akad. Wiss. USSR, EURORAD-IV, 
1 14-1 23,  Moskau. 

LAHM, B. ( 1 984): Spumellarienfaunen (Radiolaria) aus 
den mitteltriassischen Buchensteiner Schichten von 
Recoaro (Norditalien) und den obertriassischen 
Reiflingerkalken von Großreifling (Österreich) -
Systematik - Stratigraphie. - Münchner Geowiss. 
Abh. ,  Reihe A, Geologie und Paläontologie, 1, 
1 6 1  p . ,  München. 

MATSUOKA, A. & YAO, A. ( 1 986): A newly proposed 
radiolarian zonation for the Jurassie of Japan. - Mar. 
Micropaleont., 11,  9 1-105 . 

225 



MOSTLER, H. ( 1989a) : M ikroskleren hexactinellider 
Schwämme aus dem Lias der Nördlichen Kalkal
pen. - Jb. Geol.  B .-A. , 132, 4,  687-700, Wien. 

MOSTLER, H. ( 1989b) : Mit "Zygomen" ausgestattete 
Dermalia von Kieselschwämmen (Demospongiae) 
aus pelagischen Sedimenten der Obertrias und des 
unteren Jura (Nördliche Kalkalpen). - Jb. Geol. B.
A . ,  132,  4, 70 1-726, Wien. 

NAKASEKO, K. (ed.)  ( 1 982): Proceedings of the First 
Japanese Radiolarian Symposi um, JRS 8 1  Osaka. -
News of Osaka Micropaleontologi sts, Spec. Vol . 5 ,  
485 pp. , Osaka. 

PESSAGNO, E.A. ( 1 97 1  ): Jurassie and Cretaceous Ha
giastridae from the Blake-Bahama Basin (Site 5A, 
JOIDES Leg I )  and the Great Val ley sequence, Cal i
fomia Coast Ranges. - B ull .  Amer. Pal . ,  60, 264, 
1-83,  pls. 1 - 19. 

PESSAG NO, E.A. ( 1973): Upper Cretaceous Spumella
ri ina from the Great Valley sequence, Califomia 
Coast Ranges. - B ull .  Amer. Pal . ,  63, 276, 49- 1 02, 
pls .  9-2 1 .  

PESSAGNO, E.A. ( 1977): Upper Jurassie Radiolaria and 
radiolarian biostratigraphy of the Califomia Coast 
Ranges. - M icropaleontology, 23, 1 ,  56- 1 1 3 ,  
pls. 1-12.  

PESSAGNO, E.A.,  Jr .  & B LOME, C .D. ( 1980): Upper 
Triassie and Jurassic Pantanel l i inae from Califomia, 
Oregon and British Columbia. - Micropaleontology, 
26, 3, 225-273 ,  pls. 1-1 1 .  

PESSAGNO, E.A. ,  Jr. , B LOME, C.D.,  CARTER, E.S . ,  
MACLEOD, N. ,  WHALEN, P. & Y E H ,  K. ( 1 987): 
Preliminary radiolarian zonation for the J urassic of 
North America. - Cushman Foundation for Forami
nifera Research, Spec. Publ . ,  23,  1- 1 8 .  

PES SAGNO, E.A. ,  Jr. , FINCH, J.W. & ABBOTT, P.L. 
( 1979): Upper Triassie Radiolaria from the San Hi
polito Formation, B a  ja Califomia. - M icropaleonto
logy, 25, 2,  1 60-197.  

PESSAGNO, E.A . , Jr. & POISSON , A. ( 1 98 1 ) :  Lower Ju
rassic Radiolaria from the Gumuslu Allochton of 
southwestem Turkey (Taurides Occidentales). -
Min.  Res. Expl . Inst. Turkey B ul l . , 92 ( 1 979), 47-69, 
pls. 1-15.  

PESSAGNO, E.A. , Jr .  & WHALEN, P. ( 1 98 1 ) :  Multicyr
tid Nassellari ina from Cal ifomia, east-central Ore
gon, and the Queen Charlotte Islands, British Co
lumbia. - M icropaleontology, 28, 2, 1 1 1-1 69,  
pls .  1-13.  

PESSAGNO, E.A. ,  Jr. & WHALEN, P. ( 1 982): Lower and 
Middle Jurassie Radiolaria (Multicyrtid Nassellari i
na) from Cal ifomia, east-central Oregon and the 
Queen Charlotte Islands, B .C . - Micropaleontology, 
28, 2, 1 11 - 1 69. 

PESSAGNO, E.A. ,  Jr. , B LOME, C.D. ,  CARTER, S.E. ,  
MACLEOD, N . ,  W HALEN, P. & YEH ,  K.  ( 1 987): 
Preliminary radiolarian zonation for the Jurassie of 
North America. - Cushman Foundation for Forami 
nifera Research, Spec. Publ . 2 3 ,  1- 1 8 .  

SASHIDO, K.  ( 1 988) :  Lower Jurassie multi segemented 
Nasselaria from the Itsuka-ichi area, westem part of 

226 

Tokyo Prefecture, Central Japan. Sei Rep. Inst. Geo
sci .  Univ. Tsuktusa, sect. B, Geol. Sei . ,  9, 1-27. 

SANFILIPPO, A. & RIEDEL, W.R. ( 1 985):  Cretaceous 
Radiolaria. - In: BOLLI, H .M. et al. (eds.): Plankton 
Stratigraphy, 573-630, 14 figs.,  Cambridge Univer
sity Press. London. 

SCHAAF, A. ( 198 1) :  12. Late Early Cretceous Radiolaria 
from Deep Sea Dril ling Projekt Leg 62. - In:  
THIEDE, J . ,  VALLIER, T.L. et al . :  Initial Reports of 
the Deep Sea Dril l ing Pr�ject, LXII, Washington. 

SQUINABOL, S. ( 1 903):, Le Radioiahe dei nodul i  Seli
ciose nella Scaglia degli Euganei. Contribuzione 1 . 
Riv. ltal . Paleont., 9, 4, 1 05- 156,  Bologna. 

SQUINABOL, S. ( 19 14): Contributo alla conoscenza dei 
Radiolari i fossili  del Yenetas Appendice - Di un 
genera di Radiolari i caratteristico del Secondario. -
Universita di Padova, Memorie, 2, 249-306. 

TOLLMANN, A. ( 1 976) : Analyse des klassischen Nord
alpinen Mesozoikums. Stratigraphie, Fauna und Fa
zies der Nördlichen Kalkalpen. - 580 p., Deuticke, 
Wien. 

Y AO, A. ( 1972): Radiolarian fauna from the Mi so belt in 
the northem part of the Inoyama area, Central Japan. 
- J .  Geosc . Osaka City Univ. , 15, 2 1-64. 

Y AO, A. ( 1982): Middle Triassie to Early Jurassie radio
larians from the Inuyama area, Central Japan. -
Joum. Geosciences, Osaka City University, 25, 4, 
53-70. 

Y AO, A., MATSUDA, T. & ISOZAKI, Y.  ( 1980): Trias
sie and Jurassie radiolarians from the Inuyama area, 
Central Japan. - Joum . Geosciences, Osaka City 
University, 23, 4, 1 35- 1 54. 

YEH, K. ( 1987): A revised classification for family Ca
noptidae (Radiolaria). - Mem. Geol. Soc. China, 8, 
63-72. 

YEH, K.  ( 1987):  Taxonomie studies ofLower J urassic Ra
diolaria from East-Central Oregon. - Spec. Publ.  2, 
National M useum of Natural Science, 1-169. 

YEH, K. ( 1989): Studies of Radiolaria from the Fields 
Creek Formation, East-Central Oregon, U.S.A. -
B ull .  National Museum of Natural Science, 1 ,  
43- 1 09. 

YOSHIDA, H. ( 1986): Upper Triassie to Lower Jurassie 
radiolarian biostratigraphy in Kagamigahara City, 
Gifu Prefec-ture, Central Japan. Joum. Earth Sei. ,  
Nagoya Univ. ,  34, 1-2 1 .  

Authors' addresses: 
Dr. sc. Heinz KOZUR, Rhsü u. 83, H-1029 Buda
pest/Hungary; Univ. -Prof. Dr. Helfried Most/er, Institute 
for Geology and Paleontology, lnnsbruck University, 
lnnrain 52 , A-6020 lnnsbruck/Austria 

submitted: Aug. 20, 1 990 accepted: Oct. 1 2 ,  1 990 



Distribution of the Parasaturnalid stock 
Reeent 

to 

Tertiary 

Upper 

Cretaeeous 

Lower 

Cretaeeous 

Upper 

Jurassie 

Middle 

Jurassie 

Hettang 

Rhaetian 

Norian 

Carnian 

Midd1e 

Triassie 

1�� � ,w Saturnalideidae 

.!!! 
0 
E 
::J � 
� Ql 

� 

111 
::J u 111 

=ü .Q Qj 
..c. 
0 

-o 
::J 
Ql 

l rf  
� : I �  
.2 1 � @' 
� I  g ,. j 
0 L.. 
Ql ::J ' 

_g I c 
� I  � 111 Ql E 

Ql � 

� •• ' 

(V
• 

I 

- ® Jf - QI  
__. _.- -- ___. I $t 

� / / / / 
/ 

I 
" 

V Derllipongidae 

(without Aeanthoeireinae ; see table 2) 

.!!! 0 

Parasaturnalidae 
(Parasaturnalinae) 
<D . . . from Mesosaturnalis 

(V 
. . .  from Palaeosaturnalis 

G) . . .  from Praemesosaturnalis 

@ . . . from Pseudoheliodiseus 

� I  � �� es·· �L 
Ll ···�> g � 

u Cx:J'• ... 0 . .  
c. . c ' 
0 u ·! r;: .::+J' /- · � ·� 0 . / V) "/"' 

....... 

@ ·· 
? 

(KOZUR & MOSTLER) Toble I 



Re�ent 

to 

Tert iary 

Upper 

Cretaeeous 

Lower 

Cretaeeous 

Upper 

Jurassie 

M i ddle 

Jura ssie 

Toarcian 

·� Pliensbaeh 
111 J-------1 :3 · Sinemur 

Hettang 

Rhaetian 

Norian 

Carnian 

Middle 

Triassie 

111 

� 
� �  8 1  r I 
/ 

' ,  

Saturnalid stock 

' ,  
' , 

<:. 

� � 
t> 

t> 

�� �' ' 
' ?  

.!!! ) Satumalidae 

t> l i 

<:. 

@ 

Q) 
c 

:0 
u � 

·u 
0 

..c. +-' 
c 
c 
u 
c 

-o 
::J 
Q) 
� 

from Spongosaturninus 

(Pseudacanthocireidae) 

> 

Parasaturnalid stock lonty Aeanthocircinael 

\ 
\ 
\ 
\ 
\ 

111 

/ 
/ 

/ , 

I 
I 
I 
I 

-::3 1 
I 

111 

g 

J 
/ 

/ 
/ 

I 
I 
I 

_ ___ ....,.. ."" 

I I 
J 

Acanthocircinae 

� 
� �  ...... � 

� �  

CD 
• from Pseudoheliodiscus 

(Parasaturnalinae) (KOZUR & MOSTLERI Table 2 



Explanation of plates 

If not mentioned otherwise, al le 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. I :  
Fig. 2: 
Figs 3 ,  8: 
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. 1 0: 
Fig. 1 1 : 
Fig. 1 2 : 

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. 1 0: 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. 
Stauromesosaturnalis 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), x 1 50. 
Pseudoheliodiscus nevianii n.sp., x 1 50. 
Li'assosaturhalis parvus n.gen.n.sp., x300. 
Pseudoheliddiscus inaequispinosus n.sp., holotype, x250. 
PseudoheliodtScus 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 :  
Fig. 2 :  
Fig.  3 :  

Fig. 4: 
Fig. 5 :  
Fig. 6-9: 
Fig. 10 :  
Fig.  1 1 , 12 :  

Plate 6 

Fig. 1 :  
Fig. 2 :  
Fig .  3 :  
Fig.  4: 
Fig. 5 :  
Fig. 6 :  
Fig. 7 :  
Fig. 8 ,  9 :  
Fig. 1 0: 
Fig. 1 1 : 
Fig. 1 2: 

Plate 7 

Fig. 1 :  
Fig. 2 :  
Fig .  3 :  
Fig. 4 :  
Fig.  5 :  
Fig.  6: 
Fig. 7: 
Fig. 8 :  
Fig .  9:  

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

Plate 9 

Fig. 1-4, 
7, 1 0, 1 2 :  
Fig. 5 :  
Fig. 6 :  
Fig. 8 :  
Fig. 9 :  
Fig. 1 1 : 
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Pseudoheliodiscus alpinus n.sp., holotyp), x250. 
Liassosaturnalis undulatus n.gen.n.sp. ,  x250. 
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, 
1 983 emend. ,  but clearly distinguished by the big shell) .  
Liassosaturnalis undulatus n.gen.n.sp. (pathologic form), x200. 
Pseudoheliodiscus alpinus n.sp. (with four large auxi l iary spines), x200. 
Pseudoheliodiscus alpinus n.sp., x200. 
Pseudoheliodiscus robustospinosus, x200. 
Pseudoheliodiscus alpinus n.sp, x200. 

Praehexasaturnalis germanicus n.sp. , x200. 
Praehexasaturnalis germanicus n.sp., holotype, x200. 
Liassosaturnalis undulatus n.gen.n.sp., x300. 
Praehexasaturnalis kirchsteinensis n.sp. ,  x200. 
Praehexasaturnalis kirchsteinensis n.gen.n.sp . ,  holotype, x250. 
Liassosaturnalis parvus n.sp. ,  x300. 
Praehexasaturnalis kirchsteinensis n.sp. , x200. 
Praehexasaturnalis tetraradiatus n.sp., x200. 
Stauracanthocircus ruesti n.sp., x200. 
Praehexasaturnalis tetraradiatus n.sp. ,  holotype, x200. 
Praehexasaturnalis tetraradiatus n.sp. ,  x250. 

Stauracanthocircus ruesti n.sp., holotype, x200. 
Stauracanthocircus ? hettangicus n.sp. , holotype, x200. 
Stauracanthocircus cf. ruesti, x250. 
Stauracanthocircus circularis n.sp. ,  x200. 
Stauracanthocircus triangulospinosus n.sp. , x250. 
Stauracanthocircus transitus n.sp. ,  x200. 
Stauracanthocircus ? hettangicus n.sp., x200. 
Stauracanthocircus poetschensis n.sp. (POM 6/7), x300. 
Stauracanthocircus transitus n.sp. ,  x200. 

Stauracanthocircus ? poetschensis n.sp. ,  holotype (POM 617, Pötschenwand), x200. 
Stauracanthocircus quadratus n.sp. ,  x200. 
Stauracanthocircus quadratus n.sp. ,  holotype, x200. 
Stauracanthocircus ? poetschensis n.sp. (POM 6/7, Pötschenwand), x250. 
Stauracanthocircus quadratus n.sp., x200. 
Stauracanthocircus sp.A, x200. 
Stauracanthocircus asymmetricus n.sp., x200. 
Deformed Stauracanthocircus asymmetricus n.sp., x200. 

Stauracanthocircus asymmetricus n.sp., x200. 
Stauracanthocircus cf. asymmetricus n.sp., x200. 
Palaeosaturnalis haeckeli n.sp. ,  holotype, x200. 
Palaeosaturnalis haeckeli n.sp. ,  holotype, x200. 
Palaeosaturnalis blomei n.sp., x300. 
Triacanthocircus muelleri n.gen.n.sp . ,  x200. 



Plate 10 

Fig. 1 :  
Fig. 2: 
Fig. 3 ,  4:  
Fig. 5:  
Fig. 6:  
Fig. 7:  
Fig. 8:  
Fig. 9:  
Fig. 1 0: 

Plate 1 1  

Fig. 1 :  
Fig. 2 :  
Fig. 3 :  
Fig. 4:  
Fig. 5:  
Fig. 6:  
Fig. 7:  
Fig. 8:  
Fig. 9 :  
Fig. 1 0: 
Fig. 1 1 : 
Fig. 1 2: 
Fig. 1 3 :  

Plate 12 

Fig. 1, 3, 
6, 8-10 :  
Fig. 2 :  
Fig. 4:  
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Octosaturnalis carinatus n.gen.n.sp . ,  halotype (Ptx 1 ), x l 50. 
Pseudacanthocircus terminospinosus n.gen.n.sp . ,  holotype, x200. 
Octosaturnalis carinatus n.gen.n.sp. ,  halotype (Ptx 1 ,  Pötsehen 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. 
Pathologie Pseudosaturnalis schaafi n.sp., x200. 
Palaeosaturnalis ef. schaafi n.sp., x200. 
Palaeosaturnalis schaafi n.sp. ,  holotype, x200. 
Palaeosaturnalis schaafi n.sp. ,  x200. 
Palaeosaturnalis ef. schaafi, x200. 

Palaeosaturnalis liassicus n.sp. ,  x200, fig. 9:  holotype. 
Pathologie Palaeosaturnalis schaafi n.sp. ,  with obtuse angle between the two polar spines, x200. 
Palaeosaturnalis cf. liassicus, x200. 
Mesosaturnalis n.sp. (sample POM 6!7 from Pötsehenwand, Middle Norian), development of an unspined 
or very slightly spined narrow ring with axial spine, opposite to an innerpolar spine from a form with broad, 
heavily spined ring and peripolar spine (for explanation see diseussion of Saturnaliaeea DEFLANDRE, 
1 953), 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. 
Pathologie Palaeosaturnalis liassicus n.sp. with obtuse angle between the polar spines and ring 
deformation, x200. 
Pathologie Palaeosaturnalis liassicus n.sp. with obtuse angle between the polar spines and ring 
defomation. Additionally two fragile auxiliary spines evolved for stabilization of the asymmetrie polar 
ring system, x 1 80. 
Palaeosaturnalis parvispinosus n.sp., x200. 
Pathologie form of Palaeosaturnalis subovalis, x300. 
Palaeosaturnalis lenggriesensis n.sp., x200. 
Palaeosaturnalis lenggriesensis (holotype), x250. 
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Palaeosaturnalis parvispinosus n.sp. ,  x200. 
"Palaeosaturnalis" fragilis n.sp. ,  x200. 
"Palaeosaturnalis" fragilis n.sp. ,  holotype, x 1 50.  
Betraccium bavaricum n.sp. ,  holotype, x250. 
Betraccium hettangicum n.sp. ,  holotype, x300. 
Betraccium inaequiporatum, holotype, x250. 
Betraccium verticispinosum n.sp., x300. 
Betraccium verticispinosum, holotype, x250. 
Betraccium bavaricum n.sp., x250. 
Ellipsoxiphus tanuensis (PESSAGNO & BLOME, 1 980), x350. 
Ellipsoxiphus cf.tanuensis (PESSAGNO & BLOME, 1 980), x350. 
Ellipsoxiphus suessi (DUNIKOWSKI, 1 882), x300. 
Ellipsoxiphus cf. danaensis (PESSAGNO & BLOME, 1 980), x300. 
Ellipsoxiphus cf. browni (PESSAGNO 6 BLOME, 1980), x350. 

Crucella prisca n.sp. ,  x250. 
Crucella carteri n.sp. ,  x250. 
Crucella prisca n.sp., x200. 
Crucella carteri n.sp. ,  holotype, x300. 
Crucella prisca n.sp . ,  x200. 
Paronaella striata n.sp., holotype, x250. 
Crucella hettangica n.sp., holotype, x250. 
Crucella cf. prisca n.sp., x250. 
Crucella cf. carteri n.sp., x200. 
Crucella prisca n.sp. (holotype), x250. 
Ellipsoxiphus cf. browni (PESSAGNO & BLOME, 1980), x300. 
Ellipsoxiphus suessi (DUNIKOWSKI, 1 882), fig. 1 2: x350, fig. 1 3 :  x300. 
Ellipsoxiphus browni (PESSAGNO & BLOME, 1980), x300. 
Ellipsoxiphus cf. danaensis (PESSAGNO & BLOME, 1980), x300. 

Relanus hettangicus n.sp., x300. 
Relanus multipelforatus n.sp. (apical horn on the backside of the specimen and therefore not weil visible), 
x250. 
Relanus multipelforatus n.sp., holotype, x250. 
Relanus hettangicus n.sp. (photo from the direction of excentric apical horn), x300. 
Syringocapsa coliforme HORI, 1 988, x300. 
Relanus striatus n.sp. , x300. 
Relanus striatus n.sp. (recrystall ized specimen), x300. 
Relanus hettangicus n.sp. ,  x200. 
Gorgansium alpinum n.sp. ,  holotype, x300. 
Gorgansium blomei n.sp. ,  holotype, x400. 
Relanus hettangicus n.sp. , x500. 
Xenorum jurassicum n.sp. ,  holotype, x250. 
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Parahsuum primitivum n.sp. ,  ho1otype, x350. 
Parahsuum simplum YAO 1 982, 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. 
Re/anus hettangicus n.sp. ,  x300. (Photo from the opposite direction of apical hom, that is not visible) 
Paracanoptum cf. primitivum n.sp. ,  x350. 
Paracanoptum primitivum n.sp. ,  holotype, x300. 
Paracanoptum primitivum n.sp., x350. 
Re/anus hettangicus n.sp., x250. 

Re/anus hettangicus n.sp., x200. 
Re/anus hettangicus, holotype, x300. 
Re/anus striatus n.sp. ,  holotype, x200. 
Re/anus striatus n.sp. (holotype), x300. 
Re/anus longus n.sp. (holotype), x300. 
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