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Taxonomy and Diversity History of Paleozoic Radiolarians:

Seven Extinction Events

Masaki UMEDA Y

Abstract

0 O The Paleozoic Radiolaria, a major zooplankton group with a siliceous skeleton, comprises
147 genera, 29 families, and 5 suborders. The compilation of 270 literatures on secular
diversity change of Paleozoic radiolarians clarifies 7 distinct radiolarian extinction events:
Event 1 at the Tremadoc/Arenig boundaryl(l Early Ordovician[] Event 2 at the Llandovery/
Wenlock boundaryl] Early Silurian[] Event 3 at the Late Ludlow, Event 4 at the Early/Middle
Devonian boundary, Event 5 at the Frasnian/Famenniar] F/FOboundary, Event 6 at the Devo-
nian/Carboniferoust] D/CO boundary, and Event 7 at the Early/Late Carboniferous boundary.
0 0 The Paleozoic radiolarians are divided into 3 major groups: a spherical-shell group
composed of Spumellaria and Entactinaria; a cylindrical to conical-shell group composed of
Albaillellaria and Nassellaria ; and, a flattened-shell group composed of Stauraxonaria. The
spherical-shell group declined remarkably at Events 1, 2, 3, 4, and 5, while the cylindrical to
conical-shell group declined at Events 6 and 7. The spherical-shell group dominated the Late
Paleozoic epicontinental realm, while the cylindrical to conical-shell group dominated the
pelagic realm. Events 1-5 represent diversity loss of radiolarians in the epicontinental
habitat, while Events 6 and 7 represent diversity loss of pelagic inhabitants. Events 6 and 7
coincide with the timings of continental glaciation, suggesting that the decline of the pelagic
radiolarians may have been related to global cooling.

0 O It is noteworthy that a significant extinction of radiolarians occurred at the F/F boundary
O Event 500 although Radiolaria has previously been regarded to have flourished even across
the boundary.

0 0O Events 1 and 4 are the most significant radiolarian extinction events among 7 events, and
occurred synchronously with faunal changes of other planktonic biota. Although terrestrial
and benthic records suggest minor crises at these events; a global turnover is emphasized for

marine planktonic biota.

Key words[] Paleozoicll radiolariall extinction event
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Fig. 10 Number of reference for Paleozoic radiolarian occurrence.
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Fig. 20 Schematically illustrated skeletal parts of selected Paleozoic radiolarians.
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Fig. 70 Diversity change of Paleozoic Radiolaria, showing 7 distinct extinction events.

Famennian 00000000 /00000000
000000 /0D00o0poooooooooo
0o7Mm000000ooo 700000000
O0oo0oooooOo 102083040506 000 70
00od0oo0o0ooDooooooopoooooo
ooooo

g1o0o0o00o00 1

0000000000 Tremadoc O /Arenig O O
000000 1000000000000 3300
goodov7i0000d000o0oooo10boo00a
0000 TremadocO OO ODOODOODOOOOO
OO0O0O000O0O0OO0O QO Spumellariad O O
Echidninidae 0 O O O O Entactinaria 0 O O
Protoentactiniidae 0000000000000
0000010000 Arenigd 0000000
0000 Llandovery OO0 OO0 O QOOOOOO
00O Spumellaria 0 00 Inaniguttidae 0 00 Ana-
krusidae O 0 0 Entactinaria 0 O O Haplentac-
tiniidae 000000000000 OOODOOO
OArenig0 0000000000 OOODOOO
000000000 TremadocOODOODOOOO
goooooooooooooooooda

O Tremadocd /Arenig 00000000 O

gooboooooobooouoooooooooa
oboboobooboo0o11oobobobooobo
goboobobooobooon

g200000 2

00000000 Llandoveryd /Wenlock O O O
goboo 200000b0booboo2e0000
oo0oooooooObbOboObbbOoooog 2
000000000 Llandovery D OO OO GOQO
O000O0O0O0Q0 Spumellaria O 00 Inanigutti-
dae 00O O Cessipylorum 0O O Inanibigutta 0 O
Inanigutta O (Orbiculopylorum 0 0 O O Entac-
tinaria 0 [0 Haplentactiniidae O (1] Syntagen-
tactinia0 000000 0OODODOODOOODOODO
000000000000 0DOdLlandovery O /
Wenlock 0000000000000 OOODOO
goooboooooobooouoooooooooa
0 O McDonald, 200011

0 Llandovery 0 /Wenlock D0 OO O OOOO0O
goobodobooooooouoooooooa
020000000000000D0O0O0O0OO0
g3goooo 3

00000000 Ludlow OO OO Stylosphaera
0 ?Omagnaspina 0 /Rotasphaeracea-Devoniglan-

— [ —



susunicus 00000000 300000000
00002000000 23000000000
OO0 300Wenlock O Ludlow 00000000
0 O O 0O O Entactinariad O O Rotasphae-
ridae (I Diparvapila 00 ORotasphaera O COSecui-
collacta 0 0O Pseudorotasphaeridae O O Pseu-
dorotasphacra0 0000 O00O0O0OOOO0O
0400000 4

0000000 /000000000 4000000
godddo33300000o44000000DOM
0 O O 40 Inaniguttidae O O Fusalfanus O O
Futobari O O Oriundogutta [0 OZadrappolus 0 O
O Sponguridae 00 Praespongoceolia 0 OO O O
000000o0o0ooooooooooouoo
00000 Spumellaria0 00000000000
goooobooboobooooooooogao
Trilonche sp. ADDOOOOOOODOOOOOO
0o000oooooooooooooooo
Entactinaria 0 0O O Entactiniidae 0 O Palaeo-
scenidiidae 0 0 O Albaillellaria O O O Ceratoi-
kiscidae 0000 O0O0OOO0OOOOO
os0000d s

00000000 Frasnian 0 /Famennian 00 O
000o00ooooooooooooooDooooo
gdodbobooooobooooobooooooo
00000 Nazarov and Ormistond 1985b1] O
0000000000 0Rackid1999Mm 0000
000000000 Frasnian 0 /Famennian 0
0000000 s0000oooooo 270000
000o000oo00oooooooooooDooooo
ogooao

00000 50 Entactinaria 0 O O Palaeosce-
nidiidae O O Deflantrica 0 O TlecerinaO OO O
0000000 O0O00Albaillellariad O O
NassellariaO D 00000000 O0OOOO
Albaillellaria O 0O O Albaillellidae 0 O O Nas-
sellaria 0 (1 Pylentonemidae O [Corythoecidae
J000ooooooooOonos5000 Fame-
nmian 000000000000

O Frasnian0 0 FamennianO OO OO0 OO0
000 Frasnian 0 00O Entactinariad 0000

0000000 Famennian 0 00O Albaillellaria
000 NassellariaO OO0 O0O000MMO0O0O00OO
Frasnian 00 /Famennian 0 0000000 500
goooooooooooooooooooao
oe0UdOoD 6

00000 50000000000 Famennian
goobodoooobooobooouoobooooa
O00000O0o0ooooooooo/ooooo
00000 e6000Famennian 000 O0O00O0OO
11000000 20000000000000004
Famennian O O O O O O Albaillellaria 0 O
O Ceratoikiscidae O [Albaillellidae O [T Heleni-
fore O OHoloeciscus 0 OHuasha O ONassellaria
O 00 Popofskyellidae O O Archocyrtidae 0 OO
Cerarchocyrtium O O Cyrtentactinia O O Deflan-
drellium O 0O O 0O StaurentactiniaO0 000 OO
oooooooo

00000 60000000 Tournaisian 000
Stauraxonaria [0 00 Latentifistulidae O O Tor-
mentidae 0000000000000 OOOOO
0700000 7
godoooooobooooodoooooa
OO000OSerpukhovian O OO O OO0QOOOOO
00000D0D0o0oo00oooooooooooon
0O0/000000O0dSerpukhovianO O O O
BashkirianO0OOOOOO0OOOOOO 13000
000 3600000000000000000O0O
0000000 00000Nassellariad 0 O
Corythoecidae O OPopofskyellidae 0 O O O Ar-
chocyrtidae 0 0 0000000 OOOO
goodooov700b0bOO0OO0OO0oObOOoOboDOOoo
Stauraxonaria 0 0 O Albaillellaria0 0 0 00O
O00000Dooo0oooooooooooooo
goodbooooooboouooboooooooa
000000000000 ooooooooo
O0000o0ooooooooooooo

vooooo

O00oo00o000oo0oooooooooooao
000 /000000000000DO000O0DOO0
0 0O O 0O0Holdsworthd 19770 Nazarov and

— [ —



Ormistond 1985b1 0 00000000000
odoobooooo7b0o0000boOoOoOoon
107 00000o0oooooooooon
goodbodooooboouoooooooooo
goooobbooooooooobobobbouoooa
gooooooooooooooboboooooa
Joddddooooooooooooo
dlioooooooooooao

00000 10 50000000 Spumellaria O
0 O Entactinaria OO0 O O O6070 O
Albaillellariad O O NassellariaO 0 OO0 00O
goood

OCaseyetald198300 00000000 O0OO
00000 Spumellaria0 0000000000
00 Nassellaria 0O O 00000000000
goooooooobOooobooooooa
Spumellaria 0 O 0 Entactinaria 0 00 O 00O
gooooooooooobooboooooooa
0 O Albaillellaria 0 0 O Nassellaria 0 0 0 O
goooooooooogooobboooog
O HoldsworthJ197TKozur and Mostlerd19891
Catalano etal.01991 1 00000000 OODO
0000o0o0o0000o0dAlbaillellariad O 0O
Nassellaria OO O OO OD0DO0OOOODOOOO
goo0oo0o0ooooooobooooooooa
goooooooooogooobbooooa
0000000000004 Albaillellaria O O
O Ceratoikiscidae 0 00 Nassellaria 0 OO Prov-
entocitiidae 0 00 0O 0O 0O OO Goto et al.0 19927
Li[19950 Danelian and Clarkson19981 Aitchi-
son1 19980 0 0 00000 0O0OO0O0O0O0OO
goddddoogooooooo
goooooooooooooobooooooa
Ogoo0o0o00o0o00oooooooobooooooa
o000 aea700000000DbOOo0OoOooO
gooooooooooobobooooooooa
0000000000000 Albaillellaria O O
O Nassellaria0 00000000000 MMIOO
godddddddoooooooooooooo
OgoooooOoOo0o0o0oooooobooooooa
00000000000 O0ODroser et alll 19970

gooboooO0o0o00ooooooooooooao
Jdddddooooooooooooooo
d20000000000000
OCaseyetal.119830 0 0000 000O00O0O0O
O000 NassellariaO O OO OO0 OO0OO
doooboooobooooooboooao
Albaillellaria0 0 0 NassellariaO0 OO0 00 0O
gooobbobooooooobbobobouooooa
dddddooooooooooooo
JdoodoooooooOoooooobooooao
gooobobooooooobbooooooooa
dddddooooooooooooooooon
0000000 DO Berry and Boucotd 197311 O
000 /000000 Streel etal.020000000
O000D0/0 00 O00Saunders and Roms-
bottom119860 0 0 000000 O0ODO0OOODO
gdddooooooogo
doodooooooooooooooooooao
00000000 /00b000000o0 ednon
000000 /0000o0oooo7mO0oooo
Albaillellaria0 0 0 NassellariaO OO OO0 00O
gooooooooobooboooooooooao
gooooobbobouooooooogoa
Albaillellaria O 00 Protoceratoikiscum O 00O O
0000000000000004d Albaillellaria
000 Nassellaria OO OO OO0O0OOD0OOO
O00OCaseyetal.0198300 000000000
oooooooooo

o000 30000obooooobooooo
ddddooooooooooooooboooo
Joo0o0oo0ooooooooobooooooao
000000000 D0OO00DO000O0DOO0OHouse
19851Ramsbottom and Saunderst 19851WoodO
1991000000 ooooooboooobooao
goooboooooooooobboooooa
doooooooooooooobooooooo
gooooao

030 0o0oonoooooooooa
d70000000000D00O0O0O0O0O0O00O00O0O
goooooo0ooooobooooooooao
odobooooooog3oooooooon 200

— [ —



4000 00000000000000000O00O0O
0100000 33000000 710oooooo
0o0/00000000D 400000 33000
0oo4400000000000D00D0O0DbO
gooboobobouodoooooooobooooa
goooood

00000 1000oo0ooboooooooa
goooboooooooooboboboooooa
gooooooooooooooboboooooa
gooo0o00o0000odooo 10o0ooooa
gooooodooooooooobobouoooa
00000000000 Sepkoskild19841Barnes
etald1996 0000000000 DOODOOO
gooooooooooobbbooooooa
gdoddddoooooooooooooobood
godoooooobboooboboooboooba
goddddoooouoooo
goooooooooooooobooooooa
gddooooooooooooooooooo
0000000000000 0000Holdsworth
197TNazarov and Ormistond 1985b[1]1 0 O O
Jo0oodpooooooooo40000000/
goooobboooooooooboboouoooa
gooooooooooooooobooooooa
godoooooooooooooooooooda
oddo040000000000DO0DOOOOO
godddddoooooooooooooooo
gdobobooboooooooouoooooooo
gooooooooooooooboboouoooa
gooo

vioooood

oboooobobboobobooboobooono
ooooooboboooboboobobooboog
gbooboobobooboboobobooboobo
oboboboboooboooobobo

obobooooobooboYbooboobonoog
gbooboobobooboboobobooboobo
obooobooboooooboboobobooobo
100000000 /000000000 4000
gboobooooboooobooobooboooo

gbobooobuooboboobuoooobuobo
gboboooobooboooobooboooobo
gboboooooboboobobooboobooobo
gbooboboboobobooboboobbo
gbooooooobooboon

ooo
00000000000000KO0O00000000
gobooooooooooooOoooooooooo
gooboooooooooooooooooooooo
gboboooooooooooooooooooooa
gbobooooooooooooOoooooOooooooo
oooooooo

oooo

Afanasieva, M.S.0 2000 The Paleozoic radiolarian
system. In Afanasieva, M.S. and Vishnevskaya,
V.S. eds.: Radiolariology on the eve of millenia:
Achievements and perspectives. Materials of the
11 Radiolarian Seminar, Moscow, 15-20.

Aitchison, J.C.00 1988% Late Paleozoic radiolarian
ages from the Gwydir terrane, New England
orogen, eastern Australia. Geology, 16, 793-795.

Aitchison, J.C.00 19901 Significance of Devonian-
Carboniferous radiolarians from accretionary
terranes of the New England orogen, eastern
Australia. Marine Micropaleontol., 15, 365-378.

Aitchison, J.C.01998[1 A new Lower Ordovician
O Arenigld radiolarian fauna from the Ballantrae
Complex, Scotland. Scottish J. Geol., 34, 73-81.

Aitchison, J.C. and Stratford, J.M.C 199701 Middle
Devonian] Givetian[JRadiolaria from eastern New
South Wales, Australia: A reassessment of the
HindeO 18990 fauna. N. Jb. Geol. Palaont. Abh.,
203, 369-390.

Aitchison, J.C., Flood, P.G. and Spiller, F.C.P.
0199201 Tectonic setting and paleoenvironment of
terranes in the southern New England orogen,
eastern Australia as constrained by radiolarian
biostratigraphy. Palaeogeogr., Palaeoclimatol. and
Palaeoecol., 94, 31-54.

Aitchison, J.C., Hada, S., Ireland, T. and Yoshikura,
S.0 199601 Ages of Silurian radiolarians from the
Kurosegawa Terrane, Southwest Japan constrain-
ed by U/Pb SHRIMP data. J. Southeast Asian
Earth Sci., 14, 53-70.

Aitchison, J.C., Flood, P.G. and Malpas, J.0 19981
Lowermost Ordovician] basal Tremadocliradiolari-
ans from the Little Port Complex, western New-
foundland. Geol. Mag., 135, 413-419.

Aitchison, J.C., Davis, A.M., Stratford, J.M.C. and
Spiller, F.C.F] 19991 Lower and Middle Devonian

— [ —



radiolarian biozonation of the Gamilaroi terrane
New England Orogen, eastern Australia. Micropa-
leontol., 45, 138-162.

Amon, E.O., Braun, A. and Chuvashov, B.I[J 19900t
Lower Permian[] Artinskian] Radiolaria from the
Sim type section, southern Urals. Geologica et
Palaeontologica, 24, 115-137.

Amon, E.O., Braun, A. and Ivanov, K S.0 199501
Upper Silurian radiolarians from the southern
Urals. Geologica et Palaeontologica, 29, 1-17

Anderson, O.R. ed.00 19831 Radiolaria. Springer-
Verlag, New York, 355p.

Barnes, C.R., Fortey, R.A. and Williams, S.H]19961
The pattern of global bio-events during the
Ordovician period. In Walliser, O.H. ed.: Global
events and events stratigraphy. Springer-Verlag,
Berlin Heidelberg, 139-172.

Berry, W.B.N. and Boucot, A.J.[0 1973 Correlation
of the African Silurian rocks. Geol. Soc. Amer.
Spec. Pap., 147, 1-83.

Blome, C.D. and Reed, K.M.[J 19921 Permian and
Earlyd ?0 Triassic radiolarian faunas from the
Grindstone terrane, central Oregon. J. Paleontol.,
66, 351-383.

Boundy-Sanders, S.Q., Sandberg, C.A., Murchey,
B.L. and Harris, A.G.0 19991 A late Frasnian

[ Late Devonian[iradiolarians, sponge spicule, and
conodont fauna from the Slaven Chert, northern
Shoshone Range, Roberts Mountains allochthon,
Nevada. Micropaleontol., 45, 62-68.

Braun, A. and Budil, P.0O 1999 A Middle Devonian
radiolarian fauna from the Chotec Limestone

O Eifelian[bf the Prague Basin] Barrandian, Czech
Republicll Geodiversitas, 21, 581-592.

Catalano, R., Stefano, P.D. and Kozur, H.OO 19910t
Permain circumpacific deep-water faunas from
the western Tethys[ Sicily, Italy(l-new evidences
for the position of the Permian Tethys. Palaeo-
geogr., Palaeoclimatol. and Palaeoecol., 87, 75 —
108.

Casey, R.E., Wigley, C.R. and Perez-Guzman, A.M.

[J 1983t Biogeographic and ecologic perspective on
polycystine radiolarian evolution. Paleobiology, 9,
363-376.

Cheng, Y.N.OO 1986t Taxonomic studies on Upper
Paleozoic Radiolaria. National Museum Natural
Sci., Taichung, Taiwan, Spec. Publ., 1, 1-311.

Danelian, T. and Clarkson, E.N.K.[J 1998 Ordovi-
cian Radiolaria from bedded cherts of the
Southern Uplands. Scottish J. Geol., 34, 133-137.

Droser, M.L., Bottjer, D.J. and Sheehan, P.M.

019970t Evaluating the ecological architecture of
major events in the Phanerozoic history of
marine invertebrate life. Geology, 25, 167-170.

Dunham, J.B. and Murphy, M.A.0 19760 An
occurrence of well preserved radiolaria from the
Upper Ordovician( Caradocian(] Eureka County,

Nevada. J. Paleontol., 50, 882-887.

Foreman, H.OO 1963 Upper Devonian radiolarians
from the Huron Member of the Ohio Shale.
Micropaleontol., 9, 267-304.

Fortey, R.A. and Holdsworth, B.K.0 1972 The
oldest known well-preserved Radiolaria. Bolle-
ttino della Societa Paleontologica Italiana, 10, 35—
41.

Furutani, H.(01983[F Middle Palaeozoic Palaeo-
scenidiidael] Radiolariall from Mt. Yokokura, Shi-
koku, Japan. Trans. Proc. Palaeontol. Soc. Japan,
N.S., 130, 96-116.

Furutani, H.O 19901 Middle Paleozoic radiolarians
from Fukuji area, Gifu Prefecture, central Japan.
J. Earth Sci., Nagoya Univ., 37, 1-56.

Goodbody, Q.H.(0 19861 Wenlock Palaeoscenidiidae
and Entactiniidae( Radiolariall from the Cape
Phillips Formation of the Canadian Arctic Archi-
pelago. Micropaleontol., 32, 129-157.

Goto, H., Umeda, M. and Ishiga, H.OO 19921 Late
Ordovician radiolarians from the Lachlan fold
belt, southeastern Australia. Mem. Fac. Sci., Shi-
mane Univ., 26, 145-170.

Gourmelon, F.00 19871 Radiolaires tournaisiens des
nodules phosphates de la Montagne Noire et des
Pyrenees Centrales. Biostratigr. Paleozoique., 6,
1-194.

Hamada, T.O 19581 Japanese Halysitidae. J. Fac.
Sci., Tokyo Univ., Sec. |1, 11, 91-114.

Harms, T.A. and Murchey, B.L.[0 1992[1 Setting and
occurrence of Late Paleozoic radiolarians in the
Sylvester allochthon, part of a proto-Pacific ocean
floor terrane in the Canadian Cordillera. Palaeo-
geogr., Palaeoclimatol. and Palaeoecol., 96, 127 —
139.

Hinde, G.J.01899 On the Radiolaria in the
Devonian rocks of New South Wales. Geol. Soc.
Land. Quart. J., 55, 38-64.

Holdsworth, B.K.O0 19661 Radiolaria from the
Namurian of Derbyshire. Palaeontology, 9, 319 —
329.

Holdsworth, B.K.00 1977[1 Paleozoic Radiolaria:
stratigraphic distribution in the Atlantic border-
lands. In Swain, F.M. ed.: Stratigraphic micropa-
leontology of Atlantic basin and borderlands.
Elsevier, New York, 167-184.

Holdsworth, B.K. and Jones, D.L.0 19801 Prelimi-
nary radiolarian zonation for Late Devonian
through Permian time. Geology, 8, 281-285.

Holdsworth, B.K., Jones, D.L. and Allison, C.

0197801 Upper Devonian radiolarians separated
from chert of the Ford Lake Shale, Alaska. J. Res.
U.S. Geol. Surv., 6, 775-788.

House, M.R.00 19851 Correlation of mid-Paleozoic
ammonoid evolutionary events with global sedi-
mentary perturbations. Nature, 313, 17-22.

Ishiga, H.[0 19861 Late Carboniferous and Permian

— [ —



radiolarian biostratigraphy of Southwest Japan.
J. Geosci., Osaka City Univ., 29, 89-100.

Ishiga, H. and Leitch, E.C.00 19881 Age and signi-
ficance of Late Devonian radiolarians from the
Tamworth Belt, southern New England Fold Belt,
eastern Australia. In Iwasaki, M. ed.: Prelimi-
nary report on the geology of the New England
Fold Belt, eastern Australia. Tokushima Press,
Tokushima, 61-72.

Ishiga, H., Leitch, E.C., Naka, T., Watanabe, T. and
Iwasaki, M.[0 19871 Late Devonian Palaeoscenid-
ium from the Hastings Block, New England Fold
Belt, Australia. Earth Sci/J Chikyu Kagaku/J, 41,
297-302.

Ishiga, H., Leitch, E.C., Watanabe, T., Naka, T. and
Iwasaki, M.O 198801 Radiolarian and conodont
biostratigraphy of siliceous rocks from the New
England Fold Belt. Aust. J. Earth Sci., 35, 73-80.

Isozaki, Y., Amiscaray, E.A. and Rillon, A.0 19881
Permian, Triassic and Jurassic bedded radiolar-
ian cherts in North Palawan Block, Phillippines:
Evidence of Late Mesozoic subduction-accretion.
IGCP Project 224, 3, 99-115.

Iwata, K., Schmidt, B.L., Leitch, E.C., Allan, A.D.
and Watanabe, T.0 199501 Ordovician microfossils
from the Ballast Formatiori] Giralambone Groupl
of New South Wales. Aust. J. Earth Sci., 42, 371-
376.

Iwata, K., Sennikov, N.V., Buslov, M.M., Obut,
O.T., Shokalskii S.P., Kuznetsov, S.A. and Ermi-
kov, V.D.00 19971 Latter Cambrian-Early Ordovi-
cian age of the Zasur'ia basalt-siliceous-terrige-
nous Formation[] northwestern part of Gorny
Altaill Russian Geol. Geoph., 38, 1427-1444.

Kiessling, W. and Tragelehn, H.OO 19941 Devonian
radiolarian faunas of conodont-dated localities in
the Frakenwald Northern Bavaria, Germany[l
Festschrift zum 60 Geburtstag von Erik Flugel, 50,
219-255.

Kobayashi, T. and Hamada, T.0 19741 Silurian
trilobites of Japan in comparison with Asian,
Pacific and other faunas. Palaeontol. Soc. Japan
Spec. Pap., 18, 1-155.

Kozur, H. and Mostler, H.O 19891 Radiolarien und
Schwammskleren aus dem Unterperm des
Vorurals. Geol. Palaont. Mitt. Innsbruck, Son-
derbd, 2, 146-275.

Kozur, H., Mostler, H. and Repetski, J.E.00 199601
Well-preserved Tremadocian primitive Radiolaria
from the Windfall Formation of the Antelope
Range, Eureka County, Nevada, U.S.A. Geol.
Palaont. Mitt. Innsbruck, 21, 245-271.

Kurihara, T. and Sashida, K.001999t Reply to
comment by J.C. Aitchison on“ Occurrence and
significance of the Late Silurian and Early to
Middle Devonian radiolarians from the Kuzuryu
Lake district of the Hida Gaien Belt, Fukui

Prefecture, central Japan”[J. Geol. Soc. Japan,
104, 845-85801 J. Geol. Soc. Japan, 105, 594-595.
Kurihara, T. and Sashida, KOO 2000t Early Silurian
0O Llandoverian( radiolarians from the Ise area of
the Hida" Gaien” Belt, central Japan. Paleontol.
Res., 4, 147-162.

Kuwahara, K., Yao, A. and Yamakita, S.0O 199801
Reexamination of Upper Permian radiolarian
biostratigraphy. Earth Sci.[J Chikyu Kagakull], 52,
391-404.

Li, H.-S.00 19941 Middle Silurian radiolarians from
Keerhada, Xinjiang. Acta Micropalaeontologica
Sinica, 11, 259-272.

Li, H.-S.0 1995t New genera and species of middle
Ordovician Nassellaria and Albaillellaria from
Bai-jingsi, Quilian Mountains, China. Scientia
Geologica Sinica, 4, 331-346.

Ling, H.Y. and Forsythe, R.D1 19870 Late Paleozoic
Pseudoalbaillellid radiolarians from southern-
most Chile and their geological significance. In
McKenzie, G.D. ed.: Gondowana Six; Structure,
tectonics and geophysics. American Geophysical
Union, Washington, D.C., 253-260.

MacDonald, E.W.(0 19981 Llandovery Secuicollacti-
nae and Rotasphaeridael]l Radiolariall from the
Cape Phillips Formation, Cornwallis Island,
Arctic Canada. J. Paleontol., 72, 585-604.

MacDonald, E.WJ 2000t Radiolaria from the Lower
Silurian of the Cape Phillips Formation, Arctic
Canada. INTERRAD VIIII Abstr., 48.

Maletz, J. and Reich, M.O0 1997): Radiolarians and
sponge spicules from the Spirograptus turricula-
tus Zonel Llandovery, Silurian) of the Siljan
district, Dalarnall Sweden[] Greifswalder Geowis-
senschaftliche Beitrage, 4, 101-111.

Metcalfe, I., Aitchison, J.C. and Stratford, J.M.C.

0199700 Lower Devonian Emsian[] microfauna
from the Gamilaroi Terrane at Glenrock in the
southern New England orogen, New South Wales.
Proc. Linn. Soc. N.S.W., 118, 123-130.

Miller, E.L., Holdsworth, B.K., Whiteford, W.B. and
Rogers, D.[0 19841 Stratigraphy and structure of
the Schoonover Sequence, northeastern Nevada,
Implications for Paleozoic plate margin tectonics.
Geol. Soc. Amer. Bull., 95, 1063-1076.

Murchey, B.L.00 1990t Age and depositional setting
of siliceous sediments in the upper Paleozoic
Havallah sequence near Battle Mountain,
Nevada; Implications for the paleogeography and
structural evolution of the western margin of
North America. Geol. Soc. Amer. Bull. Spec. Pap.,
225, 137-155.

Nazarov, B.B.0J 19750 Radiolaria of the Lower-
Middle Paleozoic of Kazakhstan. Tr. Gin Acad.
Sci., S.S.S.R., 275, 1-202.

Nazarov, B.B. and Ormiston, A.R.00 1983 Upper
Devonian[] Frasnian{J radiolarian fauna from the

— [ —



Gogo Formation, Western Australia. Micropaleon-
tology, 29, 454-466.

Nazarov, B.B. and Ormiston, A.R.[0 1985alt Radio-
laria from the Late Paleozoic of the southern
Urals, U.S.S.R. and West Texas, U.S.A. Micropale-
ontology, 31, 1-54.

Nazarov, B.B. and Ormiston, A.R.00 1985bk Evolu-
tion of Radiolaria in the Paleozoic and its
correlation with development of other marine
fossil groups. Senckenbergiana Lethaea, 66, 203 —
215.

Nazarov, B.B. and Ormiston, A.R.00 1986% Origin
and Biostratigraphic Potential of the Stauraxon
Polycystine Radiolaria. Marine Micropaleontol.,
11, 33-54.

Nazarov, B.B. and Ormiston, A.R.0 19930 New
biostratigraphically important Paleozoic Radio-
laria of Eurasia and North America. In Blueford,
J.R. and Murchey, B. eds.: Radiolaria of giant
and subgiant fields in Asia. Micropaleontology
Press, New York, 22-60.

Noble, P.J.00 19921 Biostratigraphy of the Caballos
Novaculite-Tesnus Formation boundary, Mara-
thon Basin, Texas. Palaeogeogr., Palaeoclimatol.
and Palaeoecol., 96, 141-153.

Noble, P.J[J 19941 Silurian radiolarian zonation for
the Caballos Novaculite, Marathon uplift, West
Texas. Bull. Amer. Paleontol., 106, 1-55.

Noble, P.J. and Aitchison, J.C.02000 Early
Paleozoic radiolarian biozonation. Geology, 28,
367-370.

Noble, P.J., Kenter, K.B. and McClellan, W.OO 19970
Early Silurian Radiolaria from northern Nevada,
USA. Marine Micropaleontol., 30, 215-223.

Noble, P.J., Braun, A. and McClellan, W.0O 19981
Haplotaeniatum faunasl] Radiolariall from the
Llandoverian Silurian[ of Nevada and Germany.
Neues Jahrbuch fur Geologie und Palaontologie,
Monatshefte, 12, 705-726.

Obut O.T. and Iwata, K.0O 2001 Lower Cambrian
Radiolaria from the Shashkunar Formation, Altai
Mountains, Russia. Russian Geol. Geoph., 43, 33—
37.

Ormiston, A.R. and Babcock, L.CL] 197901 Follicucul-
lus, new radiolarian genus from the Guadalupian
Lamar Limestone of the Delaware Basin. J.
Paleontol., 53, 328-334.

Racki, G.00 19991 Silica-secreting biota and mass
extinctions: Survival patterns and processes.
Palaeogeogr., Palaeoclimatol. and Palaeoecol.,
154, 107-132.

Ramsbottom, W.H.C. and Saunders, W.B.O 198601
Evolution and evolutionary biostratigraphy of
Carboniferous ammonoids. J. Paleontol., 59, 123 -
159.

Renz, G.W.O 19881 Silurian radiolarians of the
genus Ceratoikiscum from the Canadian Arctic.

Micropaleontology, 34, 260-267.

Renz, G.W.019901 Ordovician Radiolaria from
Nevada and Newfoundland: A comparison at the
family level. Marine Micropaleontol., 15, 393-402.

Rudenko, V. and Panasenko, E.S.0 19901 A new
findings of the Upper Permian radiolarians in
Prymorye region. In Zakharov, Y.D., Belyaeva,
G.V. and Nikitina, A.P. eds.: New data on
Paleozoic and Mesozoic biostratigraphy of the
south Far East. Far Eastern Branch of the USSR
Acad. of Sci., Vladivostok, 117-124.

Sashida, K., Igo, H., Hisada, K., Nakornsri, N. and
Ampornmaha, A 1993 Occurrence of Paleozoic
and Early Mesozoic Radiolaria in Thailand

O preliminary reportll J. Southeast Asian Earth
Sci., 8, 97-108.

Sashida, K., Igo, H., Adachi, S., Ueno, K,
Nakornsri, N. and Sardsud, A.001998[1 Late
Paleozoic radiolarian faunas from northern and
northeastern Thailand. Sci. Rep. Inst. Geosci.
Univ. Tsukuba Sec. B, 19, 1-27.

Saunders, W.B. and Ramsbottom, W.H.C.O 19850t
The mid-Carboniferous eustatic event. Geology,
14, 208-212.

Schmidt-Effing, R.00 19881 Eine radiolarien-fauna
des Famennéd] ober-Devon[aus dem Frankenwald

0 Bayern[1 Geologica et Palaeontologica, 22, 33-41.

Scotese, C.R. and McKerrow, W.S.00 1990t Revised
world maps and introduction. In McKerrow, W.S.
and Scotese, C.R. eds.: Palaeozoic palaeogeogra-
phy and biogeography. Geol. Soc. Mem., No. 12,
Geol. Soc., London, 1-21.

Schwartzapfel, J.A. and Holdsworth, B.K.O 19961
Upper Devonian and Mississippian radiolarian
zonation and biostratigraphy of the Woodford,
Sycamore, Caney and Goddard formations, Okla-
homa. Cushman Foundation for Foraminiferal
Research, Spec. Publ., 33, 1-275.

Sepkoski, J.J.Jr.[019841 A kinetic model of
Phanerozoic taxonomic diversity. III. Post-Paleo-
zoic families and mass extinctions. Paleobiology,
10, 246-267.

Sepkoski, J.J.Jr.0 19961 Patterns of Phanerozoic
extinction : A perspective from global data bases.
In Walliser, O.H. ed.: Global events and events
stratigraphy in the Phanerozoic. Springer-Verlag
Berlin Heidelberg, New York, 35-51.

Sheng, J. and Wang, Y.[0 1982[% Fossil radiolarians
from the Middle Devonian Qizigqiao Formation in
Xintian of Hunan. Acta Palaeontologica Sinica,
21, 58-62.

Streel, M., Caputo, M.V., Loboziak, S. and Melo,
J.H.G.O 2000t Late Frasnian-Famennian cli-
mates based on palynomorph analyses and the
question of the Late Devonian glaciations. Earth-
Sci. Rev., 52, 121-173.

Umeda, M1 19970 Late Silurian and Early Devonian

— [ —



radiolarians from the Konomori area in the
Kurosegawa Terrane, Southwest Japan. Earth
Sci.[J Chikyu Kagakul], 51, 413-32.

Umeda, M.O1998alt Early to Middle Devonian
Ceratoikiscidael] Radiolariall from the Yokoku-
rayama Group in the Kurosegawa Terrane,
Southwest Japan. Paleontol. Res., 2, 96-107.

Umeda, M.O1998bt Upper Silurian to Middle
Devonian radiolarian zones of the Yokokurayama
and Konomori areas in the Kurosegawa Belt,
Southwest Japan. The Island Arc, 7, 637-646.

Umeda, M.0019990 Upper Silurian to Middle
Devonian radiolarian zones of the Yokokurayama
and Konomori areas in the Kurosegawa Belt,
Southwest Japan: Reply. The Island Arc, 8, 538.

Umeda, M., Goto, H. and Ishiga, H.00 19921 Middle
Ordovician radiolarians from the Lachlan fold
belt, southeastern Australia. Mem. Fac. Sci.,
Shimane Univ., 26, 131-140.

Wakamatsu, H., Sugiyama, K. and Furutani, H.
01990t Silurian and Devonian radiolarians from
the Kurosegawa Tectonic Zone, Southwest Japan.
J. Earth Sci., Nagoya Univ., 37, 157-192.

Walliser, O.H1 19960 Global events in the Devonian
and Carboniferous. In Walliser, O.H. ed.: Global

events and events stratigraphy. Springer-Verlag,
Berlin Heidelberg, 225-250.

Wang, Y.01991(1 On progress in the study of
Paleozoic radiolarians in China. Acta Micropalae-
ontologica Sinica, 8, 237-251.

Webby, B.D. and Blom, W.M.OO 1986t The first well-
preserved radiolarians from the Ordovician of
Australia. J. Paleontol., 60, 145-157.

Won, M.-Z.00 1983t Radiolarien aus dem Unter-
Karbon des Rheinischen Schiefergebirges Ger-
many[l Palaeontographica, 182, 116-175.

Won, M.-Z.0 1991) : Lower Carboniferous radiolari-
ans from siliceous boulders. J. Paleontol. Soc.
Korea, 7, 77-105.

Won, M.-Z. and Below, R.019991 Cambrian
Radiolaria from the Georgina Basin, Queensland,
Australia. Micropaleontology, 45, 325-363.

Wood, R. ed.00 1999F Reef evolution. Oxford Univ.
Press, New York, 414p.

Xiping, D., Knoll, A.H. and Lipps, J.H 1997t Late
Cambrian Radiolaria from Hunan, China. J.
Paleontol., 71, 753-758.

020010 30 21000020010 90 180000

— [ —



0 O 0O Appendix

Spumellaria O O

Entactinaria 0 O

Stauraxonaria 0 0

Nassellaria 0 0

Albaillellaria O 0

Anakrusidae 0

0 Anakrusa O
Echidninidae O

0 Aitchisonellum O

0 Echidnina O

0 Parechidnina O
Grandetorturiidae O
00 Grandetortula O
Inaniguttidae O

O Aciferopylorum O

0 Cessipylorum O

0 Fusalfanus O

0 Futobari [

O Inanibigutta O

O Inanigutta O

O Inanihella O

0 Kalimnasphaera O
0 Orbiculopylorum O
0 Oriundogutta O

[0 Zadrappolus 0
Orbiculiformidae O

0 Klaengspongus [
Palaeoactinosphaeridae 0
O Palaeoactinosphaera O
O Stylactinosphaera 00
Phacodiscidae O

[ Eostylodictya [

0 Sphaerodiscus O
Sponguridae [0

0 Bipylospongia O

0 Devoniglansus O

[ Praespongocoelia [
0 Pseudospongoprunum O
0 Stylosphaera O
Incertae Sedis 0

O Cenosphaera O

O Intracorpus O

O Srakaeosphaera O

Haplentactiniidae 0

O Haplentactinia O

0 Haplotaeniatum O
O Syntagentactinia O
Palaeoscenidiidae O

O Deflantrica O

0 Goodbodium 0O

0 Magnisphaera 0

O Pactarentinia O

O Palaeoscenidium [
O Tlecerina O
Palaeospiculumidae O
0 Palaeospiculum 0O
Protoentactiniidae O

O Archeoentactinia O
0 Fungomacula O

O Noblella O

O Protoentactinia [
Pseudorotasphaeridae O
0 Pseudorotasphaera [0
Rotasphaeridae O

O Diparvapila O

O Parvalanapila O

O Rotasphaera O

O Secuicollacta [
Incertae Sedis O

O Duodecimentactinia [
O Multientactinia O

0 Palaeodecaradium 0
O Palhindeolithus O

O Xiphachistrella O

O Xiphocladiella

Entactiniidae [

O Apophysisphaera O
0 Astroentactinia 0

0 Belowea O

0 Callela O

0 Copicyntra O

0 Copicyntroides O

[ Copiellintra O

O Duplexia O

[ Hegleria O

0 Holdsworthum 0O

0 Helioentactinia O

O Insolitignum O

0 Kashiwara O

[0 Magnentactinia [

0 Meschedea O

0 Palacantholithus 00
0 Palaeoephippium O
O Palaeopyramidium O
0 Palaeothalomnus O
0 Palaeotrifidus O

O Palaeotripus [

0 Pluristratoentacinia [
O Polyentactinia O

[0 Somphoentactinia [
O Spongentactinia O
0 Spongiotripus O

O Stigmosphaerostylus O
0 Tetracircinata [J

O Tetragregnon O

0 Tetrentactinia O

[0 Thecoentactinia [

O Triaenosphaera O

0 Trilonche O

0 Uberinterna O

Archaeopyramiside [
O Archaeopyramisa O
O Brianellium O
Deflandrellidae O

O Deflandrella O

O Praedeflandrella O
Latentifistulidae O

O Ishigaum O

O Latentibifistula O
O Latentifistula O

O Polyfistula O

O Triactofenestrella O
O Quadriremis O

O Quinqueremis O
Ormistoneae [

O Nazarovella O

[ Ormistonella [

O Pseudotormentus [
Ouakidae O

[0 Ouaka 0

O Trilacertus O
Ruzhencevispongidae [
O Latentidiota O

0 Ruzhencevispongus O
Tormentidae [

O Foremanhelena O
O Octatormentum [
O Rectormentum O

O Scharfenbergia O
O Tetratormentum [0
0 Tormentum O

O Triplanospongos [

Archocyrtidae 0

O Archocyrtium O
O Cerarchocyrtium O
O Cyrtisphaeractenium O
O Deflandrellium O
O Mostlerium O

O Robotium O

O Staurentactinia 0
Corythoecidae O

O Arrrectoalatus [0
0 Camptoalatus O
0 Cornum O

O Corythoecia O
Popofskyellidae O

O Cyrtentactinia O
O Kantollum O

0 Popofskyellum O
O Totollum O
Proventocitiidae O
O Proventocitum [1
Pylentonemidae O
0 Pylentonema [J

0 Quadrapesus O

Albaillellidae 0

O Albaillella O

O Follicucullus 0

O Haplodiacanthus O
0 Huasha O

O Lapidopiscum O

O Neoalbaillella O

O Protoalbaillella O
O Pseudoalbaillella O
Ceratoikiscidae [J

0 Ceratoikiscum O

O Circulaforma O

O Glanta O

O Helenifore O

O Holoeciscus [

O Protoceratoikiscum 0O
O Protoholoeciscus [
O Rhaphidociclicus O

— [ —



