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I NTRODUCTI ON 

Since the beginning of this century, the emphasis on the study of 

Radiolaria has been the refinement of taxonomies developed in the 

nineteenth century, the tracing of evolutionary lineages and the 

biology and ecology of extant forms. This latter aspect of radiolarian 

studies has been particularly evident in the last twenty years as 

greater stri des have been made toward understandi ng the loogeography of 

radiolarian species and species groups. These studies were greatly 

facilitated by a renewed effort to improve the taxonomic definition and 

relationships of radiolarian species, particularly those which are the 

most numerous in the fossil assemblages of modern marine sediments. 

Once researchers had both an extensive set of surface sediment samples 

and a taxonomi c framework whi ch encompas sed a majority of the extant 

forms, they could use statistical and mathematical techniques to group 

the species into assemblages and map their distributions. These distri

butions appear to match surface water masses and current patterns. 

Using their knowledge of modern distributions of radiolarian assemblages 

and their statistical relationship to modern oceanographic conditions, 

researchers could then estimate the character of oceanographic and 

climatic changes that have occurred through the Pleistocene. The CENOP 

(Cenoloic Paleoceanography) project has applied this same research 

strategy to learning more about the oceanography of the Miocene. 

As the collection of gravity cores and piston cores provided the 

material for Holocene and Pleistocene studies of Radiolaria, now the 

Deep Sea Drilling Project has provided a large global collection of core 

material that spans the Tertiary and Cretaceous. In order to use this 
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material to carry out paleoceanographic studies similar to those which 

have been undertaken using Quaternary samples, there is a present need 

to expand our taxonomic knowledge of earlier radiolarian species. Such 

taxonomic studies must go beyond those required simply to trace the 

evolutionary lineages of the forms which have proven to be of strati

graphic importance. It must include those relatively abundant forms 

which are most useful in quantitatively defining the radiolarian 

assemblages. 

The CENOP project is one of the first attempts to provide an 

ocean-\vide, quantitative view of radiolarian distributions in the pre

Pleistocene. In so doing, it was necessary first to develop this 

taxonomic guide for Miocene Radiolaria. This guide is not complete, 

but it is a first step toward providing a unified description and illus

tration of quantitatively important Miocene Radiolaria along with 

published information on their distributions and ranges. 
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MATERIAL STUDIED 

As part of the CENOP Project, 515 sediment samples from six Deep 

Sea Drilling Project sites and one piston core from the Lamont-Doherty 

Geological Observatory (see Table 1 and Figure I) were obtained for the 

study of Radiolaria. The radiolarians were prepared for examination 

following the method described by Moore (1973 b). Census data v/ere then 

tabulated for each sample in the following manner. Counting groups were 

first established to create categories for species or species groups 

which at some time contributed 1% or more to the population. All 

Radiolaria in the viewing field were counted until 400 to 600 specimens 

were found (larger counts were made when preservation was moderate to 

poor). Rare « l%) and unidentified specimens were tabulated as "un

known". All counts were made by a single observer (Lombari) over a two 

year period. Raw census information was converted to percentage data 

such that the value for each species in an individual sample represents 

that species' contribution to the total population. These census data 

will be published elsewhere. 
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Table 1. Sample Locations 

Site Latitude Longitude 

DSDP 55 8022'N 143034'E 
DSDP 65 4°21' N 176059'E 
DSDP 71 4028'N 140°19' \01 
DSDP 77B 00029'N 133°14'\01 
DSDP 158 060 37'N 85°14'\01 
DSDP 173 390 50'N 1250 27'v} 

DSDP 289 00030'S 158031'E 
DSDP 310 360 52'N 176°54' E 
DSDP 448 16°20' N 134°52' E 
DSDP 495 12030'N 91 0 02'v} 

RC12-66 020 37'N 1480 58'v} 

RC12-431 430 38'N 1670 49'vJ 
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Figure 1. Location of cores (10 DSDP Sites and 2 piston cores from 

Lamont-Doherty Geological Observatory) used for radiolarian 

census data in the CENOP Project. Filled circles represent 

sites for which complete counts are available. Open circles 
represent sites at which additional, but incomplete, counts 
have been made. 
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SYSTEMATICS 

The primary purpose of this guide is to provide a standard taxo

nomic usage for the Radiolaria counting groups used in gathering census 

data for the CENOP project. In addition to the 90 species or species 

groups used for counting purposes, we have included about 50 additional 

species known to be stratigraphically useful in the Early and Late 

Miocene. 

In many cases the taxonomy of Miocene radiolarian species is well 

established. However, in some instances there are difficulties owing 

to misidentification, poor descriptions and or illustrations, or taxo

nomic problems which may be solved only by extensive investigation of 

lineages. It is not the purpose of the present paper to solve all these 

problems, but rather to standardize usage, to upgrade and coordinate 

descriptions and illustrations and to explain certain taxonomic diffi

culties. 

Since this paper is meant only to be a guide, a conservative 

approach to taxonomy has been adopted and any changes are documented and 

explained in detail. Family level taxonomy is primarily that of Riedel 

(1967b)with some emendations by Goll (1968), Moore (1972), Foreman (1973) 

and Sanfilippo and Riedel (1980). 

FORMAT 

For each of the species included herein the following information 

is given: 

1. Name and author. 
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2. References to the original description and the most important 
modern descriptions. 

3. Description: most complete description available and addi
tional comnents by other authors. 

4. Dimensions: most reliable dimensions available (usually from 
the same source as the description) with notation of any 
marked variations reported by other authors. 

5. Distinguishing characters: brief statement of the character
istic features of each species. 

6. Remarks: notes concerning location of a more complete 
synonymy, other descriptions and taxonomic problems or errors. 

7. Distribution: a compilation of stratigraphic range data from 
the CENOP counts and from one or more recent studies. In 
addition, we have included paleomagnetically derived dates 
for the first and last occurrences of a number of species. 
These dates were derived by Theyer et al. (1978), but have 
been modified herein to conform withthe time scale of Ness 
et al. (1980). Frequently, Theyer et al.'s ages ~Iere deter
mined using only one core and we recogmze that subsequent 
studies may result in an adjustment to some of these dates. 

8. Illustration: In the cases of a species or species groups 
used in the CENOP counts, we provide a photograph from one of 
the counted samples. Illustrations of additional strati
graphically useful species are usually from the same source 
as the description. 
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SUBCLASS 
ORDER 
SUBORDER 

GROSS CLASSIFICATION OF DESCRIBED SPECIES 

Radiolaria MUller 1858 
Polycystina Ehrenberg 1838, 
Spumellaria Ehrenberg 1875 

emend. Riedel 1967b 

1. FAMILY Collosphaeridae r'1Uller 1858 

GENUS Acrosphaera Haeckel 1881 
SPECIES Ikrosphaera murrayana (Haeckel), 1887 

Acrosphaera spp. 

GENUS Disolenia Ehrenberq 1860 
SPECIES Disolenia spp.-

GENUS Sol enosphaera f1Ull er 1858 
SPECIES Solenosphaera omnitubus omnitubus Riede1 and Sanfilippo, 

1971 
Solenosphaera omnitubus Riede1 and Sanfi1ippo, 1971, 

procera Sanfi1ippo and Riedel, 1974 

2. FAmLY Actinommidae Haecke1 1862, emend. Sanfilippo and Riedel 1980 

GENUS Actinomma Haeckel 1860, emend. Nigrini 1967, 
emend. BJorkl und 1977-~-

SPECIES~inomma spp. 

GENUS Cenosphaera Ehrenberg 1854a 
SPECIES ? Cen,Osphaera cristata Haecke1, 1887 

GENUS Hexasty1 us Haecke 1 1881 
SPECIES Hexasty1us spp. 

GENUS Hexacontium Haecke1 1881 
SPECIES Hexaconti um spp. 

GENUS Druppatractus Haecke1 1887 
SPECIES Druppatractus acquilonius Hays, 1970 

GENUS Stylatractus Haeckel 1887 
SPECIES Sty1atractus spp. 

"Sty1 atractus uni versus" Hays, 1970 

GENUS Sty10sphaera Ehrenberg 1847 
SPECIES Sty10sphaera spp. 
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3. FAf-1IL Y Sponguri dae Haecke 1 1862, emend. Petrushevskaya 1975 

GENUS Spongurus Haeckel 1860 
SPECIES Spongurus (?) sp. A 

Spongurus (?) sp. B 

GENUS Styptosphaera Haeckel 1887 
SPECIES Styptosphaera (?) spumacea Haeckel, 1887 

4. FAt~ILY Phacodiscidae Haeckel 1881 

GENUS Heliodiscus Haeckel 1881, emend. Nigrini 1967 
SPECIES Heliodiscus asteriscus Haeckel, 1887 

5. FAHILY Coccodiscidae Haeckel 1862, emend. Sanfilippo and Riedel 1980 

SUBFAl,lILY Artiscinae Haeckel 1881, emend. Riedel 1967 b 

GENUS Diartus Sanfilippo and Riedel 1980 
SPECIES Diartus etterssoni (Riedel and Sanfilippo), 1970 

Diartus hughesi Campbell and Clark), 1944 

GENUS Didymocyrtis Haeckel 1860 
SPECIES Didymocyrtis rismatica (Haeckel), 1387 

Didymocyrtis tubaria Haeckel), 1887 
Didymocyrtis violina (Haeckel), 1887 
Didymocyrtis mammifera (Haeckel), 1887 
Didymocyrtis laticonus (Riedel), 1959 
Didymocyrtis ante enultima (Riedel and Sanfilippo), 1970 
Didymocyrtis penultima Riedel), 1957 

6. FAmLY Spongodiscidae Haeckel 1862, emend. Riedel 1967b 

GENUS Euchitonia Ehrenberg 1860, emend. Nigrini 1967 
SPECIES Euchitonia furcata Ehrenberg, 1872a 

GENUS Hymeniastrum Ehrenberg 1847 
SPECIES Hymeniastrum spp. 

GENUS Spongaster Ehrenberg 1860 
SPECIES Spongaster berminghami (Campbell and Clark), 1944 

Spongaster pentas Riedel and Sanfilippo, 1970 

GENUS Spongodi scus Ehrenberg 1854 a 
SPECIES Spongodiscus ambus Sanfilippo and Riedel, 1974 

GENUS Stylodictya Ehrenberg 1847, emend. Kozlova 1972 * 
SPECIES Stylodictya aculeata Jorgensen, 1905 

Stylodictya validispina Jorgensen, 1905 

* in Petrushevskaya and Kozlova, 1972 
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GENUS Circodiscus Kozlova 1972 * 
SPECIES Circodiscus microporus (StHhr) group, 1880 

GENUS Stylochlamydium Haeckel 1887 
SPECIES Stylochlamydium asteriscus Haeckel, 1887 

GENUS Sponqopyle Dreyer 1889 
SPECIES Spongopyle osculosa Dreyer, 1889 

GENUS Spongotrochus Haeckel 1860 
SPECIES Spongotrochus lacialis Popofsky group, 1908 

Spongotrochus (? venustum (Bailey), 1856 

7. FAMILY pyloniidae Haeckel 1881 

GENUS Phorticium Haeckel 1881 
SPECIES Phorticium polycladum Tan and Tchang, 1976 

Phorticium pylonium Haeckel, 1887 

GENUS Tetrapyle ~1liller 1858 
SPECIES Tetrapyle octacantha t·Wller, 1858 

8. FAMILY Litheliidae Haeckel 1862 

GENUS Larcopyle Dreyer 1889 
SPECI ES La rcopyl e buetschl i i Dreyer, 1889 

GENUS Larcospira Haeckel 1887 
SPECIES Larcospira moschkovskii Kruglikova, 1978 

Larcospira quadrangula Haeckel group, 1887 

GENUS Lithelius Haeckel 1862 
SPECIES Lithelius minor Jorgensen, 1900 

Lithelius nautiloides Popofsky, 1908 
Lithelius sp. 

GENUS Pylospira Haeckel 1887 
SPECIES ? Pylospira octopyle Haeckel, 1887 

SUBORDER Nassellaria Ehrenberg 1875 

9. FAmLY Plagoniidae Haeckel 1881, emend. Riedel 1967b 

GENUS Zygocircus BUtschli 1882 
SPECIES Zygocircus productus (Hertl-lig) capulosus Popofsky, 1913 

Zygocircus productus (Hertwig) tricarinatus Gall, 1980b 

* in Petrushevskaya and Kozlova, 1972 
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GENUS Antarctissa Petrushevskaya 1967 
SPECIES Antarctissa deflandrei (Petrushevskaya), 1975 

Antarctissa longa (Popofsky), 1908 
Antarctissa strelkovi Petrushevskaya, 1967 

GENUS Ceratocyrtis BUtschli 1882, emend. Petrushevskaya 1971 b 
SPECIES Ceratocyrtis histricosa (Jorgensen), 1905 

Ceratocyrtis stigi (Bj¢rklund), 1976 

10. FA~lILY Trissocyclidae Haeckel 1881, emend. Goll 1968 
(= Acanthodesmiidae Haeckel 1862 in Riedel, 1971) 

GENUS Dendrospyris Haeckel 1881, emend. Goll 1968 
SPECIES Dendrospyris bursa Sanfilippo and Riedel, 1973 

Dendrospyris damaecornis (Haeckel), 1887 
Dendrospyris pododendros (Carnevale), 1908 

GENUS Dorcadospyris Haeckel 1881, emend. Goll 1969 
SPECIES Dorcadospyris ateuchus (Ehrenberg), 1873 

Dorcadospyris dentata Haeckel, 1887 
Dorcadospyris forci ata (Haeckel), 1887 
Dorcadospyris papilio Riedel), 1959 
Dorcadospyris raeforci ata I~oore, 1971 
Dorcadospyris simplex Riedel), 1959 

GENUS Giraffospyris Haeckel 1881, emend. Goll 1969 
SPECIES Giraffospyris angulata (Haeckel), 1887 

Giraffospyris circumflexa Goll, 1969 

GENUS Liriospyris Haeckel 1881, emend. Goll 1968 
SPECIES Liriospyris geniculosa Goll, 1968 

Liriospyris mutuaria Goll, 1968 
Liriospyris stauropora (Haeckel), 1887 

GENUS Lophospyris Haeckel 1881, emend. Goll 1977 
SPECIES Lophospyris pentagona pentagona (Ehrenberg), emend. 

Goll,1977 

GENUS Phormospyris Haeckel 1881, emend. Gol1 1977 
SPECIES Phormospyris stabilis stabilis (Goll) sensu Goll, 1977 

Phormospyris stabilis (Gol1) scaphipes (Haeckel) emend. 
Go 11 , 1977 

GENUS Rhodospyri s Haecke 1 1881 
SPECIES Rhodospyris (?) spp. De 1 (Goll) group, 1968 

GENUS Tholospyris Haeckel 1881, emend. Gol1 1969 
SPECIES Tholospyris anthophora~ckel), 1887 

Tholospyris kantiana (Haeckel), 1887 
Tho 1 ospyri s mammi 11 a ri s (Haecke 1), 1887 
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GENUS Tympanomma Haecke1 1887 
SPECIES Tympanomma binoctonum (Haecke1), 1887 

11. FA~lILY Carpocaniidae Haeckel 1881, emend. Riedel 1967 b 

GENUS Carpocanistrum Haeckel 1887 
SPECIES Carpocanistrum spp. 

GENUS Carpocanarium Haeckel 1887 
SPECIES Carpocanari urn sp. 

GENUS Carpocanopsis Riedel and Sanfilippo 1971 
SPECIES Carpocanopsis bramlettei Riedel and Sanfilippo, 1971 

Carpocanopsis cingulata Riedel and Sanfilippo, 1971 
? Carpocanopsis_ c'ristata (Carnevale)" 1908 
Carpocanopsis favosa (Haeckel), 1887 

12. FAHlLY Theoperidae Haeckel 1881, emend. Riedel 1967 b 

GENUS Cornutella Ehrenberg 1838, emend. Nigrini 1967 
SPECIES Cornutull a profunda Ehrenberg, 1854 a 

GENUS Cyclampterium Haeckel 1887 
SPECIES Cyclampterium (?) leptetrum Sanfilippo and Riedel, 1970 

Cyclampterium (?) neatum Sanfilippo and Riedel, 1970 
Cyclampterium (?) pegetrum Sanfilippo and Riedel, 1970 

GENUS Cyrtocapsel1a Haeckel 1887 
SPECIES Cyrtocapsel1a cornuta (Haecke1), 1887 

Cyrtocapsella c 1indroides (Principi), 1909 
Cyrtocapsella elongata Nakaseko), 1963 
Cyrtocapsella japonica (Nakaseko), 1963 
Cyrtocapse11a tetrapera (Haecke1), 1887 

GENUS Eucyrtidium Ehrenberg 1847, emend. Nigrini 1967 
SPECIES Eucyrtidium cienkoViskii Haeckel group, 1887 

Eucyrtidium diaphanes Sanfilippo and Riedel, 1973 
Eucyrti di um hexagonatum Haecke 1, 1887 

GENUS Lithopera Ehrenberg 1847 
SPECIES Lithopera thornburqi Sanfilippo and Riedel, 1970 

GENUS Lychnocanoma Haeckel 1887 
SPECIES Lychnocanoma elongata (Vinassa de Regny), 1900 

Lychnocanoma trifolium (Riedel and Sanfilippo), 1971 

GENUS Lychnodictyum Haecke1 1881 
SPECIES Lychnodictyum audax Riedel, 1953 
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GENUS Pterocanium Ehrenberg 1847 
SPECIES Pterocanium prismatium Riedel, 1957 

Pterocanium tri10bum (Haecke1), 1860 

GENUS Stichocorys Haecke1 1881 
SPECIES Stichocorys de1montensis (Campbell and Clark), 1944 

Stichocorys dip1oconus (Haecke1), 1887 
Stichocorys peregrina (Riedel), 1953 
Stichocorys wo1ffii Haecke1, 1887 

GENUS Theoca1yptra Haecke1 1887 
SPECIES Theoca1yptra bicornis (Popofsky), 1908 

Theoca1yptra davisiana davisiana (Ehrenberq), 1861 
Theoca1yptra davisiana (Ehrenberg) cornutoides Kling, 

1977 

GENUS Theocorys Haecke1 1881 
SPECIES Theocorys redondoensis (Campbell and Clark), 1944 

Theocorys spongoconum K1 ing, 1971 

13 . FAMILY Pterocorythi dae Haecke1 1881, emend. Ri ede 1 1967 b 
emend. ~loore 1972 

GENUS Anthocyrtidium Haecke1 1881 
SPECIES Anthocyrtidium ehrenbergi ehrenbergi (Stohr), 1880 

Anthocyrtidium ehrenbergi (Stohr), 1880, p1iocenica 
(Seguenza), 1880 

Anthocyrti di um ophi rense (Ehrenberg), 1872 a 

GENUS Ca1ocyc1etta Haecke1 1887 sensu Moore 1972 
SPECIES Ca1ocyc1etta caepa r·loore, 1972 

Ca1ocyc1etta costata Riedel, 1957 
Ca1ocyc1etta robusta ~loore, 1971 
Ca 1 ocyc 1 etta serrata 11oore, 1972 
Ca1ocyc1etta virginis (Haecke1), 1887 

GENUS Lamprocyc1as Haecke1 1881 
SPECIES Lamprocyc1as marita1is Haecke1 group, 1887 

GENUS Lamprocyrtis Kling 1973 
SPECIES Lamprocyrtis (?) hannai (Campbell and Clark), 1944 

GENUS Pterocorys Haecke1 1881 
SPECI ES Pterocorys cf. zanc 1 eus (r·1Ul1 er), 1858 

GENUS Theocorythium Haecke1 1887 
SPECIES Theocorythium vetu1um Nigrini, 1971 

GENUS Theocyrtis Haecke1 1887 
SPECIES Theocyrtis annosa (Riedel), 1959 
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14. FAMILY Artostrobiidae Riedel 1967a, emend. Foreman 1973 

GENUS Botryostrobus Haecke1 1887, emend. Nigrini 1977 
SPECIES Botryostrobus agui10naris (Bailey), 1856 

Botryostrobus bram1ettei (Campbell and Clark), 1944 
Botryostrobus mira1estensis (Campbell and Clark), 1944 

GENUS Phormostichoartus Campbell 1951, emend. Nigrini 1977 
SPECIES Phormostichoartus corbu1a (Harting), 1863 

Phormostichoartus do1io1um (Riedel and Sanfilippo), 1971 
Phormostichoartus fistula Nigrini, 1977 
Phormostichoartus mary1andicus (~1artin), 1904 

GENUS Siphocampe Haecke1 1881, emend. Nigrini 1977 
SPECIES Siphocampe arachnea (Ehrenberg) group, 1861 

Siphocampe 1ineata (Ehrenberg) group, 1838 
Siphocampe nodosaria (Haecke1), 1887 

GENUS Siphostichartus Nigrini 1977 
SPECIES Siphostichartus corona (Haecke1), 1887 

Siphostichartus praecorona Nigrini, 1977 

GENUS Spirocyrtis Haecke1 1881, emend. Nigrini 1977 
SPECIES Spirocyrtis gyrosca1aris Nigrini, 1977 

Spirocyrtis subsca1aris Nigrini, 1977 
Spirocyrtis subti1is Petrushevskaya, 1972* 

15. FAmLY Cannobotryidae Haecke1 1881, emend. Riedel 1967b 

GENUS Acrobotrys Haecke1 1881 
SPECIES Acrobotrys tritubus Riedel, 1957 

GENUS Centrobotrys Petrushevskaya 1965 
SPECIES Centrobotrys petrushevskayae Sanfilippo and Riedel, 1973 

* in Petrushevskaya and Koz1ova, 1972 
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DESCRIPTION AND STRATIGRAPHIC RANGE OF SPECIES 





SUBORDER Spume11aria Ehrenberg 1875 





Acrosphaera murrayana (Haeckel) 
Sl 

ChoenicosphaeramutlrayanaHaeckel, 1887, p. 102, pl. 8, fig. 4 

Polysolenia murrayana (Haeckel) Nigrini, 1968, p. 52, pl. 1, figs. 
la,b (with synonymy); Nigrini and Moore, 1979, p. S17, pl. 2, 
figs. 4a,b 

Acrosphaera murrayana (Haecke 1) Stre 1 kov and Reshetnj ak, 1971, 
p. 347, fig. 25 

DESCRIPTION 

"Shell thin-Vlalled, smooth, usually spherical but sometimes ellip
soidal, Vlith numerous irregularly scattered, subcircular pores of variable 
size, their diameter up to 1/6 of shell diameter. Seven to ten pores on 
a half-equator. Most pores bear a corona of 2-6 (usually 3) short, 
pointed spines. No spines bebleen pores." (from Nigrini, 1968) 

DINENSIONS 

Based on 20 specimens. "Diameter of shell 127-184~. Length of spines 
up to 22~." (from Nigrini, 1968) 

DISTINGUISHING CHARACTERS 

Almost every pore bears a corona of spines of similar length. 

REt·1ARKS 

1. Benson's (1966) description and dimensions of this species 
(Choenicosphaera murrayana Haeckel in Benson, p. 120) a\'e consistent vlith 
the above. 

2. For further taxonomic discussion see Gall, 1980a. 

Plate 1, figs, la,b 



S2 

Acrosphaera murrayana (Haeckel) 

DISTRIBUTION 

CENOP: 
in the 
in the 

Present throughout the tropical Hiocene sections examined; rare 
Early ~liocene, increasingly abundant in younger samples; common 
Late t~iocene. Absent or rare in temperate latitude material. 

See Nigrini and ~1oore (1979, p. S18) for Recent distribution. 



Acrosphaera spp. 
S3 

DESCRIPTION 

For counting purposes in the CENOP project, this species group 
includes all externally spiny collosphaerids except Acrosphaera murrayana 
(Haeckel). 

REMARKS 

1. Bj¢rklund and Goll (1979) have published a detailed evolutionary 
study concerning species of this general form. 

2. See also Goll (1980a) for further taxonomic notes. 

Plate 1, figs. 2a-c 



S4 

Acrosphaera spp. 

DISTRIBUTION 

CENOP: Present throughout the Miocene sections examined from both 
tropical and temperate latitudes; rare in the Early Miocene, common in 
the Middle Miocene and abundant in the Late Miocene. 



Disolenia spp. 

DESCRIPTION 

For counting purposes in the CENOP project, this species group 
includes all collosphaerids (i.e., species of Disolenia as well as 
So 1 enosphaera omn itubus omnitubus and ~. omnitubus procera) havi ng 
external pored tubules. 

REMARKS 

S5 

1. Bj¢rklund and Goll (1979) use the generic name Trisolenia for 
forms of this general type because the type species of Trisolenia (T. 
megalactis Ehrenberg 1860) "was described and illustrated hy Ehrenberg 
(1872a,1873) and has been recognized in the fossil record." Although we 
sympathize with their desire to use a generic name having a good type 
species, the ICZN demands that strict rules of priority be followed. 
Disolenia is the senior synonym for species of collosphaerids with 
fenestrate external tubules and only the International Commission on 
Zoological Nomenclature can deviate from the application of the rules of 
priority. 

Plate 1, figs. 3a,b 



S6 

Disolenia spp. 

DISTRIBUTION 

CENOP: Common to abundant throughout the 1"1i ocene sections examined and 
rare in one temperate latitude site (DSDP Site 310). 



Solenosphaera omnitubus omnitubus Riedel and Sanfilippo 
S7 

Solenosphaera omnitubus Riedel and Sanfilippo, 1971, p. 1586, pl. lA, 
fig. 24; pl. 4, figs. 1,2 (non pl. lA, fig. 23) 

DESCRIPTION 

"Shell small, approximately spheri cal, with 4 to 8 short, truncate, 
cylindrical tubes without differentiated termination, which occupy most 
of the surface of the sphere. Pores small, subcircular, not very variable 
in size, similar on the tubes and the sphere." (from Riedel and 
Sanfilippo, 1971) 

DIMENSIONS 

Based on 30 specimens. "Overall diameter (including tubes) 70 to 
12011." (from Riedel and Sanfilippo, 1971) 

DISTINGUISHING CHARACTERS 

Riedel and Sanfilippo (1978) treated this subspecies and S. omnitubus 
procera together under the specific name and characterized them as having 
"Short or long tubes, closely spaced, occupying almost the entire 
spherical shell." 

According to Riedel and Sanfilippo (1971), S. omnitubus omnitubus 
"differs from other members of the genus in the small number of tubes 
which occupy a very large proportion of the surface of the sphere." 

According to Sanfilippo and Riedel (1974), the nominate subspecies 
includes only specimens "in which the tubular prolongations are as short 
as, or shorter than, those in the fonns" illustrated by them in 1971 
excluding fig. 23. 

RH1ARKS 

1. In the CENOP project counts this subspecies was included in the 
Disolenia spp. category. 

Plate 1, fig. 4 



S8 

Solenosphaera omnitubus omnitubus Riedel and Sanfilippo 

DISTRIBUTION 

In the CENOP project counts, both subspecies of this species were 
included in the Disolenia spp. counting group. 

Riedel and Sanfilippo (1978) combined this subspecies with S. 
omnitubus rocera and show it to range from the Late Miocene (Did~mOCyrtis 
penultima Zone to the lowermost Pliocene (Spongaster pentas Zone. 

Theyer et al. (1978) date the first occurrence of S. omnitubus at 
6.6 Ma. --

Theyer et al. (1978) date the last occurrence of S. omnitubus at 
4.6 Na. --

NOTE: Theyer et al. (1978) erroneously used a feminine ending (omnituba) 
for this subspecies. 
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Solenosphaera omnitubus procera Sanfilippo and Riedel 

Solenosphaera omnitubus procera Sanfilippo and Riedel, 1974, p. 1024, 
pl. 1, figs. 2-5 

DESCRIPTION 

"This subspecies comprises specimens with three to six tubular pro
longations, longer than those of the nominate subspecies, and no spherical 
central shell." (from Sanfilippo and Riedel, 1974) 

DIMENSIONS 

Based on 10 specimens. "r~aximum di ameter, to ends of tubes 55-105~." 
(from Sanfilippo and Riedel, 1974) 

DISTINGUISHING CHARACTERS 

See Distinguishing Characters for S. omnitubus omnitubus and descrip
tion above. 

REMARKS 

1. In the CENOP project counts this subspecies \'las included in the 
Disolenia spp. category. 

Plate 1, figs. 5a-c 
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Solenosphaera omnitubus procera Sanfilippo and Riedel 

DISTRIBUTION 

See Distribution for Solenosphaera omnitubus omnitubus. 



FAMILY Actinommidae Haeckel 1862, emend. Sanfilippo and Riedel 1980 

GENUS Actinomma Haeckel 1860, emend. Nigrini 1967, 
emend. Bjorklund 1977 

Nigrini and Moore (1979) used Bjorklund's (1977) synonymy and 
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emended definition of the genus Actinomma in which he synonymizes Actinomma 
with Echinomma, Cromyonma and Crom echinus. Boltovskoy and Riedel (1980 
and personal communication, 1982 question the validity of this synonymy 
saying that "just because spine lengths vary in some species does not mean 
that they vary in the type species of Echinomma (E. echinidium Haeckel 1887, 
p.257). Before synonymizing these genera, an attempt should be made to 
see what happens in that type species." Such an attempt would, however, 
be difficult in that the type species was not illustrated by Haeckel and 
there is insufficient type material (Challenger Stn. 295) for analysis 
(J.D.H. Wiseman, British Museum of Natural History, personal communication, 
1963). Material from a nearby location could, of course, be examined. 
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Actinomma spp. 
S13 

DESCRIPTION 

Shell composed of 3, possibly 4, concentric lattice shells. Medul
lary shells are spherical to sub-spherical. Cortical shell spherical, 
but in some specimens is dented or dimpled where connector beams attach; 
9-12 pores on a half-equator. Medullary and cortical shells are joined 
by 7 - 12 connector beams whi ch do not pi erce the outermost shell. 
However, small conical or tabular accessory spines may be observed on the 
outer surface of the cortical shell. Pores are characteristically regular 
in size, shape and arrangement (from Lombari, unpublished data) 

DIMENSIONS 

Based on 20 specimens. Diameter of inner medullary shell 13-20~; of 
outer medullary 30-45~; of cortical shell 86-126~. (from Lombari, un
published data) 

DISTINGUISHING CHARACTERS 

Regularity of pores, presence of more than 6 connector beams which 
do not pierce the cortical shell and number of concentric shells (3, 
possibly 4). 

REMARKS 

1. The forms included herein conform fairly well to the emended 
definition of Actinomma (Nigrini, 1967, p. 26) and are, therefore, 
assigned to that genus as a matter of convenience. However, they do not 
appear to be particularly closely related to the type species of that 
genus (A. trinacrium Haeckel, 1862, pl. 24, figs. 6-8). 

Placement of this species group in the Haeckelian system is con
strained by the emphasis placed by Haeckel on the number of concentric 
spheres involved. One might question this concept, as well as Haeckel's 
abil ity to discern the number of spheres present. Apart from the number 
of concentric shells involved, this species group resembles some fonns 
assigned by Haeckel to the genus Haliomma (e.g. Haliomma casteana Heackel, 
1862, pl. 24, fig. 4). Unfortunately there has been no type species desig
nated for Haliomma (cf. Foreman and Riedel, in press). 

2. Included in the C[NOP project counts of this species group are 
forms previously described by Boltovskoy and Riedel (1980) as Thecosphaera 
inermis (Haeckel) and Actinomma sol Cleve and by Bj¢rklund (1976) as 
Acti nomma sp. ~ 

Plate 2, figs. la-d 
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Actinomma spp. 

DISTRI BUTION 

CENOP: Present throughout the Miocene sections examined from both 
tropical and temperate latitudes. t·lore common in temperate than in 
tropical latitudes. 
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? Cenosphaera cristata Haeckel 

Cenosphaera cristata Haeckel, 1887, p. 66; Riedel, 1958, p. 223, pl. 
1, fi gs. 1, 2 

Cenosphaera cristata Haeckel?, Nigrini and Moore, 1979, p. 541, pl. 
4, figs. 2a,b 

DESCRIPTION 

"Spherical shell thick-walled, thorny. Pores subcircular or circular, 
variable in size, 10-24 on the half-equator, as wide to five times as 
wi de as the i nterveni ng ba rs. Pores surrounded by ra i sed polygonal frames 
bearing short thorns at the corners--in rare specimens the polygonal frames 
are absent but the thorns present ... a large number of species of 
Cenosphaera have been described, in many instances inadequately, from both 
high and low latitudes, and the pattern of distribution of members of this 
group cannot be determined until the relationships between the various 
species are more satisfactorily understood." (from Riedel, 1958) 

See also Petrushevskaya (1967) for further discussion of specific 
vari abil ity. 

DH1ENSIONS 

Based on 32 specimens. "Diameter of shell 115-23011." (from Riedel, 
1958 ) 

DISTINGUISHING CHARACTERS 

Large, thorny, single spherical shell wi th pores of irregular size and 
shape. 

REf~ARKS 

1. For a more complete synonymy see Petrushevskaya (1975). \ve have 
some reservations concerning her inclusion of ~. hispida Carnevale in the 
synon~ny. Note that her reference to Cenosphaera sp. Petrushevskaya, 
1967, should read "1967, pI. 7, fig. 5." 

2. In the CENOP project counts of North Pacifi c sampl es vie observed 
specimens having the "internal microspheres" noted by Petrushevskaya 
(1975). These forms have a less smooth cortical shell and are generally 
larger than forms without "internal microspheres". They were not present 
in our tropical material and have not been included in any of our counting. 

Plate 2, fig. 2 
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? Cenosphaera cristata Haeckel 

DISTRIBUTION 

CENOP: Present throughout the temperate r~iocene sections examined; rare 
in the Early Hi ocene, common in the Late t·li ocene of DSDP Site 173. 

See Nigrini and Moore (1979, p. S42) for Recent distribution. 



Hexastylus spp. S17 

DESCRI PTI ON 

Single, smooth, spherical shell with six mutually perpendicular 
three-bladed spines arising from the cortical shell. Spines of approxi
matelyequal length. Pores regular, circular to subcircular, 8-12 on a 
half-equator. (from Lombari, unpublished data) 

DIMENSIONS 

Based on 20 specimens. Diameter of cortical shell 112-l65~; length 
of spines 35-50~. (from Lombari, unpublished data) 

Plate 3, figs. la-c 
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Hexastylus spp. 

DISTRIBUTION 

CENOP: Present throughout the /·liocene sections examined from both tropical 
and temperate latitudes, except for the Early ~liocene of DSDP Site 289 
where it is absent. 



Hexacontium spp. S19 

DESCRIPTION 

Shell consists of 3, possibly 4, concentric lattice spheres. Two 
(spherical to polygonal) medullary shells, with numerous small pores. 
Cortical shell usually robust with circular to subcircular pores, 9-11 on 
a half~equator. Six tribladed spines connect all shells and pierce the 
cortical shell. These spines are perpendicularly disposed on three axes. 
Occasionally a seventh spines is present. (from Lombari, unpublished 
data) 

DH1ENSIONS 

Based on 20 specimens. Diameter of inner medullary shell 18-24~; 
of outer medullary 35-51~; of cortical shell 89-145~. (from Lombari, 
unpublished data) 

REMARKS 

1. The ~1iocene specimens counted in this species group are generally 
larger than H. enthacanthum (Nigrini and Moore, 1979, p. S45). However, 
in the Late Miocene smaller specimens which strongly resemble H. enthacan
thum can be found. Hexacontium spp. has larger pores than H. Taevigatum 
(Nigrini and Moore, 1979, p. S47). -

Plate 3, figs. 2a-d 
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Hexacontium spp. 

DISTRIBUTION 

CENOP: Present throughout the ~Ii ocene secti ons exami ned from both tropi ca 1 
and temperate latitudes, except for the Early Miocene of DSDP Site 289 
where it is absent. 



S21 
STYLOSPHAERIDS 

There are a number of described genera having the follo\'ling general
ized definition: Up to four concentric lattice shells, either ellipsoidal 
or sphericaL The shells may be thought of as two medullary shells, an 
inner and an outer (which may be pear-shaped) and two cortical shells 
(the outer of whi ch is common ly mi ss i ng) , The shells are connected by 
radi a 1 beams ~Ihi ch may be arranged ina set pattern or may be randomly 
placed, There are two opposite polar spines which maybe 3-bladed or 
cylindrical, similar or dissimilar, of equal or unequal length, The 
cortical shell is perforated by some number of similar or dissimilar pores 
and may be smooth or thorny, 

Obviously, all these forms should, at least, be in the same family. 
Petrushevskaya (1975) places them in her definition of the Family 
Haliommidae, Riedel (1967b) places them in his definition of the Family 
Actinommidae. t-Je have chosen to follow Riedel's family level taxonomy 
herein. 

To accommodate species of this general form Haeckel (1887) lists a 
number of genera and subgenera in three different famil ies. However, 
since his generic taxonomy is geometrical in nature, it is too precise 
to allow for the kinds of specific and generic variations usually accepted 
by modern radiolarian workers. Petrushevskaya (1975) combined many of 
Haeckel 's genera into three genera, i.e. Stylosphaera, Amphisphaera, and 
Axoprunum. vJhile this taxonomic simplification has many advantages, it 
has the disadvantage that her generic definitions do not always conform 
with the ill ustrati ons of the type speci es of the genus. To verify her 
lengthy synonymies it would be necessary to examine the type species of 
all subjective synonyms. 

A complete taxonomic revision of these forms is apparently needed, 
but in the absence of such a study and considering the artifical nature 
of Haeckel's original classification, it would seem advisable to select 
a few workable genera from Haeckel and to allow the others to fall into 
disuse. The more promising "workable" genera are: 

Stylosphaera Ehrenberg 1847 

Type species ~ Stylosphaera hispida Ehrenberg, 1854 b, pl. 36, fig. 
26, C right 

Amphisphaera Haeckel 1881 

Type species ~ Amphisphaera neptunus Haeckel, 1887, p. 142 
According to Haeckel this species is similar to 
Stylatractus neptunus Haeckel, 1887, pl. 17, fig. 
6, but differs in the purely spherical form of the 
three concentric shells and the regular form of 
the network and of the polar spines. 

Axoprunum Haeckel 1887 

Type species ~ Axoprunum stauraxonium Haeckel 1887, p. 298. pl. 48, 
fig. 4 
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STYLOSPHAERIDS 

? Druppatractus Haeckel 1887 

Type species ~ Druppatractus hippocampus Haecke1 1887, p. 324, 
pl. 16, figs. 10-11 

Sty1atractus Haeckel 1887 

Type species ~ Sty1atractus neptunus Haecke1 1887, p. 328, pl. 17, 
fi g. 6 

Another genus \'Ihi ch mi ght prove to be useful is 

Cromxdruppocarpus Campbell and Clark 1944 

Type species ~ Cromydruppocarpus esterae Campbell and Clark 1944, 
p. 20, pl. 2, figs. 26-28 



Druppatractus acguilonius Hays 

Druppatractus acguilonius Hays, 1970, p. 214, pl. 1, figs. 4,5; 
Ling, 1975, p. 717, pl. 1, figs. 17,18 

Stylacontarium acguilonium (Hays) Kling, 1973, p. 634, pl. 1, 
figs. 17-20, pl. 14, figs. 1-4; Ling, 1973, p. 777, pl. 1, 
figs. 6, 7 

DESCRIPTION 
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"Corti ca 1 shell, ell i psoi da 1, usua lly thi ck-wa 11 ed, but showi ng con
siderable variation in thickness, pores evenly spaced, circular to oval, 
with raised hexagonal borders, 6-7 across minor axis, short thorn-like 
projections arising from nodes. In some thick-walled individuals, the 
distal ends of these projections are connected. Shell bears two polar 
spines unequal in length, circular in cross section, distally sharpened, 
weakly three-bladed at base. Medullary shell single, ellipsoidal, composed 
of loose meshwork, pores large, irregular in shape, supported by 8-10 stout 
beams, 6-8 approximately in the equatorial plane, two along main axis 
being internal extensions of polar spines." (from Hays, 1970) 

DIMENSIONS 

Based on 25 specimens. "Length of major axis cortical shell 164-185, 
width 132-162, pore diameter 6-21 (usually about 17), thickness 10-29, 
median 21, length of polar spines 35-79. Length of medullary shell 47-57, 
width 44-47." (from Hays, 1970). Measurements are in microns. 

RH1ARKS 

1. As suggested by Ling (1975) ~Ie prefer to retain Hays' original 
generic assignment until the Stylosphaerids as a group have been studied 
thoroughly. 

2. Petrushevskaya (1975, p. 570) placed this genus in synonymy 
with Amphisphaera Haeckel emend. 

3. According to Robertson (1975) heavy shelled specimens of 
Axoprunum stauraxonium (see Nigrini and Moore, 1979, p. S57) are similar 
to D. ac uilonius, but A. stauraxonium is smaller in size « 165~ along 
the- -

4. According to Reynolds (1980, as Stylacontarium ?cgujlonium), this 
species evolved from ~. sp. cf. ~. acguilonium (- ~. sp. aff. ~. 
bispiculium of Kling, 1973, p. 634) at or near the Miocene/Pliocene 
boundary. 

Pl ate 4, figs. la,b 
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Druppatractus acquilonius Hays 

DISTRIBUTION 

"Druppatractus acguilonius becomes extinct at about 310,000 years 
B.P .... During its range it is most abundant beneath the subarctic 
water mass where it represents 2 to 5 percent of the radiolarian assem
blage. It is apparently restricted to the North Pacific for it has not 
been seen in either the Antarctic or the equatorial Pacific." (from 
Hays, 1970) 

See range chart for DSDP Site 173 in Kling (1973, as Stylacontarium 
acguiloni um ). 

Accordi ng to Reynolds (1980, as Styl acontari um acguil oni um), thi s 
speci es ranges from the Mi ocene/Pfi ocene boundary to· just above the base 
of the Botryostrobus aquilonaris Zone (Quaternary). 



Stylatractus spp. 

? Stylatractus neptunus Haeckel, 1887, p. 328, pl. 17, fig. 6; 
Riede 1, 1958, p. 226 , pl. 1, fi g. 9 
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? Stylatractus sp. Petrushevskaya, 1967, p. 27, fig. 15, I-IV 

Stylatractus spp., Nigrini and ~loore, 1979, p. S55, pl. 7, figs. la,b 

DEseRI PTION 

"Shell ellipsoidal, consisting of three concentric lattice shells and 
tl'iO unequal polar spines. Innermost shell spherical or subspherical, 
thin-walled, with numerous circular or subcircular pores, joined to the 
second shell by few radial beams. Second lattice-shell somewhat ellip
soidal, usually thick-walled, with large subcircular or angular pores, 
joined to the outermost lattice-shell by numerous radial beams. Outer
most lattice shell ellipsoidal, thick-walled, thorny, with irregular 
pores (7-16 on a half equator) which are large when a few in number, and 
are in many specimens subdivided by centripetal ingrowths from the pore
walls to form numerous smaller pores. Polar spines heavy, usually 
cylindro-conical and fluted at the base, rarely weakly three-bladed." 
(from Riedel, 1958) 

D It1ENS IONS 

Based on 21 specimens. "~lajor diameter of outermost 1 atti ce-shell 
130-150p, its minor diameter 115-140p. Major diameter of second lattice
shell 75-85p, of innermost lattice-shell 30-40p. Length of longer polar 
spine 55-95p, of shorter polar spine 30-75)1." (from Riedel, 1958) 

Plate 4, figs. 2a-b 
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Stylatractus spp. 

DISTRIBUTION 

CENOP: Present throughout the ~1iocene sections examined from both 
tropical and temperate latitudes, except for the Early t~iocene of DSDP 
Site 289 where it is absent. More abundant in temperate than in tropical 
latitudes. 

See Nigrini and ~loore (1979, p. S56) for Recent distribution. 
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The Stylatractus universus - Axoprunum angelinum Problem 

Hays (1965 and 1970) described a common and useful species of Radio
laria which he called Stylatractus universus. He apparently chose the 
generic name Stylatractus because his species conforms to Haeckel's 
written definition of the genus. However, "universus" does not appear to 
be particularly closely related to the type species of St¥l~tractus 
(S. neptunus Haeckel, 1887, p. 328, pl. 17, fig. 6). Notlclng this, 
Kling (1973) thought that "universus" looked rather more closely related 
to the type species ofAxoprunum (Axo runum stauraxonium Haeckel 1887, 
pl. 48, fig. 4). Furthermore, he was and is, personal communication, 1980) 
convinced that "universus" is conspecific with Stylosphaera angelina 
Campbell and Clark, 1944, p. 12, pl. 1, figs. 14-20. Hence, he used the 
name Axoprunum angelinum for the species described by Hays in 1965 and 1970. 
In many subsequent publications both Axoprunum angelinum and Stylatractus 
universus have been used for what appears to be the same species. 

Chen (1975b, p. 453) transferred Campbell and Clark's Stylosphaera 
angelina and one illustration ofAxoprunum angelinum from Kling (1973, 
pl. 6, fig. 18) to the genus Amphistylus Haeckel 1881 (p. 452). Chen 
chose the genus Amphistylus because his specimens from "antarctic sediments 
have three concentri c shells and polar spi nes of unequa 1 1 ength. " Further
more, Chen does not think that these forms are conspecific with 
Stylatractus universus because they have "conical spines which are not 
extensions of radial spines, and have a more spherical cortical shell." 

Petrushevskaya (1975) included both S. universus 
the synonymy of Stylosphaera hispida Ehrenberg group. 
type species of Stylosphaera. 

and A. angelinum in 
~. hispida is the 

In reviewing this taxonomic problem, we have examined the illustrations 
of type species of various genera, and have come to the following con
clusions: 

GENERIC LEVEL 

1. Petrushevskaya (1975) states in her emended definition of Stylosphaera 
that there are 14-20 pores on a half equator of the cortical shell. The 
type specimen, illustrated by Ehrenberg, has only 11 pores on a half 
equator. The type specimen also shows polar spines of very different 
1 engths Ivhereas the pol ar spi nes of "uni versus/angel i num" are approximately 
equal in length. "universus/angelinum" is not, therefore, conspecific with 
Stylosphaera hispida, as suggested by Petrushevskaya (1975), nor is it 
sufficiently closely related to that species to be placed in the genus 
Stylosphaera. 

2. "uni versus/ange 1 i num" does not appear to be closely re 1 a ted to the 
type species of Stylatractus and hence should not be placed in the genus 
Stylatractus, as suggested by Hays (1965 and 1970). 

3. "universus/angelinum" does not appear to be closely related to the type 
species of Axoprunum, as suggested by Kling (1973), and hence cannot be 
placed in the genus Axoprunum. The illustration and description of 
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The Stylatractus universus - Axoprunum angelinum Problem 

A. stauraxonium Haeckel (the type species ofAxoprunum) clearly show that 
the radial beams, except for the polar spines, lie in an equatorial plane. 
This is not the case ~Iith "universus/angelinum" in which the radial beams 
are randomly distributed. \~e woul d prefer to reserve the genus Axoprunum 
for species having this unique arrangement of radial beams in an equa
torial plane. 

4. The type species of Amphistylus (fl. clio Haeckel, 1887, p. 145), 
which is not illustrated, is said to have 3-bladed, rather than conical 
polar spines. Haeckel notes that fl. clio is similar to StYlosphaera clio 
(1887, pl. 16, fig. 7). We are uncertain whether or not the shape of the 
polar spines is generically important, but are reluctant to use Chen's 
taxonomy until that diffi culty has been resol ved. 

SPECIFIC LEVEL 

At the specific level, Kling (pers. comm., 1980) and Lombari (herein) 
are convi nced that Stylosphaera angel ina Campbell and Cl ark and Styl a tractus 
universus Hays are conspecific. Chen (1975b) believes that one of his 
Antarctic forms and S. angelina are conspecific, but that S. universus is a 
different species. It is not known whether or not Chen has examined 
Campbell and Clark's topotypic material, but Kling has examined their 
sample A3464 (at least). 

Obviously there can be no correct or satisfactory answer to this 
problem either at the generic or specific level without a detailed study 
encompassing samples from all latitudes and over a range of stratigraphic 
horizons. vie have concluded, therefore, to maintain the status .9.l!.Q. by 
retaining Hays' well-described species known as Stylatractus universus, 
but placing the name in quotation marks to signify our uncertainty re
garding its taxonomic position. 

We suspect that universus is equivalent to angelina (sensu Campbell 
and Clark), but do not want to formally equate the species without a 
thorough study of fornls of this general type over a wide latitudinal and 
stratigraphic span. 



"Stylatractus universus" Hays 

Stylatractus sp. Hays, 1965, p. 167, pl. 1, fig. 6 

Stylatractus universus Hays, 1970, p. 215, pl. 1, figs. 1,2 

DESCRIPTION 
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"Skeleton consists of 1 cortical and 2 medullary shells, medullary 
shells spherical cortical shell prolate. Innermost shell thin-\oJalled 
pores circular with hexagonal borders. Second shell thin-walled pores 
regular to irregular in size and shape. Cortical shell \'Iall very thick. 
Pores circular to oval, 11-14 across equatorial diameter, surface varying 
from smooth to rough. t1edu 11 ary shells connected to corti ca 1 she 11 by 
numerous stout radial beams, two lying along the major axis project 
through cortical shell as stout polar spines; other beams radiate out 
in all directions from bases attached to inner medullary shell. Some 
beams penetrate through cortical shell and form short primary spines. 
Shell bears two large nearly equal polar spines as 10n9 to half as long 
as major axis of cortical shell." (from Hays, 1965; repeated in Hays, 
1970) 

DUIENSIONS 

"Di ameter of innermost shell 15-20, of 2nd she 11 40-50, of corti ca 1 
shell (minor axis) 106-115 (major axis) 109-123, length of spines 
40-120." (from Hays, 1965; repeated in Hays, 1970) Measurements are in 
microns. 

Plate 4, fig. 3 
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"Stylatractus universus" Hays 

DI STRI BUTION 

CENOP: Present throughout the Miocene sections examined from both tropical 
and temperate latitudes, except for the Early t~iocene of DSDP Site 289 
where it is absent. 

"Stylatractus universus n. sp., VJhich represents about one percent of 
the North Pacific radiolarian fauna during its range, was first described 
from Antarctic sediments (Hays, 1965). Its upper limit is used in the 
Antarctic to mark the boundary between the ~ and n zones. The age of this 
boundary is estimated to be 400,000 years B.P .... In the North Pacific 
... the mean age of the upper limit of this species is about 400,000 
years B.P .... in four equatorial Pacific cores ... an average age 
for its disappearance [is estimated to be] 341,000 years B.P." (from 
Hays, 1970) 

See a 1978 paper by t·1orley, J. and Shackleton, N. entitled "Extension 
of the radiolarian Stylatractus universus as a biostratigraphic datum to 
the Atlantic Ocean, published in Geology, v. 6, p. 309. 



Stylosphaera spp. 
S31 

DESCRI PTION 

For counting purposes in the CENOP project, this species group 
includes all stylosphaerids having two subspherical lattice shells I'lith 
deep set subcircular pores on the cortical shell. Polar spines are 
cylindrical and approximately equal in length. There are no accessory 
spines. Specimens of Druppatractus acguilonius Hays were not included. 

Plate 4, figs. 4a,b 
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Stylosphaera spp. 

DISTRIBUTION 

CENOP: Present throughout the t·1iocene sections examined from both 
tropical and temperate latitudes, except for the Early ~liocene of DSDP Site 
289 where it is absent. ~1ore abundant in temperate than in tropical 
1 atitudes. 



Spongurus (?) sp. A S33 

Spongurus (?) sp. Petrushevskaya, 1967, p. 33, fig. 16, III; fig. 26, 
I; Ling et al., 1971, p. 711, pl. 1, fig. 6; Nigrini and Moore, 
1979, p.S-6?-;- pl. 8, fig. 4 

DESCRIPTIDN 

"She 11 s some\'lhat different from Spongurus pyl oma ti cus often encountered 
in same samples. These shells ellipsoidal and not cylindrical. Spongy 
tissue far looser and spaces far larger; in optical section their spiral 
arrangement can be seen. Specimens with developed mantle and pylome could 
not be detected. . . 

"Spongurus (?) sp. outwardly similar to early stages of ~. pylomaticus 
and at first glance differs only by spindle shape of shell. However, these 
species are essentially different in the structure of the spongy tissue." 
(from Petrushevskaya, 1967) 

"This ellipsoidal, spiral spongy shell has been reported from the 
Antarctic by PETRUSHEVSKAYA (1967). Although the generic diagnosis given 
by HAECKEL (1862) for Spongurus does not encompass such forms with a spi ra 1 
structure, we believe it seems the best to be considered here within the 
present classification scheme." (from Ling et ~., 1971) 

DmENSIONS 

"Length 110-130)1, width 65-80)1." (from Ling et ~., 1971) 

"Length, 107 ± 7).1; \'Iidth, 68 ± 3)1; based on measurements of 11 speci
mens. " (from Sachs, 1973) 

DISTINGUISHING CHARACTERS 

Ellipsoidal shell having an irregular outline, composed of a loose, 
spongy, spiral* meshwork. 

RH1ARKS 

1. Benson ( 1966 and 1983 ) believes that this species has an 
internal structure of trizonal shells and therefore belongs in the genus 
Lithelius. We have examined a number of specimens, but were unable to 
ascertain for ourselves whether the internal structure is trizonal or con
centric. We prefer, therefore, to leave this species in the genus 
Spongurus for the time bei ng, but acknowl edge that Benson may we 11 be 
correct in his determination. 

2. For further illustrations of this species see Spongurus (?) sp. 
in Molinza-Cruz (1977, pl. 1, fig. 2) and in Kling (1977, pl. 2, fig. 3). 

* But See Remarks 1 for this species. 
Plate 5, figs. la,b 
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Spongurus (?) sp. A 

DISTRIBUTION 

CENOP: Absent or rare in all the Early Niocene sections examined from 
both tropical and temperate latitudes. Common in Late t~iocene sections, 
except in DSDP Site 289 where it is rare. 

See i'ligrini and ~1oore (1979, Spongurus (?) sp., p. S68) for Recent 
di stri buti on. 



Spongurus (?) sp. B S35 

DESCRIPTION 

Ellipsoidal shell composed of a thorny, spongy, finely pored meshwork 
approximately 1.5 times as long as it is broad. Internally, there are 
closely spaced (O.5-2.5~ apart) concentric ellipsoids which appear as con
centric rings; distance between ellipsoids increases towards perihpery. 
Complete specimens may possess a poorly developed pylome. (from Lombari, 
unpublished data) 

DIMENSIONS 

Based on 15 specimens. Length of complete specimens 202-233~; width 
of complete specimens 136-157~. Specimens are usually incomplete with 
their length ranging from 126-183~, width from 71-132~. (from Lombari, 
unpublished data) 

DISTINGUISHING CHARACTERS 

Ellipsoidal shell having a regular outline, composed of a compact 
spongy, concentric meshwork. Complete specimens thorny. 

Plate 5, figs. 2a-c 
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Spongurus (?) sp. B 

DISTRIBUTION 

CENOP: Absent or rare in all the Early t1iocene sections examined from 
both tropical and temperate latitudes. Common in Late Miocene sections, 
except in RC12-43l where it is rare and in DSDP Site 310 where it is 
absent. 



S37 
Styptosphaera (?) spumacea Haeckel 

?Styptosphaera spumacea Haeckel, 1887, p. 
pl. 1, figs. 7,8; Nigrini and Noore, 
figs. 6a,b 

87; Nigrini, 1970, p. 167, 
1979, p. S71, pl. 8, 

DESCRIPTION 

"Shell spherical, composed entirely of loose, irregular spongy mesh
work. Pores are subcircular and of varying size. No central cavity or 
radial spines. Surface rough, but without thorns." (from Nigrini, 1970) 

"The appearance is of a densely interwoven meshwork ball, \'iithout 
protruding spines or thorns." (from Sachs, 1973) 

D INENS IONS 

"Based on 20 specimens. Diameter of shell 119-167~." (from Nigrini, 
1970) "Diameter 16M 16~ (based on 15 measurements)." (from Sachs, 1973) 

DISTINGUISHING CHARACTERS 

Densely interwoven meshwork sphere, lacking internal cavity or 
s t ructu re, an d vii thout prot rudi ng s pi nes or thorns. 

RENARKS 

1. "i. spumacea was described, but not illustrated, by Haeckel 
(1887) from "Challenger" station 236 (340 58'N, 139029'E), but no specimen 
of this general form could be found in topotypic material examined by the 
author. Haeckel's unillustrated description appears to fit the form 
found in the North Pacifi c duri ng thi s study. However, the shell di ameter 
gi ven by Haecke 1 is a 1 mos t tvJi ce that of the North Pacifi c specimens whi ch 
are, therefore, only tentatively assigned to i. spumacea." (from Nigrini, 
1970 ) 

2. Forms found in Ni ocene sediments a re genera lly 1 arger in 
diameter (172-263~; average, 207~) than those found in Recent sediments. 

Plate 5, fig. 3 
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Styptosphaera (7) spumacea Haeckel 

DISTRIBUTION 

CENOP: Absent or rare in most Miocene sections examined from both tropical 
and temperate latitudes, except in DSDP Site 173 where it is common in the 
Early Miocene and abundant in the Late Miocene. 

See Nigrini and Moore (1979, p. 572) for Recent distribution. 



Heliodiscus asteriscus Haeckel S39 

Heliodiscus asteriscus Haeckel, 1887, p. 445, pl. 33, fig. 8; Hays, 
1965, p. 171, pl. II, fig. 7; Nigrini, 1967, p. 32, pl. 3, 
figs. la,b; Nigrini and Moore, 1979, p. S73, pl. 9, figs. 1,2 

DESCRIPTION 

"Cortical shell forms a discoidal biconvex lens. Pores circular to 
subci rcular, sometimes hexagonally framed, fai rly regul arly arranged over 
most of the smooth shell surface, but irregular in size, shape, and 
arrangement near the center of the disc; 7 or 8 (sometimes to 10) pores on 
a radi us. 

"Medullary shell spherical to ellipsoidal with a diameter approxi
mately 0.3 that of cortical shell. Pores numerous, small, and irregular. 
Radial beams, 12-16, extend from the medullary shell to the central region 
of the discoidal surface of the cortical shell. Inner medullary shell 
delicate, always held eccentrically within outer one by numerous radial 
beams ... Pores large, subcircular, and irregular. 

"Radial spines 8-12, well developed, straight, 3-bladed near the disc, 
becoming cylindrical distally, placed more or less regularly around the 
margin of the cortical shell. Spines up to 0.5 or 0.75 cortical shell 
diameter; rarely forked. Usually a few short slender marginal by-spines 
present." (from Nigrini, 1967) 

DIMENSIONS 

Based on 20 specimens. "Diameter of cortical shell 136-191p; of outer 
medullary shell 45-63p; of inner medullary shell approximately 9-18p." 
(from Nigrini, 19671 

DISTINGUISHING CHARACTERS 

Cortical shell discoidal, covered 
circular pores, up to 10 on a radius. 
cortical margin. No marginal girdle. 
surface. 

REMARKS 

with fairly regularly arranged sub
Well-developed radial spines on the 
No by-spines on the cortical 

1. Benson's (1966) description and dimensions of this species (p. 200) 
are consistent with the above. 

2. Early Miocene specimens of H. asteriscus have smaller pores than 
Recent ones, commonly possessing 10 pores on a radius of the cortical 
shell. However, the shell measurements fall \~ithin the range of Recent 
specimens. There is a similar form present in the Early Miocene, \~hich 
has 12-14 pores across the cortical shell radius and a hyaline marginal 
girdle from which spines arise. These forms were not included in the CENOP 
counting group. 

Plate 5, fig. 4 
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Heliodiscus asteriscus Haeckel 

Late Miocene specimens resemble Recent forms, having larger pores, 
more commonly 7 on the radius of the cortical shell, and fewer accessory 
spines. 

3. This CENOP counting group may include specimens of H. echiniscus 
Haeckel (see Nigrini, 1967, p. 34, pl. 3, figs. 2a,b). 

DISTRIBUTION 

CENOP: Present throughout the Miocene sections examined from both 
tropical and temperate latitudes. Most abundant in the Late Miocene of 
DSDP Site 289. 

See Nigrini and Moore (1979, p. S74) for Recent distribution. 



S41 Diartus petterssoni (Riedel and Sanfilippo) 

Cannartus (?) petterssoni, conditional 
Riedel and Funnell, 1964, p. 310; 
p. 520, pl. 14, fig. 3 

manus cri pt name proposed in 
Riedel and Sanfilippo, 1970, 

Diartus petterssoni (Riedel and Sanfilippo), Sanfilippo and Riedel, 
1980, p. 1010 

DESCRIPTION 

"Cortical shell rather thick-walled, approximately cylindrical (some
times bulged at the equator), with pronounced protuberances surrounding 
each end of the cortical shell. Pores of the cortical shell circular or 
subcircular, smaller near the equator. Two medullary shells, of which 
the outer is commonly spherical, sometimes lenticular. Very broad spongy 
columns (in some specimens divided into narrow parallel zones) are 
separated from the cortical shell by a narrow clearer zone: the distal 
margin of this clearer zone is commonly at the end of the protuberances." 
(from Riedel and Sanfilippo, 1970) 

DIMENSIONS 

"Length of spongy columns 25 to lOOp (commonly about 50p); their 
median breadth 50 to 85p. Length of cortical shell 80 to lOOp; its 
maximum breadth (including protuberances) 75 to 95p. Breadth of outer 
medullary shell is 25 to 40p." (from Riedel and Sanfilippo, 1970) 

DISTINGUISHING CHARACTERS 

"Corti ca 1 shell approxima te ly cyl i ndri ca 1, with the protuberances 
situated distally. Spongy columns very broad, in some specimens divided 
into narrow parallel zones but not forming discrete caps as in its direct 
evolutionary descendant [Diartus hughesi J." (from Cannartus petterssoni 
in Riedel and Sanfilippo, 1978) 

REMARKS 

1. In counting CENOP material a somewhat more restricted definition 
of this species was used, i.e. the cortical shell must have both (a) 
protuberances at the ends of the cortical shell (only) and (b) an approxi
mately cylindrical shape (sometimes bulged at the equator). Forms that 
are transitional with D. laticonus and have protuberances at the ends of 
the cortical shell, but do not have a cylindrical shape, are included in 
D. laticonus (see Moore, 1973 a). 

2. For further taxonomic discussion see Sanfilippo and Riedel (1980). 

Plate 6, fig. 1 
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Diartus petterssoni (Riedel and Sanfilippo) 

DISTRI BUTION 

CENOP: Common to abundant in the late I~iddle I~iocene sections examined 
from tropi ca 1 1 a titudes and common in one 1 ate Mi ddl e ~1i ocene temperate 
latitude site (DSDP Site 310). 

Riedel and Sanfilippo (1978, Cannartus petterssoni) use the first 
occurrence of this species to define the lower limit of the Diartus 
petterssoni Zone. The upper limit of the zone is defined by the evolu
tionary transition from Q. petterssoni to Q. hughesi. ~1iddle to Late 
Miocene. 

Reynolds' (1980, p. 747) Lithopera bacca Zone in the western North 
Pacific is roughly equivalent to the Q. petterssoni Zone. 

Theyer et~. (1978, Cannartus petterssoni) date the first occurrence 
of D. petterssoni at 11.8 ~1a, but DSDP Leg 85 results (Nigrini, unpublished 
data) suggest that this age should be 12.2 to 12.5 ~1a. 

Theyer et al. (1978, Cannartus petterssoni) date the last occurrence 
of D. pettersson'-at 9.65 Ma. 



Diartus hughesi (Campbell and Clark) S43 

Ommatocampe hughesi Campbell and Clark, 1944, p. 23, pl. 3, fig. 12 

Ommatartus hughesi (Campbell and Clark), Riedel and Sanfilippo, 
1970, p. 521 

Diartus hughesi (Campbell and Clark), Sanfilippo and Riedel, 1980, 
p. 1010 

DESCRIPTION 

"Shell fairly large, with cylindrical center and five chambers at 
each end; central cortical section short (about 0.2 total length), some
what wider than long, and with very slightly convex sides which are 
parallel, its surface rough but not thorny and with many small, deeply set, 
well-spaced, elliptical pores; peripheral cortical shell with five 
chambers on each opposite, club-shaped pole; these chambers kidney-or 
cap-shaped, fitted against each other with overl apping spine-bearing edges, 
chambers with convex distal ends and concave proximal ones with a sharp 
transverse cross-wall and free ridge, distalmost chamber on each end with 
about a dozen proj ecti ng s pi nes whi ch ari se ins i de on its proxima 1 wa 11 
and extend through chamber and pi erce it; chambers with four to six 
longitudinal rows of elliptical to ovoidal, rarely irregular, well-set 
(not so deep as those of central section), fairly well separated pores 
(these pores larger than those of central section), generally pores sub
uniform in size; framework of peripheral section of wider bars than in 
central section; medullary shell obscured." (from Campbell and Clark, 
1944 ) 

DIMENSIONS 

"Length, total, 280)1, of central section, 48)1; greatest width 
(across peripheral arm), 90)1." (from Campbell and Clark, 1944) 

DISTINGUISHING CHARACTERS 

"The cortical shell is approximately cylindrical and the outer 
medullary shell approximately spherical. The polar caps are multiple." 
(from Ommatartus hughesi in Riedel and Sanfilippo, 1978) 

REr~ARKS 

1. For further taxonomic discussion see Sanfilippo and Riedel (1980). 

Plate 6, fig. 2 
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Diartus hughesi (Campbell and Clark) 

DISTRI BUTION 

CENOP: Common to abundant in the tropical early Late Miocene sections 
examined. Absent from temperate latitude sites. 

Riedel and Sanfilippo (1978, Ommatartus hughesi) define the lower 
limit of the Didymocyrtis antepenultima Zone by the evolutionary bottom 
of Q. hughesi. The upper limit of the zone is defined by the morphotypic 
top of Q. hughesi. Late ~Iiocene. 

Reynolds' (1980, p. 747, Ommatartus hughesi) Diartus hughesi Zone in 
the western North Pacifi cis defined at its base by the evol utionary 
transition from Q. petterssoni to Q. hughesi. The top of the zone is 
defined by the evolutionary transition from Q. laticonus to Q. antepenultima. 

According to Reynolds (1980), "The zone is not reported by Riedel 
and Sanfilippo, because at lower latitudes the transition from [Diartus 
petterssoni] to [Q. hughesi J and [Q. laticonus] to [Q. antepenultima] are 
coeval." 

Theyer et al. (1978, Ommatartus hughesi) date the first occurrence of 
D. hughesi at~ll-:4 ~la. 

Theyer et al. (1978, Ommatartus hughesi) date the last occurrence of 
D. hughesi at-g.Clt4a but DSDP Leg 85 results (Nigrini, unpublished data) 
suggest that this age should be 8.2 Ma. 



Didymocyrtis prismatica (Haeckel) 

Pipettella prismatica Haeckel, 1887, p. 305, pl. 39, fig. 6; 
Riedel, 1959, p. 287, pl. 1, fig. 1 

Pipettella tuba Haeckel, 1887, p. 337, pl. 39, fig. 7 

Cannartus prismaticus (Haeckel), Riedel and Sanfilippo, 1970, 
pl. 15, fig. 1 

Didymocyrtis prismatica (Haeckel), Sanfilippo and Riedel, 1980, 
p. 1010 

DESCRIPTION 

S45 

"Cortical shell ellipsoidal, with the major axis generally 1.1-1.2 
times the length of the minor axis, and with the wall somewhat thicker 
at the equatorial band than at the poles. Pores of the cortical shell 
circular, regularly arranged and usually hexagonally framed, ten to 
fifteen on the half-equator, separated by rather narrow intervening bars. 
Surface of the cortical shell slightly rough. ~ledullary shell almost 
invariably present, spherical or slightly lenticularly compressed, thin
walled and \vith subcircular pores, joined to the cortical shell by an 
equatorial series of trabeculae. Subcylindrical spongy polar columns 
arise rather abruptly from the cortical shell, and have meshes much 
smaller than those of the cortical shell. In some specimens the meshes 
of the polar columns are longitudinally aligned, and four to six longi
tudinal ridges extend along their surface." (from Riedel, 10 50 ) 

DHlENSIONS 

Based on thirty specimens. "~'lajor axis of cortical shell ll5-163w, 
minor axis 108-143w. Diameter of medullary shell 23-38w. Lenath of 
polar columns 50-240w; median breadth 12-35w." (from Riedel, 1959) 

DISTINGUISHING CHARACTERS 

Didymocyrtis prismatica similar to D. tubaria and D. violina and 
other Di dymocyrti s speci es of the upper Oli gocene to lowermost [·li ocene, 
but with the absence of any equatorial constriction, or plicae evident 
on the cortical shell. Similar also to other unnamed Didymocyrtis 
species, especially in subtropical to subpolar latitUdes, but with spongy 
polar columns that are only up to one quarter the width of the cortical 
shell. (Moore, personal communication, 1931) 

REt·1ARKS 

1. For further taxonomic discussion see Riedel (1959) and Sanfilippo 
and Riedel (1930). 

2. See Holdsworth (1975) for a discussion of the development of the 
medullary shell. 

Plate 6, figs. 3a,b 
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Oidymocyrtis prismatica (Haecke1) 

OJ 5TRJ BUTlON 

Oligocene (Theocyrtis tuberosa Zone) to Early Niocene (Ca1ocyc1etta 
costata Zone). 

Theyer et a1. (1978, Cannartus prismaticus) date the last occurrence 
of this species at 16.5 r·\a. 



Didymocyrtis tubaria (Haeckel) S47 

Pipettaria tubaria Haeckel, 1887, pl. 339, pl. 39, fig. 15 

Cannartus tubarius (Haeckel) Riedel, 1959, p. 289, pl. 1, fig. 2 

Didymocyrtis tubaria (Haeckel) Sanfilippo and Riedel, 1980, p. 1010 

DESCRIPTION 

"Cortical shell usually rather thick-walled, ellipsoidal with an 
equatorial constriction, with pores subcircular, irregular in size and 
arrangement, eleven to eighteen on the half-equator. At the equatorial 
constriction the shell wall is puckered to form coarse plicae, which 
Haeckel called "short conical protuberances." At each pole arises a sub
cylindrical spongy column with meshes much smaller than those of the 
cortical shell. Medullary shells two (perhaps only one in some specimens), 
of which the outer is spherical or lenticularly compressed." (from 
Riedel, 1959) 

DIMENSIONS 

"(Basedon thirty specimens.) Length of polar columns 63-12511; median 
breadth 15-3011. Length of cortical shell 108-14511; maximum breadth 
80-12311. Breadth of outer medullary shell 33-4011 ," (from Riedel, 1959) 

DISTINGUISHING CHARACTERS 

"In the region of the indistinct equatorial constriction, the shell 
wall is puckered to form coarse plicae. The spongy polar columns are 
narrow." (from Cannartus tubarius in Riedel and Sanfilipno, 1978) 

RE~1ARKS 

1. For further taxonomic notes see Riedel (1959) and Sanfilippo and 
Riedel (1980) . 

Plate 6, fig. 4 
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Di dymocyrti s tubari a (Haecke 1) 

DISTRIBUTION 

Early Miocene (Stichocorys delmontensis Zone) to lowermost ~1iddle 
~liocene (Dorcadospyris alata Zone). 

Riedel and Sanfilippo (1978, Cannartus tubarius) shO\~ the evolu
tionary transition from this species to Q. violina within the Stichocorys 
\'10 lffi i Zone. 

Theyer et al. (1978, Cannartus tubarius) date the first occurrence 
of D. tubariaat21.l Ma. 

Theyer et al. (1978, Cannartus tubarius) date the last occurrence 
of D. tubariaat--19.7 Ma. 



Didymocyrtis violina (Haeckel) 

Cannartus violina Haeckel, 1887, p. 358, pl. 39, fig. 10; Riedel, 
1959, p. 290, pl. 1, fig. 3 (with synonymy) 

S49 

Didymocyrtis violina (Haeckel), Sanfilippo and Riedel, 1980, p. 1010 

DESCRIPTION 

"Cortical shell ellipsoidal, with an equatorial constriction and with 
pores subcircular or circular, twelve to eighteen on the half-equator. 
On the broader parts of the shell on either side of the equatorial con
striction, the shell wall is somewhat thickened and puckered to form short, 
coarse plicae. At each pole arises a subcylindrical spongy column with 
meshes much smaller than those of the cortical shell. r~edullary shells 
two, of which the inner is spherical and the outer spherical or lenticu
larly compressed. The thickened plicae, which are equatorial in 
[Di dymocyrti s tuba ri a] are situated on the two broad zones of the corti ca 1 
twin-shell of (Didymocyrtis violina)." (from Riedel, 1959) 

DIMENSIONS 

"(Based on seventeen specimens.) Length of polar columns 70-130p; 
median breadth 15-33p. Length of cortical shell 113-143p; maximum 
breadth 85-108p. Breadth of outer medullary shell 33-88p." (from Riedel, 
1959 ) 

DISTINGUISHING CHARACTERS 

"The equatorial constriction is distinct, and on either side of it 
the wall of the broader parts of the cortical shell is somewhat thickened 
and puckered to form short, coarse plicae. The spongy polar columns are 
narrow." (from Cannartus violina in Riedel and Sanfilippo, 1978) 

REMARKS 

1. For further taxonomic discussion see Riedel (1959) and Sanfilippo 
and Riedel (1980). 

2. This counting group includes D. violina Haeckel and a variation 
which is probably Q. bassani (Carnevale) in Sanfilippo et al., 1973, 
p. 216, pl. 1, figs. 1-3. D. bassani is much more elongated than D. 
violina and is covered with-very small accessory spines up to lOp Tn 
length. These accessory spines can also be seen on well-preserved polar 
columns. D. bassani lacks protuberances which are commonly seen on 
D. violina-and "equatorial puckering" is not as well-developed in D. 
bassani. 

Plate 6, fig. 5 
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Di dymocyrt is vi 01 i na (Haecke 1 ) 

DISTRIBUTION 

CENOP: Rar~ or absent in the temperate (DSDP Site 173) Early Miocene 
material examined; common in all tropical Early Miocene material examined. 

Early Miocene (Stichocorys delmontensis Zone) to lowermost Middle 
Miocene (Dorcadospyris alata Zone). 

Riedel and Sanfilippo (1978, Cannartus violina) show the evolutionary 
change from D. tubaria to this species within the Stichocorys wolffii 
Zone. -

Theyer et al. (1978, Cannartu5 violina) date the first occurrence of 
this species at 20.0 Ma. 

Theyer et al. (1978, Cannartus violina) date the last occurrence of 
this species at 14.5 Ma. 

Reynolds (1980, Cannartus violina) defines the Didymocyrtis violina 
Zone in the western North Pacific by the range of D. violina prior to the 
first occurrence of Stichocorys delmontensis. He correlates this zone 
with part of the Cyrtocapse 11 a tetrapera Zone of Ri edel and Sanfil i ppo 
(1978). 



Didymocyrtis mammifera (Haeckel) S51 

Cannartidium mammiferum Haeckel, 1887, p. 375, pl. 39, fig. 16 

Cannartus mammiferus (Haeckel), Riedel, 1959, p. 291, pl. 1, fig. 4 

Cannartus mammifer (Haeckel), Sanfilippo et al., 1973, p. 216, pl. 1, 
fig. 7 ~ ~ 

Di dymocyrti s mammifera (Haecke 1), Sanfil i ppo and Ri ede 1, 1980, p. 1010 

DES CR I PTI ON 

"Cortical shell ellipsoidal, with an equatorial constriction and with 
pores subcircular or circular, twelve to fifteen on the half-equator. On 
the broader parts of the shell, on either side of the equatorial con
striction, there are pronounced obtuse moundlike protuberances, at which 
the shell wall is thickened. At each pole of the cortical shell arises a 
subcylindircal spongy column with meshes much smaller than those of the 
cortical shell. Medullary shells two, of which the inner is spherical 
and the outer spherical or lenticularly compressed. This species differs 
from [Didymocyrtis violinal in that the protuberances on the corti cal 
shell are mammilliform rather than pliciform." (from Riedel, 1959) 

DIMENSIONS 

"(Based on twenty specimens). Length of polar columns 43-7511; median 
breadth 20-3011. Length of cortical shell 110-14511; maximum breadth 
93-11511. Breadth of outer medullary shell 33-4311," (from Riedel, 1959) 

DISTINGUISHING CHARACTERS 

This species is distinguished by its marnnilliform protuberances on 
the cortical shell and its subcylindrical spongy columns which cover about 
one third of the polar ends of the cortical shell. (from Moore, unpub
lished data) 

REMARKS 

1. For further taxonomic discussion see Sanfilippo and Riedel (1980). 

Plate 6, fig. 6 
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Di dymocyrti s mammifera (Haecke 1) 

DISTRIBUTION 

CENOP: Rare to few in the western tropical Pacific (DSDP Site 289) 
Early to fliddle Miocene material examined; common to abundant in the 
central tropical (DSDP Sites 71 and 77B) and eastern tropical and 
temperate (DSDP Sites 173 and 495) Pacific material examined. 

Riedel and Sanfilippo (1977) show the evolutionary transition from 
Di dymocyrti s vi 0 1 ina to Q. mammifera to 1 i e withi n the Cal oClcl etta 
costata Zone; they show the evolutionary transition from D. mammifera to 
Q. laticonus to lie within the Dorcadospyris alata Zone. -Early to Middle 
Miocene. 

Theyer et al. (1978, Cannartus mammiferus) date the first occurrence 
of D. mammifera at 17.0 Ma. 



Didymocyrtis laticonus (Riedel) S53 

Cannartus laticonus Riedel, 1959, p. 291, pl. 1, fig. 5 

Didymocyrtis laticonus (Riedel), Sanfilippo and Riedel, 1980, p. 1010 

DESCRI PTION 

"Cortical tl'lin-shell rather thick-walled, vlith pores subcircular or 
circular, ten to thirteen on the half-equator. On the broader parts of 
the shell, on either side of the equatorial constriction, are pronounced 
obtuse moundlike protuberances, at vlhich the shell \~all is thickened; there 
is a tendency in some specimens for these protuberances to be so arranged 
that two girdles of them encircle each half of the twiri-shell. At each 
pole of the shell arises a broadly subconical, densely spongy column, 
which is almost as broad at its base as the polar surface of the twin-shell. 
r1edullary shells tviO (or perhaps only one in some specimens), of which the 
inner is spherical and the outer spherical or lenticularly compressed. 
This species is distinguished from all others of the genus by the broadly 
subconical polar columns." (from Riedel, 1959) 

DIMENSIONS 

"(Based on twenty specimens). Length of polar columns 45-70)1; median 
breadth 28-40)1. Length of corti ca 1 shell 93-125)1; maximum breadth 68- 113)1. 
Breadth of outer medullary shell 30-35)1." (from Riedel, 1959) 

DISTINGUISHING CHARACTERS 

"The equatorially constricted cortical shell has a tuberculate surface, 
and bears wide, spongy polar columns. There are no pronounced caps, but 
a parallel-sided clear zone, no wider than the height of the tubercules, 
separates the cortical shell from the columns." (from Cannartus laticonus 
in Riedel and Sanfilippo, 1978) 

Westberg and Riedel (1978) used this name only for specimens "in which 
the height of the clear zone below the spongy column is less than 0.2 the 
length of the cortical shell." 

REt1ARKS 

1. For further taxonomic discussion see Riedel (1959)and Sanfilippo 
and Riedel (1980). 

Plate 7, figs. la-c 
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Didymocyrtis laticonus (Riedel) 

DISTRIBlJTION 

CENOP: Common in all tropical Middle Miocene sections examined. 

Riedel and Sanfilippo (1977) show the evolutionary transition from 
Q. mammifera to Q. laticonus to lie vlithin the Dorcadospyris alata Zone; 
they show the evolutionary transition from Q. laticonus to Q. antepenultima 
to lie at the base of the Didymocyrtis .'l.ntepenultima Zone. Middle Miocene. 

Theyer et al. (1978, Cannartus laticonus) date the first occurrence 
of D. laticonus at 13.55 Ma. 

Theyer et al. (1978, Cannartus laticonus) date the last occurrence 
of D. laticonus at 9.6 Ma. 



Di dymocyrti s antepenultima (Ri ede 1 and Sanfil i ppo) 

Panarium antepenultimum, conditional manuscript name proposed by 
Riedel and Funnell, 1964, p. 311 

Ommatartus antepenultimus Riedel and Sanfil i ppo, 1970, p. 521, 
pl. 14, fig. 4 

Didymocyrtis antepenultima (Riedel and Sanfilippo), Sanfilippo and 
Riedel, 1980, p. 1010 

DESCRIPTION 

"Cortical and medullary shells similar to those of [Didymocyrtis 
laticonusl and [Didymocyrtis penultima). [12.. laticonusl has no polar caps 
(the distal boundary of the narrow clearer zone between the cortical 
twin-shell and spongy column is parallel to the distal wall of the 
cortical shell ... while [Q. penultima] s.s. has caps at least as well 
developed as its holotype (Riedel, 1957, Plate 1, Figure 1)). [D. ante
penultimal includes all forms in which the development of the caps\aild 
spongy columns) is intermediate bet~leen these two." (from Riedel and 
Sanfilippo, 1970) 

DIMENSIONS 
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"Length of spongy columns 20 to 90)1; their median breadth 20 to 55)1. 
Height of polar caps 15 to 35)1. Length of cortical shell 90 'to 115p; its 
maximum breadth (incl uding protuberances) 75 to 115)1. Breadth of outer 
medullary shell 25 to 40)1." (from Riedel and Sanfilippo, 1970) 

DISTINGUISHING CHARACTERS 

"Between the equatorially constricted cortical shell and each polar 
spongy column is a cap varying in its state of development, between those 
of its immediate ancestor and descendant, [Didymocyrtis laticonus] and 
[Didymocyrtis penultima), respectively." (from Ommatartus antepenultimus 
in Riedel and Sanfilippo, 1978) 

I-Jestberg and Riedel (1978) restricted the use of this name to "speci
mens in which the proportion of the height of the polar cap to the length 
of the cortical shell is ~ 0.20 and < 0.25." 

REMARKS 

1. For further taxonomic discussion see Sanfilippo and Riedel (1980). 

2. In reviewing the figured specimens of Q. antepenultima and Q. 
penultima in r~oore (1971, plate 12), I-Jestberg (personal communication, 1981) is 
of the opinion that the specimen sho~1n in Figure 9 is borderline between 
Q. antepenultima and D. penultima, and that Figures 10 and 11 are both 
Q. penultima. 

Plate 7, figs. 2a,b 
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Oidymocyrtis antepenultima (Riedel and Sanfilippo) 

OJ STRJ BUTlON 

CENOP: Abundant in all tropical Late Miocene sections examined. 

Riedel and Sanfilippo (1978, Ommatartus antepenultimus) shovi the 
evolutionary transition from Oidfinocyrtis laticonus to Q. antepenultima to 
lie at the base of the Q. antepenultima Zone; they show the evolutionary 
transition from Q. antepenultima to Q. penultima to 1 ie within the 
Q. penultima Zone. Late ~liocene. 

Reynolds (1980, Ommatartus antepenultimus), \vorking in the western 
North Pacific, defines the Oidymocyrtis antepenultima zone by the range of 
Q. antepenultima. This definition of the zone is slightly different than 
that used by Riedel and Sanfilippo (1978) in the tropical Pacific. 

Theyer et~. (1978, Ommatartus antepenultimus) date the first 
occurrence of Q. antepenultima at 11 . 4 r~a. 

Theyer et al. (1978, Ommatartus antepenultimus) date the last 
occurrence of-o.-antepenultima at 5.7 Ma. 



Didymocyrtis penultima (Riedel) 

Panarium penultimum Riedel, 1957, p. 76, pl. 1, fig. 1; Riedel and 
Funnell, 1964, p. 311 
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Ommatartus penultimus (Riedel) sensu stricto, Riedel and Sanfilippo, 
1970, p. 521 

Didymocyrtis penultima (Riedel), Sanfilippo and Riedel, 1980, p. 1010 

DESCRIPTION 

"Cortical twin-shell shell constricted equatorially, with circular to 
irregularly rounded pores: its surface bearing prominent, obtuse pro
tuberances. Distal chambers hemispherical, as caps on either end of 
cortical twin-shell, their length usually 0.2-0.3 that of twin-shell, some
what narrower than twin-shell. Each cap surmounted by a spongy tube or 
tongue-shaped col umn, of whi ch the wi dth is approximately half that of the 
maximum breadth of twin-shell, or less. Outer medullary shell lenticular, 
inner one spherical." (from Riedel, 1957) 

" ... Restricted to those forms in which the polar caps are at least 
as large, and as well separated from the cortical shell, as those of the 
holotype." (from Riedel and Funnell, 1964) 

"The proportion of the height of the polar caps to length of cortical 
shell in the holotype is 0.25." (from Westberg and Riedel, 1978) 

DIMENSIONS 

"Length of cortical twin-shell usually 100-120~; its maximum breadth 
80-105)1. Length of polar caps 25-40)1, of spongy polar columns 25-80)1." 
(from Riedel, 1957) 

DISTINGUISHING CHARACTERS 

"The equatorially constricted cortical shell has a tuberculate surface, 
and the polar caps (at least as large and well developed as those of the 
holotype) bear narrow spongy columns." (from Ommatartus penultimus in 
Riedel and Sanfilippo, 1978) 

RE~lARKS 

1. For further taxonomic discussion see Sanfilippo and Riedel (1980). 

Plate 7, figs. 3a-c 
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Didymocyrtis penultima (Riedel) 

DISTRIBUTION 

CENOP: Rare or absent in temperate and \~estern tropical (DSDP Sites 310. 
173 and 289) Pacific material examined; common to abundant in central 
(DSDP Site 77B) and eastern (DSDP Site 158) tropical Pacific material 
examined. 

Ri ede 1 and Sanfil i ppo (1978. Ommata rtus penultimus) shovi the evo 1 u
tionary transition from Didymocyrtis antepenultima to Q. penultima to lie 
within the D. penultima Zone. Late ~1i ocene. 

Reynolds (1980. Ommatartus penultimus) defines the base of the 
Q. penultima Zone in the western North Pacific by the evolutionary transi
tion from Q. antepenultima to Q. penultima; the upper limit of the zone is 
defined by the evolutionary transition from Stichocorys delmontensis to 
~. peregrina. i.e. the base of his Theocorys redondoensis Zone. According 
to Reynolds (1980). the Q. penultima Zone in the western North Pacific is 
equivalent to the zone of the same name in the tropical Pacific. 

Theyer et~. (1978. Ommatartus penultimus) date the first occur
rence of Q. penultima at 9.0 Ma. but DSDP Leg 85 results (Nigrini. un
published datal suggest that this age should be 8.2 Ma. 

Theyer et al. (1978. Ommatartus penultimus) date the last occurrence 
of D. penultima at 3.69 Ma. 



Euchitonia furcata Ehrenberg S59 

Euchitonia furcata Ehrenberg 1872a, p. 308; 1872b, p. 289, pl. IV 
(iii), fig. 6; Ling and Anikouchine, 1967, p. 1484, pl. 189,190, 
figs. 1-2, 5-7; Nigrini and ~100re, 1979, p. S85, pl. 11, figs. 
2a,b 

Euchitonia mUlleri Haeckel, Nigrini, 1967, p. 37, pl. 4, figs. la,b 
(with synonymy) 

DESCRIPTION 

"Shell bilaterally symmetrical with 3 arms of approximately equal 
length, elliptical in cross section. Arms arise from a central structure 
composed of 2 inner spherical shells and an outer oblate spheroidal shell, 
all quite smooth and connected by numerous, discontinuous, radial beams. 
In addition, there is an outer ring of mesh in the plane of the shell 
which is normally oriented perpendicular to the microscope axis. This 
centra 1 structure is the same as that of Amphi rhopa 1 um yps il on. 

"Arms fairly heavy, increasing in breadth distally and having a blunt 
or irregularly rounded termination; sometimes with 1-3 slender terminal 
spines. Proximally arms appear chambered, but a rather dense mesh of sub
circular pores generally obscures distal chambers, and gives arms a spongy 
appearance. Paired arms form the smaller angle opposite odd arm and often 
curve slightly towards each other. 

"A patagium mayor may not be present. Specimens having a well-de
veloped patagium are rare, and examination of it has not been sufficiently 
extensive to warrant any general conclusions. Usually, patagium shows 
partial development or, often, only a few initial branches are present. 
In other specimens there is no indication of a patagium forming." (from 
Nigrini, 1967) 

DIMENSIONS 

Based on 20 specimens. "Average 1 ength of arms (measured from center 
of innermost sphere) 164-298~. Maximum breadth of arms 54-90~. Angle 
between paired arms 590-940 ." (from Nigrini, 1967) 

DISTINGUISHING CHARACTERS 

Shell bilaterally symmetrical. Three spongy arms arise from a clearly 
visible central structure of three or four concentric spheroidal shells. 
Arms increase in width distally. 

REMARKS 

1. For further taxonomic discussion see Nigrini (1967) and Ling and 
Anikouchine (1967). 

2. Benson's (1966) description and dimensions of E. cf. furcata 
Ehrenberg (p. 228) and {. mulleri (p. 232) are not consistent with the above. 

Plate 8, fig. 1 
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Euchitonia furcata Ehrenberg 

REMARKS (cont.) 

3. See Nigrini and ~loore (1979) for discussion of generic taxonomy. 

4. In the CENOP material E. furcata \Vas found only in the latest 
Miocene. No unequivocal specimens of I. elegans ~lere observed. In many 
previous studies (e.g. CLIMAP) I. furcata and I. elegans have been 
counted together. 

DISTRIBUTION 

CENOP: Present, but usually rare, in the latest Niocene (Stichocorys 
peregrina Zone). Common in the latest Miocene of DSDP Site 158. 

See Nigrini and Moore (1979, p. S86) for Recent distribution. 



561 
Hymeniastrum spp. 

DESCR! PTION 

This CENOP counting group includes all spongodiscids with 3 narrow, 
simple, undivided, chambered arms having approximately eQuianqular dis
placement between the arms. Arms are well separa ted from each other. 
Central structure distinct, consisting of 4 or 5 concentric discoidal 
s hell s . 

Plate 8, figs. 2a,b 
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Hymeniastrum spp. 

DISTRIBUTION 

CENOP: Present throughout most of the Miocene sections examined from both 
tropical and temperate latitudes; rare in temperate latitudes and absent 
from the Early Miocene sections of DSDP Site 173. Increasingly abundant 
in younger sediments. 



Spongaster berminghami (Campbell and Clark) 
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Spongasteriscus berminghami Campbell and Clark, 1944, p. 30, pl. 5, 
figs. 1,2 

Spongaster klingi Riedel and Sanfilippo, 1971, p. 1589, pl. lD, 
figs. 8-10, pl. 4, figs. 7,8 

Spongaster berminghami (Campbell and Clark) Sanfilippo and Riedel, 
1973, p. 524 

DESCRIPTION 

"Shell of fair size, shaped like a Greek cross; with four atlllS in two 
opposite crossed pairs, two atlllS of one pair longer (vertical axis) than 
two arms of pair at an angle to them (transverse axis); arms squarish, 
wide (approximately 0.83 length of longest arms, measured to center of 
shell, and about equal in length and width in transverse arms), free ends 
with rounded edges and subparallel sides, connected across angles made 
by intersection of paired arms by meshwork of similar structure and 
density, and not forming a patagium (quadrangular disc); meshwork made up 
everywhere of fine alveolelike, subhexagonal pores, very dense and frothy; 
framework with only a very few, short, widely scattered projecting points 
so that general surface is not spiny." (from Campbell and Clark, 1944) 

"Finely spongy skeleton elliptical in outline. Especially thickened 
are the central area, two opposite radii (and especially their distal 
parts), and two bluntly crescentic zones near the periphery (one on either 
side of the thickened diameter). One of the thickened radii includes a 
narrow conical pylome-tube." (from Riedel and Sanfilippo, 1971) 

DIMENSIONS 

"Length of long axis, 210-240p, of short axis, 140-1BOp." (from 
Campbell and Clark, 1944) 

"~Iajor diameter 325 to 405p; minor diameter 255 to 355p." (from 
Riedel and Sanfilippo, 1971) 

DISTINGUISHING CHARACTERS 

"Elliptical spongy skeleton. Two opposite radii (especially their 
distal parts), and two bluntly crescentic zones near the periphery, are 
especially thickened and appear darker than the remainder of the skeleton." 
(from Riedel and Sanfilippo, 1978) 

REMARKS 

1. For further discussion of the evolution of this species see Riedel 
and Sanfilippo (197B). 

Plate 9, figs. la,b 
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Spongaster berminghami (Campbell and Clark) 

D I STRI BUn DN 

Riedel and Sanfilippo (1977) show the first occurrence of S. 
bermin hami to lie within the Didymocyrtis antepenultima Zone (Late 
Miocene . 

Riedel and Sanfilippo (1978) define the base of the Spongaster 
pentas Zone (Early Pliocene) by the evolutionary transition from 
Spongaster berminghami to ~. pentas. 

Theyer et al. (1978) date the last occurrence of S. berminghami 
at 4.4 Ma. --



Spongaster pentas Riedel and Sanfilippo S65 

Spongaster pentas Riedel and Sanfilippo, 1970, p. 523, pl. 15, fig. 3 

DESCRI PTION 

"Spongy disc usually pentagonal, occasionally hexagonal. Rays from 
center to marginal angles generally not markedly denser (but usually 
slightly thicker) than the spongy structure bet~leen them. Central area 
(one-half to one-third of disc diameter) more dense, or thicker, with con
centric structure." (from Riedel and Sanfilippo, 1970) 

DIMENS IONS 

"Diameter 170 to 290)1." (from Riedel and Sanfilippo, 1970) 

DISTINGUISHING CHARACTERS 

"Spongy disc usually pentagonal, occasionally quadrangular of hexa
gonal, generally l'iith thickened zones corresponding to the angles." (from 
Riedel and Sanfilippo, 1978) 

REMRKS 

1. For further discussion of the evolution of this species see 
Riedel and Sanfilippo (1978). 

Plate 9, fig. 2 
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Spongaster pentas Riedel and Sanfilippo 

DISTRIBUTION 

Riedel and Sanfilippo (1978) define the base of the Spongaster 
pentas Zone (Early Pliocene) by the evolutionary transition from 
Spongaster berm;ngham; to~. pentas. 

Theyer et a1. (1978) date the first occurrence of ~. pentas at 
4.7 Ma. ----

Theyer et a1. (1978) date the last occurrence of S. pentas at 
3.7 Ma. ----



Spongodiscus ambus Sanfilippo and Riedel S67 

Spongodiscus ambus Sanfilippo and Riedel, 1974, p. 1024, pl. 1, 
figs. 12-14 

DESCRIPTION 

"A delicate, subtriangular or less commonly circular disc, often with 
one margin indented, and with prominent, eye-like center. The major part 
of the rounded-triangular skeleton is of rather loose, irregular spongy 
meshwork, of different thickness in different parts of the disc. The 
darker central portion is formed of four to six closely spaced spiral to 
concentric whorls. In rare specimens, three differentiated rays depart 
from this central portion in the directions of the corners of the disc. 
In some, a hollovi cone extends inward from one side. No differentiated 
margin." (from Sanfilippo and Riedel, 1974) 

DIMENSIONS 

"Based on 25 specimens. ~laximum diameter 170-485~(usually about 360~)." 
(from Sanfilippo and Riedel, 1974) 

DISTINGUISHING CHARACTERS 

"This species differs from others in the genus by 
structure and marked tendency to triangular outline." 
and Riedel, 1974) 

REMARKS 

its irref]ular 
(from Sanfilippo 

1. "There is some similarity to Schizodiscus Dogiel, but species of 
that genus (Dogiel and Reshetnyak, 1952) have a surficial lattice-plate, 
no tendency to triangularity, and commonly a differentiated margin." (from 
Sanfilippo and Riedel, 1974) 

Plate 9, figs. 3a-c 
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Spongodiscus ambus Sanfilippo and Riedel 

DISTRIBUTION 

Rare in the Late Miocene (Stichocorys peregrina Zone) and Early 
Pliocene (Spongaster pentas Zone) of the western Indian Ocean and DSDP 
Site 77B in the central equatorial Pacific (see Sanfilippo and Riedel. 
1974). 



Stylodictya aculeata Jorgensen 

Stylodictya aculeata Jorgensen, 1905, p. 119, pl. 10, fig. 41; 
Petrushevskaya, 1967, p. 35, pl. 17, figs. 1-3; Ni9rini and 
r~oore, 1979, p. SlOl, pl. 13, figs. 3,4 

DESCR I PTI ON 
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"Species very similar to [~. validispinaj. Differentiated by greater 
irregularity of structure of shell, which has effect upon disrosition of 
chambers, radial cross-pieces, needles, and pores. In addition, in 
S. aculeata width of chambers increases more markedly towards periphery 
of disk than in previous species. S. aculeata differs from S. validis ina 
also in larger number of pores lying across width of one chamber {4-4.5 ." 

"Species ~. validispina and ~. aculeata are very similar to each 
other. Their morphological differences may prove to be due only to differ
ent hydrological conditions and that these are tI'iO subspecies of one 
polymorphic genus.* The two species are very similar to ~. gracilis Ehr., 
1854 (the type species of genus Stylodictya Ehr., 1847), but differ from it 
by their finer, less frequent, less regularly disposed radial needles." 
(translated from Petrushevskaya, 1967) 

DI~lENSIONS 

"Diameter of middle chamber 15-17fl' diameter of first ring 30-35fl' 
of second about 55fl' of third about 80fl, of fourth 110-120fl, diameter of 
disk wi th five rings about 150fl." (translated from Petrushevskaya, 1967). 

DISTINGUISHING CHARACTERS 

Discoidal shell with somewhat irregular concentric chambers. Central 
structure roseate. 

* Error in translation; should read" .. polymorphic species." 

Plate 10, figs. la,b 
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Stylodictya aculeata Jorgensen 

DISTRIBUTION 

CENOP: Present throughout the Miocene sections examined from both tropical 
and temperate latitudes. Rare in the central and western Pacific; common 
in the eastern Pacific. 

See Nigrini and r~oore (1979, p. S102) for Recent distribution. 



Stylodictya validispina Jorgensen S71 

Stylodictya validispina Jorgensen, 1905, p. 119, pl. 10, fig. 40; 
Petrushevskaya, 1967, p. 33, fig. 17, IV-V; Nigrini and Moore, 
1979, p. Sl03, pl. 13, figs. 5a,b 

DESCRIPTION 

"Skeleton in form of flat disk not thickened in middle. Central 
round chamber distinctly visible; around it four chambers of approximately 
equal dimensions arranged in form of cross. These surrounded by others, 
usually larger in dimensions, disposed in more or less regular concentric 
rings ... ; sometimes arrangement of chambers somewhat disturbed and 
zigzag seam present that may be regarded as proof of their spiral growth. 
Concentric rings of chambers number 5-6; their width hardly increases to 
periphery of disk. Pores on walls of chambers irregular, usually 2-2.5 
pores located at width of one ring (i.e., third pore disposed in middle 
of seam between chambers of neighboring rings). Pores on peripheral rings 
somewhat larger than those on central. Growth of shell proceeds by 
successive growth of chambers around margin of disk. Adjacent rings 
pierced by radial pieces, some of which extend from margin of disks as 
radial needles. Apart from these, radial needles not connected with the 
radial pieces arise around margin of disk. Radial needles arranged very 
irregularly, number 12-16 along periphery of disk with five rings {most 
frequently broken off to base)." (translated from Petrushevskaya, 1967) 

"The four central chambers so characteristic of this species were 
found to be less distinctive in the do~mcore study of RC14-105." (from 
Robertson, 1975) 

DIMENS IONS 

"Diameter of central chamber 12-15)1, diameter of first ring 30-35)1, 
diameter of second ring 55-60)1, of third 80-85)1, of fourth 110-115)1, 
diameter of disk with five rings about 140)1." (translated from 
Petrushevskaya, 1967) 

These dimensions are in good agreement \'/ith those reported by Benson 
(1966) and Sachs (1973). 

DISTINGUISHING CHARACTERS 

Differs from S. aculeata J5rgensen by having a greater number of 
narrower, more regul arly concentri c chambers and small er pores. Generally 
larger in diameter than S. aculeata. 

RH1ARKS 

1. Petrushevskaya (1975) placed this species in synonymy \·lith 
S. ste11ata Bailey. However, Bailey's illustration (1856, pl. 1, fig. 20) 
does not show the characteristic central girdles and for that reason the 
synonymy is rejected. 

Plate 10, fig. 2 
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Stylodictya validispina Jorgensen 

DISTRIBUTION 

CENOP: Present throughout the late Early to Late ~Iiocene sections examined 
from both tropical and temperate latitudes. Rare in the central and 
I'lestern Pacific; common in the eastern Pacific. Does not range as low in 
the Miocene as S. aculeata. 

See Nigrini and Moore (1979, p. Sl04) for Recent distribution. 



Circodiscus microporus (Stahr) group 

Trematodiscus microporus Stohr 1880, p. 108, pl. 4, fig. 17 

Porodiscus microporus (Stohr) Haeckel, 1887, p. 493 

Circodiscus microporus (Stohr) Petrushevskaya and Kozlova, 1972, 
p. 526, p1. 19, figs. 1-7 
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Xiphospira sp. cf. X. circularis (Clark and Campbell) sensu Kling, 
1973, p. 635, pl. 7, fig. 17 (only) 

DESCRI PTION 

"Shell round, central chamber elliptical, around which run 2 ellip
tical bars or beams so that they form 2 elliptical rings of equal width 
around the central chamber. Outer ring irregular in width. Other radial 
beams do not pass through, but are discontinuous. A thin irregular 
spongy covering of equal thickness over all the rings." (translated 
from Stohr, 1880) 

"Skeleton is oval, flat, consisting of 3 or 4 comparatively wide, 
oval annular girdles; pores are even, circular, 5 or 6 on each ring. 
Inner spines (8?) do not extend outside; rim of the disc seldom has a 
smooth, clearly outlined tapered edge; more often it is "torn" and dis
connected." (from Petrushevskaya and Kozlova, 1972) 

DIMENSIONS 

"Shell (disc) diameter 0.14, diameter of elliptical central chamber 
0.023 and 0.018. Diameter of 2 ellipses 0.066 and 0.083. Outer ring 
0.023; third ellipse: diameter 0.1 and 0.83 with 0.017 wide ring. The 
outer ring is 0.017 and 0.027 wide. Spongy covering 0.016." (translated 
from Stohr, 1880) Measurements are in millimeters. 

"Disc diameter with four systems 180-20011, width of rings 25-3511, 
pore diameter 5-811." (from Petrushevskaya and Kozlova, 1972) 

DISTINGUISHING CHARACTERS 

Flat shell composed of elliptical girdles surrounded by relatively 
wide concentric rings. Radial connector beams present. 

REMARKS 

1. The genus Circodiscus Kozlova is placed herein in the Family 
Spongodiscidae Haeckel 1862 emend. Riedel 1967b. Kozlova in Petrushevskaya 
and Kozlova (1972) placed it in the Family Porodiscidae Haeckel 1881 
emend. Kozlova, but Petrushevskaya (1975) changed the family designation 
to Spongodiscidae. Understanding of the genera Circodiscus, Porodiscus, 
Tholodiscus, Plectodiscus, Stylodictya, Xiphospira and Spongotrochus (and 
perhaps others) is incomplete and for that reason these genera are 
included herein in the very broadly defined Family Spongodiscidae. 

2. A number of earlier, but probably related forms are illustrated by 
Sanfilippo and Riedel (1973,01. 14, figs. 5-12, as Xiphospira circularis). 

Plate 10, fig. 3 
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Circodiscus microporus (Stohr) group 

DISTRIBUTION 

CENOP: Absent or 
western Pacifi c. 
abundant in older 

rare in the Miocene sections examined from the central and 
Common to abundant in the eastern Pacific sections; more 
sediments. 



Stylochlamydium astel'iscus Haeckel 

Stylochlamydium asteriscus Haeckel, 1887, p. 514, pl. 41, fig. 10; 
Nigrini and r-1oore, 1979, p. S113, pl. 14, fig. 5 

DESCR I PTI ON 
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Circular disc with centre somewhat thickened. Concentric rings 
surround a central chamber separating shell into a system of 4 to 7 pored 
bands increasing in breadth tOlvard shell margin. Pores are subcircular, 
approximately the same size and evenly spaced, 1-3 per ring. Marginal 
band is a thin, porous equatorial girdle. Characteristically, radial, 
needle-like spines (up to 10) extend from the centre to the periphery and 
beyond, subdividing the concentric bands into chambers. Central structure 
may be clearly visible or obscured by spongy lattice. (from Lombari, 
unpublished data) 

DUlENSIONS 

Based on 20 specimens; diameter of central shell 10-12~; diameter of 
shell with 5 bands 94-110~. Breadth of second band 5-7~, of third band 
7-9~, of fourth band 9-12~, of fifth band 12-16~, of sixth band 15~ (3 
specimens), of seventh band 17~ (1 specimen). (from Lombari, unpublished 
data) . 

DISTINGUISHING CHARACTERS 

Width of concentric rings increases distally in a regular progression. 
Radial beams extend from the centre and pierce the periphery. 

Plate 10, fig. 4 
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Stylochlamydium asteriscus Haeckel 

DISTRIBUTION 

CENOP: Common to abundant throughout the Miocene sections examined from 
both tropical and temperate latitudes. 

See Nigrini and Moore, (1979, p. Sl14) for Recent distribution. 



Spongopyle osculosa Dreyer S77 

Spongopyle osculosa Dreyer, 1889, 
Riedel, 1958, p. 226, pl. 1, 
p. S1l5, pl. 15, fig. 1 

p. 42, p1. 11, figs. 99, 100; 
fig. 12; Nigrini and f1oore, 1979, 

Spongodiscus (?) osculosus (Dreyer), Petrushevskaya, 1967, p. 42, 
figs. 20-22 

DESCRIPTION 

HSpongy shell inform of bi convex 1 ens. Its shape vari es: approxi -
mates to a more or less regular circle. Spon9Y tissue fine; central 
thickened part of shell constructed of denser spongy mass than marginal. 
Entire surface of shell in adult specimens covered by mantle siMilar to 
that of Spongurus pylomaticus. Because of mantle shell has clear contours. 
Radial pieces pass among cross-pieces of spongy tissue in form of indis
tinct radial striation ... Do not emerge to the outside, and shells 
devoid of radial needles. Distinct pylome characteristic. This is not a 
simple funnel in spongy tissue ... but specialized formation in form of 
porous tubul e \'/ith notches at end. H (translated from Petrushevskaya, 1967) 

"viell preserved specimens with mantle and pylome are easily distin
guished from other species. vihen badly preserved or not well developed (?) 
and the mantle and pylome are not well preserved, it is difficult to 
differentiate from some variants of ~ongotrochus glacial is. As described 
by Dreyer, Riedel and Petrushevskaya the shell has the shape of a biconvex 
lens. The central thickened part is made of a denser spongy mass. The 
entire surface of the shell in adult specimens is covered with a mantle 
so the shell has a well defined contour. It is also characterized by the 
presence of a tubular pylome ... However, under subantarctic and sub
tropical waters a variant is found which has flat sides in lateral view 
acquiring a subhexagonal outline ... and some specimens are difficult 
to differentiate from a variant of [Spongotrochus glacialis].H (from 
Lozano, 1974) 

DH1ENSIONS 

"Diameter of disk of adult specimen - 190-270~." (translated from 
Petrushevskaya, 1967) 

DISTINGUISHING CHARACTERS 

Sponay biconvex lens with distinct margin. No visible internal 
structure. vie ll-deve loped pyl ome. 

W1ARKS 

1. Petrushevskaya (1975) synonymized the genera Spongodiscus 
Ehrenberg ,1854a (type s peci es = Spongodi scus resurgens Ehrenberg, 1854b, 
pl. 35B, fig. 16) and Spongopyle Dreyer, 1889 (type species = Spongopyle 
setosa Dreyer, 1889, p. 119, p1. 11, figs. 97,98). This synonymy is based 
on the belief that a pylome mayor may not be present. At this time, 

Plate 11, figs. la,b 
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Spongopyle osculosa Dreyer 

REt·1ARKS (cont.) 

there appears to be so much difficulty in distinguishing and definin~ 
Spongopyle osculosa, Spongopyle setosa and Spongotrochus glacialis (see 
Lozano, 1974) as \~ell as some less well known species of this general form, 
that the present authors prefer to retain familiar names until generic and 
specific revisions can be made simultaneously. Petrushevskaya's synonymy 
has the disadvantage of giving us Ehrenberg's poorly illustrated type 
species (only half a specimen is shown) rather than Dreyer's excellent 
i 11 us trati on. 

DISTRIBUTION 

CENOP: Present throughout the Miocene sections examined from both 
tropical and temperate latitudes. Rare in the western tropical Pacific 
(DSDP Site 289); common to abundant in all other material examined. 

See Nigrini and Moore (1979, p. Sl16) for Recent distribution. 



Spongotrochus glacialis Popofsky group 
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Sponqotrochus glacialis Popofsky, 1908, p. 228, pl. 26, fig. 8, pl. 27, 
fig. 1, pl. 28, fig. 2; Riedel, 1958, p. 227, pl. 2, figs. 1,2, 
text--fi g. 1 

Spongotrochus glacialis Popofsky group, Petrushevskaya, 1975, p. 575, 
pl. 5, fig. 8, pl. 35, figs. 1-6 (with synonymy); Nigrini and 
~100re, 1979, p. S117, pl. 15, figs. 2a-d 

DESCRIPTION 

"Shell biconvex-discoidal, consisting of a spiny disc of spongy 
structure which is in some (fully developed ?) individuals surrounded by 
a lenticular lattice-shell. Spongy disc thickened in its central portion 
(a quarter to a half of its total diameter), \vith numerous acicular or 
acutely conical spines of different lengths around its circumference and 
in most specimens also on the two surfaces, particularly on the thickened 
central portion. When present, the enclosinp lenticular lattice-shell is 
apparently in contact with the spongy disc at or near its circumference, 
but is separated by a distinct space from its two surfaces. In most 
specimens, the spines arising from the thickened central part of the spongy 
disc penetrate the lattice-shell. The lattice-shell has an uneven surface, 
with subcircular or circular pores of varying sizes, the diameters of which 
are a half to ten times as great as the breadth of the intervening bars." 
(from Riedel, 1958) 

DIMENSIONS 

"Diameter of shell 195-465)1. Length of free parts of spines on cir
cumference 5-170)1 (often about 70)1)." (from Riedel, 1958) 

DISTINGUISHING CHARACTERS 

Spongy discoidal shell, thickened in its central and peripheral regions. 
Numerous radial beams and accessory spines. 

Plate 11, fig. 2 
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Spongotrochus glacia1is Popofsky group 

DISTRIBUTION 

CENOP: Present throughout the ~liocene sections examined from both 
tropi ca 1 and temperate 1 a titudes. ~lost abundant in the Late ~li ocene of 
DSDP Site 173. 

See Nigrini and Moore (1979, p. Sl18) for Recent distribution. 



Spongotrochus (7) venustum (Bailey) 

Perichlamydium venustum Bailey, 1856, p. 5, pl. 1, figs. 16,17 

Stylochlamydium venustum (Bailey), Haeckel, 1887, p. 515 
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Spongotrochus (7) venus tum (Bailey), Nigrini and Moore, 1979, p. Sl19, 
pl. 15, fi gs. 3a, b 

DESCRI PTION 

Shell is a spongy, biconvex, circular disc; surface rough. Central 
structure probably a single lattice sphere, but generally obscured by 
spongy meshwork. In well-preserved specimens, broken concentric rings 
visible and a pored equatorial girdle. Cylindrical radial spines, probably 
originating from central capsule, lie on the equatorial plane (or nearly 
so) and extend beyond the marginal girdle. (from Lombari, unpublished 
data) 

DI~lENS IONS 

Based on 20 specimens; shell diameter 120-192p for all specimens; 
shell diameter of complete specimens 175-192p. (from Lombari, unpublished 
data) 

DISTINGUISHING CHARACTERS 

Spongy discoidal shell with irregular concentric latticed chambers 
which appear as "wobbly" rings. Radial spines pierce the outer margin. 

RE~lARKS 

1. Most recent radiolarian workers have followed Haeckel's taxonomy 
with regard to this species, i.e., Stylochlamydium venustum (Bailey). 
However, because the species is composed of a spongy framework and does 
not have a porous sieve plate, the genus Stylochlamydium is unacceptable. 
The genusSpongotrochus has been suggested in Nigrini and ~oore (1979) 
because of the apparently close relationship between this species and 
Spongotrochus glacialis. Boltovskoy and Riedel (1980) retain the generic 
name Stylochlamydium. 

2. According to Renz (1976), "in most specimens the concentric rings 
appear "broken" in a spongy mesh~lork; and the equatorial girdle is present." 

Plate 11, fig. 3 
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Spongotrochus (?) venustum (Bailey) 

DISTRIBUTION 

CENOP: Present throughout most of the Miocene sections examined from both 
tropical and temperate latitudes. Absent from the Early to Middle Miocene 
sections of DSDP Site 289. Most abundant in RC12-431 and DSDP Site 173. 

See Nigrini and Moore (1979, p. S120) for Recent distribution. 



Phorticium polycladum Tan and Tchang S83 

Phorticium polycladum Tan and Tchang, 1976, p. 267, text-fig. 39a,b 

DESCRI PT ION 

"Cortical shell broadly elliptical in dorsal view, about two times 
as large as the enclosed lentelliptical, regular Larnacilla-shell which 
is connected to the cortical shell by many ramiferous or unbranched 
beams, surface thorny. Breadth of equatorial girdle about half the 
length of the shell, eight elongate slender radial spines arising 
obliquely from its upper and lower margin. Lateral girdle nearly two 
times as long as broad. Girdle with circular pores of medium size. 

"This new species is similar to Octopyle octospinosa in having eight 
spines and to Phorticium pylonium in having a greater number of beams 
between the cortical and Larnacilla-shell but differs from the latter 
two species in having broader girdles and larger Larnacilla-shell." 
(from Tan and Tchang, 1976) 

DIMENSIONS 

Based on 20 specimens. Length of major axis of outermost shell 
140-187~; of minor axis 110-155~; length of major axis of median shell 
87-l05~; of minor axis 60-80~i length of major axis of inner shell 
35-60~, of minor axis 25-50p. Central capsule not measured. (from 
Lombari, unpublished data) 

REMARKS 

1. It is possible that this species is synonymous with Tetrapylonium 
clevei Jorgensen (1900, p. 64), but we cannot be certain of this because 
clevei was not illustrated by J1irgensen and because we have been unable 
to exami ne topotypi c materi a 1. Our specimens are, however, in good 
agreement l'lith those descri bed by Tan and Tchang (1976). 

2. For further taxonomic discussion of species of this general 
form see Phorticium clevei in Petrushevskaya (1967, 1975). 

Plate 12, figs. la,b 
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Phorticium polycladum Tan and Tchang 

DISTRIBUTION 

CENOP: Common to abundant in all the r'1iocene sections examined from both 
tropical and temperate latitudes. 



Phorticium pylonium Haeckel 

Phorticium pylonium Haeckel, 1887, p. 709, pl. 49, fig. 10 

non Phorticium pylonium (Haeckel) Cleve in Benson, 1966, p. 252, 
pl. 16, figs. 5-9, pl. 17, figs. 1-3 

DESCRI PTION 

"Cortical shell irregular, roundish, about three times as large 
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as the enclosed lentelliptical, regular, Larnacilla-shell, connected 
with it by some radial beams and irregular latticed girdles; between 
these remain four to eight large open gates of irregular roundish form 
and size; and these gates are the same as in Tetrapyle and Octopyle. 
This very variable species may be regarded as a monstrosity of those 
genera of Pylonida; it is very common, but all individuals are more or 
less unequal; some specimens approach to some common species of Tetra
.PYJ.f.. The surface of the shell is more or less spiny." (from Haeckel, 
1887) 

Central ellipsoidal shell surrounded by two or more systems of 
girdles connected by numerous radial beams. Externally shell spatula 
shaped to ovoid. Outermost girdle has subcircular pores, may be either 
light or heavy; surface thorny, 2 to 3 times as large as inner girdle. 
Inner girdle has subcircular pores, more or less smooth. (from 
Lombari, unpublished data) 

DIMENSIONS 

"Diameter of the irregular cortical shell 0.12 to 0.18; length of 
the lentelliptical medullary shell 0.05 to 0.06, breadth 0.035 to 0.045." 
(from Haeckel, 1887) Measurements are in millimeters. 

Based on 24 specimens. Length of major axis of outermost shell 
110-145p; of minor axis 95-130p; length of major axis of inner shell 
50-75p; of minor axis 35-60p. Central capsule not measured. (from 
Lombari, unpublished data) 

REMARKS 

1. Petrushevskaya (1967, 1975) distinguishes between this species 
and Phorticium clevei (Jorgensen). She believes that~. pylonium 
Haeckel is smaller, has less sharply expanding turns of the spiral and 
larger pores than~. clevei. She further states that~. pylonium is 
found in tropical regions while P. clevei is found in boreal and polar 
regions. We have been unable to-distinguish between f. pylonium and 
Petrushevskaya's~. clevei, but we do distinguish between~. pylonium 
and P. polycladum Tan and Tchang. As stated in the Remarks herein for 
~. polycladum, it is possible that our ~. polycladum and Tetrapylonium 
clevei Jorgensen are conspecific. 

PI ate 12, figs. 2a,b 
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Phorticium pylonium Haeckel 

DISTRIBUTION 

CENOP: Common to abundant in all the Miocene sections examined from both 
tropical and temperate latitudes. 



Tetrapyle octacantha Muller S87 

Tetrapyle octacantha MUller, 1858, p. 33, pl. 2, figs. 12, 13, pl. 3, 
figs. 1-12; Benson, 1966, p. 245, pl. 15, figs. 3-](1, pl. 16, 
fig. 1, text--fig. 18 

DESCRIPTION 

"Complete tests consisting of two well-defined systems of latticed 
dimens i ve gi rdl es, with few, if any radi a 1 beams, and a thi rd outer sys tern 
of poorly-defined girdles supported by numerous short beams of approxi
mately equal length that arise from the nodes of the intervening bars of 
the latticed girdles of the second system. Most tests incomplete, con
sisting either of all or a portion of the second girdle system (transverse 
and lateral girdles with rudimentary, sagittal girdle), but in several 
tests with some indication of the third girdle system in the form of 
numerous branched spines or incomplete outer girdles, generally representin~ 
the rudimentary, third transverse girdle. Pores of the latticed girdles 
relativelY large, unequal, irregular to subregular in arrangement, 
generally subcircular to subpolygonal. Surface of complete specimens 
irregular, rough or spinose; surface of second girdle system relatively 
smooth to highly spinose. Outline of second lateral girdle generally 
ellipsoidal (major diameter the principal of P axis) but variable from 
subcircular to subquadrate. Gates defined by the transverse and lateral 
girdles of the second system generally elliptical to kidney-shaped, in a 
few specimens with beams lying in their plane and joining the transverse 
girdle with the rudimentary second sagittal girdle. Radial beams absent 
in many tests but when present generally lie in the axes of the test 
(P, T, or S), although in a few specimens they extend from the pole of 
the inner system of girdles at an acute angle with the axis. Beams arise 
from the inner ellipsoidal shell or ring but do not penetrate beyond the 
second girdle system as free spines; number of coaxial beams variable but 
generally six when present; a few specimens were observed with only one 
of a pair of opposite polar beams extending through the inner tubular 
space betlveen gates; ra re ly more than one beam observed at each pole; 
tests without beams generally with short polar spines or thorns represent
ing rudimentary beams. Specimens with eight diagonal spines, each 
originating from one of the eight edges of the second transverse girdle 
(Tetrapyle octacantha MUller) rare, with or without polar beams." (from 
Benson, 1966) 

DIMENSIONS 

"Range in length of dimensive axes of each gi rdl e system (cf. fig. 18) : 

Range \)1) Range \)1) Range ( )1 ) 

Pl 14- 18 Tl 9- 12 Sl 5- 9 

P2 39- 65 T2 31- 48 S2 15- 25 

P3 93-194 T3 70-156 S3 55- 95 

P4 215-246 T4 172-221 S4 121-221" 

(from Benson, 1966) 

Plate 12, figs. 3a,b 
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Tetrapyl e octacantha ~1{Jll er 

"Outermost ~i rdl e 1 ength: 120±24~, wi dth: 83:!:22~, next-to-outermos t 
girdle length 42-7~; \~idth: 26:!:8~." (from Sachs, 1973) 

RE~lARKS 

1. Benson (1966) suggests a lengthy synon~ny based on the belief that 
many described species are in fact incomplete specimens or orientations 
are other than frontal. 

2. Tan and Tchang (1976) describe a number of Tetrapyle species which 
we have been unable to distin9uish from T. octacantha. 

DISTRIBUTION 

CENOP: Present throughout the Late Miocene sections examined from both 
tropi ca 1 and temperate 1 atitudes. Rare in materi a 1 from temperate 
latitudes; abundant in tropical material. 

See Nigrini and Moore (1979, p. S126) for Recent distribution. 



Larcopyle buetschlii Dreyer 
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Larcopyle butschlii Dreyer, 1889, p. 124, pl. 10, fig. 70; Benson, 
1966, p. 280, pl. 19, figs. 3-5; Nigrini and Moore, 1979, 
p. S 131, p 1. 17, fi gs. 1 a, b 

DESCRI PTION 

"Large ellipsoidal shell when fully developed with regular outline; 
surface with scattered short (5-25p) conical spines or thorns continuous 
im~ard as beams; pores unequal, irregular, larger than those of preceding 
species; at one pole in a few specimens a cluster of short (5-1211) conical 
spines but without definite opening or pylome. Internal structure consists 
of irregular but generally recognizable latticed lamellae joined by 
numerous radial beams, in several specimens \'Iith an identifiable pylonid 
structure of concentric trizonal shells or spirals, particularly apparent 
in those \~ith outer shell not fully developed. Those specimens with a 
recognizable internal triangular pylodiscid shell were placed within 
Di scopyl e ? ~." (from Benson, 1966) 

DIM ENS IONS 

"Based on 30 specimens ... major diameter of test 135-24611, minor 
diameter 81-172p; length of axes of internal trizonal shells (8 specimens): 
Pl 18-33p, P2 59-95p, Tl 14-1811, T2 39-7411." (from Benson, 1966) 

DISTINGUISHING CHARACTERS 

Shell ellipsoidal, composed of an irregular, loose meshwork, covering 
an apparently spiral structure which we have not investigated. Pylome 
present. 

REMARKS 

1. Benson (1966, p. 279) also described a similar form, Larc0¥lle sp., 
which may be distinguished from L. buetschlii "by its relatively sma er 
size, its smooth surface \~ithout-radial spines, and the presence of secondary 
pores filling the spaces of the large pores of the outer shell." Moore (per
sonal communicatlon,1977)noted that the smaller form is more abundant, but 
he counted it together with the larger form (Nigrini and ~loore, 1979). 

2. The first convincing specimens of L. buetschlii do not appear 
until the C. costata Zone in DSDP Sites 71 and 173. However, \'Ie have 
observed, rarely, an apparently closely related form (pl. 13, fig. la) in 
older sediments. The earliest specimens of L. buetschlii are generally 
smaller and denser \'lith deeper set pores than more recent specimens. 

3. ~Ie are grateful to Dr. Stanley Kling for pointing out to us that, 
accordinq to the ICZN (Article 32c), the correct spelling for this specific 

name is buetschlii. 

Plate 13, figs. la,b 
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Larcopyle buetscblii Dreyer 

DISTRIBUTION 

CENOP: Present in most of the ~1iocene sections examined from both tropical 
and temperate latitudes. Absent from the Early Miocene of DSDP Site 289. 
[.lost abundant in both the Early and Late ~liocene sections of DSDP Site 173. 

See Nigrini and Moore (1979, p. S132) for Recent distribution. 



Larcospi ra moschkovski i Krugl i kova S91 

Larcospira sp. Kruglikova, 1974, pl. 2, figs. 15-16 

Larcospira moschkovskii Kruglikova, 1978, p. 88, pl. 27, figs. 3-6 

DESCRI PTIDN 

Elliptical lens-shaped shell; slightly spongy, fenestrated, almost 
smooth. Shell consists of a double spiral whose whorls are oppositely 
disposed; complete specimens with 3-4 revolutions. Distance between inner 
revolutions is approximately equal. Outer whorl is 1.75 times as \1ide and 
1.70 times as long as inner system. Lattice pores numerous, approximately 
equal and randomly arranged. (Lombari, unpublished data) 

DINENSIONS 

Based on 15 specimens. Length of major axis 136-177p (average 151p); 
of minor axis 91-127p (average 105p). Length of major axis of inner whorls 
76-96)1 (average 90p); of minor axis of inner whorls 50-71)1 (average 61)1), 
(Lombari, unpublished data) 

"Length of major axis 144-194)1; of minor axis ll3-173p (average 123)1). 
Distance between revolutions 14-24p (average 15p). Distance between last 2 
revolutions from the side 22-29p:' (from Kruglikova, 1978) 

REt1ARKS 

1. L. moschkovskii includes only those specimens ~Ihose internal and 
final whorls expand uniformly making the internal structure almost as large 
as the maximum external transverse diameter (as shown in pl. 13, figs. 2a,b). 

2. In the CENOP counts we have observed an interesting transition 
from Larcospira moschkovskii to Larcospira guadrangula in which the internal 
whorls become tighter (hence the internal structure becomes relatively 
smaller) and the final whorl becomes more flared (plate 13, figs. 3a,b,c). 
See Nigrini and Moore (1979, pl. 17, fig. 2) for the typical Recent form in 
which one can see that this trend has apparently continued through the 
Pliocene and Pleistocene. This trend was also observed, independently, by 
Kruglikova (1978). 

Larcospira Larcospira 
moschkovskii guadrangula 

(Recent) 

Length, major axis of shell 1.7 2.0 2.0-2.5 
Length, major axis of inner whorl s 
Length, minor axis of shell 1. 75 2.4 2.9-3.8 
Length, minor axis of inner whorls 

Ratios for L. moschkovskii and L. uadrangula (Hiocene) were determined from 
CENOP material. Ratios for~. guadrangula Recent) were derived from data 
given by Benson (1966). 

Plate 13, figs. 2a,b 
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Larcospira moschkovskii Kruglikova 

DISTRIBUTION 

CENOP: Present in most of the Miocene sections examined from both tropical 
and temperate latitudes. Absent from the Early Miocene of DSDP Site 289 
and the Late Miocene of DSDP Site 310. See Remarks (2) for this species. 



Larcospira guadrangula Haeckel group 
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Larcospira guadran~ula Haeckel, 1887, p. 696, pl. 49, fig. 3; Benson, 
1966, p. 266, pl. 13, figs. 7-8; Nigrini and r'1oore, 1979, 
p. S133, pl. 17, fig. 2 

DESCRIPTION 

"Fully developed tests subquadrangular in outline but vlith a 
sagittal constriction. Structure consisting of a double spiral represent
i n9 a turn i n9 of two di agona lly oppos ite wi ngs of the second transverse 
girdle around the principal axis of the test; the other t\vO wings of this 
qi rdl e are absent. The wi ngs are attached proximally two oppos ite ly 
placed, cylindrical, polar (coaxial with principal shell axis) beams, 
each of \'Ihich arises from the inner-most ellipsoidal shell from which is 
deve loped the inner tri zona 1 shell surroundi n9 it; the two spi ra 1 wi ngs 
of the second transverse girdle arise from the trizonal shell. Each of 
the two \vings are elongated pa ra 11 e 1 to the pri nci pa 1 axi s and form 
half-cylindroidal chambers whose openings face in opposite directions. 
\,ings (chambers) supported by several thin, cylindrical, radial beams 
which arise from the surface of the inner trizonal shell. Lattice of 
test with subequal to unequal, subpolygonal pores, subregularly arranged, 
separated by thin intervening bars. Surface of test with scattered 
thorns or short, thin, conical spines." (from Benson, 1966) 

DIMENSIONS 

"Based on 13 specimens ... length of Pl axis (innermost shell) 
3l-36~, of P2 axis (inner trizonal shell) 68-82~, of P3 axis (sagittal 
constriction of fully developed forms) 135-20911' of Tl axis 18-2711, of 
T2 axis 43-64~, of T3 axis (maximum breadth of fully developed tests) 
125-24611." (from Benson, 1966) 

REr·1ARKS 

1. See remarks for Larcospi ra moschkovski i herei n. 

Plate 13, figs. 3a-c 
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Larcospira quadrangula Haeckel group 

DISTRIBUTION 

CENOP: Present throughout the Late Miocene sections examined from both 
tropical and temperate latitudes. Rare in material from temperate 
latitudes (RC12-431 and DSDP Sites 173 and 310); common to abundant in 
tropical material (DSDP Sites 77B, 158, 289). See Remarks (2) for 
Larcospira moschovskii. 

See Nigrini and Moore (1979, p. S134) for Recent distribution. 



Lithelius minor Jorgensen S95 

Lithelius minor Jorgensen,1900, p. 65, pl. 5, fig. 24; Benson, 1966, 
p. 262, pl. 17, fig. 10 (only); Nigrini and Moore, 1979, p. 
S135, pl. 17, figs. 3,4a,b 

Larcospira minor (Jorgensen) 1905, p. 121 

DESCRIPTION 

"Ellipsoidal to spherical test consisting of 3-7 or more concentric 
trizonal shells, separated by approximately equal distances (6-25~); in 
certain orientations internal structure appears as a double spiral. Shells 
supported by thin radial beams which arise from the nodes of the inter
vening bars of the lattice, therefore, several hundred in number; outermost 
shell with thorns or thin conical spines (incipient beams for support of 
an additional shell) arising from the nodes of the intervening bars; 
spines generally short (5-20~), but long (up to 40~) in a few specimens. 
Pores of all shells of nearly the same size, with regular to subregular 
arrangement, subcircular to subpolygonal, 9-15 on half the minor circum
ference of the outermost shell." (from Benson, 1966) 

"As noted by Benson, forms may exhi bit either doubly spi ra 1 she 11 s or 
concentric shells, depending on their orientation. In either case, there 
are generally less than four whorls or shells. The form is one of the most 
heavily constructed encountered in this study." (from Sachs, 1973) 

"In general the specimens found north of the subtropical convergence 
ha ve more shells, four to seven, most frequently four to fi ve, whereas 
under southern subantarctic waters specimens with three to four shells are 
most common. Small specimens 80 microns in diameter are found together 
with the largest ones (140 microns). As noted by Benson (1966) when speci
mens a re turned under the mi croscope the i nterna 1 structure appea rs as 
distinct concentric shells ... , or as a double spiral ... , and in 
certain oblique positions as a single spiral. The position in which it 
appears as a single spiral is very unstable, it is very difficult to 
photograph and it never adopts this orientation in permanent slides." 
(from Lozano, 1974) 

DIMENSIONS 

"~1ajor diameter of test 79-l48~, minor diameter 70-132~." (from 
Benson, 1966) 

"~1ajor diameter: 103± 1711; minor diameter 90± 14~." (from Sachs, 
1973 ) 

REMARKS 

1. See Benson (1966, p. 263) for further discussion of the generic 
assignment and use of the genus Larcospira. The specimens figured by 
Benson (1966, pl. 18, figs. 1-4) seem to us to be more closely related to 
L. nautiloides Popofsky. 

Plate 14, figs. la,b 
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Lithelius minor Jorgensen 

REMARKS (cont.) 

2. There has been considerable confusion concerning species of 
Lithelius. In our CENOP counts we have included a number of specimens 
which might be considered to be ~. spiralis by some workers. It is 
possible that these species are conspecific, but an examination of type 
material and a comprehensive study of all forms of this general type would 
be necessary to verify this opinion. 

DISTRIBUTION 

CENOP: Common in most of the Miocene sections examined from both tropical 
and temperate latitudes. Rare in DSDP Site 289. 

See Nigrini and Moore (1979, p. S136) for Recent distribution. 



Lithelius nautiloides Popofsky 597 

Lithelius nautiloides Popofsky, 1908, p. 230, pl. 27, fig. 4 (only); 
Riedel, 1958, p. 228, pl. 2, fig. 3 (only), text-fig. 2; 
Petrushevskaya, 1967, p. 53, figs. 27; 28, I; 29, I; Nigrini 
and Moore, 1979, p. 5137, pl. 17, fig. 5. 

DESCRIPTION 

"Shell subspherical, consisting of a small, spherical medullary shell 
surrounded by a completely involute spiral of approximately four or five 
whorls. The whorls of the spiral increase in width outl'iard, and are pene
trated by numerous radial bars which extend as radial spines on the shell 
surface. Radial spines mostly broken off in the examples from the sediments, 
but according to Popofsky, they are approximately as long as the shell 
radius or shorter, needle-like, and of varying thickness. Shell wall of 
moderate thickness, with rounded pores of different sizes." (from Riedel, 
1958) 

DIMENS IONS 

"Diameter of medullary shell 10-15).1, of entire shell of approximately 
four to five whorls 110-220).1." (from Riedel, 1958) 

REMARKS 

1. Petrushevskaya (1967) suggested that only one of Popofsky's illus
trations is L. nautiloides. She refers the other specimens which have only 
2 or 3 whorli, rather than 5 or 6, to Lithelius sp. 

2. According to Petrushevskaya (1967), there is some doubt about the 
generic placement of this species since the type species (~. spiralis 
Haeckel, 1860) has a double spiral rather than a single one. However, 
Benson (1966) and the present authors agree that Haeckel 's original illus
trations of ~. spiralis show a single spiral and, therefore, the generic 
assignment is acceptable. In the CENOP counts we have considered both 
single and double spiraled forms to be conspecific (see pl. 14, figs. la,b 
and 2a,b). 

Plate 14, figs. 2a,b 
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Lithelius nautiloides Popofsky 

DISTRIBUTION 

CENOP: Common in most of the Miocene sections examined from both tropical 
and temperate latitudes. Rare in DSDP Sites. 289 and 310. 

See Nigrini and Moore (1979, p. S138) for Recent distribution. 



Lithe 1 i us s p. S99 

Spirema sp., Kling, 1973, p. 635, pl. 7, figs. 23-25 

DEseRI PTlON 

"Forms included here have a simple, evolute, planispirally coiled 
cortical shell with a smooth outer wall lacking radial spines. An under
standing of their relationship to other species such as Lithelius nautiloides 
Popofsky, 1908, requires further study." (from Kling, 1973) 

DIMENSIONS 

Based on 15 specimens. Usually having 2-1/2 whorls. Maximum diameter 
111-126p. (from Lombari, unpublished data) 

Plate 14, figs. 3a-c 
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Lithelius sp. 

DISTRIBUTION 

CENOP: Present throughout the Mi ddl e to La te t1i ocene secti ons exami ned 
from both tropical and temperate latitudes. Most abundant in DSDP Site 173. 



? Py10spira octopy1e Haecke1 

Py10spira octopy1e Haecke1, 1887, p. 698, pl. 49, fio. 4; Nigrini 
and Noore, 1979, p. S139, p1. 17, figs. 6a-c 

DESeR! PTION 

S101 

Shell ellipsoidal in outline, composed of a series of spiralling 
chambers supported by numerous cylindrical radial beams which pieree the 
outer shell margin. Outer shell thorny, bearing subcircu1ar pores, 
irregular in size, shape and distribution. (from lombari, unpublished 
data) 

DH1ENSIONS 

Based on 10 Quaternary specimens; length of major axis 101-122v, of 
minor axis 79-106v. (from lombari, unpublished data) 

Tho1ospira (?) sp. 2 in Sachs (1973) is thought to be conspecific 
although the dimensions given by him are rather larger (length of major 
axis 158 ± 19v; length of minor axis 118 ± 13v). 

Niocene forms were found to be even larger; based on 20 ~liocene 
specimens; length of major axis 145-220v , of minor axis 105-163v. (from 
lombari, unpublished data) 

RE~lARKS 

1. The specimen illustrated by Benson (1966, p. 17, fig. 2) as 
Phorticium py10nium is probably conspecific. 

Plate 14, fig. 4 
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? Pylospira octopyle Haeckel 

DISTRIBUTION 

CENOP: Present in most of the Miocene sections examined from both tropical 
and temperate latitudes, but entirely absent from DSDP Site 289. 

See Nigrini and Moore (1979, p. S140) for Recent distribution. 



SUBORDER Nasse11aria Ehrenberg 1875 





Zygocircus productus (Hertwig) capulosus Popofsky Nl 

Zyqocircus capulosus Popofsky, 1913, p. 287, pl. 28, fig. 4 

Zygocircus ~~~~ capulosus Popofsky, Goll, 1980b, p. 381, pl. 2, 
fi gs. synonymy) 

DESCRIPTION AND DIMENSIONS 

"Sagittal ring tall, narrow, subtriangular in shape; 90-l35pm high, 
53-90pm thick. Except for median bar, sagittal ring tribladed in cross 
section l'iith median blade or keel external. Front of sagittal ring 
straight on some specimens ... ; broadly curved with slight discontinuity 
at apical spine on other specimens .... Simple vertical spine arises 
at or well above mid-point of sagittal ring height. 

"Apical spine 3-35~m tall; randomly spiculate on older specimens ... , 
characteristically bifurcate with a proximal spicule projecting fonJard on 
most specimens .... Frontal spine simple, tapering, 3-l0pm long. Very 
delicate primary and secondary lateral spines are not preserved on some 
specimens. Broad tuberculate axobate larger than frontal spine on some 
specimens .... Irregular number of spicules project from front, top and 
back of sagittal ring. These spicules may be short and simple ... , 
ramous ... , or large, broad and spatulate." (from Goll, 1980b) 

DISTINGUISHING CHARACTERS 

"A subspecies of Zygocircus productus characterized by a prominent 
apical spine, a large but irregular number of spicules on the front of the 
sagittal ring, and the absence of a sternal spine. 

"Zygocircus productus capulosus can be distinguished from Zygocircus 
productus productus by the presence of a recognizable apical spine which 
is characteristically bifurcate." (from Goll, 1980b) 

W1ARKS 

1. A detai 1 ed study of thi s speci es group has been made by Go 11 (1980b). 
He has proposed some novel, perhaps controversial suprageneric changes in 
its classification. I-Je feel that it would be premature to incorporate those 
changes herein. 

2. In the CENOP counts this subspecies was counted together with 
Z. productus tricarinatus. Only those specimens that were certainly not 
lncomplete examples of other species were included in the counts. 

Plate 15, figs. 1a,b 
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Zygoci rcus productus (Hert~1i g) capulosus Popofsky 

DISTRIBUTION 

CENOP: In the CENOP counts this subspecies was considered together with 
I. productus tricarinatus. The counting group was found to be very rare 
in temperate latitudes, but abundant in the Miocene sections examined from 
tropical latitudes. Most abundant in the central equatorial Pacific (DSDP 
Sites 71 and 77B). Abundance increases in younger sediments. 

According to Goll (1980b), I. roductus capulosus ran~es from the 
Middle Miocene (Diartus petterssoni Zone to surface sediments (Tholospyris 
devexa devexa Zone of Goll). It gradually replaces I. productus 
tricarinatus and is abundant in the Spongster pentas Zone (Early Pliocene). 



Zygocircus productus (Hertwig) tricarinatus Goll 

ZYCJocircus roductus tricarinatus Goll, 1980b, p. 380, pI. 1, figs. 
1-2, 5-15 with synonymy) 

DESCRI PTION AND DH1ENS IONS 

N3 

"Sagittal ring large, quite variable in size; shape approximates an 
irregular trapezoid; 63 to 155~m high, 56 to 102~m thick. Except for 
median bar, sagittal ring tribladed in cross section, with median blade 
or keel external. Simple vertical spine arises near or above mid-point of 
sagittal ring height. Short, simple apical spine obscured by profusion of 
sagittal ring spicules on most specimens. A few specimens have long 
spiculate apical spine projecting 95 to 140~m above sagittal ring ... 
Frontal spine 8 to 25~m long, broad, smooth and spiculate. Large sternal 
spine projects from back of median bar. Primary and secondary lateral 
processes occur as very small spines on most specimens. Some specimens 
have primary lateral bars joined distally to the sternal bar and to 
tertiary lateral bars. Such specimens have a sternal pore and the vestige 
of a basal ring .... Axobate is obscure on some specimens ... and 
prominent on others ... ; detai Is not examined by SH1. Numerous spicules 
projecting from the triblades of sagittal ring are irregular in number and 
position. Spicules may be short, broad and smooth ... or 30 to 85~m long 
and very ramous. II (from Go 11, 1980b) 

DISTINGUISHING CHARACTERS 

"A subspecies of Zygocircus productus characterized by a complete 
sagittal ring and a sternal bar or spine." (from Goll, 1980b) 

REMARKS 

1. A detailed study of this species group has been made by Goll (1980b). 
He has proposed some novel, perhaps controversial suprageneric changes in 
its classification. l'le feel that it would be premature to incorporate those 
changes herein. 

2. In the CENOP counts thi s subspeci es was counted together with 
I. productus capulosus. Only those specimens that were certainly not 
incomplete examples of other species were included in the counts. 

Plate 15, figs. 2a,b 
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Zygocircus productus (Hertwig) tricarinatus Goll 

DISTRIBUTION 

CENOP: See Z. productus capulosus. 

According to Goll (1980b), I. productus tricarinatus ranges from the 
Early Oligocene (Theocyrtis tuberosa Zone) to the Early Pliocene 
(Spongaster pent~ Zone). The subspecies has its highest frequency in the 
late Early t·1iocene and early r~iddle Miocene (Calocycletta costata and 
Dorcadospyris alata Zones). 
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Antarctissa deflandrei (Petrushevskaya) 

Botryopera deflandrei Petrushevskaya, 1975, p. 592, pl. 11, figs. 30-32 

Antarctissa conradae Chen, 1975a, p. 484, pl. 3, fig. 3 (only); 1975b, 
p. 457, pl. 17, fig. 3 (only). 

DESCRIPTION 

"Cephalis thick-walled, ovate, with scattered, small, subcircular pores. 
Specimens from younger sediments have conical spines on the apex of the cephalis. 
and cephalic pores become progressively larger and more irregular during the 
evolutionary changes of the species. Thorax cylindrical, slightly tapering at 
the base in some specimens, separated from the cephalis by a distinct collar 
constriction. Thoracic pores circular to subcircular, scattered and about the 
same size as those of the cephal is. In specimens from younger sediments, the 
dorsa 1 and two 1 atera 1 spi nes cons tri ct the wa 11 of the thorax and form 1 ongi
tudinal furrows, and thoracic pores become larger and more abundant." 
(from Chen, 1975a) 

DIt1ENS IONS 

"Based on 
thorax 45-6311. 
Chen, 1975a) 

REMARKS 

35 specimens. Length of cephalis 27-36]1, length of 
Width of cephalis 25-3211, width of thorax 35-5411." {from 

1. "This species evolved into Antarctissa longa (Popofsky) in the Lower 
Pliocene. The distinction between these two species is made by an arbitrary 
size limit of the thorax; i.e., specimens having a thorax less than 5411 in 
\'iidth will be assigned to Antarctissa deflandrei, other specimens to A. longa." 
(from Chen, 1975a) 

This evolutionary sequence was not observed in North Pacific CENOP 
samples where fl. longa is present in early Middle Miocene samples, but 
fl. deflandrei is absent from the same samples. 

Plate 15, figs. 3a,b 
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Antarctissa deflandrei (Petrushevskaya) 

DISTRIBUTION 

CENOP: Absent from most of the Miocene sections examined from both 
tropical and temperate latitudes. Rare in the Early Miocene of DSDP Site 
173; abundant in the Late Miocene of DSDP Site 173. 



Antarctissa longa (Popofsky) N7 

Helotholus longus Popofsky, 1908, p. 282, pl. 34, fig. 2 

Antarctissa longa (Popofsky), Petrushevskaya, 1967, p. 91, pl. 51, 
fig. 1; 1975, p. 591, pl. 18, fig. 6 

Antarctissa conradae Chen sensu Keany, 1979, pl. 5, fig. 10 

DESCR I PTI ON 

"The skeleton is constructed almost identically toe A. strel-
kovt]. It has the same thin Ivalls vlith delicate pores,-anct the same 
10ng secondary spines on the surface. HOvlever, the relation between 
"cephalis" and "thorax" is different. The ratio of the width of the first 
segment to the width of the second segment is as 1 : 1.5 - 1.5. The 
shells themselves are somewhat larCjer than fl. strelkovi." (from 
Petrushevskaya, 1967; translation courtesy W. R. Riedel) 

DIMENSIONS 

"Length of the first segment 60 -70p, its width 70 -SSp, length of 
the second segment 100p-120p , width 100p- 120p, total length of the shell 
160p-200p." (from Petrushevskaya, 1967; translation courtesy vi. R. Riedel) 

Plate 15, figs. 4a,b 
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Antarctissa longa (Popofsky) 

DISTRIBUTION 

CENOP: Absent from most of the Miocene sections examined from both 
tropical and temperate latitudes. Rare in the Early Miocene of DSDP Site 
173; common in the Late Miocene of DSDP Site 173. 



Antarctissa strelkovi Petrushevskaya N9 

Helotholus histricosa Jorgensen sensu Popofsky, 1908, p. 279, pl. 32, 
figs. 1-5, ?pl. 36, fig. 2 

non Helotholus histricosa Jorgensen, 1905, p. 137, pl. 16, figs. 
86-88 

Antarctissa strelkovi Petrushevskaya, 1967, p. 89, pl. 51, figs. 4,5, 
?pl. 51, fig. 3; 1975, p. 591, pl. 18, fig. 5; Nigrini and 
Hoore, 1979, p. N5, pl. 18, fig. 2b, ?pl. 18, fig. 2a 

Antarctissa longa (Popofsky) sensu Keany, 1979, pl. 5, fig. 11 

DESCRI PTION 

"This species has a structure typical for the genus. The first seg
ment is separated from the second by a slight constriction. The ratio of 
"cephalis" width to "thorax" width is 1 : 1.5 - 2. Pores on both segments 
are rounded, randomly distributed; their sizes vary greatly. The shell 
walls are comparatively thin. On the surface there are thorns and even 
long secondary spines. These spines arise at the first segment, extend 
laterally along the sides of the second segment and project down~lard at its 
lower edge (in sediment specimens, the spines are usually broken off in the 
vicinity of the base). The elements of the inner skeleton are much thinner 
than in A. denticulata and their outward extensions are more distinct. 
differs Trom [~. denticulata] in the presence of long secondary spines on 
its surface, general form of the shell and thinner, transparent wall." 
(from Petrushevskaya, 1967; translation courtesy W. R. Riedel) 

DI~IENSIONS 

"Length of the first segment (externally) 45 -55p, its width 60 - 65p, 
length of the second segment 70 -90p, width 70 -llOp, overall length of the 
shell is up to 150p." (from Petrushevskaya, 1967; translation courtesy 
W. R. Riedel) 

REHARKS 

1. \ole are unable to identify the species of Antarctissa illustrated 
by Keany (1979, plate 3) because of the difficulty of comparing SEM and 
light microscope illustrations. 

Plate 15, figs. 5a-c 
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Antarctissa strelkovi Petrushevskaya 

D1 STR1BUTION 

CENOP: Absent from most of the ~1iocene sections examined from both 
tropical and temperate latitudes. Common, however, in both the Early and 
Late Miocene of DSDP Site 173. 

See Nigrini and t~oore (1979, p. N6) for Recent distribution. 



Nll 
Ceratocyrtis histricosa (Jorgensen) 

Helotholus histricosa JHrgensen, 1905, p. 137, pl. 16, figs. 86-88; 
Petrushevskaya, 1967, p. 91, pl. 51, fig. 2 

Ceratocyrtis histricosa (JHrgensen) Petrushevskaya, 1971b, p. 98, 
pl. 52, figs. 2-4; Petrushevskaya and Kozlova, 1979, p. 115 

DESCRI PTION 

"The ventl'al sagittal spine about equal in strength to the others 
and is directed a little upwards. The primary, lateral spines are nearly 
horizontal, bent slightly downwards; they protrude at the neck stricture, 
rather far up. The dorsal spine, A, is directed downwards and pierces 
the thorax rather far down. 

"Only the dorsal spine, A, runs for a short distance in the very 
wall of the thorax, the others pierce only the wall. 

"The cephalis is semispherical, or a little higher, in cross 
section circular. The thorax is broadly campanulate. 

"The pores are irregular in shape and size, most of them being 
roundish or oblong, smallest on the cephalis (1-16~), largest on the 
thorax, es peci a lly do~m below on young i ndi vi dua 1 s. Here the brim of 
the thorax is furnished with numerous, irregularly placed, short spines, 
which are not true byspines, but only the ~Ialls of meshes ~Ihich are not 
yet developed. 

"On the cephalis and thorax, narrow needle shaped byspines are 
scattered, the longest being about equal in length to the diameter of 
the cephal is. 

"I have not seen any individuals which could be supposed to be 
fully developed." (from Jorgensen, 1905) 

"Ceratocyrtis, the I segment of Ivhich resembles a cupola, bearing 
only small spines and no horn. The walls of the I segment are covered 
with rounded pores varying in size; their diameter approximately equals 
the distance between them. On the thorax, the pores are considerably 
larger, their diameter exceeding several times the width of the septa. 
Thorax 4-5 times wider than the I segment." (from Petrushevskaya, 1971b; 
translation courtesy W. R. Riedel) 

DIMENSIONS 

"Diameter of I segment 0.025-0.035 mm; length of II segment up to 
0.1 mm, width 0.10-0.12 mm." (from Petrushevskaya, 1971b; translation 
courtesy W. R. Riedel) 

Plate 15, fig. 6 
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Ceratocyrtis histricosa (J5rgensen) 

REMARKS 

1. Benson ( 1966 and 1983 ) prefers to consider this species as 
a species group which he calls Helotholus histricosa Jornensen group. 
In the Gulf of California he finds specimens, identified as ~. histricosa, 
to be of two general types: 

"1) tests with a partially hidden cephalis and a discernible but 
indistinct collar stricture (Benson, 1966, pl. 31, figs. 4-5) and 

2) tests with a completely hidden cephalis consisting of a broadly 
rounded, cap-like structure with relatively large pores (Benson, 1966, 
pl. 31, figs. 6-8)." (from Benson, in press) 

2. Kling (1977) refers to this species as Helotholus histricosa 
Jorgensen. 

3. The specimen illustrated by Riedel (1958, pl. 3, fig. 8) as 
Helotholus histricosa does not conform to our concept of C. histricosa. 
It appears rather to be a species of Antarctissa. 

DISTRIBUTION 

CENOP: Present throughout the Miocene sections examined from both 
tropical and temperate latitudes. Rare in temperate latitudes sites 
RC12-431 and DSDP Site 310; common in all other material. 



Ceratocyrtis stigi (Bjprklund) 

Lithomelissa stigi Bj¢rklund, 1976, p. 1125, p1. 15, figs. 12-17 

DESCRIPTION 

"Cephalis very small, roughly one-third of the diameter of the 
thorax, well separated from the latter. Thorax wall campanulate with 
large rounded pores, 5-8 llm, while the pores on the thorax are larger, 
5-15 llm of a more irregular, rounded shape. The vertical and apical 
spines are cylindrical and well developed, \'Iith a len9th varying from 
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10 to 60 llm for the apical spine, while the ventral spines is consider
ably shorter, 5-25 llm. In most cases, the lateral spines do not pierce 
the thoracic wall, however, the dorsal spine can be very often seen on 
the outside of the thoracic wall." (from Bj¢rklund, 1976) 

DH1ENSIONS 

" of holotype: Hidth of cephalis, 30 llm, height of cephalis, 
27 llm, width of thorax, 60 llm, height of test (cepha1is and thorax), 
70 llm, length of apical spine, 40 llm, and length of vertical spine, 
9 llm." (from Bjj"rk 1 und, 1976) 

DISTINGUISHING CHARACTERS 

Prominent, curved, apical horn. Large, rounded pores on campanu1ate 
thorax. 

REMARKS 

1. Petrushevskaya (1979)* trans ferred 8j¢rk1 und' s (1976) specimens 
(except for those specimens illustrated in Bj¢rk1und, 1976, pl. 15, 
figures 15 a,b) to the new species Ceratocyrtis panicu1a. Although we 
agree that the species belongs in the genus Ceratocyrtis and that it is 
closely related to both C. histricosa and Cornute11a cucul1aris Ehrenberg 
(the type species of Ceratocyrtis), we think that all the specimens 
illustrated by Bjfrklund are conspecific. 

* see Petrushevskaya and Koz1ova, 1979 

Plate 15, fig. 7 
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Ceratocyrti s stigi (Bj¢rkl und) 

DISTRIBUTION 

CENOP: Absent or rare in much of the Miocene material examined from both 
tropical and temperate latitudes, but common in the Middle Miocene of the 
western equatorial Pacific (DSDP Site 289), in one site (DSDP Site 71) in 
the central equatorial Pacific and in both the Early and Late ~liocene of 
the eastern temperate Pacific (DSDP Site 173). 

According to Bj¢rklund (1976, Lithomelissa stigi) f. stigi ranges 
through most of the Mi ddl e ~li ocene of the Norwegi an Sea. 



SPYROID RADIOLARIA N15 

There have been two major post-Haecke1ian reV1Slons of Spyroid taxonomy: 
one by Goll (1968, 1969, 1977) and one by Petrushevskaya (1971a,b, 1972 (vlith 
Koz1ova), 1975). Petrushevskaya (1971b) compares her taxonomy with that of 
Go11, but Go11 has not replied to her remarks. It is not the function of 
the present paper to pass judgement on the substantial differences between 
the two proposed taxonomies, but rather to record them. Both systems have 
been used by subsequent authors (e.g.,Ling, 1975; Chen, 1975a,b; Nigrini 
and t~oore, 1979). Some authors have chosen to ignore both taxonomies (e.g., 
Sanfilippo et ~., 1973; Bo1tovskoy and Riedel, 1980). 

Taxonomic controversy concerning the Spyroids begins at the family 
level. Goll prefers the family name Trissocyc1idae while Riedel prefers 
the family name Acanthodesmiidae (see Go11, 1971). Petrushevskaya (1971a,b) 
proposed a scheme whereby two famil i es, Tri ospyri dae and Acanthodesmi i dae, 
exi st within the suborder Spyri da. 

FAt~IL Y LEVEL TAXONO~1Y 

1. After Goll (1968, 1969, 1977) 

ORDER NASSELLARIA EHRENBERG 1875* 

FAMILY TRISSOCYCLIDAE HAECKEL 1881 EMEND. GOLL 1968 

Trissocyc1ida Haecke1 1881, 1887 
Aegospyrida Haecke1 1881 
Tho1ospyrida Haecke1 1887 
Lophospyrida Haecke1 1887 
Trissocyc1inae Campbell 1954 
Tho1ospyrididae Campbell 1954 

E~lENDED DIAGNOSIS: Representatives of Nassellaria having a sagittal ring. 

TYPE GENUS: Liriospyris Haecke1 1881 (=Trissocyc1us Haecke1 1881) 

2a. After Riedel (1967b, 1971) 

ORDER NASSELLARIA EHRENBERG 1875 

FAMILY ACANTHODESMIIDAE HAECKEL 1862, EMEND. RIEDEL 1967b 

Stephoidea Haecke1 1887 
Spyroidea Haecke1 1887 

DEFINITION: Nasse11aria possessing a sagittal ring. 

* Goll uses 1876 
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2b. After Riedel and Sanfilippo (1977) 

ORDER NASSELLARIA EHRENBERG 1875 

SUBORDER SPYRIDA EHRENBERG 1847 EMEND. PETRUSHEVSKAYA 1971a 

DEFINITION: Skeleton generally possessing a complete sagittal ring, and 
commonly also latticed lateral chambers forming a bilobed cephalis. 
Families within this suborder, which ranges from Late Paleocene or earlier 
to the present, are not yet satisfactorily defined. 

3. After Petrushevskaya (1971a,b) 

SUBORDER SPYRIDA EHRENBERG 1847 H4END. PETRUSHEVSKAYA 1971 a 

Spyridina Ehrenberg 1847 (non Spyroidea Haeckel 1887) 
Orboidea Popofsky 1913 (part.) 
Acanthodesmiidae Haeckel, Riedel 1967b (non Acanthodesmida Haeckel 1881) 
Trissocyclidae Haeckel, Goll 1968 (non Trissocyclida Ha.eckel 1881) 

EMENDED DEFINITION: "Nassellaria with a cephalis in which the spines A, 
Vert and MB make, as a rule, a sagittal ring. The spines 1 and L are as 
strong as the rods a, m, q, f and j, going off from the ring. Often the 
spines L are reduced. Nearly always, arches al, am, mq, qf, fj, Lj (=pj) 
and lL are present, but never the arches aj and ap. The vlalls of the 
cephalis are often reduced. The central capsule is of apoaxoplastique type; 
it may have a sagittal constriction." 

"Paleogene-Rec. 
surface waters." 

All zones, perhaps except the Arctic. 
(from Petrushevskaya, 1971a) 

Surface and sub-

FAMILY TRIOSPYRIDIDAE HAECKEL EMEND. PETRUSHEVSKAYA 1971a 

Triospyrida Haeckel 1881, p. 441; 1887, p. 1025 
Zygocyrtida Haeckel 1862, p. 291 (part.) 
Spyroidea Haeckel 1887, p. 1015 (part.) 

EMENDED DEFINITION: "Spyrida with the skeleton having external heteropolar 
differentiation. There are not only cephalis, but also galea and apical 
horn on one pole, and thorax and feet on the other pole. The cephalis may 
be composed not only of the eucephalic part, but also of ante- and post
cephalic parts. The bars a, m, q, z, f, j and 1 are weak and enclosed in 
the cephalic cavity. The spines L are normal. 

"Paleogene-Rec. All zones (perhaps except the Arctic). Surface and sub
surface waters. 

"Taxa include: Nearly all spyrid genera not listed under Acanthodesmiidae." 
(from Petrushevskaya, 1971a) 

Note: Emendations made by Petrushevskaya (1971a) are treated in greater detail 
in Petrushevskaya (1971b). 



FA~1IL Y ACANTHODES~lIIDAE HAECKEL 1862 EMEND. RIEDEL 1967b 

Acanthodesmida Haeckel 1862, p. 265 
Acanthodesmiden Haeckel, Hertwig 1879, p. 68 
Acanthodesmiidae Haeckel, Riedel 1967b, p. 296 (part.) 
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EMENDED DEFINITION: "Spyrida with the skeleton built of the paired rods 
1, a, m, q, f, j, in the walls of the cephalis. Spines L are reduced. 
There is almost no indication of a differentiation of the skeleton in the 
direction of the main nassellarian axis. 

"Eocene-Rec. Tropi ca 1 regi ons and trans iti ona 1 zones of the ocean. 
Surface waters." (from Petrushevskaya, 1971a) 

GENERIC AND SPECIFIC LEVEL TAXONOMY 

The primary taxonomy used herein is that of Goll (1968, 1969, 1977), 
but it is used with some reservation since we (and others) have found it 
difficult to apply his generic definitions consistently. 

GENUS Dendrospyris Haeckel 1881 emend. Goll 1968 

Dendrospyris Haeckel 1881, p. 441; 1887, p. 1038 
Corythospyris Haeckel 1881, p. 443; 1887, p. 1057 

EMENDED DIAGONSIS: "Dendrospyris includes trissocyclids having the follow
ing skeletal features: secondary-lateral bars, an even number of basal 
pores, no lattice spines that are perpendicular to the lattice shell, and 
a lattice shell that is joined to the sagittal ring only by connector bars 
or has more than blo lattice bars that are joined to the sagittal ring." 
(from Goll, 1968) 

TYPE SPECIES: Ceratospyris stylophora Ehrenberq 1873, p. 220; 1875, pl. 20, 
fi g. 10 

Petrushevskaya (1975) placed this genus in synonymy with (?) Triceraspyris 
Haeckel 1881, p. 441; 1887, p. 1029. In the same synonymy she included, 
in part, Goll 's emended definition of the genus Giraffospyris. 

DEFINITION: "Thick-walled 
both sides of the sagittal 
stronger than the others. 
Petrushevskaya, 1975) 

cephal is. Large pores situated symmetrically on 
nng. Six feet are directed downwards, two 
Several horns on the cephalis." (from 

TYPE SPECIES: According to Petrushevskaya (1975) the type species is 
Triceraspyris giraffa Haeckel 1887, p. 1031, pl. 84, fig. 11. However, 
according to Foreman and Riedel (in press) the type species of Triceras yris 
is 1. tropodiscus Haeckel 1887, p. 1030. Petrushevskaya had earlier 1971b) 
considered Ceratospyris didoceros Ehrenberg 1873, p. 218; 1875, pl. 21, 
fig. 6 to be the type species of Triceraspyris. 
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SPECIES INCLUDED HEREIN: Dendrospyris bursa Sanfilippo and Riedel 

Dendrospyris damaecorni s (Haeckel) 

Dendrospyris pododendros (Carnevale) 



Dendrospyris bursa Sanfilippo and Riedel 

Theocampe ? sp. a Nakaseko, 1963, p. 183, pl. 2, figs. 8a-b 

Dendrospyris bursa Sanfil ippo and Riedel, Sanfil ippo et {L., 1973, 
p. 217, pl. 2, figs. 9-13 

DESCRI PTION 

N19 

"Cephalis bilobate, bearing a complex apical horn; thorax large, 
purselike. Cephalic surface roughened by very small conical protuberances, 
perforated by numerous subcircular pores similar in size. Apical horn 
generally comprised of an extension of the apical bar surrounded by thin 
bars arranged like a tent, merging and continuing upward as a some~lhat 
thicker spine; tentlike structure in some specimens perforated by sub
circular lattice pores. Sagittal ring D-shaped, the apical bar extending 
freely in the cephalic cavity and the remainder of the ring to the vertical 
spine merged with the cephalic wall. Vertical thorn indistinct; vertical 
pore somewhat larger than other cephalic pores, situated only slightly 
above the level of the basal ring. Median and dorsal bars robust; primary 
lateral bars distinct; secondary lateral bars so short as to be indistinct. 
Thorax anteroposteriorly compressed, with undifferentiated margin, con
sisting of two approximately semicircular plates rarely joined laterally 
except adjacent to the cephalis, usually very flared, its two edges fOl'llling 
an angle of up to 1800 or more. Thoracic pores subcircular, of approxi
mately the same size as those of the cephalis, generally shovling a tendency 
to radial elongation in the zone near the base of the sagittal ring." 
{from Sanfil i ppo et {L., 1973) 

DIMENSIONS 

Based on 30 specimens. "Height of cephalis (excludin(j horn) 25-45]1, 
its breadth 40-60]1." {from Sanfilippo et {L., 1973) 

REMARKS 

1. "In the Pacific sequence examined, this species appears to be 
preceded by a rather similar species with a simple apical horn. Specimens 
of D. bursa with edges of the thorax forming an angle of more than 1800 

occur in virtually all of the Mediterranean Neogene samples containing the 
species, but in the Pacific sequence appear to be restricted to Core 
64.1-6." {from Sanfilippo et {L., 1973) 

2. "The forms examined here [North Pacificl consistently lack a horn 
and so resemble more the specimens illustrated by Nakaseko." (from Foreman, 
1975) 

3. "As in other studies in the Pacific, a horn is lacking from the 
forms studied in this material [Philippine Seal." (from Sloan, 1980) 

Plate 16, figs. la-f 



N20 

Dendrospyris bursa Sanfilippo and Riedel 

DISTRIBUTION 

According to Sanfilippo et al. (1973), D. bursa ranges from the 
Oligocene (Lychnocanoma elongata Zone) to the-Niddle Niocene (Dorcadospyris 
alata Zone) in the western tropical Pacific (DSDP Sites 64.0, 64.1 and 
66.T!. 

According to Foreman (1975), ~. bursa is common in the Didymocyrtis 
antepenultima Zone and rare in the Didymocyrtis penultima Zone of the 
North Pacific (DSDP Site 310). 



Dendl'ospyris damaecornis (Haeckel) 

Triceraspyris damaecornis Haeckel, 1887, p. 1032 

Dendrospyris damaecornis (Haeckel) Goll, 1968, p. 1420, pl. 173, 
figs. 1-4, text-fig. 8 (with synonymy) 

DEseRI PTION AND o If.1ENS IONS 

N21 

"Sagittal ring subcircular; 33 to 55p high; 25 to 39p, thick; joined 
directly to front, apex, and back of lattice shell. Apical spine short; 
vertical spine very short, projecting from near base of sagittal ring; no 
frontal or axial spines. Frontal, primary-lateral, and secondary-lateral 
bars joined to basal ring; no other connector bars. 

"Basal ring oval; 28 to 53p wide; 15 to 25p thick; joined directly to 
back of sagittal ring; encloses six basal pores. Front pair of basal pores 
smallest and in most specimens visible only in front view. Three basal 
spines, 9 to 37p long, project from basal ring; one of them is adjacent to 
each of frontal and primary-lateral bars. These basal spines are circular 
in cross section and have irregularly branched distal ends or are rectangu
lar in cross section and have trifurcate or simple distal ends. Lattice 
shell oval in front vie~J; 54 to lOOp wide; slightly constricted sagittally; 
not extending below basal ring; has appearance of thin, smooth sheet per
forated by circular lattice pores that are 3 to 37p in diameter. Five to 
seven lattice bars joined to sagittal ring; one to four lattice bars 
joined to each side of basal ring. Some specimens have lattice spines 
oriented parallel to lattice shell. Six to eight pairs of sagittal-lattice 
pores; pair adjacent to back of basal ring smallest. In some skeletons, 
pair of sagittal-lattice pores above back of basal ring are relatively 
large and occupy as much as three-quarters of the width of lattice shell. 
In such specimens, that part of lattice shell perforated by small pores 
restricted to narrow lateral band. No frontal, sternal or vertical pores. 

"Representatives of Dendrospyris damaecornis differ from those of 
D. bina ertonis n. sp. in having no sternal pore; from those of L iriospyris 
stauropora Haeckel) in having no frontal pore; and from those of Gir
affospyris laterispina (Goll), and Tholospyris scaphipes (Haeckel) in having 
secondary-lateral bars. Skeletons of the type-species of Dendrospyris, 
Q. stylopho~, have a sternal bar and no basal spines adjacent to the 
primary-lateral bars. 

"Haeckel (1887) described three spines on the apex and four spines on 
the base of the lattice shell of Elaphospyris damaecornis, but his illus
tration suggests that the specimen was incorrectly oriented. Apical spines, 
as described by Haeckel (1887), are here interpreted as basal spines, and 
structures regarded by Haeckel as basal spines are the lattice spines of 
the description that is given in this paper." (from Goll, 1968) 

Plate 16, fig. 2 
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Dendrospyris damaecornis (Haecke1) 

DISTRIBUTION 

CENOP: Absent from all Miocene sections from temperate latitudes. Rare in 
most of the Miocene sections examined from tropical latitudes, but common 
in the Early Miocene of DSDP Site 71. 

See Go11 (1968, p. 1412) for range of species. 

Go11 (1972, Plate 88 in pocket attached to inside back cover) shows 
this species to range from the boundary between the Lychnocanoma e10ngata 
and Cyrtocapse11a tetrapera Zones (Early Miocene) to the Recent. 



N23 
Dendrospyris pododendros (Carnevale) 

Tessarospyris pododendros Carnevale, 1908, p. 28, pl.3, fig. 18 

Dendrospyris pododendros (Carnevale) Goll, 1968, p. 1422, pl. 174, 
figs. 1-4, text-fig. 8 

DESCRIPTION AND DIMENSIONS 

"Sagittal ring subcircular; 54 to 70~ high; 47 
directly to front, apex, and back of lattice shell. 
short; no frontal or axial spines. 

to 54~ thick; joined 
Vertical spine very 

Some specimens have short apical spine; in other skeletons, apical spine 
absent. Eight basal connector bars joined to basal ring. 

"Basal ring oval; 54 to 75~ wide; 31 to 50~ thick; encloses four basal 
pores. In most specimens, four basal spines, circular in cross section and 
10 to 58~ long, project from basal ring and taper to simple point or have ir
regularly branched distal ends. A basal spine is adjacent to each of frontal 
and sternal bars and lateral extremes of basal ring. Some specimens have an 
additional pair of basal spines adjacent to primary-lateral bars; other ske
letons have no basal spines. Lattice shell 81 to 112~ wide; not constricted 
sagittally; not extending below basal ring. Lattice bars massive, subrec
tangular in cross section, and frame subcircular lattice pores 7 to 23~ in 
diameter. Four to seven lattice bars joined to sagittal ring; variable number 
of them joined to basal ring. Five to eight pairs of sagittal-lattice pores; 
frontal and sternal pores; no vertical pore ... 

"Representatives of Dendrospyris D. 
binapertonis n. sp. and D. damaecornis Haeckel in having a frontal pore 
and from skeletons of D.pannosa n. sp. in having no lattice shell below 
the basal ring. Specimens of the type-species of Dendrospyris, ~ stylophora, 
have a long apical spine and t\·/O or three basal spines; in specimens of D. 
pododendros, the apical spine is very short or absent. Some skeletons of 
D. ododendros have no basal spines; other specimens have four or six basal 

from Goll, 1968) 

REMARKS 

1. Petrushevskaya and Kozlova (1972) use this name, but \'iith the word "group" 
after it, and this synonymy, but Petrushevskaya (1975) makes the genus 
Dendrospyris a junior synonym of the genus Triceraspyris (?). Ling (1975) 
follows Petrushevskaya and Kozlova (1972) in the use of the word "group." 

2. Sanfilippo et al. (1973) use Carnevale's original name (Tessarospyris 
pododendros) fortliTs species. 

Plate 16, figs.3a,b 
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Dendrospyris pododendros (Carnevale) 

D I STRI BUT! ON 

CENOP: Absent from most of the Late Miocene sections examined from both 
tropi ca 1 and temperate 1 at i tudes, except in DSDP Sites 173 and 77B Ivhere 
it is rare. Common to abundant in the Early and f4iddle ~liocene of the 
central equatorial Pacific. 

See Goll (1968, p. 1412) for range of species. 

Goll (1972, Plate 88 in pocket attached to inside back cover) shows 
this species to range from the Eocene (Thyrsocyrtis bromia Zone) to the 
t~iddle Miocene (Diartus petterssoni Zone). 

According to Sanfilippo et al. (1973, Tessarospyris ododendros), 
Q. pododendros ranges from thelOligocene {L chnocanoma elongata Zone to 
the Middle Miocene {Diartus petterssoni Zone in the western tropical 
Pacific (DSDP Sites 64.0,64.1 and 66.1). 



GENUS Dorcadospyris Haeckel 1881 emend. Goll 1969 

Dorcadospyris Haeckel 1881, p. 441; 1887, p. 1040 
Patagospyris Haeckel 1881, p. 443; 1887, p. 1087 
Lophospyri s Haecke 1 1881, p. 443; 1887, p. 1066 

Emended diagnosis: "Dorcadospyris includes trissocyclids having 
seondary-lateral bars and an odd number of basal pores or three 
symmetrical pairs of lattice bars that are joined to basal ring 
and nine tribladed basal spines." (from Goll, 1969) 

N25 

Type species: Dorcadospyri s denta ta Haecke 1 1887, p. 1040, pl. 85, fi g. 6 

Species included herein: Dorcadospyris ateuchus (Ehrenberg) 
Dorcadospyris dentata Haeckel 
Dorcadospyris forcipata (Haeckel) 
Dorcadospyri s papil io (Riedel) 
Dorcadospyris praeforcipata Moore 
Dorcadospyris simplex (Riedel) 



N26 
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Dorcadospyris ateuchus (Ehrenberg) 

Ceratospyris ateuchus Ehrenberg 1873, pl. 218; 1875, pl. 21, fig. 4 

Cantharospyris ateuchus (Ehrenberg), Haeckel, 1887, p. 1051; Riedel, 
1959, p. 294, pl. 22, figs. 3,4 

Dorcadospyris ateuchus (Ehrenberg), Riedel and Sanfilippo, 1970, pl. 
15, fig. 4 

Dorcadospyris (7) or Petalospyris (7) ateuchus (Ehrenberg), 
Petrushevskaya and Kozlova, 1972, p. 532. 

DESCRIPTION 

"Shell nut-shaped, tuberculate, thick-walled, with indistinct sagittal 
stricture and with subcircular to circular pores without regular arrange
ment. Two primary feet robust, circular in section, usually tending to be 
straight, though in some specimens curved, with convexity outward. Secondary 
feet not present in all specimens, one to four in number, much smaller than 
the primary feet. In some specimens a small amount of irregular lamellar 
meshwork is developed in place of the secondary feet. In many specimens a 
small apical horn is present. The one specimen that could be observed from 
the base was found to have three large and six small collar pores, similar 
to those of Tristylospyris triceros, and the primary spines correspond in 
position with the bars which Butschli (1882) designated as e in his figure 
of the collar structures of Petalospyris argiscus Ehrenberg-:-" (from Riedel, 
1959) 

DIMENSIONS 

Based on 30 specimens. 
190-720~; of secondary feet 
Riedel, 1959) 

DISTINGUISHING CHARACTERS 

"Length of shell 63-98~; of primary feet 
20-188~. Breadth of shell 78-120~." (from 

"Two primary feet robust, circular in section, tending to be straight 
and divergent. In some specimens there are one to four small secondary 
feet, sometimes replaced by irregular meshl·/ork." (from Riedel and Sanfilippo, 
1978) 

REMARKS 

1. "Evidence from the drilled sequences in the western Pacific con
firms the suggestion of Riedel (1959) that this species evolved from 
Tristylospyris triceros by reduction of the number of strongly divergent 
feet from three to tl'iO." (from Ri ede 1 and Sanfil i ppo, 1971) 

2. Holdsworth (1975) noted a number of specimens, Q. aff. ateuchus, 
"possessing a third, weak foot of circular cross-section and/or lacking 
the symmetry of D. ateuchus." 

Plate 17, figs. la,b 
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Dorcadospyris ateuchus (Ehrenberg) 

DISTRIBUTION 

Riedel and Sanfilippo (1978) define the lower limit of the 
Dorcadospyris ateuchus Zone by the evolutionary transition from 
Tristylospyris triceros to Q. ateuchus. The last occurrence of Q. ateuchus 
is placed at the boundary between the Stichocorys delmontensis and 
Sti chocorys wo 1ffi i Zones. 01 i gocene to Early t,li ocene. 

Theyer et al. (1978) date the last occurrence of this species at 
19.5 to 20 t1a-, but DSDP Leg 85 results (Nigrini, unpublished data) 
suggest that this age should be 17.8 Ma. 



DorcadospYris dentata Haeckel 
N29 

Dorcadospyris dentata Haeckel, 1887, p. 1040, pl. 85, fig. 6; Riedel, 
1957, p. 79, pl. 1, fig. 4 

Dorcadospyris decussata Haeckel, 1887, p. 1041, pl. 85, fig. 7 

DESCRIPTION 

"Shell subspherical, smooth to tuberculate, with circular or sub
circular pores separated by thick intervening bars, bearing a smooth, 
cylindro-conical apical horn vlhich is as long to four times as long as the 
shell. Two basal-lateral feet thick, subcylindrical, curved, almost semi
circular or sometimes somewhat S-shaped, departing from the shell approxi
mately at right angles, with distal ends approaching, crossing, or fused 
with one another. Convex side of each foot having a series of usually 4-10 
simple conical spines which vary considerably in their state of develop
ment." (from Riedel, 1957) 

DIMENSIONS 

"Length of api ca 1 horn usua lly 70-230~, of she 11 60-75~, of feet 
(straight-line distance from proximal to distal end) 250-450~, of spines 
on feet 5-125~. Breadth of shell 80-95~." (from Riedel, 1957) 

DISTINGUISHING CHARACTERS 

"Long, stout conical horn. Feet also stout, curved with convexity 
outward, and bearing thorns on the outer edge." (from Riedel and 
Sanfilippo, 1978) 

REMARKS 

1. For further taxonomic notes see Riedel, 1957. 

2. Holdsworth (1975) records several morphotypes of this species and 
of D. alata. 

Plate 17, fig. 2 
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Dorcadospyris dentata Haeckel 

Dr STRr BUTlON 

Goll (1972, Plate 88 in pocket attached to inside back cover) shows 
thi s speci es to range from the Sti chocorys wo lffi i Zone to the Cal ocycl etta 
costata Zone. Early Miocene. 

Riedel and Sanfilippo (1978) show the first occurrence of D. dentata 
within the Stichocorys wolffi i Zone; the base of the Dorcadospyrls alata 
Zone is defined by the evolutionary transition from D. dentata to D. alata. 
Early Miocene. 

Theyer et al. (1978) date the first occurrence of D. dentata at 
18.8 I,la, but DSDPLeg 85 results (Nigrini, unpublished data) suggest that 
this age should be 17.2 Ma. 

Theyer et~. (1978) date the last occurrence of D. dentata at 15.5 Ma. 



Dorcadospyris forcipata (Haeckel) N31 

Dipospyris forcipata Haeckel, 1887, p. 1037, pl. 85, fig. 1 

Dipodospyris forcipata Haeckel, Riedel, 1957, p. 79, pl. 1, fi~. 3 

Dorcadospyris forcipata (Haeckel), Riedel and Sanfilippo, 1970, 
p. 523, pl. 15, fig. 7 

DESCRIPTION 

"Shell subspherical to nut-shaped, tuberculate, with circular to 
subcircular pores separated by thick intervening bars. Horn thick, 
cylindrical, tapering to a point, approximately as long to 3 times as 
long as shell. Feet long, thick, cylindrical, almost semicircular or 
sometimes slightly recurved distally, with their convergent ends often 
separated, sometimes crossed." (from Riedel, 1957) 

DH1ENSIONS 

"Length of apical horn usually 100-200p, of shell 75-85p, of feet 
(straight-line distance from origin to tip) 230-350p. Breadth of shell 
95-115p." (from Riedel, 1957) 

DISTINGUISHING CHARACTERS 

Dorcadospyri s forci pa ta s imil ar to Q. praeforci pata, but l'iithout 
secondary feet, often seen on the latter form only as a ragged edge on 
the basal ring in poorly preserved specimens. Similar also to Q. simplex, 
but with a strong apical horn and legs which often recurve distally. 
(Noore, personal communi cati on, 1981) 

REf4ARKS 

1. Holdsworth (1975) uses "Q. forcipata Group" for this species, 
D. simplex and Q. praeforcipata and intermediate forms. 

Plate 17, fig. 3 
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Dorcadospyris forcipata (Haecke1) 

DISTRIBUTION 

Ranges from near the top of the 
top of the Ca1ocyc1etta costata Zone 

Theyer et a1. (1978) date the last occurrence of this species at 
15.5 Ma. ----



Dorcadospyris papilio (Riedel) 

Hexaspyris papilio Riedel, 1959, p. 294, pl. 2, figs. 1,2 

Dorcadospyris papilio (Riedel), Riedel and Sanfilippo, 1970, 
p. 523, pl. 15, fig. 5 

DESCRI PTION 

N33 

"Shell nut-shaped. tuberculate. thick-walled, with no sagittal 
stricture externally and with subcircular to circular pores without 
regular arrangement. Two primary feet more stron(Jly developed than the 
others, circular in section, initially divergent at approximately 1800 

or more, then curved semicircularly and thus convergent terminally. 
Secondary feet three to eight in number (often four). lamellar or sub
cylindrical, varying in form and disposition. A stout, conical apical 
horn is present in most specimens. This species is distinguished from 
a 11 others of the genus by the two primary feet whi ch are extremely 
divergent." (from Riedel, 1959) 

DINENSIONS 

Based on twenty-five specimens. "Length of apical horn 65-245)1; 
of shell 63-88)1; of primary feet 260-880)1; of secondary feet 25-340)1. 
Breadth of shell 83-100)1." (from Riedel. 1959) 

DISTINGUISHING CHARACTERS 

Dorcadospyris papilio similar to Q. riedeli, but ~Iith only one pair 
of primary feet. Similar also to Q. pseudopaoilio, but with consistently 
~Iidely divergent primary feet. more than one pair of simple (non-branch
ing) secondary feet, and with no indication of irregular, fine meshwork 
attached to the secondary feet. (/loore, personal communication, 1981) 

Plate 18, figs. la,b 
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Dorcadospyris papilio (Riedel) 

DISTRIBUTION 

Late 01 i gocene. Ranges from mi dway through =-r.~'T.-~--'-'-=- ateuchus 
Zone to midway through the Lychnocanoma elongata Zone 
et ~., in press). 

Theyer et al. (1978) date the last occurrence of this species at 
20.8 ~1a. --



Dorcadospyris praeforcipata Moore N35 

Dorcadospyris praeforcipata Moore, 1971, p. 738, pl. 9, figs. 4-7 

DESCRI PTI ON 

"Shell nut-shaped, tuberculate with circular to subcircular, pores 
irregularly to hexagonally arranged. A stout, long and tapering apical 
horn is found on a 11 well-preserved specimens. Two primary feet, long, 
thick, circular in cross section, converge distally but may have slightly 
recurved ends, particularly in the early forms. Primary feet usually sep
arated, but may be crossed. Four to six secondary feet, cylindrical (early 
forms) to tabular (late forms). Both primary and secondary feet tend to 
be shorter in the early forms." (from Moore, 1971) 

DIMENSIONS 

Based on 30 specimens. "Length of apical horn 62-331p; of shell 
66-89p; of primary feet 264-643p; of secondary feet 19-302p. Breadth of 
shell 85-125p." (from r~oore, 1971) 

DISTINGUISHING CHARACTERS 

"Thi s speci es di rectly precedes Dorcadospyri s forci pata and is di s
tinguished from the latter by the presence of secondary feet. In early 
forms, these feet are delicate and are seen only in well preserved speci
mens; however, a ragged edge on the basal ring may indicate their former 
existence on specimens \'Ihich have been subjected to solution or mechanical 
damage. In later (Lower Miocene) forms the secondary feet are usually 
longer, tabular in shape and more robust, and their basal stubs can usually 
be seen even in broken specimens." (from Moore, 1971) 

Plate 18, figs. 2a,b 
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Dorcadospyri s praeforci pata ~Ioore 

DISTRIBUTION 

01 igocene to Early ~1iocene. 
Dorcadospyris ateuchus Zone to the 
taken from t·loore, 1971). 

Ranges from the upper part of the 
Stichocorys wolffii Zone (information 

Theyer et al. (1978) date the last occurrence of this species at 
19.1 Ma. --



Dorcadospyris simplex (Riedel) 

Brachiospyris simplex Riedel, 1959, p. 293, pl. 1, fig. 10 

Dorcadospyris simplex (Riedel), Riedel and Sanfilippo, 1970, 
p. 523, pl. 15, fig. 6 

DES CR I PTI ON 

N37 

"Shell nut-shapedorsubglobular, thick-walled, with no sagittal 
stricture externally and with subcircular to circular pores separated by 
wide intervening bars. TI"io long feet, circular in section, proximally 
widely divergent and subsequently semicircularly curvecl to hecome con
vergent distally. The outer sides of the feet of some specimens bear 
small (4-8)1) conical spinules. The cephalis of some specimens bears a 
short, weak apical horn. This species is distinguished from all others 
of the genus by the long feet, which are semi-circularly curved and 
generally simple in structure." (from Riedel, 1959) 

DJt.1ENSIONS 

Based on 30 specimens. "Length of apical horn 3-13)1; of shell 
58-75)1; of feet 235-620)1. Breadth of shell 70-95)1." (from Riedel, 1959) 

DISTINGUISHING CHARACTERS 

Dorcadospyris simplex similar to Q. forcipata but without a strong 
apical horn and with markedly semicircular primary feet. Similar also 
to D. ateuchus but distinguished by its semicircular primary feet and 
the-absence of secondary feet. (t,loore, personal communication, 1981) 

Plate 18, fig. 3 
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Dorcadospyris simplex (Riedel) 

DISTRIBUTIDN 

Early Miocene. Ranges from the base of the ~rtocapsella tetra era 
Zone to the Stichocorys wolffii Zone (information taken from Moore, 1971 . 

Johnson (1976) shows Q. simplex ranging further down into the 
Lychnocanoma elongata Zone. 

Theyer et al. (1978) date the first occurrence of this species at 
21.5 Ma. --

Theyer et al. (1978) date the last occurrence of this species at 
19.2 Ma. --



GENUS Giraffospyris Haeckel 1881 emend. Goll 1969 

Giraffospyris Haeckel 1881, p. 442 
Aegospyris Haeckel 1881, p. 442 
Dipocubus Haeckel 1887, p. 993 
Semantidium Haeckel 1887, p. 960 

Emended diagnosis: 

N39 

"Giraffospyris includes trissocyclids having any, some, or all of the 
following skeletal features: (1) lattice shell that is widest at the apex; 
(2) one lattice bar that is joined to each side of the basal ring and no 
secondary-lateral bars; (3) axial spine; (4) no lattice shell and no sagit
tal-ring spines that project from the proximal end of the vertical spine; 
(5) a single pair of lattice spines and two, three, or five basal spines; 
and (6) tubercules, basal spines and three or more than four lattice bars 
that are joined to the sagittal ring." (from Goll, 1969) 

Type species: Ceratospyris heptaceros Ehrenberg, 1873, p. 219; 1875, 
pl. 20, fig. 2. 

According to Foreman and Riedel (in press) Giraffospyris is a junior objective 
synonym of Elaphospyris Haeckel 1881, p. 442. 

Petrushevskaya and Kozlova (1972) placed part of this genus in the genus 
Dendros ris, and part in Podocoronis. Petrushevskaya (1975) made Dendrospyris, 
and part of Giraffospyris) a junior synonym of Triceraspyris (?). See defini

tion herein under Dendrospyris. 

Ling (1975) uses the genus Giraffospyris. 

Species included herein: Giraffospyris angulata (Haeckel) 
Giraffospyris circumflexa Goll 
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N4l 

Giraffospyris angulata (Haeckel) 

Eucoronis angulata Haeckel, 1887, p. 978, pl. 82, fig. 3 

Giraffospyris angulata (Haeckel) Goll, 1969, p. 331, pl. 59, figs. 4, 
6,7,9 (with synonymy), Nigrini and Moore, 1979, p. Nll, pl. 19, 
figs. 2a-d, 3a,b. 

DESCRIPTION AND DIMENSIONS 

"Sagittal ring 'D-shaped'; 60 to 9311 high; 51 to 9311 thick. Apical, 
axial, and frontal spines short; vertical spine short, mounted close to base 
of sagittal ring; no sagittal-ring tubercles; variable number of sagittal
ring spines. Some specimens have no lattice shell or connector bars; primary 
and secondary-lateral spines are present. In a few skeletons, lattice shell 
consists solely of basal ring; primary-lateral bars or primary-lateral spines; 
three to six pairs of sagittal-ring spines between apical and vertical spines. 

"Basal ring oval, indented sagittally; 67 to 13311 wide; 32 to 6711 thick; 
joined directly to front and back of sagittal ring; irregularly spinous; 
encloses two or four basal pores. In addition to the basal ring, most speci
mens have lattice shell 120 to 27011 wide, strongly constricted sagittally, 
and does not extend below basal ring. The lattice shell consist of a sparse 
trellis of spinous lattice bars. One lattice bar joined to each side of basal 
ring; one to five lattice bars joined to sagittal ring between apical and 
vertical spines. Lattice pores large and polygonal; no vertical, sternal, or 
frontal pores ... 

"Representatives of Giraffospyris angulata differ from those of h 
annulispina, n. sp., and h circumflexa, n. sp., in having no sagittal-ring 
tubercles and from those of h laterispina, n. sp., in having lattice spines. 
Skeletons of the type-species of Giraffospyris, Q. didiceros, have two lattice 
spines and no axial spine." (from Goll, 1969) 

REMARKS 

1. Bo ltovskoy and Ri ede 1 (1980) place this name in synonymy with 
Acanthodesmia vinculata (MUller). 

Pl ate 19, fi g. 1 
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Giraffospyris angulata (Haeckel) 

DISTRIBUTION 

CENOP: Absent throughout the Early Miocene sections examined and from the 
Late r,1iocene in temperate latitudes, Common in the Late t1iocene from 
tropical latitudes. 

See Gall (1968, p, 1412) for range of species. 

Gall (1972, Plate 88 in pocket attached to inside back cover) shows 
this species to range from the Late Miocene (Didymocyrtis antepenultima 
Zone) to the Recent. 

See Nigrini and Moore (1979, p. N12) for Recent distribution. 
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Giraffospyris circumflexa Goll 

Giraffospyris circumflexa Goll, 1969, p. 332, pl. 60, figs. 1-4, text-fig. 2 

DESCRIPTION AND DIMENSIONS 

A species of Giraffospyris characterized by three pairs of sagittal-ring 
tubercles ... 

"Sagittal ring "D-shaped"; 68 to 93~ high; 62 to 69~ thick. Apical, 
vertical, and frontal spines short; no axial spine. Three pairs of tubercles 
on the sagittal ring, one pair at proximal end of apical spine; two pairs be
tween apical and vertical spines. In most specimens, sagittal-ring spines 
project from these tubercles. Some specimens have no lattice shell or con
nector bars, and three pairs of sagittal-ring spines project from base of sagit
tal ring; one pair is primary-lateral spines. Primary-lateral bars joined to 
basal ring of some specimens that have lattice shell, whereas other specimens 
have primary-lateral spines and no connector bars. 

"Basal ring oval, indented sagittally; 69 to 108~ wide; 37 to 58~ thick; 
joined directly to front and back of this sagittal ring; encloses two or four 
basal pores. Numerous simple or irregularly branched basal spines project 
from basal ring. In some skeletons, lattice shell consists solely of basal 
ring; in contrast, other individuals have sparse trellis of lattice bars that 
are subcircular in cross section and irregularly spinous. One lattice bar 
joined to sagittal-ring tubercles. No vertical, sternal, or frontal pores ... 

"Representatives of Giraffospyris circumflexa, n. sp., differ from those 
of ~ haeckelii, ~ annulispina, n. sp., and ~ angulata in having three pairs 
of tubercles on the sagittal ring and no sternal bar or sternal pore and from 
those of Liriospyris elevata, n. sp., in having lattice spines and basal 
spines that are irregular in number and position. Skeletons of the type-species 
of Giraffospyris, ~ didiceros, have two lattice spines, two to five basal 
spines that occupy uniform positions, and a sternal or vertical pore." 
(from Go 11, 1969) 

REMARKS 

1. It is possible that this species is an ancestor of ~ angulata (Haeckel). 

Plate 19, fig. 2 



N44 

Giraffospyris circumflexa Goll 

DISTRIBUTION 

CENOP: Absent from all Miocene sections examined from temperate latitudes. 
Rare in the Late Miocene of DSDP Site 289; common in all other Miocene 
material examined from tropical latitudes. 

See Gall (1968, p. 1412) for range of species. 



GENUS Liriospyris Haecke1 1881 emend. Go11 1968 

Liriospyris Haecke1 1881, p. 443; 1887, p. 1049 
Trissocyc1us Haecke1 1881, p. 446; 1887, p. 968 
Amphispyridium Haecke1 1887, p. 1096 

Emended diagnosis: 

N45 

"Liriospyris includes trissocyc1ids having any, some, or all of the 
following skeletal features: (1) four pairs of sagittal-ring tubercu1es; 
(2) three lattice bars that are joined to the sagittal ring and no basal 
spines; (3) five lattice bars that are joined to the sagittal ring and no 
sagittal-ring tubercu1es or secondary-lateral bars; (4) secondary lateral 
bars and two lattice bars that are joined to the sagittal ring; (5) six 
lattice bars that are subcircu1ar in cross section and joined to the basal 
ring at regular positions; (6) a lattice bar, pair of spines, or pair of 
tubercu1es that project from the sagittal ring at the proximal end of the 
vertical spine; and (7) lattice shell that surrounds the front and back 
of the sagittal ring and is joined to the apex and base of the sagittal 
ring." (from Go11, 1968) 

Type species: Liriospyris hexapoda Haecke1 1887, p. 1049, pl. 68, fig. 7 

Petrushevskaya and Koz10va (1972) use this genus sensu stricto with the 
following definition: 

"Thi n-vla 11 ed cepha 1 i s with defi nite number of 1 arge pores. The sagi t
ta 1 ri ng is included in the wa 11 s. The mouth of the she 11 is constri cted, 
and there is no thorax. Undetermined number of cylindrical feet. As a rule 
the feet are short and weak. Horns, if present, weak." 

Both Ling (1975) and Riedel and Sanfilippo (1971) use Go11 's concept of the 
genus. 

Species included herein: Liriospyris genicu10sa Gall 
Liriospyris mutuaria Go11 
Liriospyris stauropora (Haecke1) 
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Liriospyris geniculosa Goll 

Liriospyris geniculosa Goll, 1968, p. 1427, pI. 175, figs. 21-24 

DESCRIPTION AND DIMENSIONS 

"Sagittal ring "D-shaped"; 69 to 85v high; 60 to 80v thick; joined 
directly to front, apex, and back of lattice shell. Apical spine short, 
rounded distally; vertical spine very short, projecting from lower quarter 
of sagittal ring; no axial spine. In most specimens, frontal spine short 
and rounded dista11y; in a few skeletons, frontal spine long. Sternal, 
primary-lateral, and tertiary-lateral bars joined to basal ring; no other 
connector bars. 

"Basal ring subpolygonal, indented laterally; 64 to 93v wide; 43 to 58v 
thick; joined directly to front of the sagittal ring; encloses four basal 
pores. Lattice shell 92 to 217v wide; not constricted sagittally; does not 
extend below basal ring. Lattice bars massive, subcircular in cross section; 
a variable number of them joined to basal ring. Four lattice bars joined to 
sagittal ring; one joins at base of apical spine, one joins between apical 
and frontal spines, and two join between apical and vertical spines. In some 
specimens, lattice spines are observed at junctions of lattice bars, and 
basal spines at junctions of lattice bars and basal ring and at junctions of 
connector bars and basal ring. Other specimens have large tubercles and 
sha110w depressions on lattice she11 and sagittal ring. Lattice pores sub
polygonal; 6 to 38v in diameter; sternal pore and five pairs of sagittal
lattice pores; no vertical or frontal pores ... 

"Representatives of Liriospyris geniculosa, n. sp., differ from those 
of L spinulosa (Ehrenberg) and L longicornuta n. sp. in having four lattice 
bars that are joined to the sagittal ring. Skeletons of the type-species 
of Liriospyris, L clathrata, have five lattice bars that are joined to the 
sagittal ring and no lattice spines longer than 5 . 

"Although skeletons consisting solely of sagittal rings that are very 
similar to the sagittal rings of specimens of Liriospyris geniculosa are 
present in samples above MSN 135P, 710-12 cm, only skeletons that have lattice 
shells are included in this species." (from Goll, 1968) 

Plate 19, fig. 3 



N48 

Liriospyris geniculosa Gall 

DISTRIBUTION 

CENOP: Absent from all Late ~li ocene materi a 1 exami ned from both tropi ca 1 
and temperate latitudes. Rare in the Middle Miocene of DSDP Site 289. 
Common in all Early ~liocene material examined from both tropical and 
temperate latitudes. 

See Gall (1968, p. 1412) for range of species. 



N49 

Liriospyris mutuaria Goll 

Liriospyris mutuaria Goll, 1968, p. 1428, pl. 175, figs. 6, 10, 11, 14, 
text-fig. 9 

DESCRIPTION AND DIMENSIONS 

" Sagittal ring subcircular; 55 to 68v high; 53 to 68v thick; joined 
directly to front, apex, and back of lattice shell. Vertical spine very 
short, projecting from approximate midpoint of sagittal ring; no frontal 
or axial spines. Most specimens lack an apical spine; other skeletons have 
very short apical spine. Some specimens have primary-lateral spines and 
no connector bars, whereas other forms have primary-lateral bars joined to 
basal ring. 

Basal ring subpolygonal; 56 to 78v wide; 37 to 56v thick; joined di
rectly to front and back of sagittal ring; encloses two or four basal pores. 
No lattice or basal spines. Lattice shell 68 to 13011 wide; not constricted 
sagittally; does not extend below basal ring. In most specimens, lattice 
shell smooth; a few skeletons have small tubercles on lattice bars. Lattice 
bars massive, polygonal in cross section, and frame subcircular lattice pores 
3 to 3711 in diameter; number of lattice bars joined to basal ring variable. 
Four lattice bars joined to sagittal ring; one junction at proximal end of 
vertical spine. In some specimens, borders of lattice pores serrate. Five 
pairs of sagittal-lattice pores; no vertical, frontal, or sternal pores ... 

"Representatives of Liriospyris mutuaria n. sp. differ from those of 
~ elevata n. sp. in having four lattice bars that are joined to the sagit
tal ring; from specimens of ~ ~lobosa n. sp. in having a sagittal ring that 
is joined directly to the front and back of the lattice shell; and from 
skeletons of Tholospyris anthophora (Haeckel) in having a lattice bar that 
is joined to the sagittal ring at the proximal end of the vertical spine. 
Unlike specimens of ~ mutuaria, those of the type-species of Liriospyris, 
~ Clathrata, have five lattice bars that are joined to the sagittal ring; 
a sternal bar, a sternal pore, and a tertiary-lateral bars." (from Goll, 1968) 

Plate 19, fig. 4 



N50 

Liriospyris mutuaria Gall 

DISTRIBUTION 

CENOP: Absent from most of the Miocene material examined from both 
tropical and temperate latitudes, but common in the Early Miocene of DSDP 
Site 71 and common to abundant throughout both the Early and Late Miocene 
of DSDP Site 289. 

See Gall (1968, p. 1412) for range of this species. 

Gall (1972, Plate 88 in pocket attached to inside back cover) shows 
this species to range from the Early Miocene (L1chnocanoma e10ngata Zone) 
to the Middle Miocene (Diartus petterssoni Zone. 



Liriospyris stauropora (Haeckel) 

Trissocyclus stauropora Haeckel, 1887, p. 987, pl. 83, fig. 5 

Liriospyris stauropora (Haeckel), Goll, 1968, p. 1431, pl. 175, 
figs. 1-3, 7, text-fig. 9 

DESCRIPTION AND DIMENSIONS 

N51 

"Sagittal ring subpolygonal; 39 to 85)1 high; 31 to 74)1 thick; joined 
directly to apex of lattice shell. No frontal or axial spines; vertical 
spine very short, broad, projecting from approximate midpoint of sagittal 
ring. Some specimens have short knoblike apical spine; in other skeletons, 
apical spine is lacking. A median furrow extends from vertical spine to 
front-apex of sagittal ring; in some individuals, furrow present on front 
of sagittal ring. Other specimens have vertical median ridge on front of 
sagittal ring. Eight basal connector bars joined to basal ring. 

"Basal ring oval; 46 to 102)1 ~lide; 22 to 42)1 thick; encloses four 
basal pores. No basal or lattice spines. Lattice shell oval in front 
view; 62 to 170)1 wide; not constricted sagittally; restricted to narrow 
lateral band that does not extend below basal ring. Lattice bars narrow; 
subcircular in cross section; frame subcircular lattice pores 8 to 65)1 in 
diameter. Two lattice bars joined to each side of basal ring, and two to 
apex of sagittal ring. In some specimens, shallol'/ depressions are at 
junctions of lattice bars or lattice bars and basal ring. Frontal and 
sternal pores; three pairs of sagittal-lattice pores; no vertical pore. 
Approximately nine-tenths of width of lattice shell is occupied by two 
pairs of sagittal-lattice pores adjacent to front and back of basal ring." 
(from Gall, 1968) 

DISTINGUISHING CHARACTERS 

"The lateral part of the shell consists of a narrow, delicate ladder
like structure ~lith a single row of pores." (from Riedel and Sanfilippo, 
1978) 

Plate 19, fig. 5 
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Liriospyris stauropora (Haeckel) 

DISTRIBUTION 

Goll (1972, Plate 88 in pocket attached to inside back cover) shows 
this species to range from within the Stichocorys wolffii Zone to the 
Dorcadospyris alata Zone. Early to Middle Miocene. 

Early Miocene. Riedel and Sanfilippo (1978) show the first occur
rence of h. stauropora to lie within the Stichocorys wolffii Zone; they 
place the evolutionary transition from h. stauropora to h. parke rae near 
the top of the Calocycletta costata Zone. 

Theyer et al. (1978) date the first occurrence of this species at 
18.9 Ma. --



GENUS Lophospyris Haeckel 1881 emend. Goll 1977 

Lophospyris Haeckel 1881, p. 443; 1887, p. 1066 
Dorcadospyris Haeckel 1881, p. 441 sensu Goll 1969, p. 335 

Emended diagnosis: 

N53 

"Lophospyris includes trissocyclids that are distinguished by the shape 
of the basal ring and its adjoini~g lattice bars and lattice spines. The 
basal ring has approximately the shape of an irregular hexagon that is 
slightly constricted on two sides by the sagittal ring. In basal view, the 
basal ring is divided into two bilaterally symmetrical, irregular pentagons 
by the sagittal ring .... Nine spines project from the basal ring. One of 
these spines is a short frontal spine which projects from the front of the 
basal ring at its junction with the sagittal ring. The remaining eight spines 
are basal lattice spines of approximately equal length and are arranged in 
four symmetrical pairs on the two lateral portions of the basal ring. Three 
of these pairs of lattice spines project from the six angular points of the 
hexagonal basal ring. The fourth pair originates at the junctions of the 
basal ring and the primary lateral bars." (from Goll, 1977) 

Type species: Ceratospyris polygona Haeckel 1887, p. 1066, pl. 86, fig. 1 

For further remarks regarding this genus see Goll, 1977. 

Petrushevskaya (1971b, p. 251) has also given an emended definition of this 
genus. 

Speci es included herei n: LophQ~p'yri s pentagona ~entagona (Ehrenberg) 
emend. Go 11 . 
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Lophospyris pentagona pentagona (Ehrenberg) emend. Goll N55 

Ceratospyris pentagona Ehrenberg, l872a, p. 303; l872b, pl. 15, fig. 15 

Ceratospyris polygona Benson, 1966, p. 321, pl. 22, figs. 15, 16 (partim.) 

Ceratospyris sp., Nigrini, 1967, p. 48, pl. 5, fig. 6 

Dorcadospyris pentagona (Ehrenberg), Goll, 1969, p. 338, pl. 59, figs. 
1-3, 5 (not 8-10, 12); Goll, 1972, p. 964, pl. 58, figs. 1-3, pl. 88 

Lophospyri s pentagona pentagona (Ehrenberg), Goll, 1977, p. 398, pl. 10, 
figs. 1-7, pl. 11, figs. 1-3,5; Nigrini and ~loore, 1979, p. N15, 
pl. 19, fig. 5 

DESCRIPTION AND DI~1ENS IONS 

"Sagittal ring polygonal; 54 to 90~ high; 28-67~ thick; joined to front, 
apex, and back of lattice shell. Apical and frontal spines of variable 
length; vertical spine very short; no axial spine. Primary-lateral bars 
joined to basal ring; no other connector bars. 

"Basal ring polygonal; 43 to 85~ wide; 28 to 60p thick; joined directly 
to fron t and back of sagittal ri ng; encloses four basal pores. Basal ri ng, 
lattice bars, lattice spines, and basal spines tribladed in cross section, 
having blades arranged like the letter T. Six lattice bars, arranged in 
three symmetrical pairs, are joined to basal ring at points of angularity; 
two pairs of lattice bars in front of primary-lateral bars; one pair of 
lattice bars in back of primary-lateral bars. Nine basal spines, 6 to 58p 
long, project from basal ring. Frontal spine is shortest basal spine. 
Remaining basal spines arranged in four symmetrical pairs of approximately 
equal length; one basal spine is adjacent to each of the lattice bars and 
primary-lateral bars that are joined to basal ring. TI'JO of the three blades 
of basal spines are parallel to basal ring; whereas the third perpendicular 
blade is on the exterior of basal spines adjacent to lattice bars and on 
the interior of basal spines adjacent to sagittal ring and primary-lateral 
bars. Lattice shell 78 to l55p wide; slightly constricted sagitally; does 
not extend below basal diameter. Four lattice bars joined to sagittal ring; 
one junction at proximal end of apical spine; one junction between apical 
and frontal spines; two junctions between apical and vertical spines. 
Lattice spines, 4 to 32p long, project from junctions of lattice bars. Five 
pairs of sagittal-lattice pores; no vertical, frontal, or sternal pores." 
(from Goll, 1969) 

REt·1ARKS 

1. " .. Specimens assignable to this species demonstrate a substantial 
size range. Small individuals ... are polygonal in outline and overlap the 
size range of Lophospyris pentagona quadriforis see Goll, 1977 (p. 398). 
Large individuals ... are inflated and subspherical in outline." (from 
Goll,1977) 

2. Older (i .e., Lower to ~liddle Miocene) specimens of this species have 
heavier lattice bars than Recent forms (pl. 19, figs. 6a-c). 

Plate 19, figs. 6a-c 



N56 

Lophospyris pentagona pentagona (Ehrenberg) emend. Goll 

DISTRIBUTION 

CENOP: Absent from most of the ~liocene material examined from temperate 
latitudes, but rare in DSDP Site 173. Present in all tropical Miocene 
material examined. 

"Lophospyris pentagona pentagona is a panoceanic, warm cosmopolite 
subspecies. Its stratigraphic range ... is from the [Calocycletta 
costata] Zone to the Tholos ris devexa devexa Zone; lower Miocene to 
Pl ei s tocene. II (from Go 11, 1977 

See Nigrini and Moore (1979, p. N16) for Recent distribution. 



GENUS Phormosryris Haeckel 1881 emend. Goll 1977 

Phormospyris Haeckel 1881, p. 442; 1887, p. 1086 

Emended diagnosis: 

N57 

"The genus Phormospyris includes trissocyclids that are characterized 
by the following properties: (1) an axobate; (2) lattice shell completely 
developed on lateral surfaces and constricted by top and back of sagittal 
ring; (3) many (six to twenty) pairs of lattice bars joined to front, top, 
and back of sagittal ring without regularity in number and position; (4) 
vertical spine arising from lower third of sagittal ring below sagittal 
lattice bars; and (5) no sternal bar or tertiary-lateral bars, and no 
frontal or sternal pores." (from Goll, 1977) 

Type species: Phormos ris tricostata Haeckel 1887, p. 1087, pl. 95, fig. 
18 Note erroneous plate and figure designation in Goll, 1977) 

Species included herein: Phormospyris stabilis stabilis (Goll) 
Phormospyris stabilis (0011) scaphipes (Haeckel) 



N58 



Phormospyris stabilis stabilis (Goll) sensu Goll 1977 N59 

Dendrospyris stabilis Goll, 1968, p. 1422, pl. 173, figs. 16-18,20 

Phormospyris stabilis stabilis (Goll), Goll, 1977, p. 390, pl. 1; 
pl. 2, figs. 7-14 (with synonymy) 

DESCRIPTION AND DIMENSIONS 

"Sagittal ring subcircular; 37 to 50p high; 30 to 40p thick; joined 
directly to apex and back of lattice shell. Vertical spine very short; no 
frontal or axial spines; some specimens have short apical spine. Two 
pairs of connector bars on lower portion of front of sagittal ring. No 
sternal or tertiary-lateral bars; frontal, primary- and secondary-lateral 
bars joined to basal ring. 

"Basal ring oval, indented laterally and sagitally; 45 to 78p wide; 
30 to 50p thick; joined directly to back of sagittal ring; encloses six 
basal pores. Lattice shell 34 to 132p high; 67 to 102p wide; smooth; 
strongly constricted at sagittal and basal rings; extends below basal ring. 
In some skeletons, portion of lattice shell surrounding front of sagittal 
ring protrudes out~Jard in the form of distinct blister. In complete 
specimens, lattice shell below basal ring closed and subspherical; in most 
skeletons, basal portion of lattice shell broken and shows a large irregular 
basal opening. Lattice pores subcircular, 3 to lOp in diameter, and densely 
spaced. Lattice bars thin, square to rectangular in cross section, and 
variable number of them joined to sagittal or basal rings. No vertical, 
frontal, or sternal pores; no lattice or basal spines .... 

"Representatives of Dendrospyris stabilis n. sp. differ from those of 
the new species Q. inferispina and Q. pannosa in having no sternal bar and 
from specimens of Tholospyris scaphipes in having no basal spines. Skele
tons of the type-species of Dendrospyris, Q. stylophora, have basal spines 
and sternal bar, and the lattice shell does not extend below the basal 
ri ng. " (from Go 11, 1968) 

RH~ARKS 

1. "On the vast majority of specimens of Phormospyri s stabil i s stabil is 
preserved in modern sediments, the basal extension of the lattice shell is 
incomplete, and a large basal aperture is present .... The basal margin has an 
i rregul ar surface Ivhi ch appea rs to have been broken, and presumably the 
basal lattice shell was completely enclosed at some point of the life 
cycle of representatives of this subspecies. The lattice shell is complete 
on a low frequency of the specimens observed in sediments from the western 
North Pacific .... The reason for this regional preservation is unknown. 

"A 11 specimens of Phormospyri s stabil is stabil i s observed by the author 
in equatorial sediments have smooth lattice shells on which the density of 
lattice pores is variable .... Chen (1975a) and Petrushevskaya (1975) 
illustrated morphs (named Dendrospyris haysi and Desmospyris rhodospyris, 
respectively) from Miocene high southern-latitude sediments which are some
~Ihat tuberculate and larger than specimens described by Goll (1968). These 

Plate 19, fig. 7 



N60 

Phormospyris stabilis stabilis (Goll) sensu Goll 1977 

Miocene specimens appear to be transitional bet\~een P. s. stabilis and 
Phormospyris stabilis antarctica, which is compatible \iith their con
specific assignment. If my interpretation that these two subspecies belong 
to a single semicosmopolitan reproductive population is correct, then large 
tuberculate morphs of P. s. stabilis should occur in modern subantarctic 
plankton. Two poorly preserved specimens of this type have been observed 
by the author, but sediments underlying this region are generally barren of 
Radiolaria. One of the specimens illustrated by Petrushevskaya (1975, 
pl. 10, fig. 31) is probably not Phormospyris stabilis stabilis." (from 
Goll, 1977) 

DISTRIBUTION 

CENOP: Absent from all Late Miocene temperate latitude material examined. 
Rare in all other material examined, i.e., Early Miocene from both 
tropical and temperate latitudes and Late t~iocene from tropical latitudes. 

"Phormospyri s stabil i s stabil i sis common in sediments of the 
eastern equatorial Pacific province and scarce in panoceanic equatorial 
regions as well as the central and transition provinces of the North 
Pacific ... Goll (1968) placed the first appearance of P. s. stabilis 
in the Middle Miocene. Chen (1975b) reported this species Tn Oligocene 
sediments of the Antarctic, and similar specimens have been observed in 
Late Eocene sediments of the equatorial Pacific." (from Goll, 1977) 



N61 
Phormospyris stabilis (Goll) scaphipes (Haeckel) 

Tristylospyris sca hi es Haeckel, 1887, p. 1033, pl. 84, fig. 13 
Tholospyris scaphipes Haeckel) Goll, 1969, p. 328, pl. 58, figs. 1-6 

(in part); Goll; 1972, p. 969, pl. 82, figs. 1-4, 
pl. 83, fig. 1 

Tristylospyris scaphipes Haeckel, Benson, 1966, p. 316, pl. 22, figs. 
7, 9-10 

Ceratospyris angulata (Popofsky) Petrushevskaya, 1971b, pl. 127, figs. 
13-14, 16 

Acanthodesmiidae, gen. et spp. indet. Kling, 1973, pl. 8, fig. 23 
Phormospyris stabil is (Goll) sca1hi pes (Haeckel), Goll, 1977, p. 394, 

pl. 8, 9, with synonymy); Nigrini and Moore, 
1979, p. N19, pl. 20, figs. 2a-d. 

DESCRIPTION AND DIMENSIONS 

"Sagittal ring subcircular; 37 to 76p high; 25 to 50p thick; joined to 
front, apex, and back of lattice shell. Apical spine short; vertical spine 
very short; frontal spine long; no axial spine. Primary-lateral bars joined 
to basal ring; no other connector bars. 

"Basal ring oval; indented laterally and sagitally; 31 to 58p wide; 23 
to 40p thick; joined directly to front and back of sagittal ring; encloses 
four basal pores. Three equal basal spines, 20 to 46p long, project downward 
from basal ring and taper to simple joint; one of them is frontal spine; two 
of them are adjacent to primary-lateral bars. In some skeletons, basal spines 
circular in cross section. Other specimens have basal spines that are tri
bladed or cruciform in cross section; frontal spine tribladed, having two 
parallel blades tangent to basal ring and third perpendicular blade projecting 
inward; basal spines adjacent to primary-lateral bars are cruciform, having two 
parallel blades tangent to basal ring and two blades parallel to primary
lateral bar. Most specimens possessing bladed basal spines have narrow 
median rib on outer surface of back of basal ring between primary-lateral 
bars. Lattice shell smooth; 58 to 89p thick; strongly constricted sagittally; 
has appearance of thin sheet perforated by circular, widely spaced lattice 
pores 1 to 23 in diameter. In some specimens, lattice shell extends below 
basal ring, is completely closed basally, and is joined to proximal portions 
of basal spines; in other skeletons, lattice shell ends at basal ring. Vari
able number of lattice bars joined to basal ring or sagittal ring. Four to 
nine pairs of sagittal-lattice pores. No vertical, sternal, or frontal pores. 
(from Goll, 1969) 

"The emended descri pti on presented by Go 11 (1969) is correct ina 11 
aspects except one. It is necessary further to restrict the name scaphipes 
only to specimens bearing a well-developed ridge on the outer margin of the 
back of the basal ring. Thus defined, the specimen illustrated by Goll 
(1969, pl. 58, figs. 7-8, 13-14) is clearly not a member of this sub
species ... Phormospyris stabilis scaphipes shares the general structural 
configuration of a deeply constricted, simple lattice shell and three basal 

Plate 19, fig. 8 
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Phormospyris stabilis (Goll) scaphipes (Haeckel) 

lattice spines \'lith numerous other trissocycl id morphs, .many o~ \'Ihi~h are 
unnamed but it is readily distinguished by its small Slze, thln, flnely 
perforated lattice shell, and triblade on the back of the basal ring." 
(from Goll, 1977) 

DISTRIBUTION 

CENOP: Present in most of the Miocene sections examined from both 
tropical and temperate latitudes; absent from RC12-431. Most abundant 
in the Late Miocene of the tropical Pacific (DSDP Sites 289, 77B and 
158) and both the Early and Late Miocene of the eastern temperate Pacific 
(DSDP Site 173). 

"Phormospyris stabilis scaphipes is scarce to common in sediments 
underlying the transition provinces and eastern equatorial provinces of 
the Pacific and southern Atlantic Oceans. In addition, the subspecies 
is present in low frequencies in biosiliceous sediments of the subtropical 
and equatorial Indian Ocean. Goll (1972) recorded the stratigraphic range 
of ~. ~. scaphipes as the [Dorcadospyris alata] Zone to the Tholos ris 
devexa devexa Zone; ~liddle Miocene to Pleistocene." (from Goll, 1977 

See Nigrini and Moore (1979, p. N20) for Recent distribution. 



GENUS Rhodospyris Haeckel 1881 N63 

Rhodospyris Haeckel 1881, p. 443; 1887, p. 1088 

Emended diagnosis: 

"Thick-walled test consists of two segments: cephalis and thorax, 
the cephalis being broader than the thorax. The sagittal ring may be 
enclosed in the cephal i s and connected wi th the wall from the ins ide. 
Pores on the cephalis are small, irregularly disposed. There are no real 
feet going from the margin of the cephalis. The margin of the thorax may 
be armed with flat teeth or sprigs. As a rule, apical and some additional 
horns are present on the cephal is. " (from Petrushevskaya and Kozlova, 
1972 ) 

Type species: RhodosJWris tricornis Haeckel 1887, p. 1089, pl. 83, fig. 13 

Species included herein: Rhodospyris (?) spp. De 1 (Goll) group 
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Rhodospyris (?) spp. De 1 (Goll) group 

De 1 in Goll, 1968, p. 1417, text-fig. 8 

Rhodospyris (?) spp. De 1 group, Petrushevskaya and Koz1ova, 1972, 
p. 531, pl. 38, figs. 15,16; Ling, 1975, p. 727, pl. 8, figs. 
3,4; Weaver and Dinke1man, 1978, p. 873, pl. 4, figs. 6,12 

DESCRI PTION 

N65 

"The skeleton of species "De 1" has a short apical spine, eight basal 
connector bars, a vertical pore, and the tubercu1ate lattice shell is 
united to the sagittal ring only between the apical and vertical spines. 
Although the basal ring is at the base of the sagittal ring, the lattice 
shell extends below the basal ring and is closed basally on complete 
specimens." (from Go11, 1968) 

"Cepha1is is very much the same as in Rhodospyris so. aff. tricornis n 

the same wall, the same pores--on1y the dimensions are a little less. The 
thorax, on the contrary, is different from that of R. tricornis. It is 
twice as broad as the cepha1is. The pores on it are very small and num
erous: about 20 1 ongitudi na 1 rOlvs of pores on the half equa tor of the 
thorax." (from Petrushevskaya and Koz1ova, 1972) 

DH1ENSIDNS 

Length of cephal is 42 -5511, of thorax (specimens usually i ncomp 1 ete) 
55-9511; maximum breadth of cepha1is 60-8011; of thorax 87-11011. Based on 
20 specimens. (from Lombari, unpublished data) 

RENARKS 

1. In the generic definition of Rhodospyris Petrushevskaya and Koz1ova 
state that "the cepha1is is broader than the thorax." However, in the 
description of Rhodospyris (?) spp. De 1, they note that the thorax "is 
tlvice as broad as the cepha1is." It may be that the relationship betlveen 
cephalic and thoracic breadth is not an important generic character. 
Specimens included in this CENOP counting group correspond well ~Iith those 
illustrated in Petrushevskaya and Koz1ova (1972) 

Plate 19, fig. 9 
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Rhodospyris (?) spp. De 1 (Gall) group 

DISTRIBUTION 

CENOP: Absent throughout the latest ~1iocene sections examined, rare in 
Niddle to Late Niocene material, and common throughout the Early t~iocene 
from both tropical and temperate latitudes. 



GENUS Tholospyris Haeckel 1881 emend. Goll 1969 

Tholospyris Haeckel 1881, p. 441; 1887, p. 1078 
Tricolospyris Haeckel 1881, p. 443; 1887, p. 1097 

Emended diagnosis: 

N67 

"Tholospyris includes trissocyclids having any, some or all of the 
following skeletal features: (I) four lattice bars that are joined to the 
sagittal ring; (2) a lattice shell without a basal ring; (3) four basal pores, 
three basal spines, and no lattice spines; and lacking the following skeletal 
features: (1) secondary lateral bars; (2) sternal bar and pore; (3) axial 
spine; (4) three symmetrical pairs of lattice bars joined to the basal ring 
at regular positions; and (5) a pair of skeletal processes that project from 
the sagittal ring at the proximal end of the vertical spine." (Goll, 1969) 

Type species: Tholospyris tripodiscus Haeckel 1887, p. 1079, pl. 89, fig. 1 

Petrushevskaya and Kozlova (1972) included part of Goll's emended genus in the 
genus Tricolospyris Haeckel 1881 with the following definition: 

"Thick-walled cephalis with a sagittal ring in its walls, and a small 
number of large pores. The pores are disposed symmetrically with respect to 
the sagittal plane. A galea and thorax are also present -- they have a deli
cate wall with numerous small pores. Sometimes the cephalis is surrounded by 
a del icate envelope not only above (galea) and below (thorax) but all around." 

Type species: Tricolospyris kantiana Haeckel 1887, p. 1098, pl. 88, fig. 10 

For further discussion of this genus see Petrushevskaya (1971b, p. 246) and 
Goll (1972). 

Species included herein: Tholospyris antho hora{Haeckel) 
Tholospyris kantiana Haeckel) 
Tholospyris mammillaris (Haeckel) 



N68 



N69 

Tholospyris anthophora (Haeckel) 

Dictyospyris anthophora Haeckel, 1887, p. 1076, pl. 89, fig. 8 
?Dictyospyris distoma Haeckel, 1887, p. 1073, pl. 89, figs. 11, 12 
Tholospyris anthopora (Haeckel), Goll, 1969, p. 324, pl. 55, figs. 1-4, 

text-fi g. 1* 

DESCRIPTION AND DIMENSIONS 

"Sagittal ring subpolygonal; 54 to 93p high; 46 to 70p thick; joined 
directly to front apex, and back of lattice shell. Vertical spine very short, 
projecting from lower third of sagittal ring; no axial spine. A few specimens 
have short, rounded apical and frontal spines; in most skeletons, apical and 
frontal spines are absent. Primary lateral bars joined to basal ring; no other 
connector bars. 

"Basal ring subpolygonal; 46 to 78p wide; 37 to 67p thick; joined directly 
to front and back of sagittal ring; encloses four basal pores. No basal spines 
or lattice spines. Lattice shell 93 to 147p wide; slightly constricted sagit
tally; not extending below basal ring; composed of massive lattice bars that 
are subcircular in cross section and frame subcircular lattice pores 13 to 40p 
in diameter. Variable number of lattice bars joined to basal ring; four lattice 
bars joined to sagittal ring. Large tubercles at junctions of lattice bars or 
lattice bars and basal ring; in some specimens, outer surfaces of lattice bars 
and tubercles sculptured. Five pairs of sagittal-lattice pores; no vertical, 
sternal, or frontal pores ... 

"Skeletons of Tholospyris anthophor51 differ from those of Liriospyris 
geniculosa Goll in having no sternal 5ar or pore; from those of ~mammallaris 
in having no depressions on the tubercles or regular arrangement of lattice 
bars that are joined to the basal ring; from those of ~ mutuaria Goll, in 
having no lattice bar that is joined to the sagittal ring at the proximal end 
of the vertical spine; and from those of ~ kantiana in having a lattice shell 
that does not extend above or below the sagittal ring. Skeletons of the type
species of Tholospyris, ~ cortinisca, have three basal spines and no lattice
she11 tubercles; the lattice she11 surrounds the apex of the sagittal ring." 
(from Goll, 1969) 

*Note incorrect spe11ing in Go11 (1969) 

Plate 20, fig. I 



N70 

Tholospyris anthophora (Haeckel) 

DISTRIBUTION 

CENOP: Absent throughout the Late Miocene sections examined from both 
tropical and temperate latitudes and from the Early ~Iiocene of DSDP Site 
173. Abundant in the Early Miocene of DSDP Site 289 and common in the 
Middle Miocene sections of DSDP Sites 71 and 289. 

See Goll (1968, p. 1412) for a range for this species which differs 
from the CENOP findings. 

Goll (1972, Plate 88 in pocket attached to inside back cover) shows 
a range for this species from the Oligocene (upper limit of the Theocyrtis 
tuberosa Zone) to the Middle r~iocene (lower part of Dorcadospyris alata 
Zone) . 



Tholospyris kantiana (Haeckel) N71 

Tricolospyris kantiana Haeckel, 1887, p. 1098, pl. 88, fig. 10 

Tholospyris kantiana (Haeckel) Goll, 1969, p. 327, p1. 58, figs. 17-19, 
23, text-fig. 1 (part.) 

DESCRIPTION AND DmENSIONS 

"Sagittal ring subpolygonal; 46 to 56~ high; 37 to 54~ thick; joined 
directly to front and back of lattice shell. Vertical spine very short; no 
axial spine; complete specimens have no frontal or apical spines. Some 
specimens have single connector bar projecting vertically from the front
apex of sagittal ring; in other specimens, lattice shell is joined directly 
to front-apex of sagittal ring. Primary-lateral bars joined to basal ring; 
no other basal connector bars. 

"Basal ring oval, indented laterally and sagitally, 41 to 59~ wide and 
28 to 47~ thick; joined directly to front and back of sagittal ring; 
encloses four basal pores. Lattice bars joined to basal ring are irregular 
in number and position; four lattice bars joined to sagittal ring. Lattice 
shell 74 to 124~ high and 51 to 105~ wide, surrounds apex of sagittal ring; 
extends below basal ring. Some specimens have basal opening in lattice 
shell; in other specimens, lattice shell is closed below basal ring. Some 
specimens have lattice shell composed of uniformly thin lattice bars 
separating small, circular, widely spaced lattice pores. Other specimens 
have massive lattice bars that are subcircular in cross section, frame sub
polygonal lattice pores, and have tubercles possessing sculptured surfaces. 
In these specimens, lattice bars and pores of the bulbous lattice-shell 
extensions above and below the sagittal ring are smaller in diameter than 
lattice pores and bars of central portion of lattice shell. Some specimens 
have lattice spines . 

. . . "Representatives of Tholospyris kantiana differ from those of 
T. infericosta, n. sp., in having no tribladed lattice bars or tribladed 
lattice spines and from those of I. procera, n. sp., in having primary
lateral bars and in lacking sagittal-ring tubercles. In skeletons of the 
type-species of Tholospyris, I. cortinisca, the lattice shell does not 
extend belovi the basal ring; the type species has three basal spines but 
lacks lattice spines and tubercles." (from Goll, 1969) 

REt1ARKS 

1. Although Goll (1972) synonymized this species, in part, with 
T. newtoniana, the form used by us closely resembles Goll's original 
description (1969) of T. kantiana. It differs from T. newtoniana in that 
it has smaller, deeper-set pores, shorter, \'iider sagIttal lattice bars and 
a heavier, smaller lattice shell. It is entirely possible that T. kantiana 
is an ancestor of T. nevltoniana. -

2. Note that some specimens possess an elaborate lattice shell (pl. 
19, fig. 2c) which, superficially, gives the species a very different 
appearance from the more typical form having only lattice bars. 

Plate 20, figs. 2a-c 



N72 

Tholospyris kantiana (Haeckel) 

DISTRIBUTION 

CENOP: Absent from the latest ~liocene sections examined from tropical 
latitudes and from all ~1iocene sections examined from temperate latitudes. 
Common to abundant throughout the Early Miocene sections examined from 
tropical latitudes. 



N73 
Tholospyris mammillaris (Haeckel) 

Dictyospyris mammillaris Haeckel 1887, p. 1076, pl. 89, figs. 9, 10 
Tholospyris mammillaris (Haeckel) Goll, 1969, p. 327, pl. 55, figs. 5,6,8,9, 

text-fig. 1 

DESCRIPTION AND DIMENSIONS 

"Sagittal ring subpolygonal; 64 to 78~ high; 46 to 62~ thick; joined 
directly to front, apex, and back of lattice shell. Vertical spine very short, 
arises near base of sagittal ring; no axial spine. Some specimens have short 
frontal and apical spines; other skeletons lack frontal or apical spines. Ex
cept for primary-lateral bars joined to basal ring, connector bars are lacking. 

"Basal ring subpolygonal; 53 to 73~ vlide; 37 to 60~ thick; joined directly 
to front and back of sagittal ring; encloses four basal pores. In addition to 
frontal spine, some specimens have four pairs of short basal spines that pro
ject from junctions of lattice bars and basal ring. Lattice shell 92 to 124~ 
wi de; s 1 i ghtly constri cted sagi tta lly; does not extend below basal ri ng. Latti CE 

bars massive, subcircular to subpolygonal in cross section, and frame subcir
cular lattice pores 7 to 37~ in diameter. Four lattice bars joined to sagittal 
ring. Four symmetrical pairs of lattice bars attached to basal ring. Two pairs 
of junctions in front of primary-lateral bars; one pair adjacent to primary
lateral bars. Large tubercles at junctions of lattice bars or lattice bars 
and basal ring; circular depressions arranged around periphery of tubercles. 
In some specimens, short lattice spines project from tubercles. All skeletons 
have five pairs of sagittal-lattice pores and no vertical, sternal or frontal 
pores ... 

"Representatives of Tholospyris mammillaris differ from those of T antho
phora in having depressions in the lattice-shell tubercles and eight Ta"ttlce 
bars that are joined to the basal ring at uniform positions and from those of 
Liriospyris geniculosa Goll in having no sternal pore. Skeletons of the type
species of Tholospyris, ~ cortinisca, have three basal spines and lack lattice
shell tubercles or depressions; the lattice shell surrounds the apex of the 
sagittal ring." (from Goll, 1969) 

Plate 20, figs. 3a,b 



N74 

Tholospyris mammillaris (Haeckel) 

DISTRIBUTION 

CENOP: Absent from all Late Miocene sections examined from both tropical 
and temperate latitudes and from Early Miocene sections from temperate 
latitudes. Common to abundant in all Early Miocene sections examined 
from tropical latitudes. 

See Goll (1968, p. 1412) for a range for this species which differs 
from the CENOP findings. 

Goll (1972, Plate 88 in pocket attached to inside back cover) shows 
a range for this species from the Lychnocanoma elongata Zone to the 
Calocycletta costata Zone. Early Miocene. 



GENUS Tympanomma Haecke1 N75 

Tympanomma Haecke1, 1887, p. 1004 

Emended diagnosis: 

"Six pairs of main rods arise from the sagittal ring. The test consists 
of a thick-walled cepha1is having a small number of large pores." (from 
Petrushevskaya and Koz1ova, 1972) 

Type Species: Tympanidium binoctonum Haeckel, 1887, p. 1004, pl. 94, fig. 18 

NOTE: Tympanomma was originally described by Haecke1 (1887) as a subgenus 
of Tympanidium Haecke1 1887 (= Tympanium Haecke1 1881), but was raised to a 
genus by Petrushevskaya (1971b and with Koz1ova, 1972). Although we are 
following Petrushevskaya's usage, the present authors are not necessarily 
certain that species belonging to Tympanomma and to Tympanium (senior 
synonym of Tympanidium) are generically distinct. 

Species inc1 uded herein: Tympanomma binoctonum (Haeckel) 
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Tympanomma binoctonum (Haeckel) 

Tympanidium binoctonum Haeckel, 1887, p. 1004, pl. 94, fig. 18; 
Riedel, 1957, p. 78, pl. 1, fig. 2 

N77 

Tympanomma binoctonum (Haeckel), Petrushevskaya and Kozlova, 1972, 
p. 533, pl. 39, figs. 23,24 

DESCRIPTION 

"Shell with sixteen gates; the four lateral gates double, bisected 
by the lateral parts of an incomplete equatorial ring. Basal gates nearly 
rectangular, of the same breadth as the pentagonal mitral gates, but twice 
as long. Equatorial outline of the shell (seen in fig. 18 from the apical 
pole) octagonal. All rods of the shell thin, smooth." (from Haeckel, 
1887) 

"T. binoctonum is a massive species characterized by the absence of 
lattice spines, and the apical and vertical spines are not visible beneath 
the thick lattice bars. The primary lateral bars are replaced by short 
spines." (from Goll, 1972) 

DIMENSIONS 

"Transverse axis of the shell 0.1, sagittal axis 0.06." 
1887) Measurements are in millimeters. 

RE~1ARKS 

(from Haeckel, 

1. "Although there are indications that Haeckel 's description of 
T. binoctonum is too restricted, and that it may later have to be expanded 
to include a greater range of variation, it is found that forms corres
ponding to the original description and figure are widely distributed in 
middle Tertiary sediments and can conveniently be used as indicators of 
assemblages of this age. For the purposes of this investigation, therefore, 
the name is applied only to those forms composed of smooth rods, and having 
a markedlY octagonal outl ine." (from Riedel, 1957) 

Plate 20, fig. 4 
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TympanolTUlla binoctonum (Haeckel) 

DISTRIBUTION 

Goll (1972, Plate 88 in pocket attached to inside back cover) shows 
a range for this species from the Lychnocanoma elongata Zone to the 
Ca 1 ocyc 1 etta cos ta ta Zone. Ea r ly t1i ocene. 

Theyer et~. (Tympanidium binoctonum, 1978) date the first occur
rence of this species at 22.2 Ma. 

Theyer et~. (Tympanidium binoctonum, 1978) date the last occur
rence of this species at 12.4 Ma. (?). Theyer et al. (1978) show a date of 
11.4 Ma (earliest Epoch 11) in their paper ,-bur-conversion to the paleo
magnetic ages of Ness et~. (1980) is problematical in this instance. 



FAMILY Carpocaniidae Haeckel 1881 emend. Riedel 1967b N79 

GENUS Carpocanistrum Haeckel 1887 

Petrushevskaya (1975) synonymi zed Carpocani strum Haecke 1 with Cys tophormi s 
Haeckel. The correct type species (cf. Foreman and Riedel, in press) of 
Car ocanistrum is C. novenum Haeckel 1887, p. 1171, designated by 
Chediya 1959. Severa 1 workers (e. g., Ri ede 1 and Sanfi 1 i poo, 1971; 
Petrushevskaya, 1975) have erroneously used C. evacuatum Heackel as the 
type species of Carpocanistrum. The type species of Cystophormis is 
~. ~ Haeckel 1887, p. 1165, pl. 52, fig. 1. Although~. novenum is 
not illustrated, it would seem that the most important distinction between 
it and ~. ~ is that ~. ~ has strongly developed longitudinal ridges. 

Until forms of thi s general type can be s tudi ed in deta il, it is i nadvi s
able to combine genera. It may be that a separation at the generic level 
of ribbed and unribbed forms is valid and useful. Hence, we retain the 
use of the genus Carpocanistrum herein. 

We have in the CENOP study encountered, rarely, an obviously ribbed form 
which has not been included in our counts of Carpocanistrum spp. 
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N81 
Carpocanistrum spp. 

Carpocanium petalospyris in Benson, 1966, p. 434, pl. 29, figs. 9, 10; 
Fi g. 25 

Carpocanium spp., Nigrini, 1970, p. 171, pl. 4, figs. 4-6 
Carpocanistrum spp. Riedel and Sanfilippo, 1971, p. 1596, pl. 1G, figs. 

1-6, 8-13; pl. 2F, figs. 5-6, pl. 3D, 
figs. 1, 2, 6, 7, 9; Nigrini and Moore, 
1979, p. N23, pl. 21, figs. la-c. 

DESCRIPTION 

"Included under this name are most of the forms commonly thought of as 
typical carpocaniids - with cephalis not markedly distinguished in contour 
from the ovate thorax, pores often longitudinally aligned, and a somewhat 
constricted peristome often bearing numerous teeth." (from Riedel and Sanfilipp( 
1971 ) 

"Test consisting of a cap-shaped cephalis and a thorax; cephalis hidden at 
top of thorax, in a few specimens separated from thorax by slight constriction 
but generally indistinguishable; with an internal collar ring consisting of 
four collar pores (cardinals and cervicals) at its base; collar ring joined to 
inner wall of thorax by the primary 1 atera 1 and dorsal bars, whi ch extend as 
ribs coincident with furrows in the thoracic wall and by a few accessory bars 
that arise from the collar ring and join the inner thoracic wall but do extend 
as ribs. Thorax variable in shape from nearly cylindrical with constricted 
mouth to greatly inflated, nearly subspherical, with constricted mouth. Pores 
of thorax equal, small, the same size as those of cephalis, arranged hexagonally 
in longitudinal rows (15-22 rows on the half circumference), subcircular to hexa· 
gonal; surface of intervening bars variable from smooth to one with hexagonal 
frames surrounding pores. Mouth constricted, in most specimens surrounded by a 
hyaline peristome (4-16~ in length), peristome absent in a few tests. Peris
tome surmounted by toothlike, lamellar to pyramidal, triangular to rectangular, 
terminal spines or teeth, variable in number from 0-16 or more. Teeth of some 
specimens triangular, converging inward, of others lamellar or rectangular, 
extending vertically do~mward. A few specimens with a fe~1 adjacent teeth fused 
together. One specimen observed with all teeth fused together to form a 
vertical, lamellar, hyaline extension of the peristome. Another specimen ob
served with similar peristomal extension but not hyaline, instead with pores 
similar to those of the thorax giving the appearance of a rudimentary abdomen 
separated from the thorax by a hyaline septal ring." (from Benson, 1966) 

DIMENSIONS 

"length of test (not including terminal teeth) 80-107~" of cephalis 
(when visible) 15-20~; breadth of thorax 59-98~; length of peri stomal teeth 
5-33~." (from Benson, 1966) 

"overa 11 1 ength 90 :t:. 7~; maximum wi dth 71 + 6~; based on 17 specimens" 
(from Sachs, 1973) 

Plate 21, figs. la,b 



Carpocanistrum spp. 

DISTRIBUTION 

CENOP: Present throughout the Miocene sections examined from both 
tropical and temperate latitudes. Generally more common in tropical than 
in temperate material, but abundant in DSDP Site 310. 

See Nigrini and Moore (1979, p. N24) for Recent distribution. 



N83 

Carpocanarium sp. 

DESCRI PTION 

Cephalis spherical, hyaline with a few small circular pores, sometimes 
with a very short apical horn. Collar stricture pronounced. Thorax heavy, 
smooth, inflated, tapering distally to a constricted mouth surrounded by a 
well-defined, smooth, poreless peristome. Thoracic pores circular to sub
circular, regularly arranged in longitudinal rows, 8-10 pores per row, 
8-9 rows across a half-equator. Often thorax appears to have longitudinal 
ridges between the pore rows. (from Lombari, unpublished data). 

DIMENSIONS 

Based on 15 specimens. Length of cephalis 15-20v; length of thorax 
(including peristome) 87-100v; maximum breadth of thorax 80-95v. (from 
Lombari, unpublished data) 

DISTINGUISHING CHARACTERS 

Two-segmented with spherical cephalis and distinct collar stricture. 
Thorax inflated, possessing subcircular pores arranged in longitudinal rows. 

Plate 21, fig. 2 
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Carpocanarium sp. 

DISTRIBUTION 

CENOP: Present in the Early Miocene sections examined from tropical 
1 atitudes. 



Carpocanopsis bramlettei Riedel and Sanfilippo 
N85 

Cycladophora favosa Haeckel, Riedel, 1954, pl. 1, fig. 3 (non fig. 2) 

Carpocanopsis bramlettei Riedel and Sanfilippo, 1971, p. 1597, pl. 2G, 
figs. 8-14; pl. 8, fig. 7 

DESCRIPTION 

"Cepha 1 i s externa lly obtusely cap-shaped, generally sepa rated from the 
thorax by a slight change in contour. Thorax barrel-shaped, with smooth 
surface and circular pores longitudinally aligned. Lumbar stricture 
expressed externally by a distinct change in contour. Abdomen subcylindrical, 
hyaline, usually with one row of pores proximally and a row of teeth termin
ally." (from Riedel and Sanfilippo, 1971) 

DH1ENSIONS 

Based on 25 specimens. "Total length 115 to 190~. Maximum breadth 
80 to 105~.'' (from Riedel and Sanfilippo, 1971) 

DISTINGUISHING CHARACTERS 

"Lumbar stricture distinct externally. Abdomen subcylindrical, hyaline, 
usually with one row of pores proximally and a rO~1 of teeth terminally." 
(from Riedel and Sanfilippo, 1978) 

Plate 21, fig. 3 



N86 

Carpocanopsis bram1ettei Riedel and Sanfilippo 

DISTRIBUTION 

Riedel and Sanfilippo (1971 and 1978) show this species to range 
from the Early t~i ocene (boundary between the Cyrtocapse 11 a tetrapera and 
Sti chocorys del montensi s Zones) to the ~1i dd1 e Mi ocene (top of the 
Dorcadospyris a1ata Zone), 



Carpocanopsis cingulata Riedel and Sanfilippo 
N87 

Carpocanopsis cingulatum Riedel and Sanfilippo, 1971, p. 1597, pl. 2G, 
figs. 17-21; pl. 8, fig. 8 

Carpocanopsis cingulata Riedel and Sanfilippo, Sanfilippo and Riedel, 
1973, p. 531 

DESCRI PTI ON 

"Cephal is obtusely cap-shaped, not separated from the thorax by an 
external collar structure. Thorax barrel-shaped, thick-walled (smaller and 
somewhat thinner-walled in early specimens), with smooth surface and 
circular pores longitudinally aligned. Abdomen inverted truncate-conical, 
not distinguished in external contour from distal part of thorax, with 
rounded pores irregular in shape and arrangement. The termination of the 
abdomen is corroded in most specimens, but in a few is observed to consist 
of short, irregular, lamellar teeth." (from Riedel and Sanfilippo, 1971) 

DIMENS IONS 

Based on 25 specimens. "Length of cephalis plus thorax 95-115p. 
Maximum breadth 85-ll5p." (from Ri ede 1 and Sanfil i ppo, 1971) 

DISTINGUISHING CHARACTERS 

"Cephalothorax large and thick-walled, with pores longitudinally 
aligned. Abdomen inverted truncate-conical, not distinguished in external 
contour from distal part of thorax, with rounded pores irregular in shape 
and arrangement." (from Riedel and Sanfilippo, 1978) 

REMARKS 

1. Note corrected Latin termination of the specific name used in 
Riedel and Sanfilippo. (1978) and Sanfilippo and Riedel (1973). 

Plate 21, fig. 4 



N88 

Carpocanopsis cingulata Riedel and Sanfilippo 

DISTRIBUTION 

Riedel and Sanfilippo (1978) shO\~ the first occurrence of this species 
to be at the boundary behleen the Dorcadospyris ateuchus and Lychnocanoma 
elongata Zones; they shovi the last occurrence to be within the Calocycletta 
costata Zone. Oligocene to Early Miocene. 



? Carpocanopsis cristata (Carnevale) N89 

? Sethocorys cristata Carnevale, 1908, p. 31, pl. 4, fig. 18 

? Sethocorys cristata var. a Carnevale, 1908, p. 32, pl. 4, fig. 19 

Carpocanopsis cristatum (Carnevale) ?, Riedel and Sanfilippo, 1971, 
p. 1597, pl. lG, fig. 16, pl. 2G, figs. 1-7 

Carpocanopsis cristata (Carnevale) ?, Sanfilippo and Riedel, 1973, 
p. 531 

DESCRIPTION 

"Cephalis hemispherical, in rare specimens bearing a short apical 
spine, usually separated from the thorax by a change in external contour. 
Thorax inflated barrel-shaped, with very thick wall and rouqh surface, 
and with fewer pores than f. cingulatum and f. bramlettei, not longi
tudi na lly ali gned. Abdomen usually represented by only a fe\oJ corroded 
protuberances on the distal part of the thorax, but to judge from 
portions preserved on rare specimens it appears not to be separated from 
the thorax by an externally expressed stricture, and to have irregular 
pores similar to those of C. cingulatum." (from Riedel and Sanfilippo, 
1971.) 

DIMENSIONS 

"Dimensions and other features are generally similar to those given 
by Carnevale for specimens from the Italian Miocene, but we cannot be 
confident of the identity of our species with his until there is an 
opportunity to examine additional Italian material." (from Riedel and 
Sanfilippo, 1971) 

The dimensions given for Sethocorys cristata in Carnevale (1908) are 
as follows: Height of cephalis 24)1, height of thorax 73)1. Maximum 
breadth 98)1. Length of horn 9)1. Breadth of distal opening 34)1. Length 
of "abdomen" 9)1. 

The dimensions given for Sethocorys cristata var. a in Carnevale 
(1908) are as follows: Height of cephalis 24)1, height of thorax 78)1. 
Maximum breadth 98)1. Breadth of cephalis 39)1. Breadth of distal opening 
31)1 . Length of "abdomen" 9)1. Length of tho rn s 9)1. 

DISTINGUISHING CHARACTERS 

"This species is distinguished from C. favosum by the abdomen being 
porous rather than hyaline, and evidently-inverted truncate-conical 
(narrowing distally). It differs from f. cingulatum as indicated in the 
discussion of that species." (from Riedel and Sanfilippo, 1971) 

Plate 21, fig. 5 



N90 

? Carpocanopsis cristata (Carnevale) 

DISTRIBUTION 

Riedel and Sanfilippo (197l) show a range for this species from the 
Early Miocene (Calocycletta costata Zone) to the t·liddle Miocene {Diartus 
petterssoni Zone}, 



Carpocanopsis favosa (Haeckel) 

Cycladophora favosa Haeckel, 1887, p. 1380, pl. 62, figs. 5,6; 
Riedel, 1954, p. 172, pl. 1, fig. 2 (non 3) 

Carpocanopsis favosum (Haeckel) Riedel and Sanfilippo, 1971, 
p. 1597, pl. 2G, figs. 15,16, pl. 8, figs. 9-10 

N91 

Carpocanopsis favosa (Haeckel) Sanfilippo and Riedel, 1973, p. 531 

DESCRIPTION 

"Cephalis obtusely cap-like, commonly marked off externally from 
the thorax by a sl ight change in contour. Thorax barrel-shaped, with 
smooth or slightly rough surface and circular pores usually not showing 
marked longitudinal alignment. Lumbar stricture usually pronounced 
externally; in rare specimens the shell wall is very thick, even to the 
extent of filling the external lumbar stricture ( ... ). Abdomen usually 
truncate-conical, widening distally, hyaline and commonly longitudinally 
ribbed, terminating in a row of irregular teeth; but in rare specimens 
similar to that of C. bramlettei." (from Riedel and Sanfilippo, 1971) 

DH1ENSIONS 

Based on 15 specimens. "Total length 105 to 155)1. Maximum breadth 
of thorax 70 to 95)1." (from Riedel and Sanfilippo, 1971) 

Plate 21, figs. 6a-c 



N92 

Carpocanopsis favosa (Haecke1) 

DISTRIBUTION 

Riedel and Sanfilippo (1971) show a range for this species from the 
Cyrtocapse11a tetrapera Zone to the Ca1ocyc1etta costata Zone. Early 
Miocene. 



Cornutella profunda Ehrenberg N93 

Cornutella clathrata S profunda Ehrenberg, 1854a, p. 241 

Cornutella profunda Ehrenberg, Riedel, 1958, p. 232, pl. 3, figs. 1,2 

Cornutella profunda Ehrenberg, Nigrini, 1967, p. 60, pl. 6, figs. 
Sa -c (\.Ji th synonymy) 

DESCRIPTION 

"Shell slender, conical, with smooth surface. Cephalis small, hyaline, 
poreless, with conical, acute apical horn. Pores of thorax regularly 
arranged, subcircular, increasing in size distally, 4-7 on the half-circum
ference. Proximal part of thorax usually poreless. Some specimens have a 
heavier shell-wall, ~Iith wider intervening bars between the pores ~Ihich are 
fewer in number, and tend to be subcylindrical or slightly contracted in 
the distal one-third or one-quarter." (from Riedel, 1958) 

DIMENS IONS 

Based on 18 specimens. 
7-20~, of thorax 110-200~. 

"Length of apical horn 2-30~, of cephalis 
Maximum shell breadth 45-65~." (from Riedel, 1958) 

"Length of apical horn up to 72~ (usually up to 27~); of cephalis 
5-9~; of thorax 105-191~. ~1aximum breadth 36-63~." These dimensions are 
in general agreement ~Iith those given by Riedel (1958), although the 
cephalis here is usually smaller, and rarely, the apical horn is much 
longer." (from Nigrini, 1967) 

DISTINGUISHING CHARACTERS 

Small, sometimes indistinguishable, hyaline cephalis. Thorax sharply 
conical with variable number of regularly arranged subcircular pores. 
Termination ragged. 

REt~ARKS 

1. In our CENOP counts, we were unable to separate consistently the 
numerous morphotypes of this general form that have been distinguished by 
Reynol ds (1978). 

2. For further taxonomic discussion see Riedel (1958), Nigrini (1967), 
and Reynolds (1978). 

Plate 22, fig. 1 



N94 

Cornutella profunda Ehrenberg 

DISTRIBUTION 

CENOP: Present throughout the Miocene sections examined from both 
tropical and temperate latitudes. More common in Late ~1iocene than in 
Early Miocene material. 



Cyclampterium (?) leptetrum Sanfilippo and Riedel 

Cyclampterium (?) leptetrum Sanfilippo and Riedel, 1970, p. 456, 
pl. 2, figs. 11-12 

DESCRI PTI ON 

N95 

"Shell generally robust, campanulate to subspherical. Cephalis sub
spherical, usually poreless but occasionally with a few small pores; 
thick-walled, especially at the apex. Collar stricture pronounced. Thorax 
hemispherical or slightly inflated, thick-walled, with subregular circular 
pores, and a surface which is nodose or, less commonly, only slightly 
rough or thorny. Abdomen commonly inverted cap-shaped, closed distally, 
but in some specimens open subcylindrical. Abdominal pores irregular in 
size and arrangement, generally as large to twice as large as the thoracic 
pores, generally smaller and more regular than the abdominal pores of 
C. ? pegetrum. Three to five irregular, subcylindrical, terminal or sub
terminal feet are present in rare specimens." (from Sanfilippo and Riedel, 
1970 ) 

DH1ENSIONS 

Based on 30 specimens. '1otal length 225-440p. Length of thorax 
150-165p (rarely to 180p), its maximum breadth 195-250p." (from Sanfilippo 
and Riedel, 1970) 

DISTINGUISHING CHARACTERS 

"Thorax hemispherical or somel'lhat inflated, more than l50p long. 
Abdomen inverted cap-shaped or open subcylindrical, tending to have more 
delicate bars and smaller pores than f. pegetrum Sanfilippo and Riedel." 
(from Riedel and Sanfilippo, 1978) 

Plate 22, figs. 2a,b 



N96 

Cyclampterium (?) leptetrum Sanfilippo and Riedel 

01 STR1 BUT! ON 

Riedel and Sanfilippo (1971) show this species to range from the 
Early Miocene (Stichocor s delmontensis Zone) to the early Middle Miocene 
(Oorcadospyris a ata Zone . 

Theyer et al. (1978) date the first occurrence of this species at 
20.8 t1a. --

Theyer et al. (1978) date the last occurrence of this species at 
12.2 Ma. (?) .-Theyer et al. (1978) show a date of 11.7 (middle Epoch 12) 
in their paper. Conversion to the paleomagnetic ages of Ness et ~. 
(1980) is problematical in this instance. 



Cyclampterium (?) neatum Sanfilippo and Riedel N97 

Cyclampterium (?) neatum Sanfilippo and Riedel, 1970, p. 457, pl. 2, 
figs. 17-18 

DESCR I PTI ON 

"Shell approximately spherical in general form. Cephalis subspherical, 
pore less or with a few small pores, with horn either short or absent. 
Collar stricture pronounced. Thorax very inflated pyriform, approaching a 
sphere, with rather delicate wall (especially in the more recent specimens) 
and pores circular to polygonal, increasing in size away from the collar 
stricture and then decreasing somewhat. Thoracic surface with very short 
thorns. Distal margin of thorax much narrower than its widest part. 
Abdomen short, inverted cap-shaped, with wall structure similar to adjacent 
part of thorax, and lumbar stricture distinguished externally by a very 
slight, if any, change in contour." (from Sanfil ippo and Riedel, 1970) 

DIMENSIONS 

Based on 25 specimens. "Total length 315-435)1. t~aximum breadth 
305-435)1." (from Sanfilippo and Riedel, 1970) 

DISTINGUISHING CHARACTERS 

"Shell large, approximately spherical. Abdomen short, inverted cap
shaped, scarcely distinguished externally from the thorax." (from Riedel 
and Sanfilippo, 1978) 

Plate 22, figs. 3a,b 



N98 

Cyclampterium (?) neatum Sanfilippo and Riedel 

DISTRIBUTION 

Riedel and Sanfilippo (1971) show this species to range from the 
Late Miocene (Didymocyrtis antepenultima Zone) to the Recent. 



Cyclampterium (?) pegetrum Sanfilippo and Riedel N99 

Cyclampterium (?) pegetrum Sanfil ippo and Riedel, 1970, p. 456, pl. 2, 
figs. 8-10 

DESCR I PTI ON 

"Shell robust, campanulate to subcylindrical, with the abdomen usually 
constituting a half or more of the volume of the shell. Cephalis sub
spherical, poreless or with rather few small pores, in many specimens bear
ing a short, often thick, apical spine. Collar stricture pronounced. 
Thorax hemispherical, thick-walled, with sub-regular circular pores, and 
a surface which is smooth, thorny or nodose. Abdomen usually sub-cylindrical 
or slightly expanding distally, rarely inverted-hemispherical, \1ith irregular 
robust meshwork much coarser than that of the thorax, in some specimens 
closed distally. Some specimens have three, or rarely more, irregular, sub
cylindrical feet which may be terminal or subterminal, and which arise, not 
at the lumbar stricture, but more distally." (from Sanfilippo and Riedel, 
1970) 

DIMENSIONS 

Based on 30 specimens. "Total length 310-620]1, usually 340-470]1. 
Length of thorax 75-155]1, its maximum breadth 124-210]1." (from Sanfilippo 
and Riedel, 1970) 

DISTINGUISHING CHARACTERS 

"Thorax hemispherical, 90-150]1 long. Abdomen usually open subcylin
drical, with irregular, robust, very coarse meshwork. Some specimens have 
three, or rarely more, irregular terminal or subterminal feet." (from 
Riedel and Sanfilippo, 1978) 

REMARKS 

1. For further taxonomic discussion see Sanfilippo and Riedel (1970) and 
~. (?) milowi in Sanfilippo et~. (1973). 

Plate 22, figs. 4a-c 



N100 

Cyclampterium (?) pegetrum Sanfilippo and Riedel 

DISTRIBUTION 

Riedel and Sanfilippo (1971) show this species to range from the 
Oligocene (Dorcadospyris ateuchus Zone) to the Early Miocene (Stichocorys 
wolffii Zone). 

Theyer et~. (1978) date the last occurrence of this species at 
19.5 Ma. 



Cyrtocapsella cornuta (Haeckel) N10l 

Cyrtocapsa (Cyrtocapse11a) cornuta Haeckel, 1887, p. 1513, pl. 78, 
fig. 9 

Cyrtocapse11a cornuta Haeckel, Sanfil ippo and Riedel, 1970, 
p. 453, pl. 1, figs. 19-20 (with synonymy) 

DESCRIPTION 

"Four-segmented, pyrifonn skeleton. Cephalis spherical, poreless 
or with a few small pores, inmost specimens with a short api ca 1 horn. 
Collar stricture pronounced. Thorax small, inflated-conical, separated 
from the much wider third segment by a very pronounced change in contour. 
Third segment truncate-hemispherical and fourth sepment inverted-hemi
spheri ca 1 with practi ca lly no externa 1 stri cture between them. Mouth 
strongly constricted, about twice as wide as a pore. Pores subcircular 
to circular, not arranged in a regular pattern." (from Sanfilippo and 
Riedel, 1970) 

DH1ENSIONS 

Based on 30 specimens. "Tota 1 1 ength (exc 1 udi ng horn) 145-205~ 
(usually l65-190~). Length of second segment 30-55~ (usually about 45~), 
of third segment 45-70~ (usually 50-60~), of fourth segment 50-80~. 
I·laximum breadth 125 (rarely 115)-145~." (from SanfiliollO anrl Riedel, 
1970) 

DISTINGUISHING CHARACTERS 

"A 1 arge speci es with genera lly pyriform out 1 i ne, the cepha 1 i s 
and thorax separated from the blO subsequent segments by a pronounced 
change in contour (at least internally). Post-lumbar stricture scarcely 
expressed externally." (from Rie,del and Sanfilippo, 1978) 

REt>1ARKS 

1. Petrushevskaya and Kozlova (1972, p. 546) consider Cyrtocapsella 
to be "no more than a subgenus of the genus Lithocampe." Although the 
type species (Cyrtocapsella tetrapera Haeckel and Lithocampe radicula 
Ehrenberg) of the two genera might be closely related, Petrushevskaya 
and Kozlova do not describe or docu~ent the sort of special study of the 
type species that should precede the sU9gestion of a genus-subgenus 
relationship. (Riedel, personal communication', 1980) 

2. For further taxonomic discussion see Holdsworth (1975). 

Plate 23, fig. 1 



N102 

Cyrtocapsella cornuta (Haeckel) 

DISTRIBUTION 

CENOP: Absent from all the Late Miocene sections examined from both 
tropical and temperate latitudes. Common to abundant in all the Early 
Miocene sections examined from both tropical and temperate latitudes. 

Riedel and Sanfilippo (1978) show the first occurrence of this 
species at the boundary between the Lychnocanoma elongata and 
Cyrtocapsella tetrapera Zones. Early Miocene. 

Theyer et al. (1978) date the first occurrence of this species at 
21.75 Ma. ----

Theyer et al. (1978) date the last occurrence of this species at 
11 . 7 ~1a. -- --

See Reynolds (1980, Figure 1) for range in the western North Pacific. 



Cyrtocapse11a cy1indroides (Principi) 

Stichocapsa cy1indroides Principi, 1909, p. 21, pl. 1, fig. 66 

non Lithocampe (Cyrtocapsella) cy1indroides (Principi) in 
Petrushevskaya, 1975, p. 582, pl. 14, figs. 14, 15 

N103 

? Lithocampe sp., Petrushevskaya and Kozlova, 1972, pl. 25, fig. 13 

DESCRIPTION 

"She 11 often rough and very elongated. The cephal i sis spheri ca 1 and 
perforated; the thorax is swollen and the last segment roundish. The pores 
are round, irregularly distributed and very close to one another." (trans
lated from Principi, 1909, by Gail Lombari) 

DIMENS IONS 

"Height mm 0,13. Hidth mm 0,072." (from Principi, 1909). 

DISTINGUISHING CHARACTERS 

No pronounced change in contour between post-cephalic segments. Post
cephalic segments of approximately equal breadth, thus making the shell 
cylindrical rather than conical. 

Plate 23, fig. 2 



N104 

Cyrtocapsella cylindroides (Principi) 

DISTRIBUTION 

CENOP: Absent or rare in most of the Late Miocene material examined from 
both tropical and temperate latitudes. Common in the earliest Late 
Miocene of DSDP Site 158. Rare in the Early Miocene of the central 
tropical (DSDP Sites 71 and 77B) and eastern temperate (DSDP Site 173) 
Pacific. 



Cyrtocapsella elongata (Nakaseko) 

Theocapsa elongata Nakaseko, 1963, p. 185, pl. 3, figs. 4,5 

Cyrtocapsella elongata (Nakaseko) Sanfilippo and Riedel, 1970, 
p. 452, pl. 1, figs. 11-12 

DESCRIPTION 

N105 

"Shell ovoidal, consisting of three segments with a smooth surface, 
and having a very constricted mouth. Cephalis spherical, generally 
poreless, commonly with a very short apical horn. Collar stricture not 
very distinct in contour because base of cephalis is generally enclosed 
in thoracic wall. Thorax rounded-conical; abdomen hemiellipsoidal, ~Iith 
a mouth not much larger than a pore. Pores of thorax and abdomen sub
circular to circular, in some specimens irregular in size and arrangement 
and rather widely separated, in others more regular, closely spaced, and 
with a tendency toward longitudinal alignment. Lumbar stricture not 
expressed in contour." (from Sanfilippo and Riedel, 1970) 

DIMENSIONS 

Based on 30 specimens. "Total length (excludinq horn) 80-110~. 
Maximum breadth 60-90~. Ratio of length of abdomen to length of thorax 
rangi ng between 0.8: 1 and 2.2: 1, usually about 1. 4: 1. " (from Sanfil i ppo 
and Riedel, 1970) 

DISTINGUISHING CHARACTERS 

"This species is distinguished from I. japonica by its smaller size, 
smoother surface, less pronounced 1 umbar stri cture, and tendency toward 
longitudinal alianment of pores in some specimens. Although Nakaseko 
describes his species as having a rough surface and no large terminal 
pore, it seems to be the same as our form." (from Sanfilippo and Riedel, 
1970) 

Plate 23, figs. 3a,b 



N106 

Cyrtocapse 11 a e 1 ongata (Nakaseko) 

DISTRIBUTION 

Sporadic occurrences through the Early and Middle Miocene. 



Cyrtocapsella japonica (Nakaseko) N107 

Eusyringium japonicum Nakaseko, 1963, p. 193, text-figs. 20-21, pl. 4, 
figs. 1-3 

Cyrtocapsella japonica (Nakaseko) Sanfilippo and Riedel, 1970, p. 452, 
pl. 1, fi gs. 13-15 (with synonymy) 

DESCRIPTION 

"Shell consisting of three segments increasing uniformly in width, with 
a very constricted mouth. Cephal is spherical, poreless or ~Iith a few small 
circular pores, bearing a thornlike horn of the same length or shorter. 
Collar stricture not very distinct in contour because base of cephalis is 
generally enclosed in the thoracic wall. Thorax approximately hemispherical; 
abdomen swollen, rounded, with a mouth not much larger than a pore. Pores 
of thorax and abdomen generally similar, circular, usually closely spaced 
but occasionally sparser, rather regular in size and arrangement. Wall of 
thorax and abdomen thi ck, with rough surface. The 1 umba r s tri cture is not 
deep but is marked by a corresponding change in contour. Some specimens 
have a vari ab 1 e, inverted, capl ike fourth segment with a thi nner walland 
less regular pores than in thorax and abdomen." (from Sanfil ippo and Riedel, 
1970) 

DIMENSIONS 

Based on 30 specimens. "Total 1 ength (excl udi ng horn and fourth seg
ment) 110-135)1. Maximum breadth 55-100)1 (usually 75-90)1). Ratio of length 
of abdomen to length of thorax (1.2-3.4):1, usually (1.8-2.4):1." (from 
Sanfilippo and Riedel, 1970) 

DISTINGUISHING CHARACTERS 

"This species is distinguished from !:.. tetrapera by having the aperture 
of the third segment constricted, rather than that of the fourth. It is 
distinguished from!:.. elongata by having a pronounced lumbar stricture, a 
rougher shell surface, and a larger skeleton." (from Sanfilippo and Riedel, 
1970) 

REMARKS 

1. For further taxonomic remarks see Sanfilippo and Riedel (1970). 

Plate 23, figs. 4a-c 



N108 

Cyrtocapsella japonica (Nakaseko) 

DISTRIBUTION 

A variety of ranges have been recorded for this species, i.e., 

1. Sanfilippo and Riedel (1970): sporadic occurrences from the 
Stichocorys delmontensis Zone to the top of the Diartus petterssoni Zone 
in the equatorial Pacific. 

2. Li ng (1975): ra re to few from the top of the Cal ocyc 1 etta 
virginis (~ Stichocorys wolffii) Zone to the Didymocyrtis antepenultima 
Zone in the Sea of Japan. 

3. Reynolds (1980): rare to few from the Prunopyle titan 
(~ Calocycletta tetra era) Zone to the top of the Diartus hughesi 
(~ Diartus petterssoni Zone in the I'lestern North Pacific. 

4. Johnson and \,i ck (1982): from the Dorcadospyri s al ata Zone to 
the Diartus petterssoni Zone in the central equatorial Pacific. 



N109 

Cyrtocapse11a tetrapera (Haecke1) 

Cyrtocapsa tetrapera Haecke1, 1887, p. 1512, pl. 78, fig. 5. 

Cyrtocapse 11 a tetrapera Haecke 1, Sanfil i ppo and Ri ede 1, 1970, p. 453, 
p1.1, figs. 16-18 (with synonymy) 

DESCRI PTI ON 

"She 11 of four segments, with rounded termi nati on. Cephal is spheri ca 1 , 
pore1ess or with a few small pores in some specimens with a short apical 
horn. Collar stricture moderately pronounced. Thorax conical to hemis
pherical; third segment annular or inflated; fourth segment hemispherical 
with a strongly constricted mouth about twice as wide as a pore. Second 
to fourth segments rather thick-walled \~ith their pores subcircu1ar to 
circular and rather regular in size and arrangement. Strictures 
in some specimens rather pronounced, in others not expressed externally. 
Some specimens have a variable, inverted cap1ike segment with a thinner 
wall and less regular pores than in the second to fourth segments." 
(from Sanfilippo and Riedel, 1970) 

DIMENSIONS 

"Total length (excluding horn and fifth segment) 100-140l1 (usually 
115-130l1). Length of second segment 25-4511 (usually about 3511) of third 
segment 25-4011 , of fourth segment 30-5511. Maximum breadth 75-10511." 
(from Sanfilippo and Riedel, 1970) Based on 35 soecimens. 

DISTINGUISHING CHARACTERS 

"Absence of a more pronounced change in contour between the second 
and third segments than between the other segments, and the terminal 
aperture is no wi der than about 21;;; di sta 1 pore di ameters. In some speci
mens a more delicate fifth (and occasionally sixth) segment is present." 
(from Riedel and Sanfilippo, 1978) 

REt-1ARKS 

1. For further taxonomic discussion see Holdsworth (1975). 

Plate 23, fig. 5 



NllO 

Cyrtocapsella tetrapera (Haeckel) 

DISTRIBUTION 

CENOP: Common to abundant throughout the Early Miocene sections examined 
from both tropical and temperate latitudes. 

Riedel and Sanfilippo (1978) define the lovler limit of the 
Cyrtocapsella tetrapera Zone (Early Miocene) by the first appearance of 
thi s speci es. 

Riedel and Sanfilippo (1971) show the last occurrence of this species 
to be near the top of the Dorcadospyri sal a ta Zone (early ~li ddl e t~i ocene) . 

Theyer et al. (1978) date the first occurrence of this llpecies at 
21 . 75 r~a. - -

Theyer et~. (1978) date the last occurrence of this species at 
11.95 Ma, but DSDP Leg 85 results (Nigrini, unpublished data) suggest that 
this date should be 12.4 - 12.7 Ma. 



Eucyrtidium cienkowskii Haeckel group Nlll 

Eucyrtidium cienkowskii Haeckel 1887, p. 1493, pl. 80, fig. 9 

Eucyrtidium cienkowskii Haeckel group, Sanfilippo et al., 1973, 
p. 221, pl. 5, figs. 7-11 (with synonymy) --

DESCRIPTION 

"Shell smooth, subconical, with five distinct strictures. Six joints 
of different lengths; the third joint conical, one and a half to two times 
as long as each of the other joints; the fifth joint is the broadest. 
Mouth wide, very slightly constricted. Cephalis hemispherical, with an 
oblique pyramidal horn of the same length. Pores regular, circular, in 
dense transverse rows; five to six rows in each of the three last joints, 
eight to nine rows in the third joint." (from Haeckel, 1887) 

"This long-ranging species group is characterized by the cephalis and 
small thorax being marked off from the remainder of the shell by a pro
nounced change in contour, the third segment being subconical and the 
remaining segments subcylindrical. Pores of the third and subsequent seg
ments tend to be longitudinally aligned, and the contour of the shell is 
smooth rather than thorny. Some specimens have three low ~lings on the 
thoracic surface. Several species may be included in this group, but we 
have been unable to separate them satisfactorily." (from Sanfil ippo et al., 
1973) --

DH~ENSIONS 

"Length of shell (with six joints) 0.16, length of the third joint 
0.04, of each following joint 0.02; greatest breadth (in fifth joint) 0.08." 
(from Haecke 1, 1887) 

Note: Haeckel's measurements are given in millimeters. 

DISTINGUISHING CHARACTERS 

Similar to Eucyrtidium hexagonatum, but with a larger thorax. Lumbar 
stricture distinct. Post-thoracic segments spindle-shaped with the maximum 
breadth at the first post-abdominal segment. 

REMARKS 

1. For further remarks and illustrations see Riedel and Sanfilippo, 1978a. 

2. Petrushevskaya and Kozlova (1972, p. 548, pl. 26, figs. 18, 19) refer 
to this species as Stichopodium cienkowskii (Haeckel). 

3. Sanfil i ppo et~. (1978) syno.nymi zed I. ci enkowski i Haecke 1 with 
E. acuminatum (Ehrenberg) which becomes the senior synonym. However, in 
the CENOP material we have been able to recognize a distinct E. cienkowskii 
group which does not resemble the well described Recent form ,-I. acuminatum. 

Plate 23, fig. 6 



N112 

Eucyrtidium cienkovlskii Haeckel group 

DISTRIBUTION 

CENOP: Common in the Early Miocene sections examined from tropical and 
eastern temperate latitudes. Rare in the Late t~iocene sections examined 
from tropical and eastern temperate latitudes. 



N1l3 
Eucyrtidium diaphanes Sanfilippo and Riedel 

Calocyclas coronata Carnevale 1908, p. 33, pl. 4, fig. 24 
(not Eucyrtidium coronatum Ehrenber~ 1873) 

Eucyrtidium diaphanes Sanfilippo and Riedel, Sanfilippo et al., 1973, 
p. 221, pl. 5, figs. 12-14 (new name)-

DESCRIPTION 

Shell is thick and ~lith numerous ridges. The pores are circular, unequal, 
and arranged in rows transverse to the axis of the shell. 

The apical horn is moderately well developed, conical, and inclined to 
one side. The cephalis, thorax and abdomen are separated from one another by 
their respective basal constrictions. At the top of the abdomen, along the 
area including that which is attached to the thorax are ten open pores which 
surpass all the others in size. Numerous appendages, which are pointed, are 
slightly developed and arise at irregular intervals. (from Carnevale, 1908; 
translation by Gail Lombari). 

"As indicated in the original description, this species is distinguished 
by the single row of large pores just below the lumbar structure. Segments 
subsequent to the third are in some specimens wider and in others narrower than 
the third segment. 

Our reason for removing the species from Calocyclas is that it is clearly 
not closely related to the type species of that genus (Calocyclas turris 
Ehrenberg). He assign it to Eucyrtidium, not because of any condition that 
it is closely related to the type species of that genus (Lithocam e acuminata 
Ehrenberg, subsequent designation by Frizzell and Middour, 1951 , but because 
we use that name for a number of stichocyrtids of uncertain relationships. 
The transfer of this species to Eucyrtidium results in Carnevale's specific 
name becomi ng a j uni or secondary homonym of Euc rti di um coronatum and \1e 
therefore propose the new specific name diaphanes ~ transparent, Greek) to 
be used while the species is included in this genus." (from Sanfilippo 
et .!!l., 1973) 

DIM ENS IONS 

Length of cephalis 0.0l9mm.;of thorax 0.044 mm. of abdomen 0.078 mm.; 
Breadth of cephalis 0.034 mm.; of thorax 0.073 mm.; of abdomen 0.132 mm. 
(from Carnevale, 1908) 

DISTINGUISHING CHARACTERS 

"Shell of more than three segments, with a single row of large pores just 
below the lumbar stricture." (from Riedel and Sanfilippo, 1978) 

Plate 23, fig. 7 



Nl14 

Eucyrtidium diaphanes Sanfilippo and Riedel 

DISTRIBUTION 

CENOP: Absent from all Late and Middle Miocene sections examined from 
both tropical and temperate latitudes. Common to abundant in Early Miocene 
sections examined from tropical latitudes. 

According to Sanfilippo et~. (1973), ~. diaphanes ranges from the 
Oligocene (Dorcadospyris ateuchus Zone) to the Early Miocene (top of the 
Stichocorys wolffii Zone) in the western tropical Pacific (~SDP Sites 64.0 
and 64.1). 

Riedel and Sanfilippo (1978) place the morphotypic top of this 
species within the Calocycletta costata Zone. 



Eucyrtidium hexagonatum Haeckel N1l5 

Eucyrtidium hexagonatum Haeckel, 1887, p. 1489, pl. 80, fig. 11; 
Nigrini, 1967, p. 83, pl. 8, figs. 4a,b; Nigrini and Moore, 1979, 
p. N63, pl. 24, figs. 4a,b 

DESCRIPTION 

"Cephalis simple, spherical, with numerous subcircular pores and an 
erect, or sometimes oblique, needle-like apical horn supported by 3 mem
branous buttresses; length of horn 1 or 2 times diameter of cephal is. 
Apical spine free. Cephalis usually depressed into thorax; median bar and 
vertical spine form a V. Primary lateral and dorsal spines continue as 
ribs in the thoracic wall, giving the segment a 3-1obed appearance from 
some angles, and then continue on in the abdominal wall for almost its 
entire length. Rarely, 1 or more of these ribs becomes external, forming 
small latticed wings. 

"Thorax small, inflated annular with rough surface and rather thick 
wa 11. Thoraci c pores subci rcul ar, usually i rregul arl y arranged, but some
times in longitudinal rows. Lumbar stricture distinct. 

"Abdomen and up to 5 post-abdominal segments, thin-walled, smooth; they 
expand distally, reaching a maximum breadth at about the second or third 
post-abdominal segment, and then constrict slightly. Most specimens are 
broken off at this point, and thus appear to have a wide mouth, very slightly 
constricted; however, in relatively rare complete specimens, narrowing 
continues and a short cylindrical pored terminal tube is formed. Pores 
circular to subcircular, arranged in longitudinal rows, but may be irregular 
in the final 2 or 3 segments." (from Nigrini, 1967) 

DIMENSIONS 

"Total length (excluding apical horn) 146-20911. Diameter of cephalis 
9-1811' Length of thorax 9-1811. Breadth of thorax 27-3611; maximum breadth 
72-12811." (from Nigrini, 1967) 

DISTINGUISHING CHARACTERS 

Thorax small, inflated annular, thick-walled. Lumbar stricture distinct. 
Post-thoracic segments th in-I'Jall ed, expanding distally to a maximum breadth 
at the second or third post-abdominal segment, then constricting slightly. 

REMARKS 

1. Petrushevskaya (1971b) placed this species in synonymy with Eucyrtidium 
dictyopodium (Haeckel). However, the 3 shovel-shaped feet described and 
illustrated by Haeckel for that species have never been observed on 
I.. hexagonatum and for that reason the synonymy is rejected herein. 

2. Benson's (1966) description and dimensions of this species (Eusyringium 
siphonostoma Haeckel in Benson, p. 498) are generally consistent \~ith the 
above although he does seem to have some longer specimens. 

Plate 23, fig. 8 



N1l6 

Eucyrtidium hexagonatum Haeckel 

DISTRIBUTION 

CENOP: Absent from all Early t1iocene sections examined from both tropical 
and temperate latitudes. Usually absent in Late Miocene material examined, 
except for rare occurrences in eastern tropical material (DSDP Site 158) 
and eastern temperate material (DSDP Site 173) and it is common in DSDP 
Site 77B in the central tropical Pacific. 

See Nigrini and Moore (1979, p. N64) for Recent distribution. 



Lithopera thornburgi Sanfilippo and Riedel 

Lithopera thornburgi Sanfilippo and Riedel, 1970, p. 455, pl. 2, 
figs. 4-6 

DESCRIPTION 

N1l7 

"Spindle-shaped shell, tapering equally at both ends. Cephalis 
spherical, apparently poreless, completely enclosed in the spongy thoracic 
wall. Thorax spindle-shaped, tapering and closing distally, sometimes with 
a short terminal spine or acute cone. No third segment distinguished. 
Thoracic wall thick, of spongy meshwork, especially in the proximal half. 
The thoracic wall adjacent to the cephalis is of spongy mesh-\"/ork and has 
some straight, rodlike elements developed within and projecting from it 
which are probably the primary spines .... 

"This species is distinguished from L. baueri by the facts that both 
ends are usually equally tapered and pointed, the cephalis is enclosed in 
the thoracic wall, and the thoracic wall is always spongy. 

"As is occasionally the case in L. baueri, in some specimens of L. 
thornburgi a change to smaller pores near the distal end of the thorax is 
associated with a change in contour, which is, however, not accompanied by 
an internal ring, such as would mark off a third segment." (from 
Sanfilippo and Riedel, 1970 

D mEN S I ON S 

Based on 35 specimens. "Total length 140-285)1. ~1aximum breadth usually 
85-135)1, but rarely to 150)1." (from Sanfilippo and Riedel, 1970) 

DISTINGUISHING CHARACTERS 

"Shell elongate, spindle-shaped, pointed at both ends. Cephalis 
enclosed in spongy thoracic wall." (from Riedel and Sanfilippo, 1978) 

Plate 24, figs. la-c 



N1l8 

Lithopera thornburgi Sanfilippo and Riedel 

DISTRIBUTION 

Ri ede 1 and Sanfil i ppo (1978) sho~1 the fi rst occurrence of 
~. thornburgi in the Dorcadospyris alata Zone and the last occurrence in 
the Diartus petterssoni Zone. Middle ~1iocene. 



Lychnocanoma elongata (Vinassa de Regny) N1l9 

Tetrahedrina elongata Vinassa de Regny, 1900, p. 243, pl. 2, fig. 31 

Lychnocanium bipes Riedel, 1959, p. 294, pl. 2, figs. 5-6 

Lychnocanoma elongata (Vinassa de Regny), Sanfilippo et ~., 1973, 
p. 221, pl. 5, figs. 19, 20 (with synonymy) 

DESCRI PTION 

"Cephalis globular, hyaline or with a few reduced pores, and bearing a 
conical or weakly clavate apical horn. Thorax inflated hemispherical, with 
thick wall, slightly rough surface, and circular pores quincuncially 
arranged. From the base of the thorax arise two heavy, generally divergent, 
three-bladed feet, which are to a greater or lesser extent curved, with 
convexity outward. Mouth somewhat narrower than widest part of thorax. In 
some specimens, a rudimentary subcylindrical abdomen is developed between 
the feet. This species is distinguished from all others of the genus by 
having only two feet." (from Riedel, 1959) 

DIMENSIONS 

Based on thirty specimens. "Length of apical horn 8-55]1; of cephalis 
23-33]1; of thorax 76-115]1; of feet 125-275]1. Maximum breadth of thorax 
100-145]1. " (from Ri ede 1, 1959) 

DISTINGUISHING CHARACTERS 

"From the base of the thorax arise two large, robust, bladed feet, 
slightly curved proximally with convexity outlvard." (from Riedel and 
Sanfilippo, 1978) 

REt~ARKS 

1. For further taxonomic discussion see Sanfilippo et ~., 1973. 

Plate 24, figs. 2a,b 



N120 

Lychnocanoma elongata (Vinassa de Regny) 

OJ STRJ BUTION 

Riedel and Sanfilippo (1978) define the lower limit of the 
Lychnocanoma elongata Zone (Late Oligocene to Early Miocene) by the first 
occurrence of this species; they sho~1 the last occurrence at the boundary 
between the Stichocorys wolffii and Calocycletta costata Zones (Early 
~1i ocene) . 

Theyer et al. (1978) date the first occurrence of this species at 
25.4 Ma. --

Theyer et al. (1978) date the last occurrence of this species at 
16.7~1a. --



Lychnocanoma trifolium (Riedel and Sanfil ippo) N121 

Lychnocanium trifolium Riedel and Sanfilippo, 1971, p. 1595, pl. 3B, 
fig. 12, pl. 8, figs. 2,3 

DESCRI PTION 

"Cephalis spherical, poreless, bearing a conical or three-bladed apical 
horn. Collar stricture pronounced. Thorax campanulate, with smooth surface 
and subcircular pores generally arranged in groups of three separated by 
wide poreless areas. Three feet three-bladed, approximately straight, 
longer than the thorax." (from Riedel and Sanfilippo, 1971) 

DIMENS IONS 

Based on 20 specimens. "Length excl udi ng horn and feet 75 to 90)1. 
~laximum breadth of thorax 75 to 90)1." (from Riedel and Sanfilippo, 1971) 

DISTINGUISHING CHARACTERS 

"This species differs from all other members of the genus in the 
characteristic grouping of thoracic pores in threes." (from Riedel and 
Sanfilippo, 1971) 

Plate 24, figs. 3a,b 



N122 

Lychnocanoma trifolium (Riedel and Sanfilippo) 

DISTRIBUTION 

Oligocene. Sanfilippo, Hestberg-Smith and Riedel (in press) show 
this species to range within the Dorcadospyris ateuchus Zone. Earlier 
data (Lychnocanium trifolium in Riedel and Sanfilippo, 1971) had shown 
it to range from the Q. ateuchus Zone to the Lychnocanoma elongata Zone. 



Lychnodictyum audax Riedel N123 

Lychnodictyum audax Riedel, 1953, p. 810, pl. 85, fig. 9 

DESCRIPTION 

"Shell campanulate, with rough surface and distinct collar stricture. 
Length of the two joints 1 :4, breadth 1 :5. Cephalis subspherical, with 
rather few, subcircular, well-separated pores, bearing a conical horn of 
the same to twice the length, which has short, obtusely conical protuberances 
in its distal portion. Thorax subglobular, with rough ridges between the 
large rounded pores, which are 2 - 5 times as broad as the intervening bars. 
Peristome constricted, the feet arising slightly above the margin. Feet of 
approximately the same length as the thorax, triangular pyramidal with pro
nounced blades, fenestrated in the proximal portion, almost straight, 
divergent. Small spines are often present on the lower edge of the thorax 
as if remnants from a reduced abdomen." (from Riedel, 1953) 

DIMENSIONS 

"Length of the apical horn 35-5011; of the cephalis 24-2811; of the 
thorax 90-10511; of the feet 75-11011. Breadth of the cephalis 25-3011; of 
the thorax 110-13011; of the thoracic pores 4-1211." (from Riedel, 1953) 

DISTINGUISHING CHARACTERS 

"The three feet ari sing from the base 
widely divergent, and latticed proximally. 
(from Riedel and Sanfilippo, 1978) 

REMARKS 

of the thorax are almost straight, 
Horn prominent, thorny distally." 

1. "Although this species is evidently closely related to stratigraphically 
useful forms such as Pterocanium prismatium, it is not now transferred to 
that genus because of uncertainty regarding the nature of the figured type 
species of Pterocanium (l.ithocampe aculeata Ehrenberg, according to Foreman 
and Riedel, 1972)." (from Sanfilippo and Riedel, 1974) 

Plate 25, fig. 1 



N124 

Lychnodictyum audax Riedel 

DISTRIBUTION 

Riedel and Sanfilippo (1978) show the last occurrence of this 
species within the Spongaster pentas Zone (Pliocene). 

L. audax first occurs in the Oligocene (Theocyrtis tuberosa Zone) 
(Sanfll i ppo et El., in press). 



Pterocanium prismatium Riedel 

Pterocanium prismatium Riedel, 1957, p. 87, pl. 3, figs. 4,5; 
emend. Riedel and Sanfilippo, 1970, p. 529 

OESCRI PTION 

N125 

"Cepha1is subspherica1, pitted, bearing a sharply pointed, cy1indro
conical apical horn with a length of approximately 1.5 times cephalic 
diameter, and sometimes smaller accessory spines. Thorax having overall 
shape of a triangular prism surmounted by an obtuse triangular pyramid, 
terminating at pronounced collar stricture: this general shape often 
modifi ed by sha 11 ow concavity of the pri smat i c faces, and s 1 i ght swell i ngs 
between the proximal parts of the 3 thoracic ribs. In relation to the 
general thorax surface, the thoracic ribs are usually depressed in furrows 
proximally, and raised on ridges distally. Thoracic pores subpo1ygona1 to 
almost circular, separated by thin bars, arranged approximately hexagonally 
in apparent longitudinal rows. Upper part of thorax usually bears small 
spines: these spines often concentrated on the proximal swellings, and 
thorns often occur on the ridged part of the thoracic ribs. Opening at 
base of thorax somewhat constricted. Feet three-bladed, proximally fene
strated, straight or slightly curved, usually almost parallel or somewhat 
di vergent, us ua 11 y shorter than thorax. Abdomen, when present, short, 
delicate, with irregular meshes smaller than those of thorax, usually 
entirely separate from and surrounded by the feet." (from Riedel, 1957) 

"The original description of this species admitted specimens without 
thorns on the three thoraci c ri bs, but such forms are norl exc1 uded." (from 
Riedel and Sanfilippo, 1970) 

OH1ENSIONS 

"Usual length of apical spine 28-40]1, of cephal is 20-26]1, of thorax 
110-132]1, of feet 60-120]1, of abdomen 5-50]1. Breadth of thorax usually 
110-150]1." (from Riedel, 1957) 

DISTINGUISHING CHARACTERS 

"Major part of the long thorax triangular prismatic, with a distinct 
"shou1der"-like change in contour in the upper part. At this "shoulder", 
the ribs extending from the collar region to the feet are distinctly 
thorny. Feet short, straight, approximately parallel, proximally latticed." 
(from Riedel and Sanfilippo, 1978) 

RE~lARKS 

1. Sanfilippo and Riedel (1974) note that early (i.e., Spongaster pentas 
and Stichocorys peregrina Zones) representatives of this species are only 
slightly thorny on the thoracic shoulders. 

Plate 25, fig. 2 



N126 

Pterocanium prismatium Riedel 

DISTRIBUTION 

Ri edel and Sanfil i ppo (1978) sho\'1 the fi rst occurrence of thi s speci es 
to be at the boundary between the Stichocorys peregrina and Spongaster pentas 
Zones. Although this species was not included in the CENOP counting groups, 
it was observed in the latest Miocene at DSDP Site 158. 

Riedel and Sanfilippo (1978) show the last occurrence of this species 
to lie within the Pterocanium prismatium Zone (Pliocene). 

Theyer et al. (1978) date the first occurrence of this species at 
4.8 ~1a. --

Theyer et al. (1978) date the last occurrence of this species at 
1.5 Ma. --



Pterocanium trilobum (Haeckel) N127 

Dictyopodium trilobum Haeckel, 1860, p. 839 

Pterocanium trilobum (Haeckel), Nigrini, 1967, p. 71, pl. 7, figs. 3a,b 
(with synonymy); Nigrini and Moore, 1979, p. N45, pl. 23, figs. 
4a-c. 

DESCRI PTION 

"Cephalis small, spherical with closely spaced pores, or pits (probably 
representing infilled pores), and bearing a stout conical apical horn 
approximately twice its length). Apical and vertical spines free within 
cephal is; both project to form external horns, the vertical horn being 
shorter and very much more delicate than the apical. Sometimes additional 
by-spines form on both cephalis and thorax. 

"Thorax is an inflated tetrahedron with circular to subcircular pores, 
arranged in longitudinal rows. Thoracic ribs strong, becoming stout 3-bladed 
feet, latticed proximally and tapering to a point distally. Feet are diver
gent, convex outwards, as long to half again as long as thorax. 

"Only traces of an abdomen are preserved. In most specimens a few 
lattice bars are present, and these seem to form a single rO\~ of large pores 
adjacent to the thorax, and sometimes one large pore bordering on the 
proximal end of the feet. The rest of the abdomen has smaller pores and 
apparently hangs free of the feet." (from Nigrini, 1967) 

"The Antarctic representatives of this species do not show the great 
range of variation described by Popofsky [1913]. Most Antarctic individuals 
are thicker than those previously described. By-spines were rarely detected 
on the thorax, though the vestiges of by-spines were commonly observed on 
the cephalis. The basal feet are invariably present and sometimes strongly 
developed. The mouth is often slightly constricted but never closed." 
(from Hays, 1965) 

"There is great variability in the overall shell size. Some specimens 
were very similar to .1'.. praetextum, while others were three times as large." 
(from Renz, 1976) 

DIMENSIONS 

"Length of apical horn 27-54].1; of cephalis 18-27].1; of thorax 63-100].1; 
of feet 90-173].1. Maximum breadth of cephalis 23-27].1; of thorax 90-136].1." 
(from Nigrini, 1967) 

"Length of apical horn 23-68, of cephalis 17-30, of thorax 74-144, of 
feet 57-171." (from Hays, 1965) Note: Hays' measurements are in microns. 

DISTINGUISHING CHARACTERS 

Thorax an inflated tetrahedron with no sharp angles. Strong conical 
apical horn. Feet long, three-bladed, divergent, proximally latticed. 

Plate 25, fig. 3 



N128 

Pterocanium trilobum (Haeckel) 

REMARKS 

1. Benson's (1966) description and dimensions of this species (Pterocanium 
prosperinae Ehrenberg in Benson, p. 405) are consistent with the above, but 
it is likely that of the three specimens illustrated by him only the one . 
shown in Plate 27, fig. 4 is E. trilobum. 

DISTRIBUTION 

CENOP: Absent from all the Early Miocene sections examined from both 
tropical and temperate latitudes. Rare in all the Late Miocene sections 
examined from both tropical and temperate latitudes. 

See Nigrini and Moore (1979, p. N46) for Recent distribution. 



Stichocorys delmontensis (Campbell and Clark) 

Eucyrtidium delmontense Campbell and Clark, 1944, p.56, pl.7, 
fi gs. 19,20. 

N129 

Stichocorys delmontensis (Campbell and Clark) Sanfilippo and Riedel, 
1970, p.451, pl.1, fig.9 (with synonymy). 

DESCRIPTION 

"Shell not especially large, rather stout (1.6-2.4 diameters of 
cylinder in length); cephalis knoblike, distinct, with much lateral flattening, 
and with a short, sometimes curved, or straight, apical horn, cervix 
truncate and constricted; thorax distinct, truncate apically, subhemis
pherical, its basal diameter exceeding distal diameter, and marked by an 
interval transverse septum; abdominal joints three, clearly limited by 
lumbar constrictions and transverse septa, uppermost joint subhemispherical 
like thorax and more or less continued in contour with it, these two regions 
forming, as a whole, a cone (45°), its sides strongly bulged, its length 
approximately 0.29 total length, and its basal diameter 1.37 upper diameters, 
second and third joints together subcylindrical, second one about same 
1 ength as fi rst, and thi rd one shorter, its di s ta 1 end i nturned wi th a 
somewhat constricted mouth with short, projecting, discrete, spinelike 
denticles (mouth commonly torn); wall uniformly thin, gray; pores lacking 
on cephal is, on thorax approximately 40, well scattered, in subhexagonal 
areas with raised corners, pores of abdomen larger than those of thorax, 
well-separated, scattered, all pores subcircular." (from Campbell and 
Cl ark, 1944) 

DIMENS IONS 

"Length, tota 1, 200~; di ameter of cyl i ndri ca 1 abdomen, 70~; of pores, 
8.8~." (from Campbell and Clark, 1944) 

DISTINGUISHING CHARACTERS 

"The upper conical, generally more robust part of the shell is formed 
of three segments. Thorax generally has more pores than in S. wolffii, 
and the fourth segment lacks longitudinal ribs. Third segment inflated 
annular, rather than truncate conical as in its direct evolutionary des
cendant, ~ peregrina." (from Riedel and Sanfilippo, 1978) 

According to Westberg and Riedel (1978), "The third segment is typically 
inflated annular, but specimens with conical third segments are admitted 
here if the fourth segment is not as wi de as the thi rd." 

Plate 25, fig. 4 



N130 

Stichocorys delmontensis (Campbell and Clark) 

REt~ARKS 

1. This species is defined very broadly to include virtually all 
stichocyrtids (except for S. wolffii) in which a conical upper part of the 
shell formed of the first three segments is distinguished from a distal, 
narrower subcylindrical part comprised of the fourth and subsequent segments. 
(information taken from Riedel and Sanfilippo, 1971) 

DISTRIBUTION 

CENOP: Rare or absent throughout the t~i ocene secti ons exami ned from 
temperate latitudes. Abundant in all the Miocene sections examined from 
tropical latitudes. 

Riedel and Sanfilippo (1978) show the first occurrence of this species 
in the Early Miocene at the boundary between the Cyrtocapsella tetrapera 
and Stichocorys delmontensis Zones. The lower limit of the Stichocorys 
peregrina Zone (Late Miocene) is defined by the evolutionary transition 
from~. delmontensis to ~. peregrina. 

Reynolds (1980) defines the base of his Theocorys redondoensis Zone 
in the western North Pacific by the evolutionary transition from S. del
montensis to~. peregrina. The~. peregrina Zone of Riedel and Sanfilippo 
(1977) is partially equivalent to this zone. 

Theyer et al. (1978) date the first occurrence of this species at 
20.6 Ma. --

Theyer et al. (1978) date the last occurrence of this species at 
6.1 Ma. --



Sti chocorys di p 1 oconus (Haecke 1) N131 

Crytocapsa diploconus Haeckel, 1887, p. 1513, pl. 78, fig. 6 

Stichocorys diploconus (Haeckel), Sanfilippo and Riedel, 1970, p. 451, 
P 1. 1, fi gs. 31, 32 (with synonymy) 

DESCRI PTION 

"Shell consisting of three robust segments with rather rough surface 
forming the principal, upper part of the shell, and a fourth closed terminal 
segment. Cephal is spheri ca 1, pore 1 ess or with a few small pores, wi th a 
short horn. Lumbar stricture distinct. Thorax hemispherical and third 
segment inflated, the stricture between these segments tending to disappear 
in some specimens. In specimens that retain this stricture, the shell 
surface is rough, and the pores are circular and rather constant in size, 
whereas in specimens without the stricture the surface is smoother, and 
the pores are less regular. The fourth segment is narrower than the third, 
is approximately inverted-conical, and has a somewhat thinner wall and less 
regular pores. Its termination is either closed or very constricted and 
without a differentiated apertural ring." (from Sanfilippo and Riedel, 1970) 

DIMENSIONS 

Based on 30 specimens. "Total length (excluding horn) 135-200p. 
Length of second segment 35-60p, of third segment 40-60p, of fourth segment 
40-80p. (Measurements of second and third segments were made only on 
specimens having these two segments separated by a recognizable stricture.) 
~laximum breadth 90-110p." (from Sanfilippo and Riedel, 1970) 

DISTINGUISHING CHARACTERS 

Thorax and abdomen inflated; lumbar stricture mayor may not be pro
nounced externally. Fourth segment (when present) is an inverted cone, 
narrower than the abdomen, with i rregul ar pores. 

Plate 25, figs. 5a,b 



N132 

Stichocorys diploconus (Haeckel) 

DISTRIBUTION 

CENOP: Absent from all Late Miocene sections examined from both tropical 
and temperate latitudes. Common to abundant in Early Miocene sections 
examined from both tropical and temperate latitudes. 

Sanfilippo and Riedel (1970) show the range of this species to lie 
within the Early Miocene. 



N133 

Stichocorys peregrina (Riedel) 

Eucyrtidium elongatum peregrinum Riedel, 1953, p.812, pl.85, fig.2; 
Riedel, 1957, p.94 

Stichocorys peregrina (Riedel), Sanfilippo and Riedel, 1970, p.451, 
pl.1, fig. 10. 

DESCRI PTI ON 

"Shell 11ith seven (or more) segments distinctly separated by con
strictions, the first four segments together forming a conical section, 
the subsequent segments an approximately cylindrical section. Cephalis 
subspherical, rough, poreless, and bearing, usually eccentrically, a 
straight or curved conical horn of the same length. Thorax hemispherical 
with rough surface, having some 40 subcircular pores, 11hich are irregu
larly arranged and 1.5-3 times as broad as the intervening bars. Third 
segment conical, usually longer than any other, and fourth segment a 
cylinder bulged laterallY to a greater or less degree; these two segments 
with a rough surface, and circular pores 2-4 times as broad as the bars, 
often regularly arranged in indistinct vertical series, 7-9 in a vertical 
row on each segment, 14-20 on a half equator. Segments subsequent to the 
fourth are generally shorter and narrower than the third and fourth, sub
cylindrical and laterally bulged: their surfaces are smooth, with irregu
larly disposed subcircular pores, 2-5 times as broad as the bars. The 
entire apertural margin of the shell was not observed, though it might be 
expected to be not greatly constricted, without radial apophyses." 
(from Riedel, 1953) 

DIMENSIONS 

"Length of the fi rst four segments 125-135)1; greatest breadth (in 
the lower part of the third segment, or the middle of the fourth) 70-
80)1. Breadth of cephalis 20)1; of thorax 35-40)1; of fifth segment 60-65)1. 
Length of cephalis 12-15)1; of thorax 20-25)1; of third segment 35-50)1; 
of fourth segment 30-40)1; of subsequent segments 20-45)1." (from Riedel, 1953) 

DISTINGUISHING CHARACTERS 

"The upper conical part of the shell consists of three segments, and 
the fourth is equally robust. The third segment is long, truncate conical, 
and the thorax short." (from Riedel and Sanfilippo, 1978) 

Westberg and Riedel (1978) placed an additional restriction on the 
identification of this species, i.e., "that the width of the top quarter of 
the fourth segment must be at least as great as the maximum width of the 
thi rd segment." 

Plate 25, fig. 6 



N134 

Stichocorys peregrina (Riedel) 

REt~ARKS 

1. See Holdsworth (1975) for discussion of some difficulties with 
regard to the identification of ~ peregrina and S. delmontensis at 
DSDP Site 289. 

DISTRIBUTION 

CENOP: Absent from all the Early and Middle 
from both tropical and temperate latitudes. 
Miocene material examined from both tropical 

Miocene sections examined 
Abundant in all the Late 
and temperate latitudes. 

Riedel and Sanfilippo (1978) define the lower limit of the 
Stichocorys peregrina Zone (Late Miocene) by the evolutionary transition 
from S. delmontensis to S. ere rina. They define the upper limit of the 
Spongaster pentas Zone (Pliocene by the last occurrence of Stichocorys 
peregrina. 

Reynolds (1980) defines the base of his Theocorys redondoensis Zone 
(Late Miocene) in the western North Pacific by the evolutionary transi
tion from Stichocorys delmontensis to ~. peregrina. 

The Lam roc clas heteroporos Zone of Hays (1970) and emended by 
Kling (1973 in the North Pacific is defined by the last occurrence of 
Stichocorys peregrina. This zone is uppermost Pliocene and falls within 
the Pterocanium prismatium Zone in the equatorial Pacific. 

Theyer et al. (1978) date the first occurrence of this species at 
6.4 Ma. --

Theyer et~. (1978) date the last occurrence of this species at 
2.4 Ma. 
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Stichocorys wolffii Haeckel 

Stichocorys wolffii Haeckel, 1887, p.1479, p1.80, fig.10; Riedel, 1957, 
p.92, pl.4, figs. 6,7. 

Stichocorys baerii Haeckel, 1887, p.1479, pl.80, fig.8. 

Stichocorys mUlleri Haeckel, 1887, p.1480. 

DESCRIPTION 

"Shell with four or more segments (usually 5 or 6), of which the 
cephalis, thorax and abdomen form an upper conical portion sharply dif
ferentiated from the subcylindrical lower portion. Shell surface usually 
rough or thorny in upper portion, smooth post-abdominally. Cephalis 
spherical, usually poreless, bearing a sharp conical apical horn of approxi
mately the same length or shorter. Thorax hemispherical, with most of the 
pores (irregularly or approximately hexagonally arranged) secondarily closed 
with siliceous lamellae; pores rarely with a tendency toward longitudinal 
ali gnment, with rows separated by 1 ongitudi na 1 ri dges . Abdomen i nfl ated 
annular, with round pores (sometimes double-contoured) approximately hexa
gonally arranged, often with apparent longitudinal alignment, of approxi
mately the same width as the intervening bars. Fourth and subsequent 
segments narrower than widest part of abdomen, thinner-walled than first 
three segments, with pores of proximal one or two segments often tending 
to longitudinal alignment with intervening longitudinal ridges, and pores 
of distal segments irregular in size, shape and arrangement." (from 
Riedel, 1957) 

DIMENSIONS 

"Length of first three segments 85-110p; breadth of abdomen 65-100 p, 
of fourth segment 55-75p." (from Riedel, 1957) 

DISTINGUISHING CHARACTERS 

"Under this name we record all specimens of Stichocorys in which the 
thorax is practically poreless (with no more than half a dozen pores on the 
visible half of that segment). In many specimens the fourth segment has 
rather irregular longitudinal ridges, but this is not a required character
istic for the species." (from Riedel and Sanfilippo, 1978) 

REMARKS 

1. "For a long period during the early part of its range, this species 
is accompanied by specimens of Stichocorys delmontensis identical in all 
respects in possessing a more porous thorax. Only toward the end of its 

Plate 25, fig. 7 
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Sti chocorys wo lffi i Haecke 1 

range does it diverge substantially from the accompanying S. delmontensis; 
it is smaller, and other segments in addition to the thoraX-tend to be 
poreless... In many of the specimens of S. wolffii near the top of its 
range, segmental divisions beyond the third tend to be lost." (from 
Riedel and Sanfilippo, 1978) 

2. DSDP "Site 289 contains a segment throughout ~Ihich S. wolffii 
predominates numerically over S. delmontensis, this segment being pre
ceded and succeeded by segmentS-in which S. delmontensis is predominant. 
The most characteristic S. wolffii morphotype is restricted to the S. 
wolffii dominated segment:""" The levels of population change are compara
tively easily recognizable datums at Site 289. However, the observed 
morpho 1 ogi c gradati on between S. ~IO lffi i and S. del montens is morphotypes, 
and the reversible dominance of the former might suggest that "h wolffii" 
is no more than a dimorph of S. delmontensis, its abundance being deter
mined by local environmental factors." (from Holdsworth, 1975, p.531) 

DISTRIBUTION 

CENOP: Absent from all Late Miocene sections examined from both tropical 
and temperate latitudes. Abundant in all Early Miocene sections 
examined from tropical latitudes. 

Riedel and Sanfilippo (1971) show the last occurrence of this species 
to lie within the Diartus petterssoni Zone (~liddle Miocene). 

Riedel and Sanfilippo (1978) define the lower limit of the 
Stichocorys wolffii Zone (Early Miocene) by the first occurrence of 
S. wolffii. 

Theyer et~. (1978) date the first occurrence of this species at 
19.0 r~a, but DSDP Leg 85 results (Nigrini, unpublished data) suggest 
that this age should be 17.8 Ma. 

Theyer ~~. (1978) date the last occurrence of this species at 
11 .5 Ma. 



Theocalyptra bicornis (Popofsky) Nl37 

Pterocorys bicornis Popofsky 1908, p. 228, pl. 34, figs. 7,8 

Theocalyptra bicornis (Popofsky) Riedel, 1958, p. 240, pl. 4, fig. 4; 
Petrushevskaya, 1967, p. 126, pl. 71, figs. 2- 9, pl. 72, figs. 
1-4; Nigrini and Moore, 1979, p. N53, pl. 24, fig. 1 

DESCR I PTI ON 

"Shell conical campanulate, consisting usually of two or three seg
ments. Cephalis subglobose, with numerous small pores, bearing two three
bladed spines of approximately the same length as the cephalis--one vertical, 
approximately apical, and the other lateral, oblique. Collar stricture 
slight. Major portion of the shell in most specimens now showing segmental 
division, and therefore termed the "thorax". Thorax conical proximally, 
campanulate distally, with subcircular to polygonal pores separated by 
rather narrow intervening bars. Thoracic pores increase in size distally, 
and are arranged in usually 9-11 transverse rows. Three short, downwardly 
directed acicular spines penetrate the wall of the thorax near the collar 
stricture. In some specimens, there is a marked change in thoracic contour 
at the position of the rather abrupt transition from subcircular proximal 
thoracic pores to more regular polygonal distal thoracic pores; it is 
apparently this change in contour, 11hich in some specimens gives the im
pression of a segmental division, which Popofsky regarded as a lumbar 
stri cture. In many specimens, one or blo rOvls of pores are marked off from 
the distal end of the thorax by an internal septal ring; these may be con
sidered to constitute an abdomen. 

" .This species differs from T. davisiana principally in more 
delicate structure and larger thorax. ,,- (from Riedel, 1958) 

DIMENSIONS 

Based on 14 specimens. "Length of cephalic 15-27p, of thorax 80-97v; 
maximum breadth 95-120v." (from Riedel, 1958) 

DISTINGUISHING CHARACTERS 

Shell is conical to campanulate, made up of a cephalis with two promin
ent hOlms and a thorax with subcircular to polygonal pores increasing in 
size distially and arranged in regular transverse rows. 

RE~lARKS 

1. For further discussion of this species see Nigrini and t~oore 
(1979) and Petrushevskaya (1967). 

2. Initially in the CENOP counts we separated specimens having a 
fourth segment (sometimes referred to as a skirt or brim) as in pl. 26, 
figs. lb,c from those without a post-abdominal segment (pl. 26. fig. la). 
These two categories vlere kept separate in our initial factoring of the 
CENOP radiolarian data (~loore and Lombari, 1981). The two counting groups 
loaded on the same factors with approximately the same values. He now tend 
to think, however, that both forms (skirted and unskirted) are conspecific. 

Plate 26, figs. la-c 
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Theocalyptra bicornis (Popofsky) 

DISTRIBUTION 

CENOP: Absent or rare in most of the Miocene material examined from both 
tropical and temperate latitudes, except for common occurrences in DSDP 
Site 77B (Late Miocene, central tropical Pacific), DSDP Site 173 (Early to 
Late ~liocene, eastern temperate Pacific) and RC12-431 (Late Miocene, 
central temperate Pacific). 

See Nigrini and t~oore (1979, p. N55) for Recent distribution. 



Theocalyptra davisiana davisiana (Ehrenberg) 

Cycladophora ?davisiana Ehrenberg, 1861, p. 297 

Theocalyptra davisiana (Ehrenberg), Riedel, 1958, p. 239, pl. 4, 
figs. 2, 3, text-fig. 10; Nigrini and Moore, 1979, p. N57, 
pl. 24, figs. 2a,b 
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Cycladophora davisiana Ehrenberg, Petrushevskaya, 1967, p. 122, pl. 
69, I-VII 

DESCRIPTION 

"Shell conical-campanulate, of moderately heavy structure, consisting 
of two, three or four segments. Cephalis subglobose, with small, sparse 
pores, and bearing two short, acicular spines - one vertical, approximately 
apical, and the other lateral, oblique. Collar stricture slight. Subse
quent part of shell, comprising its main bulk, ~lill be termed the thorax, 
though in some specimens it appears to be divided by an ill-defined internal 
transverse ridge into an upper and a lower portion. Thorax approximately 
conical, in many specimens flared at a wider angle distally than proxi
mally. Thoracic pores subcircular proximally, becoming polygonal distally, 
arranged in usually 4-7 transverse rows which are indefinite in some 
specimens. In most specimens, three short, downwardly directed acicular 
spi nes penetrate the thoraci c wall near its j uncti on with the cepha 1 is. In 
many specimens a further shell-segment is present marked off from the 
thorax by an internal septal ring. Vlhen present, this abdomen is short, 
truncate-conical, usually flared at a wider angle than the thorax, with 
usually 2-4 transverse rows of polygonal pores separated by more delicate 
bars than those of the thorax." (from Riedel, 1958) 

DIMENSIONS 

Based on 43 specimens. 
40-80p, of abdomen 15-35p. 
Riedel, 1958) 

"Length of cephalis usually 17-25p. of thorax 
Maximum breadth of shell 70-130p." (from 

"Length of shell: 91:!: 16p; maximum width of "thorax" (before basal 
stricture, if any): 66 ± 7p; cephalic width: 23:!: 2p; (15 specimens)." 
(from Sachs, 1973) 

DISTINGUISHING CHARACTERS 

Shell is an irregular cone, made up of a cephalis with tl10 prominent 
horns and a post-cephalic part with poorly defined segmentation and sub
circular pores of variable size and arrangement. 

REMARKS 

1. For a more complete synonymy see Riedel (1958); for further description 
see Petrushevskaya (1967). 

Plate 26, fig. 2 
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Theocalyptra davisiana davisiana (Ehrenberg) 

2. Petrushevskaya (1975) tentatively placed davisiana in the genus 
Diplocyclas Haeckel and placed bicornis in the genus Clathrocyclas Haeckel. 
Until the entire group can be studied, further generic manipulation seems 
only to add to an already confusing situation. 

3. For further discussion of this species and the following subspecies see 
Nigrini and Moore (1979, p. N57). 

DISTRIBUTION 

CENOP: Rare or absent in most of the Miocene sections examined from both 
tropical and temperate latitudes; common in the latest Miocene of DSDP 
Site 173. 

See Nigrini and Moore (1979, p. N59) for Recent distribution. 

See Morley and Hays (1979) and Morley (1980) for further distribu
tional data. 



Theocalyptra davisiana (Ehrenberg) cornutoides Kling N141 

? Halicalyptra cornuta Bailey, 1856, p. 5, pl. 1, fig. 14 (only) 

Cycladophora davisiana var. cornutoides Petrushevskaya, 1967, p. 124, 
pl. 70, figs. 1-3; Ling et al., 1971, p. 714, pl. 2, figs. 6, 7; 
Ling, 1973, p. 780, pl. 2-;- fig. 3; Ling, 1980, p. 367, pl. 2, 
fi g. 1 

Theocalyptra sp., Kling, 1973, pl. 9, figs. 18-22 

Diplocyclas sp. aff. Q. bicorona Haeckel group, Petrushevskaya, 1975, 
p. 587, pl. 15, figs. 8-10, pl. 24, figs. 1-3 

Theocalyptra davisiana cornutoides (Petrushevskaya), Kling, 1977, p. 
217, pl. 1, fig. 20; Kling, 1979, p. 311, pl. 2, fig. 3 

DESCRI PTION 

"The fi rst segment of the shell is small. Its surface is often rough. 
The second and third segments merge in such a manner that it is impossible 
to distinguish their boundaries. Pores are arranged in regular latitudinal 
rows. At the \·Jidest part of the shell (the third segment?) there are 
12 - 13 pores in each one of the latitudinal rows, i.e., more than in the 
preceding variety. Specimens with a distinct fourth segment were not 
observed, but in some shells an abrupt widening, probably the beginning of 
the fourth segment formation, could be observed. The inner skeleton is as 
thin as in the typical variety. The outside continuations of the spines A, 
Vert, Lr and Lj are long; D, Lr and Lj spines often have lateral appendages." 
(from Petrushevskaya, 1967; translation courtesy H. R. Riedel) 

DIMENSIONS 

"Length of the first segment l5v - 20~, its width 20v - 25~, length 
of the next part of the shell up to 100~ and more, shell width at the place 
~Ihere the third segment should be located 55v - 65v, shell width at the 
bottom, where the widening corresponding to the fourth segment begins, is 
80~ (and probably more)." (from Petrushevskaya, 1967; translation courtesy 
H. R. Riedel) 

DISTINGUISHING CHARACTERS 

"The discussed variety differs from the preceding by a shell wider 
at its bottom, as well as by a larger number of smaller pores. At the same 
time, it is similar to the typical variety by the fact that its shell, 
instead of narrowing downward, becomes wider." (from Petrushevskaya, 
1967; translation courtesy H. R. Riedel) 

RnlARKS 

1. Ling et al. (1971) recognized the variety C. davisiana var. cornutoides 
and placedftin synonymy with Halicalyptra ? cornuta Bailey .. 

Ling et ~. note: 

Plate 26, fig. 3 
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Theocalyptra davisiana (Ehrenberg) cornutoides Kling 

"The specimens found in the present Bering Sea study agree with the 
description given by PETRUSHEVSKAYA (1967), except that we frequently 
found specimens with longer lateral spines extended beyond the thoracic 
viall and even branched at the distal ends as illustrated in the figures. 
Because of the small size, BAILEY's species was not included within her new 
variety by PETRUSHEVSKAYA, vie believe that it is best considered here as 
within the range of variation. KRUGLIKOVA (1969)illustrated a similar 
radiolarian species under the name of Cycladophora ? cornuta, from core 
sediments of the North Paci fi c." 

2. Ling et al. (1971) further stated that they believed this taxa to have 
suffi ci ently-"di s ti nct features [as to] separate it fron related forms, and 
it should be elevated to subspecific rank ... ; however, since such an 
action would involve authorship (see t~ayl' et al., 1953, p. 258), 
Petrushevskaya's name is retained provisionally,-" 

Nevertheless, Kling (1977) did elevate Petrushevskaya's variety to a 
subspecies. He states, "In vievl of the morphologic distinctness of this form 
from T. davisiana s.s. and the spatial separation of the two forms indicated 
herein, it seems reasonable to regard Petrushevskaya's "variety" as a sub
species." It follows, then, that Kling becomes the author of the subspecies. 

DISTRIBUTION 

CENOP: Rare or absent in most of the Miocene sections examined from both 
tropical and temperate latitudes; abundant in DSDP Site 173. 

See Horley and Hays (1979) and Horley (1980) for further distributional 
data. 



Theocorys redondoens i s (Campbell and Cl ark) 

Theocyrti s redondoens is Campbell and Cl ark, 1944, p. 49, P 1. 7 , 
fig. 4; Nakaseko, 1963, p. 179, pl. 2, fig. 4 

Theocorys redondoensis (Campbell and Clark) Kling, 1973, p. 638, 
pl. 11, figs. 26-28 

DESCRI PTION 
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"Shell large, \'/ith two sharp strictures, one of most beautiful 
species in this collection (its length four apertural, or two maximum 
diameters); apical horn occipital in origin but arising freely from 
cephalic vertex, gracefully curved, and distally pointed; cephalis 
distinctly globular and knoblike, set off sharply by distinct cervical 
suture from thorax below it, relatively large (0.3 maximum diameter 
of shell, and with its neck about a third of that diameter); thorax 
greatly exceeding other shell segments in prominence, very nearly per
fectly hemispherical, greatest diameter, at its middle (0.5 total 
length), widely open at oral end, there squarely truncated, and outside, 
around thick rim which encircles base of abdomen, a row of short down
wardly directed spines; abdomen taperingly subcylindrical with two 
sides unlike with local bulges and rather general asymmetry (its origin 
0.32, and its opening 0.25 total length of shell), and distal end widely 
open but with a short, flared, entire lip, squarely truncated; wall 
of thorax thick, of cephalis a little thinner, and of abdomen membrane
like, latter readily torn cleanly off from remainder of shell so that 
majority of specimens appear formed of but two joints rather than three, 
and, in addition, horn is often torn off; surface of cephalis and of 
thorax roughened, latter much more so, otherwise shell glass-clear; 
pores of cephal is numerous, and very tiny, almost dotlike circles, very 
we 11 separated, and in rather shall 01'/ depress ions, freely scattered 
between surface tubercles, pores of thorax subuniformly circular, com
paratively small for so large a species, perhaps as many as 75 around 
transverse axis, deeply sunken into hexagonal concavities or pits with 
blunt sepaloid points arising from frames; pores of abdomen subelliptical 
to subrectangular with rounded corners, freely scattered, not uniform 
in size but generally larger than those of thorax, perhaps a dozen in 
a vertical line and 20 around circumference, strikingly different from 
those of thorax. 

"Theocyrtis redondoensis n.sp. unique and differs greatly in form, 
especially in large knoblike cephalis and inflated thorax from other 
described species." (from Campbell and Clark, 1944) 

DIMENSIONS 

"Length, total, 240p, of horn, 30p, of cephalis, 50p, of thorax lOOp; 
diameter of thoracic maximum, 120p, of shell-aperature, 60p, of thoracic 
pores, 6.6p." (from Campbell and Clark, 1944) 

DISTINGUISHING CHARACTERS 

Prominent spherical, hyaline cephalis with sharp collar stricture. 
Thorax thick-walled and perfectly hemispherical. 

Plate 26, fig. 4 
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Theocorys redondoensis (Campbell and Clark) 

REMARKS 

1. Kling (1973) correctly pointed out that this species belongs in the 
family Theoperidae and not in the family Pterocorythidae. 

DISTRIBUTION 

CENOP: Absent from the latest Miocene sections examined from both 
tropical and temperate latitudes; rare in the Early Miocene of DSDP 
Sites 289 and 173; abundant in the Early Miocene of DSDP Site 71 and the 
Middle Miocene of DSDP Site 289. 

Kling (1973) shows T. redondoensis ranging from the Early Miocene 
(Dorcados ris alata Zone) to the Late Miocene (Stichocorys peregrina 
Zone in DSDP Site 173. 



Theocorys spongoconum Kl ing N145 

Theocorys spongoconus Kling 1971, p. 1087, pl. 5, fig. 6 

Theocorys spongoconum Kling, Riedel and Sanfilippo, 1971, pl. 2F, 
fig. 4; pl. 3C, fig. 3 

DESCRIPTION 

"Cephalis is subspherical, thick-walled, with rare small pores; it 
commonly bears a stout, conical horn which is very broad at the base and 
is very short in some specimens. Thorax is subspherical to pyriform, 
thick-walled, with circular pores that are framed, giving the surface a 
rough appearance. Thoracic pores are usually irregularly arranged, but 
diagonally aligned in some specimens. Thorax terminates in a constricted 
mouth which is surrounded by the top of the abdomen. Abdomen spongy, 
inverted conical; it is variable in length but usually as long as the 
length from apex to termination of thorax; termination irregular; abdomen 
wall is usually thinner than thoracic 1·lall." (from Kling, 1971) 

DH1EI1SIONS 

Based on ten specimens. "Length to termi na ti on of thorax is 100 to 
l20~, maximum width is 95 to 108~, and width of thoracic mouth is 35 to 
45~." (from Kling, 1971) 

DISTINGUISHING CHARACTERS 

Abdomen has distinctive spongy Ivall and tapers distally. Thorax 
subspherical to inflated hemispherical, thick-walled, with relatively 
large circular pores. Cephalis subspherical, sparsely perforate, with 
stout conical horn. (Kling, personal communication, 1980) 

Pl ate 26, fig. 5 
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Theocorys spongoconum Kl ing 

DISTRIBUTION 

Riedel and Sanfilippo (1971) show the species to range from the 
earliest Oligocene (possibly Late Eocene) to late Early Miocene 
(Calocycletta costata Zone). 



Anthocyrtidium ehrenbergi ehrenbergi (Stohr) 

Anthocyrtis ehrenbergi St6hr 1880, p. 100, pl. 3, figs. 2la,b 

Anthocyrtium ehrenbergii (Stohr) Haeckel, 1887, p. 1277 
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Anthocyrtium ehrenbergii ehrenbergii (Stohr) Riedel, 1957, p. 83, pl. 
2, figs. 1-3 

Anthocyrtidium ehrenbergi (Stohr) Riedel et ~., 1974, p. 712, pl. 60, 
fig. 10; pl. 61, fig. 1 

DESCRI PTI ON 

"Cephalis complex, elongate, ovate-cylindrical, with scattered sub
circular to circular pores, bearing a three-bladed apical horn usually of 
approximately the same length as the cephal is. Thorax with usually flat 
surface, campanulate, inflated, with constricted mouth, having circular 
pores hexagonally arranged, rarely hexagonally framed. Some specimens have 
no subterminal teeth, but many have approximately 3-8, while very rare 
individuals have 10-20 well-developed, sharp subterminal teeth up to 10[1 
long. Surrounding the constricted mouth is a lamellar peristome which 
usually bears 10-20 well developed, flat, triangular terminal teeth--these 
peristomial teeth occasionally poorly developed, rarely absent." (from 
Riedel, 1957) 

DIMENSIONS 

"Length of apical horn usually 25-50[1, of cephalis 35-50[1, of thorax 
89-105[1, of peristomial teeth 5-10[1. Breadth of cephalis usually 30-35[1, 
of thorax 95-115[1." (from Riedel, 1957) 

REMARKS 

1. "This species is here transferred to Anthocyrtidium because it is clearly 
more closely related to the type species of that genus (A. cineraria Haeckel) 
than to the type species of Anthocyrtium (fl. chrysanthemum Haeckel)." (from 
Riedel et ~., 1974) 

2. For counting purposes in the CENOP project this subspecies was not dis
tinguished from fl. ehrenbergi pliocenica. It differs from that subspecies 
in that its subterminal and peristomial teeth are less well-developed and 
the thoracic pores are somevlhat smaller in relation to the intervening bars. 

3. In more recent samples (uppermost Q. penultima Zone) the two subspecies, 
ehrenbergi and pliocenica, were counted together with Anthocyrtidium 
ophirense. They differ from fl. ophirense by their unusually flat thoracic 
surface and by peristomial teeth that are generally much more strongly 
developed than the subterminal teeth. (information from Riedel, 1957) 

Pl ate 27, fi g. 1 
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Anthocyrtidium ehrenbergi ehrenbergi (Stohr) 

DISTRIBUTION 

CENOP: Absent to rare in all Early ~li ocene sections examined from both 
tropi ca 1 and temperate 1 a titudes. ComolOn in the Late Mi ocene of the 
central tropical Pacific (DSDP Site 77B) and the eastern tropical Pacific 
(DSDP Site 158). In the CENOP project counting groups this subspecies 11as 
counted together with ~. ehrenbergi pliocenica and ~. ophirense. The 
increase in abundance in the Late ~liocene as noted above probably reflects 
the appearance of A. ophirense in those areas at that time. 

It seems likely that~. ehrenbergi ehrenbergi, ~. ehrenbergi 
pliocenica and ~. ophirense constitute an evolutionary sequence ranging 
from the Late Miocene to the Recent. The details of such a sequence have 
not been well documented. 



N149 
Anthocyrtidium ehrenbergi (Stohr) pliocenica (Seguenza) 

Anthocyrtis ehrenbergi Stohr var. pl iocenica Seguenza, 1880, p.232 

Anthocyrtium ehrenbergii (Stohr) pliocenica (Seguenza) Riedel, 1957, 
p. 84, pl.2, figs. 4,5 

DESCRIPTION 

"Similar to A. ehrenbergi ehrenbergi, except in the presence of 
approximate ly equally developed subtermi na 1 and peri stomi a 1 teeth, and 
somewhat larger thoracic pores in relation to the intervening bars." 
(from Riedel, 1957) 

DIMENSIONS 

"Length of apical horn usually 32-60p, of cephalis 35-40p, of thorax 
90-1l5p, of feet 5-20p. Breadth of cephalis 25-32p, of thorax 90-120p." 
(from Riedel, 1957) 

REMARKS 

1. See Remarks for A. ehrenbergi ehrenbergi. 

Plate 27, figs. 2a,b 
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Anthocyrtidium ehrenbergi (Stohr) pliocenica (Sesuenza) 

DISTRIBUTION 

See Distribution for A. ehrenbergi ehrenbergi. 



Anthocyrtidium ophirense (Ehrenberg) N15l 

Anthocyrtis ophirensis Ehrenberg, 1872a, p. 301; Haeckel, 1887, p. 1270 

Anthocyrtidium ophirense (Ehrenberg), Nigrini, 1967, p. 56, pl. 6, 
fig. 3 (with synonymy); Nigrini and Moore, 1979, p. N67, pl. 25, fig. 1 

DESCRI PTION 

"Cephalis complex, elongate, ovate-cylindrical, with subcircular 
pores, bearing a three-bladed apical horn usually of about the same length 
as the cephal is. Thorax campanulate, inflated, with constricted mouth, 
having circular to subcircular pores hexagonally arranged, usually hex
agonally framed, separated by rather delicate bars. Subterminal row of 
8-11 sharp, 3-bladed teeth usually prominent, but in some individuals 
absent or scarcely discernible. Distally from the subterminal teeth, 
the thoracic wall curves inward abruptly, to terminate at a narrow delicate 
lamellar peristome. One or two thoracic pores between subterminal teeth 
and peristome. Peristome often bears inconspicuous, small triangular 
teeth directed either dovmward or inward, forming a terminal row." (from 
Ri ede 1, 1957) 

"Riedel (1957, p. 84) synonymized Anthocyrtidium cineraria Haeckel 
and Sethocyrtis oxycephalis Haeckel and described what he interpreted to 
be a single species. The present author does not believe that these 
species are identical, and consequently 2 separate species, ~. ophirense 
(=~. cineraria) and~. zanguebaricum (=~. oxycephalis), are distinguished 
herein. Riedel's description was based, in part, on Indian Ocean material, 
and specimens found during the present study agree in most respects with 
his observations. However,~. ophirense has an apical horn which is 
always longer than the cephalis, and subterminal teeth are almost always 
well developed. ~. zanguebaricum has a shorter apical horn and subterminal 
teeth are poorly developed or absent." (from Nigrini, 1967) 

DIMENSIONS 

"Length of apical horn 45-90y; of cephalis 27-36y; of thorax 81-119y; 
of subterminal teeth 9-27y. Maximum breadth of cephalis about 27y; 
of thorax 90-136y." (from Nigrini, 1967) 

DISTINGUISHING CHARACTERS 

Apical horn as long as or longer than cephal is. Thorax campanulate, 
i nfl ated with a constri cted mouth. He ll-deve loped subtermi na 1 teeth. 

REMARKS 

1. Benson's (1966) description and dimensions of this species (~. ciner
ari a Haecke 1 in Benson, p. 472) are cons i stent with the above. --

2. See Remarks for A. ehrenbergi ehrenbergi. 

Plate 27, fig. 3 
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Anthocyrtidium ophirense (Ehrenberg) 

DISTRIBUTION 

See Distribution for~. ehrenbergi ehrenbergi. 

See Nigrini and Moore (1979, p. N68) for Recent distribution. 



Calocycletta caepa Moore 
N153 

Calocycletta caepa I·loore, 1972, p. 150, pl. 2, figs. 4-7 

DESCR I PTI ON 

"Cephalis ovate, lobed, with sparse circular to subcircular pores 
and bearing a conical (early forms) to slightly bladed (late forms) apical 
horn. Thorax subspherical to campanulate, with circular pores hexa
gonally arranged and longitudinally aligned. External lumbar stricture 
absent in early forms but distinct in late forms. Abdomen lighter and 
more delicate than thorax, cylindrical in shape, containing subcircular 
to circular pores which may show longitudinal alignment and hexagonal 
arrangement (early forms). Late form may have a very liGht, very ir
regularly pored abdomen that appears almost spongy. Abdomen terminates in 
five to fourteen triangular or spike-shaped feet which are usually very 
short and irregularly spaced." (from ~loore, 1972) 

DH·1ENSIONS 

Based on 30 specimens. "Length of apical horn 62-130p, of cephalis 
34-43p, of thorax 62-110p, of abdomen 43-158p, of feet 5-14p. Breadth of 
cephalis 34-43p, of thorax lOl-134p, of abdomen (distally) 58-101p." 
(from t~oore, 1972) 

D I STI NGU I SH ING CHARACTERS 

Calcycletta caepa similar to f. virglnls particularly in early forms, 
but ~Iith short triangular or spiked-shaped feet and an abdomen which 
tends to be more delicate with pores that are smaller and more irregular 
than in the thorax. In later forms, the tendency tO~lards a more delicate 
abdomen increases as does the tendency to\'la rds a more campanul ate thorax. 
Towards the end of its range only the campanulate thorax, cephal is, and 
bladed apical horn are commonly well preserved. (tloore, personal communication, 
1981) 

REMARKS 

1. "Only if the abdomen and terminal feet are preserved can early 
forms of f. caepa be distinguished from f. virginis and f. serrata. The 
bladed apical horn campanulate thorax and very delicate abdomen of late 
forms aid in their distinction." (from !·loore, 1972) 

2. See Remarks for Calocycletta robusta Hoore. 

Plate 28, figs. la-d 



N154 

Calocycletta caepa Moore 

DISTRIBUTION 

CENOP: Absent from Early Miocene sections examined from both tropical 
and temperate latitudes. Rare in the Late Miocene from both the eastern 
and western tropical Pacific, but common in the central tropical Pacific 
(DSDP Site 77B). 

Moore (1972) shows this species to range from the Middle ~1iocene 
(Dorcadospyris alata Zone) to the Late r,1iocene (Didymocyrtis antepenultima 
Zone) . 



Calocycletta costata Riedel 

calocrclas virginis Haeckel, Riedel, 1957, p. 90, pl. 4, fig. 5 
partim. ) 

Calocyclas costata Riedel, 1959, p. 296, pl. 2, fig. 9 

N155 

Calocycletta costata (Riedel), Riedel and Sanfilippo, 1970, p. 535, 
pl. 14, fig. 12 

DESCR I PTI ON 

"Cephalis ovate, lobed, with sparse subcircular to circular pores and 
bearing a stout, conical apical horn. Thorax subspherical, with pores 
ci rcula r, hexagonally arranged and with a pronounced tendency to 1 ongi
tudinal alignment, the longitudinal rows separated by pronounced costae. 
No lumbar stricture externally. Abdomen subcylindrical or tapering dis
tally, narrower than the widest part of the thorax. Abdominal pores 
subcircular or circular, arranged hexagonally with apparent longitudinal 
alignment (these longitudinal lines are continuous with those of the 
thorax) and often with longitudinal ridges separating pore rows. 
Terminal feet eleven to eighteen in number, lamellar, usually turncate, 
parallel or sl ightly convergent, broader than the spaces between them, 
usually situated opposite alternate rows of abdominal pores. This species 
is distinguished from Calocyclas virginis by the pronouncedly costate 
thorax and otherwise smooth shell surface." (from Riedel, 1959) 

DIMENSIONS 

Based on thi rty specimens. "Length of api ca 1 horn ll5-230~; of 
cephalis 30-45~; of thorax 70-l00~; of abdomen 10-33~; of feet l2-70~. 
Breadth of cephal i s 38-53~; of thorax 1 03-l35~; of abdomen (di sta lly) 
75-l08~." (from Riedel, 1959) 

DISTINGUISHING CHARACTERS 

"Horn robust, conical. Thoracic pores in longitudinal rows, separ
ated by ridges. Abdomen with a very short latticed part, and numerous 
parallel lamellar feet." (from Riedel and Sanfilippo, 1978) 

REMARKS 

1. "Although rare specimens appear to be transitional between Calocyclas 
virginis and Calocyclas costata .... Transitional forms are to be 
expected if Calocyclas costata arose from Calocyclas virginis, as appears 
to have been the case." (from Riedel, 1959) 

Plate 28, fig. 2 



N156 

Calocycletta costata Riedel 

Dr STRr BUTION 

Riedel and Sanfilippo (1978) define the lower limit of the 
Calocycletta costata Zone (Early Miocene) by the first occurrence of 
C. costata. They show the last occurrence of this species to lie near 
the lower limit of the Dorcadospyris alata Zone (Middle Miocene). 

Theyer et al. (1978) date the first occurrence of this species at 
18.4 Ma, but DSDP-Leg 85 results (Nigrini, unpublished data) suggest that 
this age should be 16.8 Ma. 

Theyer et al. (1978) date the last occurrence of this species at 
15.05 Ma. -- --



Ca 1 ocyc 1 etta robus ta ~loore N157 

Ca10cyc1etta robusta r'loore, 1971, p. 743, pl. 10, figs. 5,6; 1972, 
p. 148, pl. 1, fig. 6 

DESCR! PTION 

"Stout conical apical horn which envelops or nearly envelops an 
ovate, lobed cepha1is. Cepha1is \oJith very sparse subcircu1ar pores. 
Thorax robust and hemispherical to subspherica1 in shape. Rough surface 
of the thorax pi erced by ci rcu 1 a r, hexagonally a rranfjed pores \oJith a 
tendency to\-/ard longitudinal alignment. Lumbar stricture usually not 
marked externally except in early forms. Abdomen tapering distally and 
pierced by subcircu1ar pores which are stron(]ly 10nf'itudinally a1in,ned. 
Abdominal termination usually ra~ged, but may be irregular vlith lamellar 
and tapering feet in the later forms. Early forms of C. robusta ( ... ) 
have a nearly hemispherical thorax, a cylindrical shape in the region 
of the lumbar stricture, and an abdomen that tapers distally. Later 
forms ( ... ) have a subspherica1 thorax that gives rise smoothly to the 
uniform taper of the abdomen at or slightly above the lumbar stricture." 
(from t'loore, 1972) 

DIMENSIONS 

Based on 30 specimens. "Length of apical horn 80-18511 , of cepha1is 
34-4811, of thorax 73-14411, of abdomen 64-120)1, of feet (when present) 
16-4811. Breadth of cepha1is 40-5611, of thorax 120-17811, of abdomen 
(distally) 64-9611." (from r,loore, 1972) 

01 STHIGUI SHING CHARACTERS 

"Thorax inf1ated-campanu1ate, and abdomen subcy1indrica1, termina
ting in short, acute triangular teeth (when margin is preserved)." (from 
Riedel and Sanfilippo, 1978) 

REMARKS 

1. This species is distinguished from C. parva by the heavier shell 
of C. robusta (particularly the abdomen), the-more re~u1ar shape and 
arrangment of the abdominal pores and the long, conical apical horn. 
Early forms of f. vir9inis are transitional Vlith f. robusta, but are dis
tinguished from C. robusta by their regularly spaced terminal feet that 
generally begin at the same level on the abdomen and are of approximately 
equal length and width. f. serrata may be distinguished from C. robusta 
(and f. virginis) by the presence of triangular terminal feet. (infor
mation taken from ~loore, 1972) 

2. Riedel and Sanfilippo (1978) synonymized f. robusta and f. caepa. 
Their synonymy is rejected herein because the present authors think that 
the distinction is valid and because the two species have distinctly differ
ent ranges in the' CENOP material and in the material originally described 
by 1100re (1972, text--fig. 1). After further investigation, Riedel and 
Sanfilippo (personal communication) have reversed their published position. 

Plate 28, fig. 3 



N158 

Calocycletta robusta Moore 

DISTRIBUTION 

CENOP: Absent from Late Miocene sections examined from both tropical 
and temperate latitudes. Rare in some tropical Early Miocene (DSDP Sites 
289 and 495), but common in DSDP Site 71. 

Moore (1972) shows this species to range from the Late Oligocene 
(his Dorcados ris papilio Zone) to the Early Miocene (Cyrtocapsella 
tetrapera Zone . 

Theyer et al. (1978) date the last occurrence of this species at 
20.8 f1a. --



Calocycletta serrata Moore 

Calocycletta cf. virginis Haeckel, Riedel and Sanfilippo, 1970, 
p. 568, pl. 14, fig. 11 

Calocycletta serrata r~oore, 1972, p. 148, pl. 2, figs. 1-3 

DES CR I PTI ON 

N159 

"Cephalis ovate, lobed, with sparse circular to subcircular pores. 
Some pores extend from the cephalis up into the region of a stout, 
conical apical horn. Thorax subspherical to campanulate, with circular 
pores hexagonally arranged and tending toward longitudinal alignment. 
Slight lumbar stricture externally. Abdomen tapering distally and 
terminating in three to twelve triangular terminal feet. Feet varying 
greatly in length and may be irregularly spaced. Abdominal pores circular 
to subcircular. hexagonally arranged and longitudinally aligned. Longi
tudinal lines continuous with those of thorax." (from Moore, 1972) 

DH1ENSIONS 

Based on 30 specimens. "Length of apical horn 72-11011, of cephalis 
38-4811, of thorax 96-12511, of abdomen 43-9611, of feet 5-2911." (from 
Moore, 1972) 

DISTINGUISHING CHARACTERS 

"Similar to Calocycletta robus,ta group, but with terminal feet fewer 
and obtusely rounded." (from Riedel and Sanfilippo, 1978) 

RE~lARKS 

1. For further taxonomic notes see r~oore (1972). 

Plate 29, figs. la-c 



N160 

Ca locyc1 etta serrata t~oore 

DISTRIBUTION 

Riedel and Sanfilippo (1978) show the first occurrence of this species 
at the lower limit of the Cyrtocapsella tetrapera Zone and the last occur
rence within the same zone. Early Miocene. 

Theyer et al. (1978) date the first occurrence of this species at 
21.2 Ma. --

Theyer et al. (1978) date the last occurrence of this species at 
20.1 ~la. --



Calocycletta virginis (Haeckel) 

Calocyclas vir§inis Haeckel, 1887, p.1381, pl.74, fig.4; Riedel, 
1959, p.2 5, pl.2, fig.8. 

N161 

Calocycletta virginis (Haeckel), Riedel and Sanfilippo, 1970, p.535, 
pl.14, fig.lO. 

DESCRIPTION 

"Cephalis ovate, lobed, \'/ith usually sparse subcircular to circular 
pores, and bearing a stout apical horn which is usually conical but rarely 
weakly three-bladed. Thorax subspherical, with roughened surface. Thoracic 
pores circular, usually regularly hexagonally arranged, often with a tendency 
toward apparent longitudinal al ignment, rarely with the longitudinal rows 
separated by long ridges. Usually no lumbar stricture externally. Abdomen 
subcylindrical or tapering distally, narrower than the widest part of the 
thorax. Abdominal pores subcircular or circular, usually smaller than those 
of the thorax, in most specimens longitudinally aligned. Terminal feet 
eleven to sixteen, lamellar, usually truncate, parallel, broader than the 
spaces between them, usually situated opposite alternate rOl'/s of abdominal 
pores. " (from Ri ede 1, 1959) 

DIMENS IONS 

"Length of apical horn 30-140)1; of cephal is 35-40)1; of thorax 65-130)1; 
of abdomen 20-90)1; of feet 10-45)1. Breadth of cephalis 33-43)1; of thorax 
98-175)1; of abdomen (distally) 78-100)1." (from Riedel, 1959) 

DISTINGUISHING CHARACTERS 

"Thorax campanulate to hemispherical, without longitudinal ribs. Ab
domen with a longer latticed part than C. costata and with numerous regular 
well developed lamellar feet originatingat the same level." (from Riedel 
and Sanfilippo, 1978) 

REMARKS 

1. "The stratigraphic range of this species spans most of the 
Early Miocene. Early forms are transitional with C. robusta and have a 
heavy api ca 1 horn, hemi spheri ca 1 thorax and a strongly taperi ng abdomen. 
These early forms are distinguished from C. robusta by their regularly spaced 
terminal feet that generally begin at thesame level on the abdomen and are 
of approximately equal width and length. Later forms may in some cases have 
a bladed apical horn, the thorax is less spherical and the abdomen has only 
a slight taper." (from Moore, 1972) 

2. See Nigrini (1974, p. 1096) for further taxonomic discussion. 

Plate 29, fig. 2 



N162 

Calocycletta vi rginis (Haeckel) 

DISTRIBUTION 

CENOP: Absent throughout the Late Miocene sections examined from both 
tropical and temperate latitudes. Rare in temperate latitude Early 
Miocene and abundant in tropical latitude Early Miocene. Maximum abundance 
in DSDP Site 495 in the eastern tropical Pacific. 

Riedel and Sanfilippo (1978) show the last occurrence of this species 
in the early ~liddle r~iocene (Dorcadospyris alata Zone). 

The species first occurs at the base of the Cyrtocapsella tetrapera 
Zone (Early Miocene) (Sanfilippo, et ~., jn press). 

Theyer et~. (1978) date the first occurrence of this species at 
21.0t~a. 

Theyer et~. (1978) date the last occurrence of this species at 
14.45 Ma. 



N163 

Lamprocyclas maritalis Haeckel group 

Lamprocyclas maritalis Haeckel, 1887, p. 1390, pl. 74, figs. 13, 14 
Lamprocyclas maritalis maritalis Haeckel, Nigrini, 1967, p. 74, pl. 7, 

fig. 5 (with synonymy), Nigrini and 
Moore, 1979, p. N75, pl. 25, fig. 4. 

Lamprocyclas maritalis Haeckel polypora Nigrini, 1967, p. 76, pl. 7, 
fig. 6; Nigrini and Moore, 1979, 
p. N77, pl. 25, fig. 5 

DESCRIPTION 

"Shell campanulate, usually thick-walled, and generally with a rather 
rough surface. Cephalis elongate, trilocular, the 2 secondary lobes be
neath and somewhat lateral to the larger primary lobe. Pores numerous, 
subcircular; apical horn stout, 3-bladed, 2 or 3 times cephalic length. 
Primary lateral and dorsal spines continue as ribs in the thoracic wall 
for about half its length; rarely, these project from the thorax, forming 
small wings. Collar stricture not pronounced. 

"Thorax cupola-shaped (conical above, inflated below) with hexagonally 
framed circular to subcircular pores, arranged in longitudinal rows and 
increasing slightly in size distally; 9-11 across the widest part of the 
segment. 

"Lumbar stricture distinct and marked internally by a septal ring. 
Abdomen cylindrical, inflated. Pores hexagonally framed, circular to 
subcircular, arranged in longitudinal rows; larger than thoracic pores, 
9-10 on a half-equator, 3-5 in a vertical series. 

"Peristome \'Iell differentiated, poreless, sometimes with up to 12 
triangular lamellar teeth arising from its lower edge, but often teeth 
are rudimentary or absent. Subterminal teeth, on the abdomen just above 
the peristome, are conical or thorn-like, divergent, and usually better 
developed than terminal teeth (description of L. Inaritalis maritalis from 
Nigrini, 1967) -

"Similar to Lam rocyclas maritalis marital is, but with a greater 
number of abdominal pores 11-14 on a half-equator, 4-6 in a vertical series), 
and shell usually thinner-walled and more delicate. Abdomen tends to ex-
pand a little distally, thus becoming truncate conical rather than 
cylindrical." (description of h maritalis polypora from Nigrini, 1967) 

DmENSIONS 

For Lamprocyclas maritalis maritalis 

"Total length (excluding apical horn) 119-173p. Length of cephalis 
27-36p; of thorax 45-63p; of abdomen (excluding peristome) 45-72p. Maxi
mum breadth of thorax 81-90p; of abdomen 100-128p." (from Nigrini, 1967) 

Plate 30, figs. la,b 



N164 

Lamprocyclas maritalis Haeckel group 

"Total length, excluding apical horn: 136 + 21\1; maximum width 87 + 
10\1; thorax length 43 + 9\1; abdomen length 63 + 19\1; based on measure- -
ments of 10 specimens." (from Sachs, 1973) -

For Lamprocyclas maritalis polypora 

"Total length (excluding apical horn) 128-164\1. Length of cephalis 
27-36\1; of thorax 45-63\1; of abdomen (excluding peristome) 45-72\1. Maxi
mum breadth of thorax 81-100\1; of abdomen 119-136\1." (from Nigrini, 1967) 

REMARKS 

1. Mi ocene forms of Lamprocyc 1 as generally resemble h mar ita li s 
maritalis and h maritalis polypora. Our CENOP counting group may be 
polyspecific in that we have included forms showing some variation in 
pore size, peri stomal development and size and nature of terminal and 
subterminal teeth. No forms identifiable as L. maritalis Haeckel vent
ricosa Nigrini were observed. Forms approaching Theocorythium vetUTUiil 
and true ~ vetulum were found only in the latest Miocene of the North 
Pacific (D.S.D.P. Site 173) and were not included in our counts. 

2. For further remarks concerning the distinction between h 
maritalis maritalis and h maritalis polypora see Nigrini, 1967. 

3. Petrushevskaya and Kozlova (1972) have distinguished several 
Tertiary species of Lamprocyclas. 

DISTRIBUTION 

CENOP: Absent from Early 
and temperate latitudes. 
DSDP Site 158 \·,here it is 

Mi ocene sections exami ned from both tropi ca 1 
Rare in all Late ~1iocene sections, except for 
common. 

See Nigrini and Moore (1979, p. N76) for Recent distribution. 



Lamprocyrtis (?) hannai (Campbell and Clark) N165 

Calocyclas hannai Campbell and Clark, 1944, p. 48, pl. 6, figs. 21-22 

Lamprocyrtis (?) hannai (Campbell and Clark), Kling, 1973, p. 638, 
pl. 5, figs. 12-14, pl. 12, figs. 10-14; Nigrini and Moore, 
1979, p. N83, pl. 25, fig. 8 

OESCRI PT ION 

"Cephalis elongate, trilocular, the two secondary lobes lateral to 
the larger primary lobe, with subcircular pores and strong, eccentric, 
three-b 1 aded api ca 1 horn, 1 - 4 times its length, sometimes with one or a 
few pores at the base. Cephalis usually open apically. In some specimens 
a delicate axial rod extends distally from the median bar into the thoracic 
cavity. Small secondary lateral bars may be seen in many specimens. 
Collar stricture indistinct. Thorax rather thick-walled, campanulate, 
with slightly rough surface and circular to subcircular pores increasing 
somewhat in size distally. Lumbar stricture not pronounced. Abdomen 
variable in form (truncate-conical, inflated or subcylindrical) with sub
circular pores, variable in size, larger than those of the thorax and 
sometimes in distinct longitudinal rows. Thickness of the abdomen wall 
variable. Peristome undifferentiated with approximately 5-12 short 
conical teeth, sometimes bifurcate, at irregular intervals. Short 
conical teeth also developed subterminally on many specimens, sometimes 
scattered irregularly over the distal half of the abdomen." (Nigrini, 
unpublished data) 

OIf1ENSIONS 

Based on twenty specimens. Length of cephalis 20-45w, of thorax 
30-70w, of abdomen 25-162w (generally 55-120w). Maximum breadth of 
thorax 75-100w, of abdomen 90-152~ (generally 90-132w). Number of pores 
on the half equator of abdomen usually 9 (varies from 8 to 11). (Nigrini, 
unpublished data) 

DISTINGUISHING CHARACTERS 

Cephalis is open apically. Thoracic and abdominal pores generally 
variable in size and arrangement. Abdominal pores similar to or slightly 
larger than those on the thorax. Undifferentiated peristome. 

REMARKS 

1. For further taxonomic discussion see Nigrini and Moore (1979, p. N83). 

Plate 30, figs. 2a,b 



N166 

Lamprocyrti s (?) hanna i (Campbe 11 and Cl ark) 

DISTRIBUTION 

CENOP: Present throughout the t1i ocene sect ions exami ned from both 
tropical and temperate latitudes; usually rare, but common in RC12-431 
and DSDP Sites 158 and 173. 

Foreman (1975) shows thi s speci es to range from the 1 ates t t1i ocene 
(Stichocorys peregrina Zone) to the Recent in DSDP Site 310. 

See Nigrini and t100re (1979, p. N84) for Recent distribution. 



Pterocorys cf. zancleus (Muller) 

Eucyrtidium zanclaeum MUller, 1858, p. 41, pl. 6, figs. 1-3 

Theoconus zancleus (MUller) Benson, 1966, p. 482, pl. 33, fig. 4 
(non fi g. 5) (wi th synonymy) 

Pterocorys zancleus (~1liller) Nigrini and Moore, 1979, D. N89, 
pl. 25, figs. lla,b 

DESCRIPTION 

Nl67 

"Structure of the cephalis including prominent dorso-lateral lobes, 
a straight dorsal face merging with a three-bladed apical horn, four 
collar pores, and the presence of three indistinct thoracic ribs 
extending as short spines above the base of the thorax the same as in 
the four preceding species. Cephalis closed at the top, with smooth 
surface and small, unequal to subequal, circular pores. Vertical spine 
indistinct but present; apical horn not robust. Thorax campanulate to 
truncate-conical, separated from the cephalis above by a change in 
contour and from the abdomen below by a distinct constriction" occupied 
by an internal septal ring. Surface of thorax smooth. Thoracic pores 
ranging from circular and subequal to subpolygonal and increasing 
slightly in size distally with regular hexagonal arrangement in longi
tudi na 1 rows. Abdomen smooth, rangi ng from subcyl i ndri ca 1 with its 
distal portion tapering inward and with equal (6-12v), circular pores 
arranged hexagonally in 1 ongitudi na 1 rows to truncate-coni ca 1 with 
distal portion broader and not constricted and with polyoonal to sub
polygonal pores having the same arrangement but gradually increasing in 
size distally (from about 6-8v, to 20-26v)." (from Benson, 1966) 

*The present authors have not noted a distinct lumbar stricture in 
Recent specimens. 

DH1ENSIONS 

"Length of cephalis 21-39v, of thorax 36-49v, of abdomen 37-143v; 
breadth of cephalis 21-32v, of thorax 64-80v, of abdomen 75-119v; length 
of apical horn 9-36p, of vertical spine 0-5v, of dorsal and primary 
lateral spines 0-12p." (from Benson, 1966) 

"Overall length excluding horn, 134 :t 16p; thorax length, 50:t 6v, 
thorax width, 78:t 4p, abdomen width, 91 :t 9p; abdomen length, 59:t IIp.'' 
(from Sachs, 1973) 

DISTINGUISHING CHARACTERS 

Pterocorythidae with cylindro-conical shell; lumbar stricture poorly 
defined and no pronounced change in contour between thorax and abdomen. 
No terminal teeth. 

Plate 30, fig. 3 



N168 

Petrocorys cf. zanc 1 eus U'1Ull er) 

REMARKS 

1. The specimen fi gured by Benson (1966, pl. 33, fi g. 5) is 
probably ~. minythorax (Nigrini). Benson apparently combined these 
2 species in his description, dimensions and distribution. 

2. The form counted in the CENOP project is similar to the Recent 
species, P. zancleus, but it is generally broader and has a more pro
nounced lwnbar stricture. It is the only 3-segmented, toothless 
Pterocorythi dae that we have observed in t'ii ocene sediments. 

3. Some authors (e.g. Petrushevskaya and Kozlova, 1972; Kling, 
1979) use the name Pterocorys clausus (Popofsky) for forms of this 
general type. He do not recognize this distinction and agree with 
Benson (1966) that clausus is probably equivalent to zancleu~. 

DISTRIBUTION 

CENOP: Absent or rare in all Early Miocene and most Late Miocene sections 
examined from both tropical and temperate latitudes, except common in the 
Late Miocene of DSDP Sites 77B and 158. 



Theocorythium vetulum Nigrini N169 

Theocorythium vetulum Nigrini, 1971, p. 447, pl. 34.1, figs. 6a,b 

DESCRIPTION 

"Shell quite smooth and usually thin-walled. Cephalis trilocular, 
the paired lobes beneath and only slightly lateral to the larger unpaired 
lobe; pores small, subcircular. Stout, three-bladed apical horn, between 
equal to and twice the cephalic length. Primary lateral and dorsal spines 
continue as ribs in the thoracic wall for about half its length, but have 
not been observed to project externally. 

Thorax cupola-shaped with circular to subcircular pores arranged 
longitudinally, 7-10 in a vertical series, 12-15 on a half-equator. Pro
nounced lumbar stricture. 

Abdomen inflated conical. Pores similar in size, shape and arrange
ment to those of thorax, 5-12 in a vertical series, 12-17 on a half
equator. Distally, a row of three-bladed subterminal teeth is usually 
present. Slight terminal constriction to termination at a poreless peri
stome and up to eleven triangular terminal teeth which mayor may not be 
well-developed." (from Nigrini, 1971) 

DIt~ENSIONS 

Based on tl'lenty specimens. "Total length (excluding apical horn and 
terminal teeth) 137-182v. Length of cephalis 27-36v; of thorax 45-63v; 
of abdomen (exc 1 udi ng termi na 1 teeth) 45-90v. ~laximum breadth of 
cephalis 27-36v; of thorax 81-90~; of abdomen 90-128v." (from Nigrini, 
1971) 

DISTINGUISHING CHARACTERS 

"Similar to T. trachelium, but with the abdomen inflated conical 
rather than subcyTi ndri ca 1. " (from Ri ede 1 and Sanfil i ppo, 1978) 

REMARKS 

1. "1. vetulum is similar to Theocorythium trachelium dianae (cf. Nigrini 
1967, p. 77) except that the thorax is usually broader and the abdomen is 
inflated conical rather than cylindrical. Some specimens of T. vetulum 
are superficially similar to Lamprocyclas maritalis polypora (cf. Nigrini 
1967, p. 76) but the paired cephalic lobes of members of the genus 
Theocorythium are directly beneath (or only slightly lateral to) the 
larger unpaired lobe, whereas they are decidedly lateral in Lamprocyclas. 
This distinction is difficult to recognize from all angles, and a more 
obvious difference is that le. maritalis polypora has a broader, shorter 
abdomen and generally larger abdominal pores. 

The differences between T. trache 1 i um di anae, T. vetul um and L. 
maritalis polypora can be shown most easily by comparing their average 
abdominal lengths and breadths and average thoracic breadths (based on 
twenty specimens of each species): 

Plate 30, figs. 4a,b 



N170 

Theocorythium vetulum Nigrini 

T. trachelium dianae 
T. vetul um 
L. maritalis polypora 

Av abdomi na 1 
1 ength 

95)1 
80)1 
59)1 

Av abdominal 
breadth 

9011 
10911 
l231l 

Av thoracic 
breadth 

721l 
821l 
831l 

Combining these values we get: 

T. trachelium dianae 
T. vetul um 
L. maritalis polypora 

DISTRIBUTION 

Av abdominal length 
Av abdominal breadth 

1.06 
0.73 
0.48 

Av abdominal breadth 
-Av thoracic breadth 

l81l 
27]J 
40)1" 

(from Nigrini, 1971) 

Nigrini (1971) shows this species to range from the Pliocene through 
the Anthocyrtidium angulare Zone (lowermost Pleistocene). 

Foreman (1975) shows this species to range from the Late ~liocene 
(Didymocyrtis penultima Zone) to the Pleistocene (Axoprunum angelinum or 
"Stylatractus universus" Zone) in DSDP Site 310. 

Riedel and Sanfilippo (1978) show the evolutionary transition of 
this species to Theocor thium trachelium to lie with the Pterocanium 
prismatium Zone Pliocene. 



Theocyrt is annosa (R i e de 1 ) N17l 

Phormocyrtis annosa Riedel, 1959, p. 295, pl. 2, fig. 7 

Calocycletta annosa (Riedel) Petrushevskaya and Kozlova, 1972, p. 544 

DESCRIPTION 

"Cephalis elongate, 
stout three-bladed horn. 
circular pores. 

lobate, with a few small pores, surmounted by a 
Thorax i nfl ated-campanul ate, wi th regul a r 

Thoracic wall pronouncedly plicate longitudinally, the plicae being 
separated by three to five longitudinal rows of pores. Abdomen sub
cylindrical, with a thinner wall than the thorax, and subcircular to 
circular pores usually less regularly arranged than in the thorax. In 
most specimens the thoracic plicae extend into the abdomen, where they 
become less distinct. Termination of the abdomen usually ragged, but in 
some specimens with approximately eight to fifteen parallel, triangular 
lamellar feet or teeth. This species differs from all others of the genus 
in having a thick-walled, pronouncedly plicate thorax." (from Riedel, 
1959 ) 

DIMENS IONS 

Based on thi rty specimens. "Length of api ca 1 horn 68-12011; of 
cephalis 30-4511; of thorax 108-13811; of abdomen 38-14311. Maximum breadth 
(usually at thorax) 130-17311." (from Riedel, 1959) 

DISTINGUISHING CHARACTERS 

"The thorax of this species is not tuberose, but has pronounced longi
tudinal plicae spaced in such a way that each separates several longitudinal 
rows of pores. This species is not to be confused with the superficially 
similar form that is evidently ancestral to T. tuberosa ... Throughout 
and beyond the ranges of both T. tuberosa and T. annosa, occurs a 
genera 1 i zed type of Theocyrt is-with unornamented she 11 wall, from whi ch 
both of these species may have evolved." (from Riedel and Sanfilippo, 
1978) 

REMARKS 

1. "The base of this species may have been recorded at Site 289 at a level 
which is relatively lower than that previously recorded. Three variants 
are tabulated: 

Theocyrtis annosa Form A. The earliest T. tuberosa Zone specimens: 
very delicately ribbed, usually rare and often represented by only 
fragmentary specimens. 

Theocyrtis annosa Form B. Specimens with more pronounced ribbing and 
a suggestion that the shell is molded into broad, raised, longitudinal 
segments--identical with Riedel and Sanfilippo, 1971, plate 3D, fig. 13. 
The first appearance is higher than the morphotypic base of Form A. 

Plate 30, fig. 5 



Nl72 

Theocyrtis annosa (Riedel) 

Theocyrtis annosa Form C. Larger specimens, lacking the suggestions 
of longitudinal segmentation, identical with Riedel and Sanfilippo, 1971, 
plate 2H, fig. 4; plate 3D, fig. 12. The first appearance is higher 
again than that of Form B, and it is probable that only Form C persists 
to the extinction level of I. annosa group. In the highest part of its 
range Form C shows a tendency to reduction in rib strength and reversion 
to a morphotype somewhat similar to Form A." (from Holdsworth, 1975) 

DISTRIBUTION 

Riedel and Sanfilippo (1978) define the lower limit of the 
Stichocorys delmontensis Zone (Early ~liocene) by the last occurrence of 
Theocyrtis annosa. They shovi the first occurrence to lie within be 
Dorcadospyris ateuchus Zone (Oligocene). 

Theyer et al. (1978) date the last occurrence of this species at 
21.0 Ma. --



Botryostrobus aguilonaris (Bailey) N173 

Eucyrtidium aguilonaris Bailey, 1856, p. 4, pl. 1, fig. 9 

Botryostrobus aguilonaris (Bailey), Nigrini, 1977, p. 246, pl. 1, 
fig. 1 (with synonymy); Nigrini and Moore, 1979, p. N99, pl. 27, 
fi g. 1. 

DESCRI PTION 

"Shell typically heavy, thick-\'Jalled, but early forms are not so 
robust. Constrictions (other than collar and lumbar strictures) unevenly 
spaced and all strictures usually obscure externally. Shell spindle
shaped with four or five post-cephalic segments, the fourth being widest. 
Cephalis hemispherical with small irregular pores; vertical tube robust, 
cylindrical, directed obliquely upwards at approximately 450 . Apical 
horn very small, needle-like. Thorax inflated with two or three trans
verse rows of very closely spaced circular pores. Thickness of shell 
makes each pore appear to have a ring around it. Shell narrows distally, 
terminating in smooth peristome of variable width; peristome may have 
single row of pores. Termination smooth or with an undulating margin." 
(from Nigrini, 1977) 

DH1ENSTlONS 

Based on 20 specimens. "Total length 110-155)1; maximum breadth 
60-90)1." (from Nigrini, 1977) 

DISTINGUISHING CHARACTERS 

Thick-\1alled, spindle-shaped. Four or five post-cephalic segments, 
the fourth bei ng the vii dest. Usually four rows of pores per segment. 
Strictures not pronounced externally. Vertical tube cylindrical. 

REMARKS 

1. Benson's (1966) description and dimensions of this species 
(Siphocampium erucosum (Haeckel) in Benson, p. 527) are consistent with 
the above. 

2. The name Botryostrobus aguilonaris "is used only for very heavy, 
thick-walled forms; other forms [of Botryostrobus] having multiple segments, 
but thi nner via 11 s a re described" under the name Botryos trobus auritus
australis. (from Nigrini, 1977) 

Plate 31, figs. la,b 



N174 

Botryostrobus aguilonaris (Bailey) 

DISTRIBUTION 

CENOP: Absent from all Early Miocene sections examined from both tropical 
and temperate latitudes. Rare in all Late Miocene sections examined from 
both tropical and temperate latitudes. 

"Rare to fe~1 from Stichocorys peregrina Zone to Recent. May be more 
abundant in Recent sedlments from high latitudes (cf. Petrushevskaya and 
Bj¢rklund, 1974)." (from Nigrini, 1977) 

See Nigrini and r~oore (1979, p. N100) for Recent distribution. 



Botryostrobus bramlettei (Campbell and Clark) 

Lithomitra bramlettei Campbell and Clark. 1944. p. 53. pl. 7. 
figs. 10-14 

Botryostrobus bramlettei (Campbell and Clark). Nigrini. 1977. 
p. 248. pl. 1. figs. 7. 8 (with synonymy) 

DESCRIPTION 

N175 

"Shell usually thick-walled; surface rough. Cephalis hemispherical 
with a few subcircular pores and well-developed vertical tube. approxi
mately cylindrical but tapering distally. Tube directed obliquely upward 
at about 450 . Sometimes thornlike apical horn present. Collar stricture 
indistinct. 

"Thorax i nfl ated beari ng three transverse rows of subci rcul a r pores. 
Lumbar stricture apparent. but not pronounced. 

"Abdomen and fi rst post-abdominal segment simil ar in shape to thorax 
but somewhat larger. fourth segment being the largest in both length and 
breadth. Four transverse rows of subcircular pores on abdomen; three to 
six on fourth segment. 

"First four segments form a cone; shell then narrows sharply to an 
approximately cylindrical (sometimes symmetrically sinuous) segment. 
Termination may be poreless band ~Jith or without small terminal teeth or 
in some specimens the peri stome consi sts of two pore 1 ess bands fl anki ng 
single row of subquadrangular pores." (from Nigrini. 1977) 

DIMENSIONS 

Based on 20 specimens. "Tota 1 1 ength 105-130)1; maximum breadth 
60-65)1." (from Nigrini. 1977) 

DISTINGUISHING CHARACTERS 

Thick-walled. First four segments form a cone; shell then narrows 
sharply to an approximately cylindrical segment. Vertical tube cylin
drical. tapering distally. 

"This species may be distinguished from ~. aguilonaris by its more 
pronounced lumbar and post-lumbar strictures and by the characteristic 
change in shape from conical to cylindrical. Botrrostrobus a uilonaris 
is more spindle-shaped and is generally larger." from Nigrini. 1977 

Plate 31. figs. 2a-c 



N176 

Botryostrobus braml ettei (Campbell and Cl ark) 

DISTRIBUTION 

CENOP: Absent from all Early Miocene sections examined from both tropical 
and temperate latitudes and from the Late Miocene of the central temperate 
Pacific (RC12-431 and DSDP Site 310). Rare in the Late Miocene of the 
western (DSDP Site 289) and central (DSDP Site 77B) tropical Pacific, but 
common in the Late Miocene of the eastern tropical (DSDP Site 158) and 
eastern temperate (DSDP Site 173) Pacific. 

"Very rare to few from the [Di artus etterssoniJ Zone to the 
Stichocorys peregrina Zone." {from Nigrini, 1977 



Botryostrobus miralestensis (Campbell and Clark) 
Nl77 

Dictyocephalus miralestensis Campbell and Clark, 1944, p. 45, pl. 6, 
figs. 12-14 

Artostrobium miralestense (Campbell and Clark), Riedel and Sanfilippo, 
1971, p. 1599, pl. lH, figs. 14-17; pl. 21, figs. 9, 10 (partim) 
(non pl. 3E, fig. 12) 

Botryostrobus miralestensis (Campbell and Clark), Petrushevskaya and 
Kozlova, 1972, p. 539, pl. 24, fig. 31 

Botryostrobus miralestensis (Campbell and Clark), Nigrini, 1977, 
p. 249, pl. 1, fig. 9 

DESCR I PTI ON 

"Shell spindle-shaped with thick wall, surface rough with irregular 
longitudinal ridges. Intersegmental constrictions (other than collar and 
lumbar strictures) unevenly spaced and externally obscure, but internally 
pronounced; five to seven segments, fourth or fifth being widest. Cephalis 
small, hemispherical, with small irregular pores; vertical tube short, 
cylindrical, directed obliquely upward at about 450 ; no apical horn. 
Thorax and subsequent segments each bearing two or three transverse rows of 
large circular pores. Shell narrowing distally to generally well-developed 
poreless peristome; last segment cylindrical. Termination smooth." (from 
Ni9rini, 1977) 

DIMENSIONS 

Based on 15 specimens. "Total length 155-190p; maximum breadth 60-90p 
(usually 75-90p)." (from Nigrini, 1977) 

DISTINGUISHING CHARACTERS 

Thick-walled, spindle-shaped. Five to seven segments, the fourth or 
fifth bei ng the wi des t. Two or three rOl'lS of pores per segment. Verti ca 1 
tube cylindrical; no horn. Differs from~. aguilonaris in that it is 
longer, has more segments and fel'ler pore rows. 

Plate 31, fig. 3 



N178 

Botryostrobus miralestensis (Campbell and Clark) 

DISTRIBUTION 

"Rare to fevi from Cyrtocapsella tetrapera Zone to [Diartus 
petterssoniJ Zone." (from Nigrini, 1977) 



N179 

Phormostichoartus corbula (Harting) 

Lithocampe corbula Harting, 1863, p.12, pl.1, fig.21 

Phormostichoartus corbula (Harting), Nigrini, 1977, p.252, pl.1, 
fig.10 (with synonymy); Nigrini and Moore, 1979, p. N103, pl. 27, fig. 

DESCRIPTION 

"Shell thin-walled, smooth, subcylindrical consisting of 4 segments 
of which the fourth is the broadest. Cephalis approximately spherical 
with a well-developed, poreless, [vertical) tubule which curves down
wards so as to lie close to the thorax; numerous subcircular pores; no 
apical horn. Collar stricture indistinct. 

"Thorax short, truncate conical, with 
arranged approximately in transverse rows. 
distinct. 

circular to subcircular pores 
Lumbar and post-lumbar strictures 

"Abdomen annular, somewhat longer than thorax. Pores small, sub
circular to squarish, arranged in 5-8 regular closely spaced transverse 
rows. 

"Fourth segment 2-4 times as long as abdomen; pores similar in size 
and shape to those on abdomen, in 9-17 trans verse rows. Segment tapers 
slightly distally and ends in a generally poreless peristome. Termination 
smooth" (from Nigrini, 1967) or, sometimes, small, pointed teeth are pre
sent. 

DIMENSIONS 

Total length 130-165M; maximum breadth 65-75M. t1easurements ~iven by 
Nigrini (1967) have a greater range for both length and breadth. (from 
Nigrini, 1977) 

DISTINGUISHING CHARACTERS 

"Four-segmented form, the last segment being the longest. All post
collar strictures are distinct but not deep. Pores small, regularly 
arranged in dense transverse rows. Distinct poreless peristome somewhat 
constricted." (from Riedel and Sanfilippo, 1978, Siphocampe corbula) 

Plate 31, figs. 4a,b 



N180 

Phonnostichoartus corbula (Harting) 

DISTRIBUTION 

CENOP: Absent from all Early Miocene sections examined from both tropical 
and temperate latitudes and from the Late Miocene of DSDP Sites 289 and 310. 
Rare in all other Late Miocene sections examined. 

"Rare to few from the Dorcadospyris alata Zone to Recent." (from 
Nigrini,1977) 

See Nigrini and Moore (1979, p. N104) for Recent distribution. 



N181 

Phormostichoartus doliolum (Riedel and Sanfilippo) 

Artostrobium doliolum Riedel and Sanfilippo, 1971, p.1599, pl.1H, 
figs. 1-3; pl.8, figs. 14,15 

Phormostichoartus doliolum (Riedel and Sanfilippo), Nigrini, 1977 
p. 252, pl.l, fig. 14. 

DESCRI PTI ON 

"Spindle-shaped, four-segmented artostrobiids in which the inter
segmental strictures are not strongly pronounced externally. Cephalis 
very small, spherical bearing a lateral tube that lies along the thoracic 
wall and is thus directed obliquely downward. Thorax and third segment 
truncate-conical; fourth segment the widest, tapering distally, in some 
specimens with a poreless peristome. All post-cephalic segments with 
pores in closely-spaced transverse rows" (from Riedel and Sanfilippo, 1971) 

DIMENSIONS 

Total length 110-155~; maximum breadth 70-95~. Riedel and Sanfilippo 
(1971) recorded total lengths as short as 95~. (from Nigrini, 1977) 

DISTINGUISHING CHARACTERS 

"Four-segmented, broadly spindle-shaped, without pronounced strictures 
externally. No horn. "(from Riedel and Sanfilippo, 1978, Artostrobium 
doliolum) 

This species was redefined by Westberg and Riedel (1978) as "including 
only those specimens in which the width of the third stricture is 65~ or 
greater (which corresponds, in most specimens, to a maximum shell breadth 
of 75~). The width of the third stricture, instead of the maximum breadth, 
is now proposed as the distinguishing character because of the large number 
of specimens in which the fourth segment is broken." 

Plate 31, figs. 5a,b 



N186 

Phormostichoartus marylandicus (Martin) 

DISTRIBUTIDN 

CENOP: Absent from all Late ~liocene sections examined from both tropical 
and temperate latitudes and from the Early Miocene in temperate latitudes 
(DSDP Site 173). Common in the Early f1iocene of DSDP Sites 71 and 289. 

"Rare or few from Theocyrti s tuberosa Zone to [D,iartus petterssonq 
Zone." (from Nigrini, 1977) 



Siphocampe arachnea (Ehrenberg) group N187 

Siphocampe arachnea (Ehrenberg) group, Nigrini, 1977, p. 255, pl. 3, 
figs. 7, 8 (with synonymy) 

DESCRIPTION 

"Shell small, bullet-shaped, consisting of cephalis, thorax and 
abdomen; abdomen usually marked by a series of five to seven rounded con
strictions alternating with one transverse row of subcircular pores. There 
is a well-developed surface network or sculpture of both longitudinal and 
transverse ridges, which is the most distinctive characteristic of the 
species. Cephalis spherical <lith a few irregularly scattered pores; no 
apical horn; vertical tube short, cylindrical, directed obliquely upward at 
about 450 • Collar stricture indistinct. Thorax somewhat inflated with two 
(according to Petrushevskaya, 1967, three or four) transverse rows of sub
circular pores. Lumbar stricture not well developed. Post-thoracic segmen
tations usually marked by indentations, more pronounced proximally than 
distally, between pore rows. Termination ragged, or there may be a poreless 
peristome with a ragged margin, as though it is broken along a pore row." 
(from Nigrini, 1977) 

DIMENSIONS 

Based on 17 specimens. "Total length 110-16011; maximum breadth 47-6011." 
(from Nigrini, 1977) 

DISTINGUISHING CHARACTERS 

Three-segmented form, bullet-shaped. vJell-developed surface network 
or sculpture of longitudinal and transverse ridges. Abdominal outline 
undulating with widely spaced transverse rows of pores. 

REMARKS 

1. For further taxonomi c di scuss ion see Ni gri ni, 1977. 

Plate 32, figs. la,b 



N188 

Siphocampe arachnea (Ehrenberg) group 

DISTRIBUTION 

"Very rare from the Sti chocorys wo lffi i Zone to Recent. It is 
probable that many specimens have been lost in sieving." (from Nigrini, 
1977) 



Siphocampe lineata (Ehrenberg) group N189 

Siphocampe lineata (Ehrenberg) group, Nigrini, 1977, p. 256, Pl. 3, 
fi gs. 9, 10 (with synonymy) 

DESCRI PTION 

"Shell smooth, consisting of a cephalis, thorax, and cylindrical to 
somewhat inflated abdomen. Cephalis spherical with a few irregularly 
scattered pores. Vertical tube well developed, cylindrical, laterally or 
slightly downwardly directed; tube may narrow somewhat distally. Axial 
rods may be very long, reaching halfway down abdomen. Collar stricture 
indistinct. Thorax a little inflated with two or three transverse rows of 
subcircular pores. Lumbar stricture distinct. Abdomen usually smooth, 
without indentations, bearing seven to nine rather regularly spaced trans
verse rows of subcircular to subquadrangular pores. Considerable variation 
in pore size and distance between pore rows is allowed within species group. 
In some specimens longitudinal striations have been observed. Termination 
usually ragged, but poreless peristome with smooth margin is sometimes 
present." (from Nigrini, 1977) 

DIMENSIONS 

Based on 20 specimens. "Total length 120-160p; maximum breadth 45-70p." 
(from Nigrini, 1977) 

DISTINGUISHING CHARACTERS 

Three-segmented form, bullet-shaped. Abdomen smooth, without indenta
tions. Seven to nine regularly spaced transverse rows of pores. 

Plate 32, figs. 2a,b 



N190 

Siphocampe lineata (Ehrenberg) group 

DISTRIBUTION 

"Rare to few from the Thyrsocyrtis bromia Zone (possibly earlier) to 
Recent." (from Nigrini, 1977) 



Siphocampe nodosaria (Haeckel) N191 

Lithomitra nodosaria Haeckel, 1887, p. 1484, pl. 79, fig. 1 

Siphocampe nodosaria (Haeckel), Nigrini, 1977, p. 256, pl. 3, fig. 11 
( with synonymy) 

DESCRI PTION 

"Similar to S. arachnea, but with more pronounced abdominal indenta
tions, i.e., more-nodose. There may be one or two transverse rows of pores 
betl-Ieen each indentation. Between pore rO\~s there are prominent longi
tudinal ridges, but no cross bars between ridges as in S. arachnea. 
Termination either ragged, or in fully developed specimens the abdomen 
narrows distally to a poreless peristome with smooth margin. Shell 
generally larger than other species of Siphocampe." (from Nigrini, 1977) 

DIMENSIONS 

Based on 17 specimens. "Total length 130-177jJ; maximum breadth 
53-75jJ." (from Nigrini, 1977) 

DISTINGUISHING CHARACTERS 

Similar to S. arachnea group, but with more pronounced abdominal inden
tations and longTtudinal ridges only. 

Plate 32, fig. 3 



N192 

Siphocampe nodosaria (Haecke1) 

DISTRIBUTION 

"Rare or very rare from the Thyrsocyrtis triacantha Zone to Recent." 
(from Nigrini, 1977) 



N193 

Siphostichartus corona (Haeckel) 

Cyrtophormis (Acanthocyrtis) corona Haeckel, 1887, p.1462, pl.77, 
fi g. 15. 

Siphostichartus corona (Haeckel), Nigrini, 1977, p.257, pl.2, figs. 
5- 7 (with synonymy). 

DESCRIPTION 

"Shell smooth, hyaline, conical, compressed laterally. Cephalis 
hemispherical with a few circular pores, well-developed three-bladed 
apical horn, and prominent duck-billed vertical tube; apical spine free 
of cephalic wall and axial rod well developed. Thorax inflated, slightly 
heavier than the rest of the shell; two or three transverse rows of cir
cul ar pores. Abdomen i nfl ated coni ca 1 with four to seven trans verse rows 
of circular pores. Fourth segment considerably larger than the others, 
usually contracting distally and without a differentiated peristome; num
erous widely-spaced transverse rows of small circular pores. Termination 
ragged or shell may terminate along a pore row, thus giving the appearance 
of small terminal "teeth" (cf. Riedel and Sanfilippo, 1971, p.1600). 
Intersegmenta 1 s tri ctures curved, not pronounced i nterna lly. " (from 
Nigrini, 1977) 

DIMENSIONS 

"Total length (excluding apical horn) 135-190p; length of abdomen 
30-40p; length of fourth segment 70-105p; maximum breadth (across fourth 
segment) 70-95p." (from Nigrini, 1977) Based on 20 specimens. 

DISTINGUISHING CHARACTERS 

"Four-segmented shell, the last (largest) segment inflated proximally 
and tapering distally, elliptical in transverse section. The third seg
ment has more than two trans verse rows of pores. The cephal i s has a we 11-
developed apical horn and prominent lateral tubule." (from Riedel and 
Sanfilippo, 1978, Phormostichoartus corona) 

Plate 32, figs. 4a-d 



N194 

Siphostichartus corona (Haeckel) 

DISTRIBUTION 

CENOP: Absent from all Early Miocene sections examined from temperate 
latitudes. Rare in all Early Miocene sections examined from tropical 
latitudes and all Late t1iocene sections examined from both tropi cal and 
temperate latitudes. 

"Rare at time of first appearance in the Stichocorys wolffii Zone; 
few to common from Dorcadospyris alata Zone to [Didymocyrtis enultima] 
Zone; last rare occurrences in the Stichocorys peregrina Zone." from 
Nigrini,1977) 



Nl95 
Siphostichartus praecorona Nigrini 

Siphostichartus praecorona Nigrini, 1977, p. 258, pl. 2, figs. 8, 9 
( with synonymy) 

DESCR I PTION 

"Four-segmented form with a smooth, thin-walled shell. Cerhalis 
sma 11, hemi s pheri ca 1, with a few sma 11 ci rcu 1 a r pores; sho rt, api ca 1 horn 
may be present; vertical tube generally short, cylindrical, but forms 
trans it i ona 1 between 2.. praecorona and 2.. corona have a we ll-deve loped, 
but not flamboyant, duck-billed tube. Thorax inflated, slightly heavier 
than rest of shell \'lith three transverse rows of circular pores. Abdomen 
may appear as a "neck" on the fourth segment or may be a discrete, but 
short segment with tvlO or, as the form approaches S. corona, three or four 
transverse ro\'ls of circular pores. Termination ragged. 

"This speci es is simil ar to Phormosti choartus maryl andi cus, but the 
fourth segment is more inflated and intersegmental strictures are more 
pronounced." (from Nigrini, 1977) 

DIMENSIONS 

"~leasurable specimens are rare; total length averages about 105)1; 
length of abdomen 23)1; maximum breadth 70)1; note that these dimensions are 
generally smaller than S. corona." (from Nigrini, 1977) 

DISTINGUISHING CHARACTERS 

Four-segmented fonn, 
from S. corona in that it 
transverse ro\'lS of pores. 

REMARKS 

the last being 
is small er and 
Vertical tube 

the longest and widest. Differs 
has fewer, more widely spaced 
generally short, cylindrical. 

1. For further taxonomic discussion see Nigrini, 1977. 

Plate 32, figs. 5a,b 



N196 

Siphostichartus praecorona Nigrini 

DISTRIBUTION 

"Very rare in the Dorcadospyri s ateuchus and Lychnocanoma e 1 onga ta 
Zones; rare transitional fonns appear in the Stichocorys \'Iolffii Zone." 
(from Nigrini, 1977) 



Spirocyrtis 9yroscalaris Nigrini 
N197 

Spirocyrtis 9yroscalaris Nigrini, 1977, p. 258, pl. 2, figs. 10, 11 

DESCR I PTION 

"Similar in form to S. scalaris, but the outline of the seoments is 
rounded rather than angular; it is generally narrower than S. scalaris, 
becoming broader in younger sediments as it evolves into S. -sca 1 ari s. 
Duck-bi 11 ed verti ca 1 tube and three-bladed api ca 1 horn both well developed. 
Seven to nine segments of variable length with two to five rows of sub
circular to rectangular pores per segment. Termination ragged." (from 
Nigrini, 1977) 

DIMENSIONS 

Based on 10 specimens. "Total length 130-18011; maximum breadth 
75-10511." (from Nigrini, 1977) 

DISTINGUISHING CHARACTERS 

Conical form with 7-9 annular segments. Well-developed apical horn 
and prominent duck-billed vertical tube. 

Plate 32, figs. 6a,b 



N200 

Spirocyrtis subsca1aris Nigrini 

DISTRIBUTION 

"Very rare to fev/ from the Ca1ocyc1etta costata Zone to Recent." 
(from Nigrini, 1977) 



Spirocyrtis subtilis Petrushevskaya 

Spirocyrtis subtilis Petrushevskaya, Petrushevskaya and Kozlova, 
1972, p. 540, pl. 24, figs. 22-24 

Spirocyrtis subtilis Petrushevskaya, Nigrini, 1977, p. 260, 
pl. 3, fig. 3 (with synonymy) 

DESCRI PTION 

N201 

"Although narrower, this species is similar in general outline to 
~. gyroscalaris and has the same characteristic variability in segment 
length. Segments are rounded with two to five rows of subcircular pores 
per segment. Shell surface, particularly the thorax, covered with short 
spines. Two well-developed cephalic tubes: 1) subcylindrical vertical 
tube, upwardly directed at about 450 , sometimes showing a slight 
terminal flare; 2) a cylindrical to somel·lhat conical (opening distally) 
apical tube about the same length as the cephalis. Termination ragged." 
(from Nigrini, 1977) 

DIMENSIONS 

Based on 10 specimens. "Total length 100-190~; maximum breadth 
60-75~." (from Nigrini, 1977) 

DISTINGUISHING CHARACTERS 

Similar to S. gyroscalaris, but with two Ivell-developed cephalic 
tubes, one vertical and one apical. 

Plate 32, fig. 8 



N202 

Spirocyrtis subtilis Petrushevskaya 

DISTRIBUTION 

"Rare or very rare from the Stichocorys vlO1ffii Zone to the 
[Diartus petterssoni] Zone." (from Nigrini, 1977) 

Preliminary results from DSDP Leg 85 suggest that this species 
ranges much lOVier than Vias originally reported by Nigrini (1977). 
(Nigrini, unpublished data) 



Acrobotrys tritubus Riedel N203 

Acrobotrys tritubus Riedel, 1957, p. 80, pl. 1, fig. 5 

DESCRIPTION 

"Cephalis trilobate, with large subglobular occipital lobe, smaller 
globular middle lobe, and inflated-conical frontal lobe lying in the same 
plane. Occipital lobe bears two slender cylindrical tubes, one directed 
apically and the other posteriorly. Frontal lobe bears a slender cylin
drical tube directed anteriorly. Thorax subcylindrical, inflated, or 
ovate, often with somewhat constri cted mouth. Shell surface smooth, 
perforated by numerous small circular or subcircular pores, irregularly 
arranged. " (from Ri ede 1, 195?) 

DH1ENSIONS 

"Length of cephalis plus thorax 90-12511, of tubes 15-12011. Maximum 
breadth of thorax 50-6011," (from Ri ede 1, 1957) 

DISTINGUISHING CHARACTERISTICS 

"From the cephal i sari se three long, wi de ly di vergent tubes, one from 
the postcephalic lobe and two from the antecephalic lobe. Early in the 
range of the species the tubes are not so widely divergent." (from Riedel 
and Sanfilippo, 1978) 

Plate 33, figs. la,b 
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Acrobotrys tritubus Riedel 

DISTRIBUTION 

Ri ede 1 and Sanfil i ppo (1978) shol'i the fi rs t occurrence of thi s speci es 
to lie vlithin the Didymocyrtis antepenultima Zone; they show the last 
occurrence within the Stichocorys peregrina Zone. Late t1iocene. 

Theyer et al. (1978) date the first occurrence of this species at 
ll.l t1a. ~~ 

Theyer et~. (1978) date the last occurrence of this species at 
5. 0 ~1a. 



Centrobotrys petrushevskayae Sanfilippo and Riedel 
N205 

Centrobotrys (?) sp. A Riedel and Sanfilippo, 1971, p. 1602, pl. 3F, 
figs. 15,16 

Centrobotrys petrushevskayae Sanfil i ppo and Ri ede 1, 1973, p. 532, 
pl. 36, figs. 12,13 

DESCR I PTION 

"Prominent eucephalic lobe surrounded by a large, irregularly pored 
chamber that is not subdivided into ante- and post-cephalic parts. 
Cephalic outline generally smoothly rounded, but in late forms its apex 
tends to be pointed though to a lesser degree than in ~. thermophila. 
Thorax subcylindrical, its wall irregularly porous, tending to be closed 
distally in some late specimens." (from Sanfilippo and Riedel, 1973) 

DIMENSIONS 

Based on 20 specimens. 
breadth of cephalis 45-65v." 

DISTINGUISHING CHARACTERS 

"Total length of shell 85-120v. Maximum 
(from Sanfilippo and Riedel, 1973) 

"Thi s s peci es differs from Centrobotrys thermophil a in havi ng a 
more porous shell and rounded apex, and from C. gravida in not having the 
thorax closed and inflated, and in somewhat thinner shell wall. 
~. petrushevskayae appears to represent an evolutionary link between 
C. gravida and C. thermophila." (from Sanfilippo and Riedel, 1973) 

Plate 33, fig. 2 
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Centrobotrys petrushevskayae Sanfilippo and Riedel 

DISTRIBUTION 

Sanfilippo and Riedel (1973) show the evolutionary transition from 
Centrobotr s petrushevskayae to f. thermophila to lie within the 
Oligocene Theocyrtis tuberosa Zone), but they also report rare occur
rences of the ~. petrushevskayae morphotype in the earliest ~liocene. 

Sanfilippo and Riedel (1973) sho~1 the evolutionary transition from 
Centrobotr s gravi da to f. petrushevskayae to 1 i e withi n the 01 i gocene 
a 1 so Theocyrti s tuberosa Zone). 



BIBLIOGRAPHY 

BAILEY, J.W., 1856. Notice of microscopic forms found in the soundings 
of the Sea of Kamtschatka - with a plate. American Journal of 
Science and Arts, ser.2, v.22, no.64, pp.1-6, pl.1. 

BENSON, R. N., 1966. Recent Radiolaria from the Gulf of California 
(Ph.D dissert.). Minnesota University, pp.1-577, pls.1-35, 
text-figs.1-12, tables 1-2. 

__ ~~~-'--.' 1983. Quater'nary Radiolarians fr'om the mouth of the 
Gulf of California, Deep Sea Drilling Project Leg 65. In: Lewis, 
B. T. R., Robinson, P., et al., Initial Reports of the Deep Sea 
Dr'illing Project, v. LXV, Washington, D.C., U.S. Government 
Printing Office, pp.491-523, pls.1-9, text-figs.1-4, tables 1-8. 

BJ0'RKLUND, K., 1976. Radiolaria hom the Norwegian Sea, Leg 38 of the 
Deep Sea Drilling Pr'oject. In: Talwani, M., Udintsev, G., et al., 
Initial reports of the Deep Sea Drilling Project, v.XXXVIII, 
Washington, D.C., U.S. Government Printing Office, pp.l101-1168, 
pl~.1-24, text-figs.1-18, tables 1-24. 

----c;--:~____:' 1977. Acti nomma haysi, n. sp., its Holocene 
distr'ibution and size variation in Atlantic ocean sediments. 
Micropaleontology, v.23, no.l, pp.114-126, pl.l, text-figs. 1-6, 
tables 1,2. 

---::::---c:--;- and GOLL, R.M., 1979. Internal skeletal structures of 
Collosphaera and Trisolenia: a case of repetitive evolution in the 
Collosphaeridae (Radiolaria). Journal of Paleontology, v.53, 
no.6, pp.1239-1326, pls.1-7, text-figs.1-7, tables 1-2. 

BOLTOVSKOY, D. and RIEDEL, W. R., 1980. Polycystine Radiolaria from 
the southwestern Atlantic Ocean plankton. Revista Espanola de 
Micropaleontologia v.12, no.l, pp.99-146, pls.1-5, text-figs.1-8, 
1 table. 

BUTSCHLI, 0., 1882. Beitrage zur Kenntnis der der Radiolar'ienskelette, 
insbesondere der Cyrtida. Zeitschrift fur Wissenschaftliche 
Zoologie, v.36, pp. 485-540, pis .31-33. 

CAMPBELL, A. S., 1951. New genera and subgenera of Radiolaria. 
Journal of Paleontology, v.25, no.4, pp.527-530. 

__ -:--_-:--,--~, 1954. Subclass Radiolaria. In: Treatise on 
invertebrate paleontology, ed. R. C. Moore., Part D, Protista 3, 
pp.Dll-195. 

__ -,-__ --;.,- and CLARK, B. L., 1944. Miocene radiolar'ian faunas 
from southern Califol'nia. Geological Society of America, Special 
Paper, no.51, pp.i-vii, 1-76, pls.1-7, tables 1-2. 

CARNEVALE, P., 1908. Radiolar'ie e silicoflagellati di Bergonzano 
(Reggio Emilia). Reale Istituto Veneto di Scienze, Lettere ed 
Arti, Memorie, v.28, no.3, pp.1-46, pls.1-4. 



CHEDIYA, D. M., 1959. Obzor sistematiki radiolyariy Stalinbad, USSR: 
Tadzhikskii Gosudarstvenny i Universitet, pp.1-330 and corrigenda, 
pls.1-26. 

CHEN, P., 1975a. Some new Tertiary Radiolaria from Antarctic deep-sea 
sediments. Micropaleontology, v. 20, no.4, pp. 480-492, pis. 1-4. 

__ ---;-_' 1975b. Antarctic Radiolaria. In: Hayes, D. E., FI'akes, L. 
A., et al., Initial reports of the Deep Sea Drilling PI'oject, 
v.XXVIII, Washington, D.C., U.S. Government Printing Office, 
pp.437-513, pls.1-24, text-figs.1-2, tables 1-9. 

DOGIEL, V. A. and RESHETNYAK, V. V., 1952. Matel'ialy po radiolyariyam 
severozapadnoi chasti tikhogo okeana: Issledovanya 
Dalnevostochnykh Morei SSSR, no.3, pp.5-36. 

DREYER, F., 1889. MOl'phologische Radiolarienstudien. I. Die 
Pylombildungen in vergleichend-anatomischer und 
entwicklungsgeschichtlicher Beziehung bei Radiolarien und bei 
Protisten uberhaupt, nebst System und Beschreibung neuer und des 
bis jetzt bekannten pylomatischen Spumellarien. Jenaische 
Zeitschrift Naturwissenschaft, v.23, (n. ser., v.16), pp.1-138, 
pls.1-6. 

EHRENBERG, C. G., 1838. Uber die Bildung del' Kreidefelsen und des 
Kreidemergels du rch unsichtbare Organismen. Konigliche Akademie 
der Wissenschaften, zu organischen KI'iede-Gebilden in Europa und 
Afrika. Konigliche Preussischen Akademie Wissenschaften zu 
Berlin, Abhandlungen, Jahre 1838, pp.59-147, pls.1-4. 

----cc-,---c-:--, 1847. Ueber die mi kroskopischen kieselschaligen 
Polycystinen als machtige Gebirgsmasse von Barbados. Konigliche 
Preussischen Akademie Wissenschaften zu Berlin, Monatsbericht, 
Jahre 1847, pp.40-60. 

---~---c-' 1854a. Die systematische Characteristik der neuen 
mi kroscopischen Organismen des tiefen atlantischen Oceans. 
Konigliche Preussischen Akademie Wissenschaften Bel'lin, Jahre 
1854, pp.236-250. 

---o--.----=c--' 1854b. Mikl'ogeologie. Leipzig xxviii + 374 pp. 
Atlas, 31 pp. + 41 pis. Fortsetzung (1856) 89 pp. 

----cc~-c---=-, 1860. Ueber den Tiefgrund des stillen Oceans 
Zwischen Californien und des Sandwich-Inseln aus bis 15600' Tiefe 
nach Lieut. Brookes. Konigliche Preussischen Akademie 
Wissenschaften Berlin, Monatsbel'icht, Jahre 1860, pp.819-833. 

__ ---;::-;-___ -;-' 1861. Uber die Tiefgrund-Verhaltnisse des Oceans am 
Eingange del' Davis-strasse und Island. Konigliche Preussischen 
Akademie Wissenschaften Bel'lin, Monatsbericht, Jahre 1861, 
pp.275-315. 



EHRENBERG, C. G., 1872a. Mikrogeologische Studien als Zusammenfassung 
seiner Beobachtungen des kleinsten Lebens der Meeres- Tiefgrunde 
aller Zonen und dessen geologischen Einfluss. Konigliche 
Preussischen Akademie Wissenschaften Berlin, Monatsbericht, Jahre 
1872, pp.265-322. 

--~-,---~----c' 1872b. Mikrogeologische Studien uber das kleinste 
Leben der Meeres- Tiefgrunde allel' Zonen und dessen geologischen 
Eifluss. Konigliche Akademie Wissenschaften Berlin, Abhandlungen, 
Jahre 1872, pp.131-399, pls.1-12. 

---;::-c---;---' 1873. Grossere Felsproben des Polycysten-Mergel von 
Barbados mit weitel'en EI'lauterungen. Konigliche Preussischen 
A kademie Wissenschaften Berl in, Monatsbericht, Jah I'e 1873, 
pp.312-263. 

------;----c-:-;-, 1875. Fortsetzung der mikrogeologischen Studien als 
Gesammt- Uebersicht der mi kroscopischen Pa laontologie gleicha rtig 
analysirter Gebirgsarten der Erde, mit specieller Rucksicht auf 
den Polycystinen Mergel von Bal'bados. Konigliche Akademie 
Wissenschaften Bel'lin, Abhandlungen, Jahre 1875, pp.1-225, 
pls.1-30. 

FOREMAN, H. P., 1973. Radiolaria of Leg 10 with systematics and ranges 
for the families Amphipyndacidae, Artostrobiidae, and Theoperidae. 
In: Worzel, J. L., BI'yant, W., et al., Initial reports of the Deep 
Sea Drilling Project, v.X, Washington, D.C., U.S. Government 
Printing Office, pp.407-474, pls.1-13, text-figs.1-7, tables 1-7. 

---;::----;-cc;----;:, 1975. Radiolaria from the North Pacific, Deep Sea 
DI'iliing Project, Leg 32. In: Larson, R. L., Mobel'ly, R. et al., 
Initial reports of the Deep Sea DI'iliing Project, v.XXXII, 
Washington, D. C., U. S. Government Printing Office, pp.579-676, 
pls.1-9, text-figs.1-5, tables 1-9. 

__ --cc----cc--,--.,.-and RIEDEL, W. R., 1972. Catalogue of Polycystine 
Radiolaria. Special Publication Series I. (1834-1900), v.1. 
(Meyen, 1834 - Bury, 1862), part 1. (Acanthodesmia - Haliomma), 
part 2. (Haliphol'mis - Gen. et sp. indet.). American Museum of 
Natural History, New York. 

and RIEDEL, W. R., in press. Polycystine Radiolaria, 
1834-1930. v.1, Introduction and Appendix. National Technical 
Information Service, Virginia. 

FRIZZELL, D. L. and MIDDOUR, E. S., 1951. Paleocene Radiolaria from 
southeastern Missouri. Bulletin University of Missouri School of 
Mines and Metallurgy, Technical Series, no.77, pp.1-41, pls.1-3. 

GOLL, R. M., 1968. Classification and phylogeny of Cenozoic 
Trissocyclidae (Radiolaria) in the Pacific and Caribbean Basins. 
Part I. Journal of Paleontology, v.42, no.6, pp.1409-1432, 
pis. 173-176. 

__ -=--:-_, 1969. Classification and phylogeny of Cenozoic 
Trissocyclidae (Radiolaria) in the Pacific and Caribbean Basins. 
Part II. Journal of Paleontology, v.43, no.2, pp.322-339, 
pls.55-60, text-figs.1,2. 



GOLL, R. M. 1971. Nomenclatural controversy concerning an emended 
family of Radiolaria. Journal of Paleontology, v.45, pp.734-735. 

____ ----:-' 1972. Radiolaria. In: Hayes, J. D. et aI., Initial 
I'eports of the Deep Sea Drilling Project, v.IX, Washington, D.C., 
U.S. Government Printing Office, pp.947-1058, pls.1-88, 
text-figs.1-2. 

-----c-' 1977. Morphological intergl'adation between modern 
populations of Lophospyris and Phormospyris (Trissocyclidae, 
Radiolarial. Micropaleontology, v.22, no.4, pp.379-418, pls.1-15, 
text-figs. 1-6. 

__ --;;----:-;;-, 1980a. Pliocene-Pleistocene radiolarians fl'om the East 
Pacific Rise and the Galopagos spreading center, Deep Sea Drilling 
Project Leg 54. In: Rosendahl, B. R., et aI., Initial reports of 
the Deep Sea Drilling PI'oject, v. LlV, Washington, D.C., U.S. 
Government Pl'inting Office, pp.425-453, pls.1-7, tables 1-4, 
text-figs. 1-2. 

----;--c;;:-' 1980b. The Neogene evolution of Zygocircus, Neosemantis 
and Callimitra: their bearing on nassellarian classification. 
Micropaleontology, v.25, no.4, pp.365-396, pls.1-5. 

HAECKEL, E., 1860. Fernere Abbildungen und Diagnosen neuer Gattungen 
und Arten von lebenden Radiolal'ien des Mittelmeeres. Konigliche 
Preussischen Akademie, Jahre 1860, pp.835-845. 

---c-c----, 1862. 
Monographie. 

Die Radiolarien (Rhizopoda Radiarial. Eine 
Berlin, Reimer, pp.i-xiv, 1-572, pls.1-35. 

__ ~_-,-' 1881. Entwurf eines Radiolarien-System auf Grund von 
Studien del' Challenger Radiolarien. Jenaische Zeitschrift 
Naturwissenschaft, v.15, (n. ser., v.8; 1882), no.3, pp.418-472. 

---::-:-oc-' 1887. Report on the Radiolaria collected by H.M.S. 
Challenger during the years 1873-1876, Report Scientific Results, 
Voyage H. M. S. Challenger, Zoology, v.18, 2 parts, pp.i-clxxxiii, 
1 -1803, pis. 1 - 140, 1 ma p . 

HARTING, P., 1863. Bijdrage tot de kennis der mikroskopische fauna en 
flora van de Banda-Zee. Koninklijk Akademie Wetenschappen 
Amsterdam, Verhandlingen, v.l0, no.l, pp.2-54, pls.1-3. 

HAYS, J. D., 1965. Radiolaria and late Tertiary and Quaternary history 
of Antarctic Seas. In: Biology of Antarctic Seas II. American 
Geophysical Union, Antarctic Reseal'ch Series, v.5, pp.125-184, 
pls.1-3, text-figs.1-38, tables 1-4. 

----:----c-c--' 1970. Stratigraphy and evolutionary trends of Radiolaria 
in NOI'th Pacific deep-sea sediments. Hays, J. D., ed., Geological 
Investigations of the North Pacific: Geological Society of 
America, Memoir 126, pp.185-218, 1 pl., text-figs.l-l0, tables 
1,2. 



HERTWIG, R., 1879. Zur Histologie de Radiolarien. Untersuchungen uber 
den Bau und die Entwicklung der Sphaerozoiden und 
Thalassicolliden. (W. Engelmann, Leipzig). 91 pp. and errata, 
S pis. 

HOLDSWORTH, B. K., 1975. Cenozoic Radiolaria Biostratigraphy: Leg 30: 
Tropical and Equatorial Pacific. In: Andrews, J. E., Packham, G. 
et al., Initial reports of the Deep Sea Drilling Project, v.XXX, 
Washington, D.C., U.S. Government Printing Office, pp.499-S37, 
pls.1-2, text-figs.1-4, tables l-SC. 

JOHNSON, D. A., 1976. Cenozoic Radiolaria from the Central Pacific, 
DSDP Leg 33. In: Schlanger, S. 0., Jackson, E. D.,-et al., 
Initial reports of the Deep Sea Drilling Project, v.XXXIII, 
Washington, D.C., U.S. Government Printing Office, pp.42S-437, 
tables 1-3. 

------;cc-;---:- and WICK, B. J., 1982. Precision of correlation of 
radiolarian datum levels in the Middle Miocene, equatorial 
Pacific. Micropaleontology, v.28, no.l, pp.43-S8. 

JORGENSEN, E., 1900. Protophyten und Pl'otozoen im Plankton aus der 
norwegischen Westkuste. Bergens Museum Aarbog, for 1899, no.2 
(no.6), pp.1-112, pls.l-S, tables I-LXXXIII. 

-----,---, 
samples. 
pls.6-18. 

1905. The protist plankton and the diatoms in bottom 
Bergens Museum skrift., ser.l, no.7, pp.49-1S1, 19S-22S, 

KEANY, J., 1979. Early Pliocene radiolarian taxonomy and 
biostratig raphy in the Anta rctic region. Micropaleontology, v. 2S, 
no.l, pp.SO-74, pls.l-S, text-figs.1-8G. 

KLING, S. A., 1971. Radiolaria: Leg 6 of the Deep Sea Drilling 
Project. In: Fischer, A. G., et aI., Initial ,'eports of the 
Deep Sea Drilling Project, v.VI, Washington, D.C., U.S. Government 
Printing Office, pp. 1069-1117, pis. 1-11, text-figs. 1,2, tables 
1-3. 

----::----:=--c' 1973. Radiolaria from the eastern North Pacific, Deep 
Sea Drilling Project, Leg 18. In: Kulm, L. D., von Huene, R., et 
aI., Initial reports of the Deep Sea Drilling, v.XVIII, 
Washington, D.C., U.S. Government Printing Office, pp.1SS-182, 
text-figs.1-17, tables 1-12. 

----~_c' 1977. Local and regional imprints on radiolal'ian 
assemblages from California coastal basin sediments. Marine 
Micropaleontology, v.2, no.2, pp.207-221, pls.1-2, text-figs.1-3. 

----:--c-cc--, 1979. Vel'tical distribution of polycystine radiolarians 
in the central North Pacific. Ma ri ne Micropaleontology, v. 4, 
no.4, pp.29S-318, pls.1-2, text-figs.1-7. 

KRUGLIKOVA, S. B., 1969. Radiolyarii v kolonke St. 4066 (severnaya 
chast' Tikhogo okeana). In: Zhuze, A. P., ed., Osnovnyye problemy 
mikropalenotlogii i organogennoge osadkonakopleniya v okeanakh i 
moryakh. Moscow: Izdatelstvo Nauka, pp.11S-126, text-figs.1-4. 



KRUGLIKOVA, S. B., 1974. Radiolaria of the cores from the equatorial 
Pacific. Mikropaleontologiya okeanov i morei Nauka, pp.17-33, 
pls.1-3. 

-----cc--~-c----" 1978. Novye vidy radiolyarii miotsena-golotsena 
ekvatorialnoi zony Tikhogo okean. In: Zhuze, A. P. (ed.), 
Morskaya Mikropaleontologiya (diatomei, radiolyarii, 
silikoflyagellyaty, foraminifery i izvestkovyi nannoplankton). 
Nau ka, Moscow. pp. 87 -90. 

LING, H. Y., 1973. Radiolaria: Leg 19 of the Deep Sea Drilling 
Project. In: Creager, J. S., Scholl, D. W. et aI., Initial 
reports of the Deep Sea Drilling Project, v.XIX, Washington, 
D.C., U. S. Government Pt'inting Office, pp.777-797, pls.1-2, 
tables 1-13. 

__ --=-------,_, 1975. Radiolaria: Leg 31 of the Deep Sea Drilling 
Project. In: Karig, D. E., Ingle, J. C., Jr., et aI., Initial 
reports of the Deep Sea Drilling Project, v.XXXI, Washington, 
D.C., U.S. Government Printing Office, pp.703-761, pls.1-13, 
tables 1-12, text-figs.1,2. 

__ --;-:_:-;-' 1980. Radiolarians from the Emperor Seamounts of the 
Northwest Pacific: Leg 55 of the Deep Sea Drilling Project. In: 
Jackson, E. D., Koisumi, I., etal., Initial reports of the Deep 
Sea Drilling Project, v.LV, Washington, D.C., U.S. Government 
Printing Office, pp.365-373, pls.1-2, 1 text-fig., tables 1-3. 

__ ----,-__ .and ANIKOUCHINE, W. A., 1967. Some Spumellarian Radiolat'ia 
from the Java, Philippine and Mariana trenches. Journal of 
Paleontology, v.41, no.6, pp.1481-1491, pls.189-192, 
text-figs. 1-5. 

__ -=-~~, STADUM, C. J. and WELCH, M. L., 1971. Polycystine 
Radiolaria from Bering Sea surface sediments. In: Farinacci, A., 
ed., Proceedings of the second planktonic conference. Rome: 
Edizioni Tecnoscienza, v.2, pp.705-725, pls.1-2, text-figs.1-12, 
table 1. 

LOZANO, J. A., 1974. Antarctic sedimentary, faunal and sea surface 
temperature responses during the last 230,000 years with emphasis 
on comparison between 18,000 years ago and today (Ph.D. dissert.). 
Columbia University, New York, 400 pp. 

MARTIN, G. C., 1904. Radiolaria. In: Maryland Geological Survey, 
Miocene. Baltimore: Johns Hopkins Press, pp.447-459, pl.130 
(plate published separately). 

MAYR, E., LINSLEY, E. G. and USINGER, R. L.,1953. Methods and 
principles of systematic zoology. McGraw-Hili Co., New York, 
pp.1-328. 

MOLINA-CRUZ, A., 1977. Radiolarian assemblages and their relationship 
to the oceanography of the subtropical southeastern Pacific. 
Marine Micropaleontology, v.2, no.4, pp.315-352, pls.1-8. 



MOORE, T. C., Jr., 1971. Radiolaria. In: Tracey, J. I., Jr. et al., 
Initial repor'ts of the Deep Sea Drilling Project, v.VIII, 
Washington, D.C., U.S. Government Printing Office, pp.727-775, 
pls.1-13, text-figs. 1-3. 

~ ___ -;;::--;--' 1972. 
genus Calocycletta. 
pls.1-2. 

Mid- Tertiary evolution of the radiolarian 
Micropaleontology, v.18, no.2, pp.144-152, 

--~~~-CC-~, 1973a, Radiolaria from Leg 17 of the Deep Sea 
Dr'illing Project. In: Ewing, E. L., Ewing, J. L., etal., 
Initial reports of the Deep Sea Dr'illing Project, v.XVII, 
Washington, D.C., U.S. Gover'nment Printing Office, pp.797-869, 
pls.1-18, tables 1-8. 

---.,-------c--, 1973b. Method of r'andomly distr'ibuting grains for 
microscopic exami nation. Jou rnal of Sedimenta ry Petrology, v.43, 
no.3, pp.904-906. 

---c,-----;---,-, and LOMBARI, G., 1981. Sea-su rface temperatu re 
changes in the North Pacific during the late Miocene. Mar'ine 
Micropaleontology, v.6, no.5/6, pp.581-597. 

MORLEY, J. J., 1980. Analysis of the abundance variations of the 
subspecies of Cycladophora davisiana. Ma r'i ne Micropaleontology, 
v.5, no.3, pp.205-214, 1 pl. 

----,-c-:-- and HAYS, J. D., 1979. Cycladophora davisiana: a 
stratigraphic tool for Pleistocene North Atlantic and 
interhemispherical correlation. Earth and Planetary Science 
Letters, v.44, no.3, pp.383-389. 

___ --;-;---;--; and SHACKELTON, N. J., 1978. Extension of the 
radiolarian Stylatractus universus as a biostratigraphic datum to 
the Atlantic Ocean. Geology, v.6, pp.309-311. 

MULLER, J. 1858. Uber die Thalassicollen, Polycystinen und 
Acanthometren des Mittelmeeres. Konigliche Akademie Wissen
schaften Ber'lin, Abhandlungen, Jahre 1858, pp.1-62, pls.1-11. 

NAKASEKO, K. 1963. Neogene Cyrtoidea (Radiolar'ial from the Isozaki 
Formation in Ibaraki Prefectur'e, Japan. Osaka Univer'sity Science 
Reports, v.12, no.2, pp.165-198, pls.1-4, text-figs.1-21. 

NESS, G., LEVI, S., and CROUCH, R., 1980. Marine magnetic anomaly 
time-scales for' the Cenozoic and Late Cretaceous: a precise 
critique and synthesis. Reviews of Geophysics and Space Physics, 
v.18, pp.753-770. 

NIGRINI, C., 1967. Radiolaria in pelagic sediments fr'om the Indian and 
Atlantic Oceans. Bulletin of the Scripps Institution of 
Oceanography, University of California, La Jolla, no.", 
pp.1-125, pls.1-9, text-figs.1-48. 



NIGRINI, C., 1968. Radiolaria from eastern tropic;al Pacific sediments. 
Micropaleontology, v.14, no.1, pp.51-63, 1 pl. 

__ ---,---,_, 1970. Radiolarian assemblages in the North Pacific and 
their application to a study of Quaternary sediments in core 
V20-130. Geological Society of America, Memoir 126, pp.139-175, 
pls.1-4, text-figs.1-43, tables 1-2. 

__ -;:::-_--:-' 1971. Radiolarian zones in the Quatel'nary of the 
Equatorial Pacific Ocean. In: Funnell, B. M. and Riedel, W. R., 
eds., Micropalaeontology of Oceans: Cambridge, Cambridge 
University Press, pp.443-461, 1 pI., 1 text-fig., tables 
34. 1-34.23. 

---=c,.--,-' 1974. Cenozoic Radiolaria from the AI'abian Sea, DSDP Leg 
23. In: Davies, T. A., Luyendyk, B. P., et aI., Initial reports 
of the Deep Sea Drilling Project, v.XXVI, Washington, D.C., U.S. 
Government Printing Office, pp.1051-1121, pls.1-7, tables 1-5. 

, 1977. Tropical Cenozoic Artostrobiidae (Radiolaria). 
---;M-ciC"'c-r-o-paleontology, v.23, no.3, pp.241-269, pls.1-4, text-figsl-2. 

__ -:::-~--cand MOORE, T. C., Jr., 1979. A guide to modern 
Radiolaria. Cushman Foundation for Foraminferal Research, Special 
Publication, no.16, xi + 260 pp., 28 pis. 

PETRUSHEVSKAYA, M. G., 1965. Osobennosti i konstl'uktsii skeleta 
I'adiolaryii Botryoidae (otr. Nassellaria). Trudy Zoologicheskogo 
Instituta, v.35, pp.79-118. 

----cc---,-,--,----, 1967. Radiolarii otryadov Spumellaria i 
Nassellaria antarkticheskoi oblasti. In: I ssledovanya Fauny 
Morei, 4(12), Resultaty Biologicheskikh Issledovanii Sovetskoi 
Antarkticheskoi Ekspeditsii 1955-1958, 3, eds. Andriyashev, A. and 
Ushakov, P., pp.1-186, text-figs.1-102, tables 1-5. 

---;:::---;-:--;---c,------;--' 1971 a. On the natu ral system of polycysti ne 
Radiolaria. In: Farinacci, A., ed., Proceedings of the second 
plantonic conference. Rome: Edizioni Tecnoscienza, v.2, 
pp. 981-992. 

__ --:-;;--___ ;--__ ' 1971 b. Radiolya ri i Nassella ria v plan ktone 
Mi I'ovogo okeana. Akademiya Nau k SSSR, Zoologicheskim I nstitutom 
Issledovaniya Fauny Morei, v.9(17), pp.3-295, text-figs.1-145. 

__ -;-_""",,;--==:;--;-' 1975. Cenozoic radiolarians of the Antarctic, 
Leg 29, DSDP. In: Kennett, J. P., Houtz, R. E., et al., Initial 
reports of the Deep Sea Drilling Project, v.XXIX, Washington, 
D.C., U.S. Government Printing Office, pp.541-675, pls.1-44, 
text-figs. 1-10, tables 1-8. 

---,-:--;------c:-- and BJ,0RKLUND, K., 1974. Radiolarians in 
Holocene sediments of the Norwegian-Greenland seas. Sarsia, v.57, 
pp.33-46. 



PETRUSHEVSKAYA, M.G. and KOZLOVA, G. E., 1972. Radiolaria: Leg 14, 
Deep Sea Drilling Project. In: Hayes, D. E., Pimm, A. C., et 
al., Initial reports of the Deep Sea Drilling Project, v.XIV, 
Washington, D.C., U.S. Government P"inting Office, pp.495-648, 
pls.1-41, tables 1-14. 

___ ~--:----, ______ :--_-:-__ --:-' 1979. Desc r i pt io n of th e 
radiola ria n genera and species. chapter 5 In: Strel kov, A. A. and 
Pet,'ushevskaya, M. G. (eds.), The history of the microplankton of 
the Norwegian Sea (on Deep Sea Drilling materials). Nauka, 
Lening,'ad, pp.86-157. 

POPOFSKY, A., 1908. Die Radiolarien des Anta,'ktis (mit Ausnahme der 
Tripyleen). Deutsche Sudpola,'-Expedition 1901-1903, v.lO (Zool. 
v.2), no.3, pp.183-305, pls.20-36, text-figs.1-29. 

, 1913, Die Nassellarien des Warmwassergebietes. Deutsche 
---=S-u--;d-p-o'-Iar-Expedition 1901-1903, Report, v.14 (Zool., v.6), no. 1, 

pp.217-416, pls.28-38, text-figs.1-140, tables 1-10. 

PRINCIPI, P., 1909. Cont"ibuto allo studio dei Radiolari Miocenici 
Italiani. Bullettino della Societa Geologica Italiana, v.28, 
pp.1-22, pl.1. 

RENZ, G. W., 1976. The distribuiton and ecology of Radiolaria in the 
Central Pacific: plankton and surface sediments. Bulletin of the 
Scripps I nstitution of Oceanography, University of California, La 
Jolla, no.22, pp.1-267, pls.1-8, text-figs.1-16, tables 1-17. 

REYNOLDS, R. A., 1978. Cosmopolitan biozonation for Late Cenozoic 
radiolarians and paleoceanography f,'om Deep Sea Drilling Project 
core 77B of leg 9. In: Transactions--Gulf Coast Association of 
Geological Societies, v.28, pp.423-431. 

__ -;---_~-;::_' 1980. Radiolarians from the western North Pacific, 
Leg 57, Deep Sea D"illing Project. In: von Huene, R., Nasu, N. et 
al., Initial reports of the Deep Sea D"illing Project, v. LVII, 
Washington, D.C., U.S. Government Printing Office, pp.735-769, 
1 pI. 

RIEDEL, W. R., 1953. Mesozoic and Late Tertiary Radiolaria of Rotti. 
Journal of Paleontology, v.27, no.6, pp.805-813, pls.84-85, 
text-fig.1. 

,1954. The age of sediment collected at Challenger 
-----;-:(1'"'8"'7"'5c;:)-station 225 and the distribution of Ethmodiscus rex 

(Rattray). Deep-sea Resea rch, v. 1, pp. 170-175, 1 pI. 

----c~---:-, 1957. Radiolaria. A preliminary stratigraphy. Reports 
of the Swedish Deep-Sea Expedition 1947-1948, v.6, no.3, pp.59-96, 
pls.1-4, text-figs.1-5. 

----=---c-:-c-::' 1958. Radiolaria in Antarctic Sediments. Repo,'ts 
B.A.N.Z. Antarctic Research Expedition, ser.B, v.6, pt.lO, 
pp.217-255, pls.1-4, text-figs.1-13, table.1. 



RIEDEL, W. R., 1959. Oligocene and Lower Miocene Radiolaria in 
tropical Pacific sediments. Micropaleontology, v. 5, no.3, 
pp.285-302, pls.1-2, text-figs.1-3., tables 1-2. 

__ -,-;-_-;:--;-' 1967a. Some new families of Radiolar·ia. Proceedings of 
the Geological Society of London, no.1640, pp.148-149. 

---c--.,.-' 1967b. Subclass Radiolaria. In: Harland, W. B., et 
al., eds., The Fossil Recor'd, Geological Society of London. 
pp.291-298, text-figs.8.1A,B. 

__ --=:---:-;-;-_' 1971. Systematic classification of Polycysine 
Radiolar'ia. In: Funnell, B. M. and Riedel, W. R., eds., 
Micropalaeontology of Oceans: Cambridge, Cambridge University 
Press, pp.649-661. 

---:----0- and FUNNELL, B. M., 1964. Tertiary sediment cores and 
microfossils from the Pacific Ocean floor. Quarterly Journal of 
the Geological Society London, v.120, pp.305-368, pls.14-32. 

__ -=-~:--_ and SANFILIPPO, A., 1970. Radiolaria, Leg 4, Deep Sea 
Drilling Project. In: Bader, R. G. et aI., Initial reports of the 
Deep Sea Drilling Project, v.IV, Washington, D.C., U.S. Government 
Printing Office, pp.503-575, pl.1-15, text-figs.1-3, tables 1-4. 

---------c---,--=---c~-_c_-, 1971. Cenozoic Radiolaria from the 
western tropical Pacific, Leg 7. In: Winterer, E. L. et al., 
Initial reports of the Deep Sea Drilling Project, v.VII, 
Washington, D.C., U.S. Government Pr'inting Office, pt.2, 
pp.1529-1672, pls.1A-8, text-figs.1-3, tables 1-8. 

---=--~-;-;:----;--c-;----' 1977. Cenozoic Radiola ria. In: 
Oceanic Micropaleontology, ed. A.T.S. Ramsay, Academic Press, v.2, 
pp.847-912. 

----_c_~_c_--:---~~--, 1978. Stratigraphy and evolution of 
tropical Cenozoic radiolarians. Micropaleontology, v. 24, no.1, 
pp.61-96, pls.1-10. 

---c-::---c--~-:--c---:-:---, 1978a. Rad iol a ri a . In: 
Micrpaleontological counting methods and techniques - an exercise 
on an eight meter section of the lower Pliocene of Capo Rossello, 
Sicily. Utr'echt Microplaeontological Bulletins, v.17, pp.81-128. 

---=---c-:---:--,---=---:- and CITA, M. B., 1974. Radiolarians 
from the stratotype Zanclean (Lower' Pliocene, Sicily). Rivista 
Italiana Paleontogia e Stratigrafia, v.80, no.4, pp.699-734, 
pis. 54-62. 

ROBERTSON, J., 1975. Glacial to interglacial oceanographic changes in 
the northwest Pacific, including a continuous recor'd of the last 
400,000 years (Ph. D. dissert.). Columbia Univer'sity, New York, 
355 pp. 



SACHS, H. M., 1973. Quantitative radiolarian-based paleo-oceanogt'aphy 
in Late Pleistocene subarctic Pacific sediments (Ph. D. dissert.) 
Brown University, Providence, 280 pp. 

SANFILIPPO, A., BURKLE, L. H., MARTINI, E., and RIEDEL, W. R., 1973. 
Radiolarians, diatoms, silicoflagellates and calcareous 
nannofossils in the Mediterranean Neogene. Micropaleontology, 
v.19, no.2, pp.209-234, pls.1-6. 

---:-:-~c---, CAULET, J.-P., and RIEDEL, W. R., 1978. Radiolaria from 
Mediterranean sediments, DSDP Leg 42A. In: Hsu, K. J., Montadert, 
L., et aI., Initial reports of the Deep Sea Drilling Project, 
v.XLlI A, Washington, D.C., U.S. Government Printing Office, 
pp. 753-760, 

___ -;-;--;-----;- and RIEDEL, W. R., 1970. Post-Eocene 'closed' theoperid 
radiolarians. Micropaleontolgy, v.16, no.4, pp.446-462, pls.1-2, 
1 text-fig., tables 1 -2. 

------;c-:;:c;---:-;----;---;----;----;--;-:--;-, 1 973 . C e n 0 zo i c R a d i 0 I a t'i a (e X c Ius i v e 
of Theoperids, Artostrobiids and Amphipyndacids) from the Gulf of 
Mexico, Deep Sea Drilling Project Leg 10. In: Worzel, J. L., 
Bryant, W., et al., Initial t'eports of the Deep Sea Drilling 
Project, v.X, Washington, D.C., U.S. Government Pt'inting Office, 
pp.475-461, pls.1-36, text-figs.1-6, tables 1-9. 

____ ,--_-;---;--:---;-;-_-;::-__ ~, 1974. Rad i 0 I a ri a from th e 
west-central Indian Ocean and Gulf of Aden, DSDP Leg 24. In: 
Fisher, R. L., Bunce, E. T., etal., Initial repot'ts of the Deep 
Sea Dt'illing Project, v.XXIV, Washington, D.C., U.S. Government 
Printing Office, pp.997-1035, pis. 1-4, tables 1-12, text-figs.1-2. 

--------c-----,---:-cc--c-c-~, 1980. A rev i sed g en e ric and 
suprageneric classification of the Artiscins (Radiolaria). 
Journal of Paleontology, v.54, no.5, pp.1008-1011, I text-fig. 

__ -;:-_--;-_' WESTBERG-SMITH, M. J. and RIEDEL, W. R., in press. 
Cenozoic Radiolaria. Chapter for a book pt'ovisionally titled 
Biostratigt'aphy by marine plankton. Edited by Bolli, H. M., 
Saunders, J. B. and Perch-Nielsen, K., Cambridge University Press. 

SEGUENZA, G., 1880. Le formazione terziarie nella provincia di Reggio 
(Calabria). Atti Accademia Lincei, ser. 3, Memorie Cia sse di 
scienze fisiche, matematiche e naturali, v.6, pp.1-446, pls.1-17. 

SLOAN, J., 1980. Radiolarians from sediments of the Philippine Sea, 
Deep Sea Drilling Project Leg 58. In: de Vries Kleine, G., 
Kobayashi, K., et aI., Initial reports of the Deep Sea Drilling 
Project, v.LVIII, Washington, D.C., U.S. Government Printing 
Office, pp. 587 -595. 

STOHR, E., 1880. Radiolarienfauna der Tripoli von Grotte, Provinz 
Girenti in Sicilien. Palaeontographica, v.26 (ser.3, v.2l, 
pp.69-124, pls.1-7. 



STRELKOV, A. A. and RESHETNJAK, V. V., 1971. Kolonialnie radiolarii 
Spumellaria mirovogo okeana. In: Radiolarii mir'ovogo okeana po 
materialam sovetskikh ekspeditsii, Issledovaniya, Fauny Morei, 
Leningr'ad, Nauka, v.9(17), pp.295-369, pls.l-lO, text-figs.1-30. 

TAN ZHIYUAN and TCHANG TSO-RUN, 1976. Studies on the Radiolaria of 
the East China Sea II. Spumellaria, Nassellaria, Phaeodaria, 
Sticholonchea. Studia Marina Sinica, no.ll, pp.217-310, pls.1-3, 
text-figs. 1-81 . 

THEYER, F., MATO, C. Y. and HAMMOND, S. R., 1978. Paleomagnetic and 
geochronologic calibration of latest Oligocene to Pliocene 
radiolarian events, Equatorial Pacific. Marine Micropaleontology, 
v.3, no.4, pp.377-395, pls.1-2. 

VI NASSA DE REG NY, P. E., 1900. Radiolar'i Miocenici Italiani. Reale 
Accademia Scienza Istituto Bologna, Memorie, ser.5, v.8, 
pp.565-595, pis. 1-3. 

WEAVER, F. M. and DINKELMAN, M. G., 1978. Cenozoic radiolarians from 
the Blake Plateau and the Blake-Bahama basin, DSDP Leg 44. In: 
Benson, W. E., Sheridan, R. E., et aI., Initial reports of the 
Deep Sea Drilling Project, v. XLIV, Washington, D.C., U.S. 
Government Printing Office, pp.8 65-885, pls.l-11. 

WESTBERG, M. J. and RIEDEL, W. R., 1978. Accuracy of radiolarian 
correlations in the Pacific Miocene. Micropaleontology, v.24, 
no.l, pp.1-23, pls.1-3. 



PLATES 



PLATE I 
( x 260) 

la, b Acrosphaera murrayana (Haeckel). a. DSDP Leg 18, 173-29-2, 41 cm; focused on surface. b. focused on perimeter. 2a-e Acrosphaera 
spp. a. DSDP Leg 16, 158-12-5, 62 cm. b. DSDP Leg 16, 158-12-5, 62 em. c. DSDP Leg 16, 158-16-6,52 cm. 3a, b Diso/enia spp. a. DSDP 
Leg 30, 289-23-6, 124 cm. b. DSDP Leg 30, 289-23-6, 124 cm. 4 So/enosphaera omnilubus omnilubus Riedel and Sanfilippo. DSDP Leg 30, 
289-23-3 , 53 cm. Sa-e So/enosphaera omnitubus Riedel and Sanfilippo procera Sanfilippo and Riedel. a. DSDP Leg 8, 73-6-3 , 130-132 cm, 
SI. I, F381 I (holotype). Sanfilippo and Riedel , 1974, pI. I , fig. 3. b. DSDP Leg 24, 233-15-6, 99-102 cm, SI. 2, 027/ 3. Sanfilippo and Riedel , 
1974, pI. I, fig. 4. c. DSDP Leg 9, 77B-8-2, 6-8 cm, Ph. I , S21 / 3. Sanfilippo and Riedel , 1974, pI. I , fig. 5. 
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PLATE 3 
(x260) 

la-e Hexasly/us spp. a. DSDP Leg 67 , 495-37-3 ,82 cm; with widely spaced pores. b. DSDP Leg 9, 77B-16-1, 104 cm; with closely spaced 
pores. c. DSDP Leg 9, 77B-9-2, 48 cm; with moderately spaced pores. 2a-d Hexacontium spp. a. DSDP Leg 18, 173-28-2, 44 em; focused 
on inner medullary shell. b. DSDP Leg 18, 173-28-2, 44 cm; focused on outer medullary shell. c. DSDP Leg 18, 173-28-2, 44 cm; focused 
on cortical shell. d. DSDP Leg 18, 173-28-2, 44 cm. 
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PLATE 5 
( x 260) 

la, b Spongurus (?) sp. A. a. DSDP Leg 18, 173-29-2, 78 cm. b. DSDP Leg 16, 158-15-1, 42 cm. 2a-d Spongurus (?) sp. B. a. DSDP Leg 
18, 173-29-2, 133 cm. b. DSDP Leg 18, 173-29-2, 133 cm. c. DSDP Leg 18, 173-29-2, 78 cm; complete specimen, focused on internal 
structure. d. DSDP Leg 18, 173-29-2, 78 cm; complete specimen, focused on external meshwork. 3 StYPlOsphaera (?) spumacea Haeckel. 
DSDP Leg 18, 173-29-1 , 62 cm. 4 Heliodiscus asteriscus Haeckel. DSDP Leg 16, 158-10-6, 52 cm. 
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PLATE 7 
(x 280) 

la-c Didymocyrtis laliconus (Riedel). a. DSDP Leg 30, 289-36-1 , 45-49 cm, Ph. 2, C40/2. Westberg and Riedel , 1978, pI. 2, fig. I. b. DSDP 
Leg 30, 289-32-2, 142-145 cm, Ph. I, S33!2. Westberg and Riedel, 1978, pI. 2, fig. 2. c. DSDP Leg 30, 289-36-1, 40-49 cm, Ph. 2, M48 / 3. 
Westberg and Riedel, 1978, pI. 2, fig. 3. 2a, b Didymocyrtis antepenultima (Riedel and Sanfilippo). a. DSDP Leg 9, 77B-15-4, 40-42 cm, Ph. 
2, G9/2. Westberg and Riedel, 1978, pI. 2, fig. 4. b. DSDP Leg 9, 77B-15-4, 40-42 cm, Ph. 2, 040/3. Westberg and Riedel , 1978, pI. 2, fig. 
5. 3a-c Didymocyrtis pen ultima (Riedel). a. DSDP Leg 9, 77B-12-1, 60-62 cm, Ph. 2, R48/4. Westberg and Riedel, 1978, pI. 2, fig. 6. b. 
DSDP Leg 8,71-5-6,130-132 cm, SI. I, Ll6/ 1. Westberg and Riedel, 1978, pI. 2, fig. 7. c. DSDP Leg 9, 77B-13-2, 30-32 cm, SI. 2, C34/ 1. 
Westberg and Riedel , 1978, pI. 2, fig. 8. 
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PLATE 9 
la, b Spongaster berminghami (Campbell and Clark). a. DSDP Leg 7, 66 .1-3-5, 25-27 em, SI. I, M 1512. Riedel and Sanfilippo, 1971 , pI. 

4, fig. 7, x 95. b. DSDP Leg 7, 66 .1-5-3,30-32 em, Cse. I , F52/ 3; specimen with distinct pylome tube. Riedel and Sanfilippo, 1971 , pI. 4, 
fig. 8, x 150. 2 Spongaster pentas Riedel and Sanfilippo. DSDP Leg 30, 289-9-5 , 129-130 em, Cs. I , X24/ 0, x 230. 3a-c Spongodiscus ambus 
Sanfilippo and Riedel. a. DSDP Leg 9, 77B-7-4, 100-102 em, Cs. I , H24/4 (holotype). Sanfilippo and Riedel , 1974, pI. I, fig. 12, x 150. b. 
DSDP Leg 9, 77B-7-4, 100-102 em, Cs. I, A46/ 1. Sanfilippo and Riedel , 1974, pI. I , fig. 13, x 150. e. DSDP Leg 8,73-7-1 , 80-82 em, Cs. 
I , U2612. Sanfilippo and Riedel , 1974, pI. I , fig. 14, x 90. 
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PLATE 10 
(x 260) 

la, b Stylodictya aculeata, Jorgensen. a. DSDP Leg 18, 173-15-4, 16 em. b. DSDP Leg 8, 71-30-1 , 78 em. 2 Slylodiclya validispina Jorgensen. 
DSDP Leg 9, 77B-18-1 , 104 em. 3 Circodiscus microporus (Stohr) group. DSDP Leg 16, 158-12-5, 62 em. 4 Stylochlamydium asteriscus 
Haeekel. DSDP Leg 18, 173-15-4, 16 em. 
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PLATE II 
( x 260) 

la, b Spongopyle osculosa Dreyer. a. DSDP Leg 30, 289-56-2 , 93 em. b. DSDP Leg 9, 77B-9-2, 48 em. 2 Spongotrochus glacialis Popofsky 
group. DSDP Leg 18, 173-15-4, 69 em. 3 Spongotrochus (?) venustum (Bailey). DSDP Leg 18, 173-15-4, 16 em. 
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PLATE 12 
(x260) 

la, b Phorticium polycladum Tan and Tchang. a. RCI 2-66., 2,775 cm. b. DSDP Leg 8, 71 -29-4, 68 cm. 2a, b PhoniciulI1 pylonium Haeckel. 
a. DSDP Leg 30, 289-23-3 , 53 cm. b. DSDP Leg 30, 289-23-3, 53 cm. 3a, b Tetrapyle octacantha MUller. a. DSDP Leg 16, 158-1.3-5, 27 cm. 
b. DSDP Leg 16, 158-13-5,27 cm. 
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PLATE 13 
( x 260) 

la, b Larcopyle buetschlii Dreyer. a. DSDP Leg 16, 158-12-5, 62 cm; small, early form. b. DSDP Leg 32, 310-7 -4, 69 cm. 2a, b Larcospira 
moschkovskii Kruglikova . a. DSDP Leg 16, 158-20-3, 15 cm. b. DSDP Leg 30, 289-26-2, 24 cm; internal whorls coiled more tightly than those 
in 2a. 3a-c Larcospira quadrangula Haeckel group. a. DSDP Leg 16, 158-13-2, 32 cm; internal whorls loosely coiled. b. DSDP Leg 16, 158-
12-5, 62 cm; internal whorls somewhat tightly coiled. c. RCI2-66, 2,337.5 cm; internal whorls tightly coiled . 
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PLATE 15 
(x 260) 

la, b Zygocircus productus (Hertwig) capu!osus Popofsky. a. DSDP Leg 16, 158-14-1 , 139 em . b. DSDP Leg 16, 158-14-1 , 139 em. 2a, b 
Zygocircus product us (Hertwig) tricarinatus Go11. a. DSDP Leg 30, 289-71-2 , 38 em. b. DSDP Leg 9, 77B-17-5, 48 em. 3a, b Antarctissa 
deflandrei (Petrushevskaya). a. DSDP Leg 18, 173-18-2, 79 em. b. DSDP Leg 18, 173-17-3, 143 em. 4a, b Antarctissa tonga (Popofsky). a. 
DSDP Leg 18, 173-18-2, 79 em. b. DSDP Leg 18, 173-18-2, 79 em. Sa-c Antarctissa stre!kovi Petrushevskaya. a. DSDP Leg 18, 173-17-3 , 
143 em. b. DSDP Leg 18, 173-17-3, 143 cm. c. DSDP Leg 18, 173-29-1 , 62 em. 6 Ceratocyrtis histricosa (Jorgensen). RCI2-66 , 2,337.5 em. 
7 Ceratocyrtis stigi (Bj0rk1und). DSDP Leg 8, 7 1-29-6, 79 em. 
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PLATE 16 
(x 260, except where noted) 

la-f Dendrospyris bursa Sanfilippo and Riedel. a. WRE-6 7-1 06, Ph. 2, V 41/0. Sanfilippo et at. , 1973, pI. 2, fig. 9. b. DSDP Leg 7, 64.0-7-
I, 11-13 cm, U46 /3. Sanfilippo et at., 1973, pI. 2, fig. 10. c. DSDP Leg 7, 64.1-6-1, 30-32 cm, Ph. I, S 17/0; USNM 182780 (holotype). 
Sanfilippo et at., 1973, pI. 2, fig. II. d. DSDP Leg 7, 64 .1-6-1, 30-32 cm, L51/0 . Sanfilippo et at. , 1973, pI. 2, fig. 12. e. DSDP Leg 7, 64.1-
6-1,30-32 cm, Ph. I, W39 /0; specimen more highly magnified to show structure of apical horn. Sanfilippo et at., 1973, pI. 2, fig. 13, x375. 
f. DSDP Leg 67, 495-37-3,82 cm. 2 Dendrospyris damaecornis (Haeckel). DSDP Leg 8, 71-27-cc. 3a, b Dendrospyris pododendros (Carnevale). 
a. DSDP Leg 30, 289-60-1, 103 cm; form is transitional between D. damaecornis and D. pododendros. h. DSDP Leg 30, 289-72-4, 39 cm. 



1a 

1e 1f 

2 

3a 3b 



PLATE 19 
(x 260) 

1 Girajfospyris angulata (Haeckel). DSDP Leg 30, 289-23-3, 53 cm. 2 Giraffospyris circumflexa Goll. DSDP Leg 16, 158-21-3, 148 cm. 3 
Liriospyris geniculosa Goll. DSDP Leg 30, 289-60-1, 103 cm. 4 Liriospyris mutuaria Goll. DSDP Leg 30, 289-58-5 , 91 cm. 5 Liriospyris 
stauropora (Haeckel). DSDP Leg 67, 495-26-4, 102 cm. 6a-c Lophospyris pentagona pentagona (Ehrenberg) emend. Goll. a. DSDP Leg 30, 
289-71-2,38 cm; early form . b. RCI2-66, 2,775 cm; transitional form. c. DSDP Leg 9,778-9-2,48 cm; late form . 7 Phonnospyris stabilis 
stabilis (Goll). DSDP Leg 18, 173-29-1, 62 cm. 8 Phormospyris stabilis (Goll) scaphipes (Haeckel). DSDP Leg 16, 158-16-6, 132 cm. 9 
Rhodospyris (?) spp. De I (Goll) group. DSDP Leg 30, 289-61-1, 39 cm. 
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PLATE 23 
(x 260) 

1 Cyrtocapsella corn uta (Haeekel). DSDP Leg 30, 289-60-2, 39 em. 2 Cyrtocapsella cylindroides (Prineipi). DSDP Leg 18, 173-28-1, 145 
em. 3a, b Cyrtocapsella elongata (Nakaseko). a. MSN 135P, 174-176 em, USNM 167351 , J4212. Sanfilippo and Riedel , 1970, pI. I , fig. II. 
b. AMPH 96P, 567-569 em, USNM 167359, G39/ 1. Sanfilippo and Riedel, 1970, pI. I, fig. 12. 4a-e Cyrtocapsellajaponica (Nakaseko). a. 
AMPH 6P, 52-54 em, USNM 167337, C43/4. Sanfilippo and Riedel, 1970, pI. I , fig. 13. b. AMPH 6P, 18-20 em, USNM 167335, V42 /0. 
Sanfilippo and Riedel , 1970, pI. I, fig . 14. e. AMPH 6P, 52-54 em, USNM 167337, F31 /0. Sanfilippo and Riedel , 1970, pI. I, fig. 15.5 
Cyrlocapsella tetrapera (Haeekel). DSDP Leg 30, 289-60-2, 39 em. 6 Eucyrtidium cienkowskii Haeekel group. DSDP Leg 8,7 1-29-2, 82 em. 
7 Eucyrtidium diaphanes Sanfilippo and Riedel. DSDP Leg 8, 71-28-4, 86 em. 8 Eucyridium hex agonatum Haeekel. DSDP Leg 16, 158-13-
2,32 em. 
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PLATE 24 
(x 260, except where noted) 

la-c Lithopera thornburgi Sanfilippo and Riedel. a. PROA 96P, 235-237 em, USNM 167352, P43/0 (holotype). Sanfilippo and Riedel , 
1970, pI. 2, fig. 4. b. PRO A 96P, 439-441 em, USNM 167355, Q26/ 1. Sanfilippo and Riedel, 1970, pI. 2, fig. 5. e. PRO A 96P, 439-441 em, 
USNM 167354, V33/0. Sanfilippo and Riedel , 1970, pI. 2, fig. 6. 2a, b Lychnocanoma elongata (Vinassa de Regny). a. 19, Mallorea 2, ese. 
2, D52/0. Sanfilippo et al. , 1973, pI. 5, fig. 19. b. WRE-67-107 , Sl. I, Y29/ 1. Sanfilippo et al., 1973, pI. 5, fig. 20. 3a, b Lychnocanoma 
trifolium (Riedel and Sanfilippo). a. DSDP Leg 7, 64.0-8-ee, Sl. I, V 42/ 2 (holotype). Riedel and Sanfilippo, 1971, pI. 8, fig. 2, x 150. b. DSDP 
Leg 7, 64.0-8-ee, Sl. I, V3SI2. Riedel and Sanfilippo, 1971 , pI. 8, fig. 3, x 150. 
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PLATE 25 
(x 260, except where noted) 

1 Lychnodictyum audax Riedel. DSDP Leg 22, 217-4-6, 105-107 em, Cs. I , X26 /0, x 230. 2 Pterocanium prismatium Riedel. DSDP Leg 
7,66.1-2-3,25-27 em, Ph. I. Riedel and Sanfilippo, 1971, pI. 8, fig. I. 3 Plerocanium trilobum (Haeekel). DSDP Leg 16, 158-13-2, 32 em . 
4 Stichocorys delmontensis (Campbell and Clark). DSDP Leg 16, 158-14-1 , 139 em. Sa, b Stichocorys diploconus (Haeekel). a. DSDP Leg 30, 
289-58-6 , 89 em. b. DSDP Leg 67 , 495-25-6, 144 em. 6 Stichocorys peregrina (Riedel). DSDP Leg 15 , 158-23-2, 95 em. 7 Stichocorys wol.ffii 
Haeekel. DSDP Leg 30, 289-59-2 , 104 em. 
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PLATE 26 
(x 260, except where noted) 

la-c Theoca/yptra bicornis (Popofsky). a. DSDP Leg 18, 173-18-2, 79 cm; specimen lacking a "skirt." b. DSDP Leg 18, 173-15-3, 103 cm; 
specimen with a "skirt." c. DSDP Leg 18, 173 -15-3 , 103 cm; specimen with a "skirt." 2 Theocalyptra davisiana davisiana (Ehrenberg). DSDP 
Leg 18, 173-14-1 , 57-59 em. 3 Theoca/yptra davisiana (Ehrenberg) cornutoides Kling. DSDP Leg 18, 173-28-2, 94 cm. 4 Theocorys redondoensis 
(Campbell and Clark). DSDP Leg 8, 71-30-4, 90 cm. 5 Theocorys spongoconum Kling. DSDP Leg 6, 55.0-11-ce, 030/ 1 (holotype), x 212. 
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PLATE 27 
(x 260) 

1 Anthocyrtidium ehrenbergi ehrenbergi (Stohr). RCI2-66, 2,775 em. 2a, b Anthocyrtidium ehrenbergi (Stohr) pliocenica (Sequenza). a. 
DSDP Leg 16, 158-16-6, 132 em. b. DSDP Leg 16, 158-16-6, 132 em. 3 Anthocyrtidium ophirense (Ehrenberg). DSDP Leg 16, 158-12-5, 
62 em. 
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PLATE 29 
(x 220) 

la-c Calocycletta serrala Moore. a. DSDP Leg 8,70-11-5 , 8 1-83 cm; early form. Moore, 1972, pI. 2, fig . I. b. DSDP Leg 8, 70-IO-cc 
(holotype). Moore, 1972, pI. 2, fig. 2. c. DSDP Leg 8, 73-12-3, 81-83 cm; late form. Moore, 1972, pI. 2, fig. 3. 2 Calocycletta virginis (Haeckel). 
DSDP Leg 8,7 1-20-4, 81-83 cm . Moore, 1972, pI. I , fig. 7. 
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PLATE 30 
(x 260, except where noted) 

la, b Lamprocyclas maritalis Haeekel group. a. DSDP Leg 16, 158-19-6, 100 em. b. DSDP Leg 16, 158-12-5. 62 em. 2a, b Lamprocyrtis 
(?) hannai (Campbell and Clark). a. DSDP Leg 8, 71-30-6, 89 em; early, heavier form. b. DSDP Leg 16, 158-14-1, 139 em. 3 Pterocorys cf. 
zancleus (MUller). DSDP Leg 16, 158-13-2, 32 em. 4a, b Theocorythium vetulum Nigrini. a. SDSE 62, 1,028-30 cm, S241 I; USNM 650936 
(holotype) . Nigrini , 1971 , pI. 34.1, fig. 6a. b. AM PH 9P, 325-327 em, E5412; USNM 65093 (paratype). Nigrini , 197/ , pI. 34.1 , fig. 6b. 5 
Theocyrtis annosa (Riedel). DSDP Leg 30, 289-73-3 , 75-77 em, Cs. I , D54/4, x 230. 
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PLATE 31 
(x 230) 

la, b Botryostrobus aquilonaris (Bailey). a. DSDP Leg 9, 77B-2-2, A-V34/ 1. Nigrini , 1977, pI. I , fig.!. b. DSDP Leg 18, 173-15-3, 103 cm. 
2a-c Botryostrobus bramlettei (Campbell and Clark). a. DSDP Leg 9, 77B-19-1 , A-X30/0. Nigrini , 1977, pI. I , fig. 7. b. DSDP Leg 9, 77B-
15-2, A-V 14/ 1. Nigrini , 1977 , pI. I , fig . 8. c. DSDP Leg 16, 158-20-3, 15 cm. 3 Botryostrobus miralestensis (Campbell and Clark). DSDP Leg 
9, 77B-21-5 , B-X 19/ 1. Nigrini, 1977, pI. I , fig. 9. 4a, b Phormostichoartus corbula (Harting). a. DSDP Leg 9, 77B-2-2, A-X45/ 2; Recent form. 
Nigrini , 1977, pI. I , fig . 10. b. DSDP Leg 16, 158-16-6, 132 cm; Miocene form . Sa, b Phormostichoartus doliolum (Riedel and Sanfilippo). a . 
DSDP Leg 9, 77B-13-2, A-F39/ 1. Nigrini , 1977, pI. I, fig. 14. b. DSDP Leg 16, 158-13-2, 32 cm. 6a-c Phormostichoartusjistula Nigrini. a. 
DSDP Leg 9, 77B-l0-4, B-R40/ 4 (holotype). Nigrini , 1977, pI. I , fig . 11. b. DSDP Leg 9, 77B-13-2, A-PI4/ 2 (paratype). Nigrini , 1977, pI. I , 
fig. 12. c. DSDP Leg 9, 77B-15-2, A-EI6/l (paratype). Nigrini , 1977, pI. 1, fig. 13 . 7a-e Phormostichoartus marylandicus (Martin). a. DSDP 
Leg 9, 77B-14-2, A-J38/ 2; early form . Nigrini , 1977 , pI. 2, fig. 1. b. DSDP Leg 9, 77B-26-4, A-O I 7/ 2; early transitional form. Nigrini , 1977, 
pI. 2, fig. 2. c. DSDP Leg 9, 77B-2 1-5, A-S32/ 3; early transitional form . Nigrini , 1977 , pI. 2, fig . 3. d . DSDP Leg 9, 77B-1 7-4, A-S21 /0; 
transitional form. Nigrini, 1977 , pI. 2, fig . 4. e. DSDP Leg 8,7 1-29-6, 79 cm. 
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PLATE 32 
( x 230) 

la, b Siphocampe arachnea (Ehrenberg) group. a. DSDP Leg 9, 77B-13-2, A-N36/3. Nigrini, 1977, pI. 3, fig. 7. b. DSDP Leg 9, 77B-3-5 , 
A-M4110. Nigrini , 1977, pI. 3, fig. 8. 2a, b Siphocampe lineata (Ehrenberg) group. a. DSDP Leg 9, 77B-8 -5, A-026/ 1. Nigrini, 1977, pI. 3, 
fig. 9. b. DSDP Leg 9, 77B-15-2 , A-V22 /0. Nigrini , 1977, pI. 3, fig. 10. 3 Siphocampe nodosaria (Haecke1). DSDP Leg 9, 77B-2-2, A-E42/ 2. 
Nigrini, 1977, pI. 3, fig. II. 4a-d Siphostichartus corona (Haeckel). a. DSDP Leg 9, 77B-26-4, A-R25/ 3; early form. Nigrini , 1977, pI. 2, fig . 
5. b. DSDP Leg 9, 77B-15-2, A-S27/ 2. Nigrini , 1977, pI. 2, fig. 6. c. DSDP Leg 9, 77B-15-2, A-L32/3. Nigrini , 1977, pI. 2, fig . 7. d. DSDP 
Leg 16, 158-20-3, 15 cm. Sa, b Siphostichartus praecorona Nigrini . a. DSDP Leg 9, 77B-32-2, A-R43/ 2 (holotype). Nigrini, 1977, pI. 2, fig . 
8. b. DSDP Leg 9, 77B-32-2, B-R39/ 2 (paratype). Nigrini, 1977, pI. 2, fig. 9. 6a, b Spirocyrtis gyroscalaris Nigrini. a. DSDP Leg 9, 77B- 13-
2, A-X281 I (holotype). Nigrini, 1977, pI. 2, fig . 10. b. DSDP Leg 9, 77B-13-2, A-J27/ 3 (para type). Nigrini , 1977, pI. 2, fig. II. 7a, b Spirocyrtis 
subscalaris Nigrini. a. DSDP Leg 9, 77B-8-5 , A-W48/ 1 (holotype). Nigrini, 1977, pI. 3, fig. 1. b. DSDP Leg 9, 77B-21-5 , A-T28 /4 (paratype). 
Nigrini , 1977, pI. 3, fig. 2. 8 Spirocyrtis subtilis Petrushevskaya. DSDP Leg 9, 77B-21-5 , A-CI6/4. 
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PLATE 33 
(x230) 

la, b Acrobotrys tritubus Riedel. a. DSDP Leg 9, 77B-14-2 , 35-37 em, Ph. 2, Q43/ 4. b. DSDP Leg 7, 66.1-3-3 , 25-27 em, Ph. 1,145/ 1. 2 
Centrobotrys petrushevskayae Sanfilippo and Riedel. DSDP Leg 7, 64.0-10-1 , 30-32 em, Ph. 2, L30/ 2. 
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INDEX TO GENERA AND SPECIES 

Acanthodesmiidae vinculata, N41 
Acanthodesmiidae gen. et spp. indet., N61 
Acrobotrys, xvi i 
Acrobotrys tritubus, xvii, N203-204, PI. 33, figs.1a,b 
Acrosphaera, xi 
Acrosphaera murrayana, xi, S1-2, S3, PI. 1, figs. 1a,b 

spp., xi, S3-4, PI. 1, figs. 2a-c 
Actinomma, xi, S11, S13 
Actinomma sol, S13 

sp., S13 
spp., xi, S13-14, PI. 2, figs. 1a-d 
trinacrium, S13 

Aegospyris, N39 
Amph i rhopa I um yps i lon, S59 
Amphisphaera, S21, S23 
Amphisphaera neptunus, S21 
Amphispyridium, N45 
Amphistylus, S27, S28 
Amphistylus clio, S28 
Antarctissa, xiv, N9, N12 
Antarctissa conradae, N5, N7 

deflandrei, xiv, N5-6, PI. 15, figs. 3a,b 
denticu lata, N9 
longa, xiv, N5, N7-8, N9, PI. 15, figs. 4a,b 
strelkovi, xiv, N9-1O, PI. 15, figs. 5a-c 

Anthocyrtidium, xvi, N147 
Anthocyrtidi um angu la re Zone, N 170 

cineraria, N147, N151 
ehrenbergi, N147 
ehrenbergi ehrenbergi, xvi, N147-148, N149, N150, N151, 

N152, PI. 27, fig. 1 
ehrenbergi pliocenica, xvi, N147, N148, N149-150, 

PI. 27, figs. 2a,b 
ophirense, xvi, N147, N148, N151-152, PI. 27, fig. 3 
zanguebaricum, N151 

Anthocyrtis ehrenbergi, N147 
ehrenbergi pliocenica, N149 
ophirense, N151 

Anthocyrtium, N147 
Anthocyrtium chrysanthemum, N147 

ehrenbergii, N147 
ehrenbergii ehrenbergii, N147 
ehrenbergii pliocenica, N149 

Artostrobium doliolum, N181 
mi ralestense, N 1 77 

Axoprunum, S21, S27 
Axoprunum angelinum, S27 

angelinum Zone, N170 
stauraxonium, S21, S23, S27, S28 



Botryostrobus , xvii, N 173 
Botryostrobus aquilonaris, XVII, N173-174, N175, Nl77, PI. 31, 

figs. 1a,b 
aquilonaris Zone, S24 
auritus-australis, N173 
bramlettei, xvii, N175-176, PI. 31, figs. 2a-c 
miralestensis, xvii, Nl77-178, PI. 31, fig. 3 

Brachiospyris simplex, N37 

Calocyclas, Nl13 
Calocyclas coronata, Nl13 

costata, N 155 
hannai, N165 
turris, Nl13 
vi rg in is, N 155, N 161 

Calocycletta, xvi 
Calocycletta annosa, N171 

caepa, xvi, N153-154, N157, PI. 28, figs. 1a-d 
cf. vi rginis, N159 
costata, xvi, N155-156, N161, PI. 28, fig. 2 
costata Zone, S89, N4, N30, N32, N52, N56, N74, N78, N88, 

N90, N92, N120, N146, N156, N200 
parva, N157 
robusta, xvi, N153, N157-158, N159, N161, PI. 28, fig. 3 
serrata, xvi, N153, N157, N159-160, PI. 29, figs. 1a-c 
virginis, xvi, N153, N157, N161-162, PI. 29, fig. 2 
virginis Zone, N108 

Can na rtidi um mammiferum, S51 
Cannartus laticonus, S53, S54 

mammifer, S51 
mammiferus, S51 
petterssoni, S41, S42 
prismaticus, S45, S46 
tuba ri us, S47, S48 
violina, S49, S50 

Cantharospyris ateuchus, N27 
Carpocanarium, xv 
Ca rpocana ri um sp., N83-84, PI. 21, fig. 2 
Carpocanistrum, xv, N79 
Carpocanistrum evacuatum, N79 

novenum, N79 
spp., xv, N79, N81-82, PI. 21, figs. 1a,b 

Carpocanium petalospyris, N81 
spp., N81 

Carpocanopsis, xv 
Carpocanopsis bramlettei, xv, N85-86, N89, N91, PI. 21, fig. 3 

c in g u I a ta, x v, N 87 -88, PI. 21, fig. 4 
cingulatum, N87, N89 
cristata, xv, N89-90, PI. 21, fig. 5 
cristatum, N89 
favosa, xv, N91-92, PI. 21, figs. 6a-c 
favosum, N89, N91 



Cenosphaera, xi, S15 
Cenosphaera cristata, XI, S15-16, PI . 2, fig. 2 

hispida, S15 
sp . , S15 

Centrobotrys, xvii 
Centrobotrys gravida, N205, N206 

petrushevskayae, xvii, N205-206 , PI. 33, fig. 2 
sp. A, N205 
thermophila, N205, N206 

Ceratocyrtis, xiv, N11, N13 
Ceratocyrtis histricosa, xiv, Nll-12, N13, PI. 15, fig. 6 

panicula, N13 
stigi, xiv, N13-14, PI . 15, fig. 7 

Ceratospyris angulata, N61 
ateuchus, N27 
didoceros, N 17 
heptaceros, N39 
pentagon a , N55 
polygona, N53, N55 
sp., N55 
stylophora, N17 

Choen icosphaera mu rrayana, S 1 
Circodiscus, xiii, S73 
Circodiscus microporus, xiii, S73-74, PI . 10, fig . 3 
Clath rocyclas, N 140 
Corn utella, xv 
Corn utella clath I'ata B profu nda, N93 

cucullaris, N13 
profunda, xv, N93-94, PI. 22, fig. 1 

Corythospyris , N17 
Cromydruppocarpus, S22 
Cromydruppocarpus esterae, S22 
Cromyechinus , Sll 
C romyomma, S 11 
Cycladophora cornuta, N142 

davisiana, N139 
davisiana var. cornutoides, N141 
favosa, NS5, N91 

Cyclampterium , xv 
Cyclampterium (?) leptetrum, xv, N95-96, PI. 22, figs. 2a , b 

milowi, N99 
neatum, xv, N97 - 9S, PI . 22 , figs . 3a,b 
pegetrum, xv, N95, N99-100, PI. 22 , figs. 4a-c 

Cyrtocapsa (Cyrtocapsella) cOI'n uta, N 1 01 
Cyrtocapsa diploconus , N131 

tetrapera, N109 
Cyrtocapsella, xv, N101 
Cyrtocapsella cornuta, xv, N101-102, PI.23, fig. 1 

cylindroides, xv, N103-104, PI. 23, fig. 2 
elongata, xv, N105-106, N107, PI. 23, figs. 3a , b 
japonica, xv, N105, N107-10S, PI . 23, figs . 4a-c 
tetrapera , xv , N101, N107, N109-11O, PI . 23 , fig . 5 
tetrapera Zone, S50, N22, N3S , NS6 , N92 , N102, N10S, 

N110, N130, N15S , N160 , N162, N17S 



Cystophormis, N79 
Cystophormis (Acanthocyrtis) corona, N193 
Cystophormis pi la, N79 

Dendrospyris, xiv, N17, N21, N23, N39, N59 
Dendrospyris binapertonis, N21, N23 

bursa, xiv, N18, N19-20, PI. 16, figs 1a-f 
damaecornis, xiv, N18, N21-22, N23, PI. 15, fig. 2 
haysi, N59 
in fer is pin a, N 59 
pannosa, N23, N59 
pododendros, xiv, N18, N23-24, PI. 15, figs. 3a,b 
stabilis, N59 
stylophora, N21, N23, N59 

Desmospyris rhodospyris, N59 
Diartus, xii 
Diartus hughesi, xii, 541, 542, 543-44, PI. 6, fig. 2 

hughesi Zone, S44, N108 
petterssoni, xii, S41-42, 544, PI. 6, fig. 1 
petterssoni Zone, 542, N2, N24, N50, N90, N108, N1l8, N136, 

N176, N178, N182, N186, N202 
Dictyocephalus miralestensis, Nl77 
Dictyopodium trilobum, Nl27 
Dictyospyris anthophora, N69 

di stoma, N69 
mammillaris, N73 

Didymocyrtis, xii, 545 
Didymocyrtis antepenultima, xii, 544, S54, S55-56, 558, N185, PI. 7, 

figs. 2a,b 
antepenultima Zone, S44, S64, N20, N42, N98, N108, N154, 

N182, N198, N204 
bassan i, 549 
laticonus, xii, S41, 544, 552, 553-54, S55, S56, PI. 7, 

figs. 1 a-c 
m a m m i fer a , xii, 551 - 52 , S 54 , PI. 6, fig. 6 
penultima, xii, 555, S56, 557-58, N147, PI. 7, figs. 3a-c 
penultima Zone, S8, S56, S58, N20, N170, N194 
prismatica, xii, S45-46, PI. 6, figs. 3a,b 
tubaria, xii, 545, S47-48, 549, PI. 6, fig. 4 
violina, xii, S45, S48, S49-50, S51, 552, PI. 6, fig. 5 

Diplocyclas, N140 
Diplocyclas sp. aff. D. bicorona, N141 
Dipocubus, N39 
Dipodospyris forcipata, N31 
Dipospyris forcipata, N31 
Discopyle ? sp., S89 
Disolenia, xi, S5 
Disolenia spp., xi, S5-6, S7, S8, S9, PI. 1, figs. 3a,b 
Dorcadospyris, xiv, N25, N53 
Dorcadospyris alata, N29, N30 

alata Zone, 548, S50, 552, S54, N20, N30, N52, N62, N70, 
N86, N96, N108, N110, Nl18, N144, N154, 
N156, N160, N162, N180, N194 



Dorcadospyris ateuchus, xiv, N25, N27-2S, N37, PI. 17, figs. 1a,b 
ateuchus Zone, N32, N34, N36, NSS, N100, N114, N122, 

N172, N196 
decussata, N29 
dentata, xiv, N25, N29-30, PI. 17, fig. 2 
forcipata, xiv, N25, N31-32, N35, N37, PI. 17, fig . 3 
papilio, xiv, N25, N33-34, PI. 1S, figs. 1a,b 
pentagona, N55 
praeforcipata, xiv, N25, N31, N35-36, PI. 18, figs. 2a,b 
pseudopapi I io, N33 
riedeli, N33 
simplex, xiv, N25, N31, N37-38, PI. 1S, fig. 3 

Druppatractus, xi, S22 
Druppatractus acquilonius, xi, S23-24, S31, PI. 4, figs. 1a,b 

hippocampus, S22 

Ech i nomma, S 11 
Echinomma echinidium, S11 
Elaphospyris, N39 
Elaphospyris damaecornis, N21 
Euchitonia, xii 
Euchitonia d. furcata, S59 

elegans, S60 
furcata, xii, S59-60, PI. 8, fig. 1 
mu Ileri, S59 

Eucoronis angulata, N41 
Eucyrtidium, xv, N113 
Eucy rtidi um acumi natum, N 111 

aquilonaris, N173 
cienkowskii, N111 
cienkowskii group, xv, N111-112, PI. 23, fig. 6 
coronatum, N 113 
delmontense, N129 
diaphanes, xv, N113-114, PI. 23, fig. 7 
dictyopodium, N115 
elongatum peregrinum, N133 
hex ago nat u m , x v, N 1 1 1, N 1 1 5 - 1 1 6 , P I. 23, fig. S 
zanclaeum, N 167 

Eusyringium japonicum, N107 
siphonostoma, N115 

Giraffospyris, xiv, N17, N39, N43 
Giraffospyris angulata, xiv, N39, N41-42, N43, PI. 19, fig. 1 
G ira ff 0 spy r is ann u lis pin a , N 4 1, N 43 

circumflexa, xiv, N39, N41, N43-44, PI. 19, fig. 2 
didiceros, N43 
haeckel ii , N43 
laterispina, N21, N41 

Halicalyptra ? cornuta , N141 
Haliomma, S13 
Haliomma casteana, S13 



Heliodiscus, xii 
Heliodiscus asteriscus, XII, S39-40, PI. 5, fig. 4 

echiniscus, S40 
Helotholus histricosa, N9, N11, N12 

longa, N7 
Hexaconti um, xi 
Hexacontium enthacanthum, S19 

laevigatum, S19 
spp., xi, S19-20, PI. 2, figs. 2a-d 

Hexaspyris papilio, N33 
Hexastyl us, xi 
Hexastylus spp ., xi, S17-18, PI. 2, figs. 1a-c 
Hymeniastrum, xii 
Hymeniastrum spp., xii, S61-62, PI. 8, figs. 2a,b 

Lamprocyclas, xvi, N164, N169 
Lamprocyclas heteroporos Zone, N134 

maritalis, N163 
maritalis group, xvi, N163-164, PI. 30, figs. 1a,b 
maritalis maritalis, N163 
maritalis polypora, N163, N164, N169, N170 
maritalis ventricosa, N164 

Lamprocyrtis, xvi 
Lamprocyrtis (?) hannai, xvi, N165-166, PI. 30, figs. 2a,b 
La rcopyle, xii i 
Larcopyle buetschlii, xiii, S89-90, PI. 13, figs. 1a,b 

sp., S89 
Larcospira, xiii, S95 
Larcospira minor, S95 

moschkovskii, XIII, S91-92, S93, S94, PI. 13, figs. 2a,b 
quadrangula, xiii, S93-94, PI. 13, figs. 3a-c 
sp ., S91 

Liriospyris, xiv, N15, N45, N47, N49 
Liriospyris clathrata, N47, N49 

elevata, N43 
geniculosa, xiv, N45, N47-48, N69, N73, PI. 19, fig. 3 
globosa, N49 
hexapoda, N45 
longicorn uta, N47 
mutuaria, xiv, N45, N49-50, N69, PI. 19, fig. 4 
parkerae, N52 
spinulosa, N47 
stauropora, xiv, N21, N45, N51-52, PI. 19, fig. 5 

Lithelius, xiii, S33, S96 
Lithelius minor, xiii, S95-96, PI. 14, figs. 1a,b 

nautiloides, xiii, S95, S97-98, S99, PI. 14, figs. 2a,b 
sp., xiii, S97, S99-100, PI. 14, figs. 3a-c 
spiralis, S96, S97 

Lithocampe, N 101 
Lithocampe aculeata, N123 

acuminata, N113 
corbula, N179 
(Cyrtocapsella) cylindroides, N103 
marylandica, N183 
radicula, N101 
sp., N 1 03 



Lithomelissa stigi, N13, N14 
Lithomitra bramlettei, N 1 75 

nodosaria, N191 
Lithopera, xv 
Lithopera bacca Zone, S42 

baueri, N117 
thornburgi, xv, N117-118, PI. 24, figs. la-c 

Lophospyris, xiv, N25, N53 
Lophospyris pentagon a pentagona, xiv, N53, N55-56, PI. 19, figs. 6a-c 

pentagon a quadriforis, N55 
Lychnocanium bipes, N119 

trifolium, N121, N122 
Lychnocanoma, xv 
Lychnocanoma elongata, xv, N119-120, PI. 24, figs. 2a,b 

elongata Zone, N20, N22, N24, N34, N38, N50, N74, N78 
N88, Nl02, N120, N122, N196 

trifolium, xv, N121-122, PI. 24, figs. 3a,b 
Lychnodictyum, xv 
Lychnodictyum audax, xv, N123-124, PI. 25, fig. 1 

Octopyle, S85 
Octopy I e octos pin a, S83 
Ommatartus antepenultimus, S55, S56 

hughesi, S43, S44 
pen u Itimus, S57, S58 

Ommatocampe h ughesi, S43 

Panarium antepenultimum, S55 
pen u Itimum, S57 

Patagospyris, N25 
Perichlamydium venustum, S81 
Petalospyris argiscus, N27 

ateuchus, N27 
Phormocyrtis annosa, N171 
Phormospyris, xiv, N57 
Phormospyris stabilis antarctica, N60 

stabilis scaphipes, xiv, N57, N61-62, PI. 19, fig. 8 
stabilis stabilis, xiv, N57, N59-60, PI. 19, fig. 7 
tricostata, N57 

Phormostichoartus, xvii 
Phormostichoartus corbula, xvii, N179-180, PI. 31, figs. 4a,b 

corona, N 1 93 

Phorticium, XIII 

doliolum, xvii, N181-182, N185, PI. 31, fig. 5a,b 
fistula, xvii, N183-184, PI. 31, figs. 6a-c 
marylandicus, xvii, N185-186, N195, PI. 31, 

figs. 7a-e 

Phortici um clevei, S83, S85 
polycladum, xiii, S83-84, S85, PI. 12, figs. la,b 
pylonium, xiii, S83, S85-86, S101, PI. 12, figs. 2a,b 

Pipettaria tubaria, S47 
Pipettella prismatica, S45 

tuba, S45 



Plectodiscus, S73 
Podocoronis, N39 
Polysolenia murrayana , Sl 
Porodiscus, S73 
Porodiscus microporus, S73 
Prunopyle titan Zone , N108 
Pterocanium, xvi , N123 
Pterocan i um praetextum, N 127 

prismatium, xvi, N123, N125-126 , PI. 25, fig. 2 
prismatium Zone, N126 , N134, N170 
prosperinae, N128 
tr.ilobum, xvi, N127-128, PI . 25, fig. 3 

Pterocorys, XVI 

Pterocorys bicornis, N137 
cf. zancleus, xvi, N167-168, PI. 30, fig. 3 
c I a u sus, N 1 68 
minythorax, N168 
zancleus, N165, N168 

Pylospira, XIII 

Pylospira octopyle, xiii, S101-102, PI . 14, fig. 4 

Rhodospyris, xiv, N63, N65 
Rhodospyris sp . aff. tricorn is, N65 

(?) spp . De 1 group, XIV, N63, N65-66, PI. 19, fig. 9 
tricorn is , N63, N65 

Schizodiscus , S67 
Semantidium, N39 
Sethocorys cristata, N89 

cristata var . A, N89 
Sethocyrtis oxycephal is, N 151 
Siphocampe, xvii, N191 
Siphocampe arachnea, N191 

arachnea group, N187 - 188, N191 , PI. 32 , figs . la , b 
corbula , N179 
lineata group, N189-190, PI . 32, figs . 2a,b 
nodosaria , N191-192, PI . 32, fig. 3 

Siphocampi um erucosum, N 173 
Siphostichartus , xvii 
Siphostichartus corona, xvii, N193-194, N195, PI. 32, figs. 4a-d 

praecorona, xvii, N195 - 196, PI . 32, figs . 5a,b 
Solenosphaera , xi 
Solenosphaera omnitubus, S7 

omnitubus omnitubus, xi, S5, S7-8, S9, S10, PI. 1, fig. 4 
omnitubus procera, xi, S5, S7, S8, S9-1O, PI. 1, 

Spi rema sp . , S99 
Spirocyrtis, xvii 

figs. 5a-c 

Spirocyrtis gyroscalaris, xvii, N197-198, N199 , N201, PI. 32, 
figs. 6a , b 

scalaris , N197 
subscalaris , xvii , N199 -200 , PI . 32 , figs . 7a,b 
subtilis , xvii , N201 - 202 , PI. 32 , fig. 8 



Spongaster, xii 
Spongaster berminghami , XII, S63 - 64, S66, PI. 9, figs. 1a,b 

klingi, S63 
pentas, xii, S64, S65-66, N125, PI. 9, fig. 2 
pentas Zone, S8, S64, S66, S68 , N2, N4, N124, N126 , N134, 

N182, N184 
Spongasteriscus berminghami, S63 
Spongodiscus, xii, sn 
Spongodiscus ambus, xii, S67, PI. 9, figs. 3a-c 

(7) osculosus, S77 
resurgens, sn 

Spongopyle, xiii, sn 
Spongopyle osculosa, xiii, Sn-78, PI. 11, figs . la,b 

setosa, sn, S78 
Spongotrochus, xiii 
Spongotrochus glacialis, xiii, sn, S78, S79 -80, S81, PI. 11, fig. 2 

(?) venustum, xiii, S81-82, PI. 11, fig. 3 
Spongurus, xii, S33 
Spongu rus pylomaticus, S33, sn 

s p ., S33, S34 
sp. A, xii, S33-34, PI. 5, figs. la,b 
sp . B, xii, S35-36, PI. 5, figs . 2a-d 

Stichocapsa cyli ndroides, N 103 
Stichocorys, xvi, N135 
Stichocorys baeri i, N 135 

delmontensis, xvi, S50, S58, N129-130, N134, N135, N136, 
PI. 25, fig . 4 

delmontensis Zone, S48, S50, N28, N86, N96, N108, N130, 
Nl72 

diploconus, xvi, N131-132, PI. 25, figs. 5a,b 
mulleri, N135 
peregrina, xvi, S58, N125, N129, N130, N133-134, PI. 25, 

fig. 6 
peregrina Zone, S60 , N126, N130, N134, N144, N166, N174, 

N176, N182, N194, N204 
wolffii, xvi, N129, N130, N135-136, PI . 25, fig . 7 
wolffii Zone, S48, S50, N28, N30, N36, N38, N52, Nl00, 

Nl08, Nl14, N120, N136, N188, N194, N196, 
N202 

Stichopodium cienkowskii, Nlll 
Stylacontarium acquilonium, S23, S24 

s p. a ff. S. b is pic u I i u m , S 23 
Stylatractus, xi, S22, S27 
Stylatractus neptunus, S21, S22, S25, S27 

sp . , S25, S29 
spp., xi, S25-6, PI. 4, figs. 2a,b 
universus, xi, S27, S28, S29-30, PI. 4, fig. 3 
universus Zone, N170 

Stylochlamydium, xiii, S81 
Stylochlamydium asteriscus, xiii, S75-76, PI. 10, fig. 4 

venustum, S81 
Stylodictya, xii, S69, S73 
Stylodictya aculeata, xii, S69-70, S71 , S72, PI . 10, figs. la,b 

gracilis, S69 
stellata, S71 
validispina, xii, S69 , S71-72, PI . 10 , fig . 2 



Stylosphaera, xi, S21, S27 
Stylosphaera angel i na, S27, S28 

clio, S28 
hispida, S21, S27 
spp., xi, S31-2, PI. 4, figs. 4a,b 

Styptosphaera, xii 
Styptosphaera? spumacea, xii, S37-38, PI. 5, fig. 3 

Tessarospyris pododendros, N23, N24 
Tetrahedrina elongata, Nl19 
Tetrapyle, xiii, S85, S88 
Tetrapyle octacantha, xiii, S87-88, PI. 12, figs. 3a,b 
Tetrapylonium clevei, S83, S85 
Thecosphaera inermis, S13 
Theocalyptra, xvi 
Theocalyptra bicornis, xvi, N137-138, PI. 26, figs. 1a-c 

davisiana, N137, N139, N142 
davisiana cornutoides, xvi, N141-142, PI. 26, fig. 3 
davisiana davisiana, xvi, N139-140, PI. 26, fig. 2 
sp., N141 

Theocampe ? sp., N 19 
Theocapsa elongata, N 1 05 
Theoconus zancleus, N165 
Theocorys, xvi 
Theocorys redondoensis, xvi, N143-144, PI. 26, fig. 4 

redondoensis Zone, N130, N134 
spongoconum, xvi, N145-146, PI. 26, fig. 5 
spongoconus, N145 

Theocoryth i um, xvi, N 169 
Theocorythium trachelium, N169, N170 

trachelium dianae, N169, N170 
vetulum, xvi, N164, N169-170, PI. 30, figs. 4a,b 

Theocyrtis, xvi, N171 
Theocyrtis annosa, xvi, N171-172, PI. 30, fig. 5 

redondoensis, N143 
tuberosa, N171 
tuberosa Zone, S46, N70, N124, N186, N206 

Tholodiscus, S73 
Tholospira (?) sp. 2, S101 
Tholospyris, xiv, N67, N69, N71, N73 
Tholospyris anthophora, xiv, N49, N67, N69-70, N73, PI. 20, fig. 1 

anthopora, N69 
cortinisca, N69, N71, N73 
devexa devexa Zone, N2, N56, N62 
infericosta, N71 
kantiana, xiv, N67, N71-72, PI. 20, figs. 2a-c 
mammillaris, xiv, N67, N69, N73-74, PI. 20, figs. 2a,b 
newton iana, N71 
procera, N71 
scaphipes, N21, N59, N61 
tripodiscus, N67 

Thyrsocyrtis bromia Zone, N24, N184, N190 
triacantha Zone, N192 

Trematodiscus microporus, S73 



Triceraspyris, N17, N21, N39 
Triceraspyris damaecornis, N21 
Triceraspyris giraffa, N17 

tropodiscus, N17 
Tricolospyris, N67 
Tricolospyris kantiana, N67, N71 
Trisolenia, S5 
Trisolenia megalactis, S5 
Trissocyclus, N15, N45 
Trissocyclus stauropora, N51 
Tristylospyris scaphipes, N61 

triceros, N27, N28 
Tympanidium, N75 
Tympanidium binoctonum, N75, N77, N78 
Tympanium, N75 
Tympanomma, XV, N75 
Tympanomma binoctonum, xv, N75, N77-78, PI. 20, fig. 4 

Xiphospi ra, S73 
Xiphospira circularis, S73 

sp. cf. X. circularis, S73 

Zygocircus, xiii 
Zygocircus capulosus, N1 

productus, N1, N3 
productus capulosus, xiii, Nl-2, N3, N4, PI. 15, figs. la,b 
productus productus, N1 
productus tricarinatus, xiii, N1, N2, N3-4, 

PI. 15, figs. 2a,b 




