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Radiolaria:
Flux, Ecology, and Taxonomy in the Pacific and Atlantic

Kozo Takahashi

Abstract

Radiolarians setting through the oceanic water column were recovered from three

stations (western tropical Atlantic, Station E; central tropical Pacific, Station Pi; and
Panama Basin, Station PB) using PARFL UX sediment traps in moored arrays at sev-
eral depths. The taxonomic diversity of the radiolarian assemblages in the sediment
traps was very high. A total of 420 taxa (including 23 new taxa) were found at the

three stations; of these 208 taxa were found at Station E. The polycystine radiolarians
generally reach the sea floor with little change in abundance or species composition,
although slight skeletal dissolution occurs during their descent through the water col-
umn. The phaeodarian radiolarians, on the other hand, are largely dissolved within the
water column; only a few species reach the sea-floor and these dissolve rapidly at the
sediment-water interface. Most radiolarian skeletons sink as individu'als through deep
water columns without being incorporated into large biogenic aggregates. Because signif-
icant numbers of nassellarian and phaeodarian species are deep-water dwelling forms,

the diversity of radiolarians increases with increasing depth in the mesopelagic zone.

The vertical flux of the total radiolarians arriving at the trap depths (in xl rf in-

dividuals /m2/day) ranged from 16-24 at Station E, 0.6-17 at Station Pl, and 29-53
at Station P B. On the average 25% and 69% of the total radiolarian flux is transported
by Spumellaria and Nassellaria, respectively, while 5% is carried by Phaeodaria. The
supply of radiolarian silica (mg Si02/m2/day) to each trap depth ranged from 2.5-4.0
at Station E, 0.9-3.2 at Station Pl, and 5.7-10.4 at Station PB. The Radiolaria appear
to be a significantly large portion of the Si02 flux in the ~ 63 ¡.m size fraction and
thus play an important role in the silica cycle. When the radiolarian fluxes at the three
stations are compared with Holocene radiolarian accumulation rates in the same areas it
became apparent that several percent or less of the fluxes are preserved in the sediment
in all cases and the rest must be dissolved on the sea-floor.

1 Introd uction

Radiolaria are one of the major groups of marine planktonic protozoans belonging to the
class Actinopoda. Their geometrically complex skeletons, where present, are composed of
amorphous silica and are often aesthetically pleasing. Since Haeckel's (1887) time, modern
Radiolaria have been known to represent quite diversified assemblages. About 200 radiolar-
ian species, for instance, were reported from a single geographic area in the tropical Atlantic
(Takahashi and Honjo, 1981). This is a remarkably high diversity in contrast with the total
of about 40 present-day species of planktonic Foraminifera in the world oceans (Bé, 1977).

The highest standing stock of living Radiolaria is generally found in the vicinity of the
thermocline (see e.g., Renz, 1976; Bishop et aI., 1977, 1978; Takahashi and Ling, 1980).
The major proportion of the population dwells in the upper several hundred meters of the
pelagic realms, although there are some deep dwellng forms down to abyssal depths.
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The quantitative world-wide distribution ofliving Radiolaria is not yet fully understood,
however, the results of such biocoenosis can be seen in the underlain sediments (for example,
as radiolarian oozes). The oozes generally occur more extensively in the equatorial siliceous
belt of sediments than in other latitudinal regions, reflecting both silceous productivity
in the overlying water and carbonate dissolution on the sea-floor. In fact, Radiolaria are
known to be the major siliceous component in suspension as well as in the sediments in
the tropical regions (Lisitzin, 1971, 1972). High latitude silceous belts are thought to be
another major sink for radiolarian skeletons. However, Radiolaria are usually not present
in high proportions in sediments because they are masked by diatoms.

There have been increasing numbers of recent studies concerning paleoenvironmental
interpretations using radiolarian thanatocoenosis (e.g., Moore, 1978). Detailed studies of
radiolarian production, sedimentation and preservation have only recently begun (e.g., Taka-
hashi, 1981, 1983). The extent of preservation of radiolarians in marine sediments is known
to be very small (e.g., Calvert, 1974; Heath, 1974; Takahashi and Honjo, 1981), and the
thanatocoenosis is rarely proportional to the biocoenosis in the upper water layer (Renz,
1976). Preferential dissolution generally leaves only solution resistant taxa to be preserved.
For this reason, estimating paleotemperatures, for instance, by using the thanatocoenosis
without adequate information on preservation mechanisms may lead to inaccurate results.

Recent advancements in ocean experimental methods allow the deployment of large
sediment traps for prolonged periods of time in pelagic environments (e.g., Wiebe et al.,
1976; Honjo, 1978; Honjo et aI., 1980). By studying sediment trap material collected
over a three month period, Takahashi and Honjo (1981) documented the largest stock
of radiolarian assemblages ever reported from the tropical Atlantic. Radiolarian samples
collected by sediment traps are useful not only for a basic description of biocoenosis, but
also for understanding the mechanisms of sedimentation, dissolutionjpreservation and silca
cycling since the geochemistry of seawater is in part governed by particle-water interaction.

Despite many taxonomic works on fossil Radiolaria (e.g., Riedel, 1967a, 1971; Petru-
shevskaya, 1971d, 1981; Nigrini and Moore, 1979) the systematics of Recent Radiolaria is
stil in need of improvement. In this report Radiolarians from the P ARFL UX sediment trap
stations in the Atlantic and Pacific (Figure 1) were determined quantitatively and used for
taxonomic emendations.

2 Samples and Methods

The sources of the samples used in this study are summarized in Table 1. Station E is
located about 750 km from the Guyana Coast in a region where there is found very little sea-
sonal variation in zooplankton productivity (e.g., Moore and Sander, 1977). The underlying
Demerara Abyssal Plain has a gentle topography and is covered with silty clay. The North
Equatorial Current flows in a northwesterly direction, but no deep current measurements
have been reported in the study area. Station Pi is located in the East Hawaii Abyssal

Plain. The bottom sediment is consolidated clay with alternating thin ferro-manganese
laminations (Honjo, 1980). Station PB, located in the Panama Basin, is characterized by
high productivity and is relatively close to land (250 km from the nearest shoreline). Hy-
drography, geology, biology and physical oceanography are quite well known in this area
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Figure 1: Locations of the PARFLUX sediment trap stations.

(e.g., Stevenson, 1970; van Andel, 1973; Kowsmann, 1973; Moore et al., 1973; Plank et al.,
1973; Heath et aI., 1974; Lonsdale, 1975, 1977; Swift, 1977; Swift and Wenkam, 1978).

The sediment trap arrays deployed at the above stations consisted of four or five
PARFLUX Mark II traps with 1.5 m2 opening (Honjo et aI., 1980) (Table 1). The re-
ceiving cup was sealed by a time-controlled spring shutter prior to recovery.

The samples were wet sieved upon arrival in the laboratory with a 1 mm mesh screen
and split into four aliquots by a Honjo-Erez precision rotary liquid splitter (Honjo, 1978).

An aliquot of material finer than 1 mm was further split into several aliquots (Table 1). The
resulting aliquot of the original sample was wet sieved through 250, 125 and 63 ttm screens.
When necessary the samples were split further into smaller aliquots prior to filtration (Ta-
ble 2). Samples of less than 63 ttm size fraction from Station E were separately prepared
prior to establishment of the standard method: by diluting a Ij64 aliquot to 250 ml in a
measuring flask using filtered seawater from the deep Sargasso Sea, and then a 2 ml aliquot
was taken by using a pipet.

The above aliquots were filtered through a 47 mm type HA Millipore(9 grid filter with
a nominal 0.45 pm pore size using a filtration funnel with a 19x42 mm rectangular open-
ing. the residue was rinsed with distiled water, then dried at 50°C in an oven. Large
foraminiferal and pteropod specimens in 1,000-250 ttm and 250-125 ttm size fractions were
removed from the filter surface under a dissecting microscope. The dried filter sample was
mounted on a standard glass slide after trimming off the excess margins. Drops of CargileR
type B compound were applied to clear the sample filter. It took a few days for the bubbles
to escape from all radiolarian shells prior to placing a cover glass over the sample area.
Aliquot size and number of slides from the three stations which were used in this paper are
summarized in Table 2.
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Table 1: Summary of the sample sources from the PARFLUX sediment traps deployed in
the Atlantic and Pacific.

PARFLUX S2 PARFLUX E PARFLUX Pi PARFLUX PB

Location 31 °32.5'N, 13°30.2'N, 15°21.lN, 5°2lN,
55°55.4'W 54°00.lW 151°28.5'W 81°53'W

Ocea/Basin Central Tropical N. Central Tropical
Sargasso Seal Atlantic/ Pacific/ Pacific/

Söhm Demerara E. Hawaii hemipelagic
Abyssal Plain Abyssal Plain Abyssal Plain Panama Basin

Term 10/76-1/77 11/77-2/78 7/78-11/78 8/79-12/79

Duration 110 days 98 days 61 days 112 days

Trap Depth 389 378 667
(m) 976 988 978 1,268

3,694 3,755 2,778 2,869
5,068 4,280 3,769

5,582 3,791

Anchor Depth 5,581 m 5,288 m 5,792 m 3,856 m

The slides were studied to identify radiolarian taxa and to count individuals to the
species level under a transmission light microscope. Two or more of slides whose aliquot
sizes are shown in Table 2 were used for the species identification. The number of slides
used for counts is presented in Table 2. The counts were converted to the flux term; number
of individual shells/m2/day.

An abundant, medium sized radiolarian genus, Pterocorys (P. campanula Haeckel, Plate
42, figures 5-8, and P. zancleus (Miler), Plate 42, figures 1-4) was chosen in order to
assess the range of errors induced during sample preparation, and the reproducibility of
shell counting. The assessment was made by counting Pterocorys shells in a given slide.
This taxon occurs mostly in 250-125 ¡im and 125-63 ¡im size fractions. The counting
reproducibilty by duplicate countings of an identical slide proved to be more than 90%.
Statistical variability among four slides prepared from the coarse and medium size fractions
is due to errors involving slide preparation including wet sieving and splitting. The standard
deviation ranged from 0.14 to 0.26 at 95% confidence interval. The radiolarian species count
applied in this paper is reproducible to better than 74%. All the microslides used for the
present investigation are deposited permanently in the Sea-floor Sample Laboratory, Woods
Hole Oceanographic Institution.

To prepare handpicked specimens for electron microscopy and dimension analyses, ali-
quots of 1/64 or 1/256 of wet samples from the sediment trap are sieved and desalted by the
same method as above. Grid-imprinted, black-ba.ckground, 47 mm HA Milipore(9 filters
with a nominal 0.45 ¡im pore size are used to retain radiolarian samples. After drying,
specimens ofradiolarian taxa are handpicked using an ultrafine Japanese callgraphy brush.
A portion of the picked specimens were mounted on an aluminum stub with a piece of
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Table 2: Size of aliquot in each microslide relative to total sediment trap samples. Number
of slides used for counts is shown in parentheses.

Size Flaction

Depth 1000-250 250-125 125-63 .. 63
Station: (m) (¡.m) (¡.m) (¡.m) (¡.m)

E: 389 1/256 (1) 1/1024 (1) 1/1024 (1) 1/8000 (1)

988 1/256 (1) 1/1024 (1) 1/1024 (1) 1/8000 (1)

3755 1/256 (1) 1/1024 (1) 1/1024 (1) 1/8000 (1)

5068 1/256 (1) 1/1024 (1) 1/1024 (1) 1/8000 (1)

1/256B (1) 1/1024B '(4) 1/1024B (4) 1/8000B (2)

PB: 667 1/4086 (2) 1/1024 (1) 1/1024 (1) 1/16384 (2)

1268 1/1024 (1) 1/1024 (1) 1/1024 (1) 1/4096 (2)
2869 1/4096 (2) 1/1024 (1) 1/1024 (1) 1/16384 (2)

3769b 1/4096 (2) 1/4096 (2) 1/4096 (2) 1/16384 (2)

3791 1/1024 (1) 1/1024 (1) 1/1024 (1) 1/16384 (2)

"For statistical assessment at each of the four depths at Station E.
bStudied only for Phaeodaria.

Size Flaction

Depth 1000-250 250-63 .. 63
Station: (m) (¡.m) (¡.m) (¡.m)

Pi: 378 1/256 (1) 1/256 (1) 1/256 (1)
978 1/256 (1) 1/256 (1) 1/256 (1)

2778 1/256 (1) 1/256 (1) 1/1024 (1)
4280 1/256 (1) 1/256 (1) 1/1024 (1)
5582 1/256 (1) 1/256 (1) 1/1024 (1)
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double-sided adhesive tape and coated with carbon and then Pd-Au alloy fim for scanning
electron microscopy (SEM). Samples for transmission electron microscopy were prepared
by the method described by Hurd et al. (1981).

Reflected light micrographs were taken at x20 and x40 magnification of a dissecting
microscope for each taxa. The micrographs were converted to positive slides and projected
onto an image digitizer (LW International) for measurements oflength, width and maximum
projected area.

After the photography, specimens were dried in a vacuum at 150aC for 2 days, then
cooled in a desiccator for 10 minutes and quickly weighed. A Cahn 25 Automatic Electro-
balance(9 was used in a room with humidity of less than 40%. The number of specimens
needed for this varied significantly depending on weight/shell of different taxa. Details were
reported elsewhere (Takahashi and Honjo, 1983).

3 Results and Discussion

3. i Counts of Radiolarian Taxa

The majority of radiolarian specimens found in the slide samples were identified to the
species level (Table 3, Section 6, Plates 1-63). A total of 420 taxa, including one new genus,
20 new species, and one new subspecies, were recognized from the three stations. Following

are the total numbers of radiolarian taxa encountered at each trap station: Station E: 208;
Station Pi: 217; Station PB: 225. The systematics of the taxa are given in a later section
of this report. According to Casey (pers. comm., 1981), based on the published literature
the best inference on total number of living radiolarian species in the world ocean is about
600. This report thus covers a majority of tropical radiolarian species.

Subclass Radiolaria are comprised of the following three suborders whose cumulative
number of taxa encountered from all stations are shown in parenthesis: Spumellaria (175);
Nassellaria (182); and Phaeodaria (63). The number of encountered taxa in Spumellaria,
Nassellaria, and Phaeodaria in order are: Station Pi: 82, 113, 22; Station PB: 83, 111,
31 (for information on Station E, see Takahashi and Honjo, 1981). The number of taxa
contained in the counting slides appeared to be less than that in slides used for species
identification (Tables 2 and 3, Plates 1-63), due to the statistical discrepancy of using one
or two slides for counting and one to four slides in each size fraction for species identification.
When necessary (i.e., taxonomic division was not practical) several species were combined
together as one group during census taking (Table 3). Spicules were not counted.

The radiolarian fluxes from the three stations were normalized to the number of indi-
vidual shells/m2/day for each taxon (Table 3). The size fractioned fluxes of radiolarian
families from Stations Pi and PB are presented in Table 4, and those from Station E are
from Takahashi and Honjo (1981). Percentages of actual specimens counted in each slide
are also given in Table 4. The fluxes of suborders are summarized in Table 5 and ilustrated
in Figure 2.
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Table 5: Summary of radiolarian (suborders) flux (number of shellsjm2 jday) and ratios
between suborders at the three sediment trap stations.

Station: Flux (no. sheUs/m2/day)
Depth Spumellaria NasseUaria Phaeodaria Total Ratio

(m) (%4) (%4) (%4) Radiolaria N/S6 Ph/So Ph/pd

E: 389 3688 21 11936 72 1177 7 16801 3.2 0.32 0.075

988 3355 21 11637 73 993 6 15985 3.5 0.30 0.066

3755 6155 26 15901 67 1662 7 23718 2.6 0.27 0.075

5068 5049 31 10192 61 1381 8 16667 2.0 0.27 0.091

Pi: 378 205 36 343 60 21 4 569 1.7 0.10 0.038

978 1465 30 3316 68 120 2 4901 2.3 0.082 0.025

2778 4789 29 11175 68 452 3 16416 2.3 0.094 0.028

4280 5117 30 11535 68 383 2 17035 2.3 0.074 0.023

5582 4910 33 9963 66 208 1 15081 2.0 0.042 0.014

PB: 667 7809 18 31938 75 3047 7 42794 4.1 0.39 0.077

1268 6953 24 20792 71 1632 6 29376 3.0 0.23 0.059

2869 11454 22 38302 72 3385 6 53141 3.3 0.30 0.068

3769 - - - - 2426 - - - - -

3791 10204 23 30635 70 2746 6 43585 3.0 0.27 0.067

4% = (suborder f1ux/toi. radolaran flux) X 100.
6N/S ratio = naselian f1ux/spumeUaan flux
"PhIS ratio = phaeodaian f1ux/spumelan flux
dph/P = phaedaian f1ux/polycystine flux

RADIOLARIAN FLUX (No. of shells/m2/day)
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Figure 2: Vertical fluxes (number of shellsjm2 jday) of Radiolaria a.nd their suborders from
Stations E, PI and PB. Horizontal bars on Station E data. represent standard deviations
at 95% confidence level for all data. Most data for Station E are presented in Figure 3 for
better clarity.
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3.2 Vertical Flux of Radiolaria and Suborders at Three Tropical Stations

Fluxes of the three suborders as well as total Radiolaria are more or less uniform through-
out the trap depths at the three stations (Table 5, Figures 3 and 4), although there are

minor fluctuations with depth. The fluxes at 3,755 m from Station E were greater than at
other depths. This flux maximum at 3,755 m is also true for biogenic opal (Honjo, 1980) and
planktonic foraminifera (Thunell and Honjo, 1981) from the same trap samples reflecting
general larger material flux than other depths. The fluxes at 378 and 978 m from Station PI
are anomalously less than those at deeper depths. This is probably due to exportation of

the trapped samples by macro- and megaplankton such as euphausiids (Honjo, 1980). The
fluxes from Station PB appear to fluctuate with depth. Biogenic opal flux from the same

samples shows a trend similar to this (Honjo et aI., 1982), and may be due to horizontal
transport of particles.

Radiolarian shell flux as a whole showed no decreasing trend through the water column
at any of the three stations (Tables 3, 4 and 5; Figures 2 and 3). Diversity index analysis

of the samples from Station E indicated no significant change in polycystine assemblages

below 1 km depth, suggesting little gain or loss during their descent (Figure 4). A significant
increase in nassellarian diversity index from 389 m to 988 m was mainly due to input of
deep dwellng forms and, partially, to more extensive in situ dissolution in the receiving cup
at 389 m. The decrease in the spumellarian diversity index from the 389 m to 988 m sample
is not readily explained: a possibility is the removal of relatively soluble forms in the 988 m
trap sample. Phaeodarian diversity tends to fluctuate with depth, reflecting substantial
change in assemblages due to dissolution and input of deep dwellng forms (Table 3).

The above arguments for sedimentation and dissolution of Radiolaria have been further
substantiated by percent similarity index analysis on the data from Station E (Figure 5;
Takahashi and Honjo, 1981). The data from each depth were computed against other
depths in order to obtain the index between two depths. When the data from 389 mare
compared with those from the lower depths, the index drastically decreased at 988 m for
all suborders and stays rather uniform below 1 km depth for polycystines, but decreases
further for phaeodarians. This trend in the mesopelagic zone is accounted for by the input
of deep dwelling forms andjor the result of dissolution.

Although the composition of the polycystine radiolarian assemblages does not change
with depth, their morphology appears to change with depth due to dissolution. A significant
increase in shell fragmentation was noted with increasing depth; for instance, percentage of
broken shells of Pterocorys (P. campanula Haeckel and P. zancleus (Müller)) from Station E
generally increased with depth (Takaliashi and Honjo, 1981). Although less significant than
the above, a similar trend in shell fragmentation with depth was observed in Spumellaria,
Nassellaria, Phaeodaria, as well as total Radiolaria (for details see Takahashi and Honjo,
1981). The continuous increase in shell fragmentation with depth suggests that dissolu-
tion begins at the onset of their descent through the water column. Percentages of broken
shells at 389 m were slightly higher than at 988 m for most of the taxa. Field studies
(Berger, 1968; Erez et ai., 1982) and laboratory observations (Hurd, 1972, 1973; Hurd and
Takahashi, 1983) demonstrated much higher dissolution rates of biogenic opal above about
400 m than below in the tropical Pacific, indicating that some of the trapped shells were
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dissolved within the sediment trap prior to retrievaL. Thus, the higher percentage of broken
shells at 389 m than at 988 m could be attributed to the trap in situ dissolution rather than
during their descent through the water column. Generally, the above trend of increasing
breakage with depth is also true in Phaeodaria, although the extent of shell breakage is
much more substantial than that of polycystines. .

The apparent decrease of the shells in biogenic aggregates with depth was probably
due to disintegrationjoxidation of the biogenic aggregates during their descent through the
water column. The decrease was most significant between 389 m and 988 m. Disintegration
of biogenic aggragates appears to occur more frequently in the mesopelagic than in the

bathypelagic zone. A similar trend was observed on all suborders of Radiolaria.
Percent fluxes of each suborder in total radiolarian shell flux are presented in Table 5.

The ratios between two suborders are ilustrated in Figure 6: Nassellaria and Spumellaria
(NjS), PhaeodariajSpumellaria (PhjS). Nassellaria contribute more than 60% of the total
radiolarian flux counts at all stations and depths and hence is the predominant suborder.
Except between 389 m and 988 m at Station E and 378 m and 978 m at Station PI, the
N jS ratio decreased with depth, indicating either an increase in relative spumellarian flux,
or a relative decrease of the nassellarian flux, or both. The N jS ratios at Station E at
389 m and Station P1 at 378 m were less than those at immediately lower depths. This
difference is significant and is reasonable considering more input of deep water nassellarians
than spumellarians between the top and second trap depths and in situ dissolution (Berger,
1968; Erez et aI., 1982) within the receiving cups.

McMilen and Casey (1978) reported the standing stock of suspended Radiolaria skele-
tons using plankton tows from the surface to a few km deep in the Gulf of Mexico and
Caribbean Sea. Their data indicated that the N jS ratio decreased three orders of mag-
nitude from the surface to a few km depth. Petrushevskaya (1971a) showed that NjS

ratio decreased from her plankton samples to the surface sediments at two stations in the
central tropical Pacific. The decreasing trend in N jS ratio with depth within the water
column appears to be universaL. The reported N jS ratios in the bottom sediments (Berger
and Soutar, 1970; Kowsmann, 1973; McMilen, 1979) were generally much lower than the
present observations in the deepest trap samples from aU the three stations suggesting

poorer preservation of Nassellaria than Spumellaria in the sediments.
The flux of Phaeodaria was more or less uniform due to the constant addition of deep

dwellng forms despite the elimination of many shells throughout the depths. The flux
was between 6 and 8% in total Radiolaria at all depths at Stations E and PB. Of the total
Radiolaria, only 1-4% of phaeodarian flux was observed at Station PI. As stated previously,

species composition of the phaeodarian flux changed significantly with depth (Table 3). The
following species comprised the majority (ca. :: 30 shellsjm2 j day) of phaeodarian flux in
the bathypelagic zone at Stations E and PB: Protocystis xiphodon (Haeckel), Euphysetta

elegans Borgert, E. pusilla Cleve, Medusetta ansata Borgert, Borgertella caudata (Wallich),
Lirella melo (Cleve), L. bullata (Stadum and Ling), Challengeron willemoesii (Haeckel), and
Conchidium caudatum (Haeckel). Except for the last two species which were of medium
size, all were of small size.

Fluxes of abundant phaeodarian species (:: 40 shellsjm2jday at any depth) are ilus-
trated in pertinent family grou ps (Figures 7-11). The unit of shells / m 2 j day is kept for
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Figure 5: Percent similarity index curves for radiolarian suborders from Station E. The
data from each depth were computed against other depths in order to obtain the index
between two depths. See Takahashi and Honjo (1981) for detail information.
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Figure 7: Vertical fluxes (number of shellsjm2 jday) of Challengeriidae from Stations E and
PB. This family represents a typical shallow dwellng group.
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Figure 11: Vertical fluxes (% in total Radiolaria) of Lirelldae from Stations E, PB and PI.

Chalengeriidae, but converted to percentage for the rest of families in order to enhance their
trend in flux. The flux of most Chalengeriidae (Figure 7) and Euphysetta pusilla (Figure 8)
evidently decreases with depth, suggesting that their source is above the shalowest traps
and that dissolution is responsible for the observed decrease with depth. Euphysetta elegans

(Figure 8) and Lirella bullata (Figure 11) tend to increase their fluxes with depth, suggest-

ing increasing sources in deeper depths and compensating for the increase of dissolution
with depth. Thus, actual fluxes may have increased more with depth than the apparent
fluxes shown in Figures 7-11. These two types of fluxes with different living zonations are
ilustrated (Figure 12).

3,3 Comparison of the Radiolarian Fluxes with. Accumulation Rates in
the Holocene Sediments

Range of total radiolarian flux in the unit of X 103 shellsjm2jday at each station was:
Station E, 16.0-23.7; Station Pb 0.6-17.0; Station PB, 29.4-53.1 (Table 5). Of these, the
sum ofthe fluxes in the 1 mm-250 tLm, 250-125 tLm, and 125-63 pm size fractions in the unit
of X 103 shellsjm2 jday at each station constituted: Station E, 8.7-13.4; Station P¡, 0.4-11.3;

and Station PB, 25.3-38.5 (Table 4; Takahashi and Honjo, 1981). These correspond to 56-
67% at Station E, 62-70% at Station PI, and 63-86% at Station PB of the flux in all size
fractions; the fine size (0( 63 tLm) fraction contained less than half of radiolarian flux at al
the depths at all three stations.

The above total radiolarian fluxes can be compared with radiolarian accumulation rates
in Holocene sediments cited in the literature in order to estimate the extent of preserva-
tion. When the above unit is converted to shellsjcm2 jl03 yrs. the flux is: 5.83-8.66x 105 at
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Figure 12: Representative Phaeodaria of shallow and deep dwellng species from Station E.
The flux decrease of the shalow dwellng species with depth is caused by dissolution during
sinking. The flux of deep dwellng species results from a mixture of shell production at
depth and effect of dissolution.

Station E; 0.21-6.22x 105 at Station PI; and 10.72-19.40 x 105 at Station PB. Takahashi
and Honjo (1981) estimated preservation to be 0.8% or less of the flux in Holocene sediments
using the above flux from Station E, a sedimentation rate of .c 0.9 gjcm2 jl03 yr (Lisitzin,
1972) and radiolarian counts (Goll and Bjørklund, 1971).

Holocene accumulation rates of radiolarian skeletons from the Panama Basin have been
estimated by Swift (1977) using counts of whole radiolarians in the). 63 ttm size fraction
(Kowsmann, 1973): (in the unit of X 103 shellsjcm2jl03 yrs) total Radiolaria: 104; Spumel-
laria: 82; and N assellaria: 22. In order to compare radiolarian accumulation rates with
the average vertical fluxes of Radiolaria (30.8xl03 shellsjm2jday), including shells in the
). 63 pm size fraction (Table 4), the rate unit is converted to X 103 shellsjcm2 jl03 yr. This
yields values of 1,123 for total Radiolaria, 281 for Spumellaria, and 787 for Nassellaria. The
estimated total radiolarian preservation at Station PB is 9.3%. This is an order of magni-
tude higher than at equatorial Atlantic Station E where productivity is considerably lower

(Figure 13). As can be predicted on the basis of the change in N jS ratio with progressive
dissolution, more Spumellaria shells appear to be preserved than Nassellaria shells (29.2%
vs. 2.8% of fluxes).

The sediment accumulation rate at Station PI has been estimated by Honjo to be

0.017 gj cm2 j103 yr (1982, in prep.). Renz (1976) reported radiolarian counts in ). 35 ttm

size fraction per unit dry weight of surface sediments in a nearby region to be 1,400 shellsjg.
Based on this, only 0.004% of radiolarian shell flux is estimated to be preserved at Sta-
tion Pi.
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Sediment trap samples from 976 m and 3,694 m at Station S were semi-quantitatively
studied. As at the three other stations, the species composition of flux was similar between
the two depths. The surficial bottom sediments obtained by a box core consisted mainly of
clay minerals and only a few specimens of robust polycystines such as Tetrapyle octacantha

were found in 5 g (wet weight) of sample suggesting significant dissolution of the radiolarian
assemblage on the sea-floor.

A positive correlation exists between the radiolarian flux and percent preservation (Fig-
ure 13). It is clear that a sedimentary environment with higher rates of flux results in better
preservation of radiolarians than doeslow flux areas. Whether the relationship is linear or
logarithmic cannot be determined until more data points become available.

In conclusion, it can be stated that Radiolaria supplied to the ocean bottom are largely
dissolved on the sea floor and only a few percent (maximum of 9.3% at Station PB) or less
are preserved within the sediments. Judging from the above results from four stations, the
extent of preservation appears to be in part proportional to the rate of sedimentation.

3.4 Radiolarian Dissolution in the Water Column

Since seawater is undersaturated with respect to biogenic silca (e.g., Cooper, 1952; Hurd,
1972), dissolution of biogenic silica occurs throughout the course of sedimentation. The ex-
tent of dissolution is dependent upon the taxa, since morphology, chemical composition and
residence time in the water column can vary a grea.t deaL. A simplified view is ilustrated in
Figure 14. Extensive dissolution within the wa.ter column can eliminate most, if not all, of
the descending population of dissolution susceptible taxa such as Challengeron willemoesii,
a phaeodarian species (Table 3; Figure 7). On the other hand, species composition and

abundance of polycystines are not significantly a.ffected within the water column and only
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large amounts of statistical data (such as N IS ratio) can resolve a slight change (Figure 6).
However, when individual shell morphology is examined, an increase of shell-breakage with
depth is observed as stated earlier (e.g., genus Pterocorys). Polycystine skeletons from
the sediment traps examined by TEM show that generally only about 0.1 llm or less of
the surface layer is porous, apparently caused by dissolution (e.g., Plate 43, figures io-
11). Dissolution of 0.1 llm or less of the shell represents a small portion of the cross-

sectional diameter, unless the skeletal elements are extremely thin such as in the case of
Myelastrum. Skeletal thickness measurement of polycystine radiolarian skeletal elements
using SEM micrographs show a mean diameter of 3.98 llm (S.D. - 2.80 llm, n = 12 taxa,
16 specimens, 2 to 3 measurements on each specimen). Therefore, the effect of dissolution
on bulk morphology is generally insignificant in polycystines and this agrees well with the
species counts (Table 3; Figures 2-4). Polycystines from the surface sediments are expected
to have more porous skeletons than those from the trap samples since they have been
exposed to seawater for a longer period of time. In fact, significantly porous radiolarian
skeletons have been observed in Eocene through Recent sediment samples (Hurd et aI.,
1981) .

Phaeodarian skeletons are different from their polycystine counterparts in detaiL. The
phaeodarians recovered from plankton tow samples and dried on board ship at Station PB

(Takahashi et al., 1983) showed small angular polygonal pores in the inner part of the
skeletons but not in the solid surface layers which are 0.40-0.45 llm thick (Plate 47, figure 14;
Plate 58, figure 1). With the exception of the angular pores, the skeletons looked relatively
solid and uniform through cross-sectional examination, resembling the condition of their
polycystine counterparts. Phaeodarian skeletons dissolve fairly quickly. The specimens
recovered by the sediment traps did not show the original solid skeletal structure, but were
significantly altered to a more porous state (e.g., Plate 47, figures 11, 12; Plate 53, figures 9,
10; Plate 59, figures 12, 13). The altered skeletons of several taxa consisted of a tubular
structure (e.g., Plate 47, figure 12; Plate 58, figure 3; Plate 59, figures 12, 13) which may be
due to growth features. Cross sections of challengeriid skeletons showed structures similar
to amphorae (Greek wine bottles) (e.g., Plate 47, figures 8-13; Plate 48, figures 8-11;
Plate 51, figures 10,11). The skeletal constituents of the amphorae (outer layer in the cross
sections) must be more dissolution-resistant than the surrounding cementing parts (inner
layers) because the inner layers dissolved first and the outer layers stil remained. It is

possible that the chemical and physical characteristics of the amphorae are similar to those
of their polycystine counterparts since the ultrastructures of both are similar.

There are several phaeodarian taxa which were not found in the sediment trap samples
but often are recovered from bottle castings or plankton net tows. These include Euphysetta
sp. (Plate 63, figures 12, 13), Medusetta robusta. Borgert (1902) and Medusetta armata
Borgert (1901). It is apparent that such thin shells made of one or two layers of tubular

skeletons (shown in the ilustration) disintegrate quickly and hence are never found in trap
samples. The fate of Sticholonche, classified now as Heliozoa (Cachon and Cachon, 1978),
is similar to the above and has never been found as an intact shell but only as dispersed
spines in trap samples (Takahashi and Ling, 1980). Aulosphaerids and aulacanthids are also
readily disintegrated and only partial skeletons of the shells are recovered from the traps
(Plate 63, figures 1-11).
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3.5 Biogenic Opal Transport to the Deep-sea by Radiolarian Skeletons

The importance of radiolarian Si02 transport to the deep-sea at the equatorial Atlantic
sediment trap station has been shown by Takahashi and Honjo (1981) based on microscopic
counts combined with an inferred weight value. To further quantify the radiolarian Si02
flux it is necessary to combine radiolarian counts (Table 3), weight values (Takahashi and
Honjo, 1983) and mean Si02 content in each suborder (Table 6). The details of the Si02
content data has been reported elsewhere (Takahashi, 1981). Choosing the weight values

is most critical for estimation. Utilzing the data on 55 taxa (Tables 2-4; Plates 1-63) and
taxonomic-morphological backgrounds, the most representative average values are chosen
subjectively (Table 6).

Results show that spumellarian Si02 transport is generally 50% or more of the total
radiolarian Si02 flux, and that nassellarians and phaeodarians follow them respectively at
all stations. Phaeodarian Si02 transport is a few percent or less at Stations E and Pi, and
approximately 20% at Station PB (Table 7). Some of the castanellds are rare but extremely
large, and hence the introduction of a few specimens results in a significant contribution to
the Si02 flux. Since the results in Table 7 were based on observations of mIcroslides which

did not always contain large and rare taxa due to the use of small aliquots in this study,
phaeodarian flux results may be biased. The finding of a dense, large patch of monospecific
Castanidium longispinum (whose size is 470::34 ¡.m and weight is ca. 5 ¡.gjshell) in the
Gulf of Oman suggests its predominance under special conditions (Erez et aI., 1982).

Radiolarian Si02 flux ranges from approximately 3 mgjm2 jday at Stations E and PI
to 6-10 mgjm2 jday at Station PB. This is several factors higher than some of the previous
estimates (e.g., Bishop et al., 1977). The radiolarian Si02 flux is compared to biogenic opal
flux values (Honjo et aI., 1982) and is expressed as a percentage of total biogenic Si02 (Ta-
ble 7). That the percentages generally increase with depth suggests greater dissolution in

the water column of other components, such as fragmented opal remains, than intact radio-
larian skeletons. The radiolarian flux data from Station PB agrees well with size fractioned

biogenic Si02 values. The radiolarian Si02 fluxes range from 22 to 30% of the total biogenic
Si02 flux which is approximately equal to biogenic opal flux in the:: 63 ¡.m size fraction
(Honjo, pel's. comm., 1982). This suggests that the rest of the Si02 is transported by sili-
coflagellates, small diatoms (-( 63 ¡.m) and fragmented Si02 particles including radiolarian
fragments which are -( 63 ¡.m. These values of 20 to 30% are approximately equivalent to
the biogenic Si02 flux of the:: 63 ¡.m size fraction. Microscopically, radiolarian shells were

the major biogenic silica component. Contributions of diatom frustules to biogenic Si02
flux at Stations PB and Pi were insignificant. Large diatoms (:: 63 ¡.m) were minor com-

ponents except at Station E where Rhizosolenia styliformis, a centric diatom, contributed
approximately one quarter of the total Si02 flux. When weight values from Station PB
are used the percentages of the estimated radiolarian Si02 flux obtained for Stations E and
Pi are too large (Takahashi, 1981). Microscopic examination indIcates that some of the

Panama Basin taxa are more robust andjor developed than the same taxa at other sta-
tions, probably reflecting nutrient conditions. For instance, patagium of Euchitonia elegans
is generally present in samples from Station PB but absent in samples from Station Pl.
Such a morphological difference, as well as composition difference in assemblages, results in
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Table 6: Average weight and Si02 content data used for Si02 transport computations.

Spumellaria N assellaria Phaeodaria
Castanellds + Others

Haeckeliana porcellana

Average weight for
Station PB 0.480 0.080 9.0 0.090

(¡igjshell)

A verage weight for

Stations E and Pi .0.192 0.032 3.6 0.040

(¡igjshell)

Mean Si02 content
(%) 90.5 :l 4.7 98.4 :l 4.0 70.6 :l 13.0

Table 7: An extent of Si02 transport to the deep-sea by radiolarians.

Si02 flux
Station: for Total Rad.SiO, X IOOBiogenicSiO-i
Depth Radiolaria % Si02 Flux in Total Radiolaria for:

(m) (mg/m2/day) Spumellara Nassellari Phaeodaria (%)

E: 389 1.07 59 35 6 15

988 0.99 59 37 4 17

3755 1.62 66 31 3 40
5068 1.25 70 26 4 30

Pi: 378 0.05 74 25 0.8 13

978 0.37 69 28 3.2 58
2778 1.9 70 29 1.0 45
4280 1.26 70 29 0.6 51

5582 1.7 75 25 0.3 50

PB: 667 7.24 47 35 19 24
1268 5.68 53 29 18 22
2869 10.36 48 29 23 30
3791 8.20 54 29 17 27
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an overestimation of the percentages at Station E and Station Pi. Thus, it should be noted

that the estimation of Si02 fluxes using radiolarians as particles ca.n be applied best where
weight data from the same samples are available. To estimate the percentage of radiolarian
Si02 in the total Si02 fluxes at Stations E and PI (Table 7), 40% of the radiolarian weight
values obtained from Station PB were used (Table 6).

3,6 Significance of Radiolarian Weights for Assessing Selective Preserva-

tion in the Sediments

Measured weight values are plotted against widths (Figure 15) for 33 taxa, and lengths
(Figure 16) and projected areas (Figure 17) for 55 taxa. As noted by Takahashi and Honjo
(1981), there is an order of magnitude or more difference between Quaternary radiolarian
weights and those from sediment traps; Quaternary specimens from the central tropical
Pacific weigh from 0.063 tLgjshell (Moore, 1969) to 0.136 tLgjshell (Takahashi and Honjo,
1981). These values correspond to the lower end of the weights presented in Figures 15-17.

Taxonomic and morphologic information on specimens from both sediment traps and
bottom sediment provides an explanation for the differences in the weights of the two dif-
ferent assemblages (Le., biocoenosis vs. thanatocoenosis). Phaeodarians and large-sized
polycystines are generally absent in the sediment samples. Large, heavy polycystines are
made of thin skeletal elements forming a network of spongy shells (e.g., Conicavus tipi-
opsis Takahashi, n. sp. and Myelastrum trinibrachium Takahashi, n. sp.). The state of
preservation depends on skeletal thickness but not the size of a shell and thus those species
whose skeletons are made of thin elements are likely to be dissolved on the sea-floor or
soon after burial. Some of the phaeodarian shells are also significantly heavier (Le., most
of castanellds, Haeckeliana porcellana and Conchopsis compressa) than their polycystine
counterparts. For example, a castanelld shell weighed 130.0 tLgjshell (this value does not
directly appear in Figures 15-17 since only mean values are ilustrated). This value is

approximately 2,000 times heavier than Pterocorys zancleus or Pterocorys campanula, typ-
ical polycystines, which were the most abundant taxa at Station E. Therefore, the heavy
radiolarians play an important role in transporting and releasing silica and its associated
elements in the deep-sea.

All of the above species were not reported from the sediments. Large-sized radiolarian
shells greater than 450 tLm are usually absent in Holocene sediments. From earlier discussion
on N jS ratios, it is obvious that more nassellarians undergo dissolution than spumellarians.
In these species, preservation, as well as skeletal weight loss is responsible for the smaler
specimens found in Quaternary sediments than those in sediment traps.
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4 Summary and Conclusions

1. Total number of radiolarian taxa encountered, combining all three stations, was 420:
175 Spumellaria; 182 Nassellaria; and 63 Phaeodaria. This includes 1 new genus, 20
new species, 1 new subspecies, 1 new name for a species, and 3 new names for sub-
species. At Station E alone 208 taxa were found. Such a diversified marine community
from the oceanic water column has never been reported previously.

2. The observed vertical flux of individual radiolarian shells in the unit of X 103 shellsjm2
jday at each station was: Station E, 16 to 24; Station Pi, 0.6 to 17; and Station PB,
29 to 44. The radiolarian Si02 flux, estimated from the specimen counts, weight of

shells and Si02 content, was 22 to 30% of total biogenic Si02 flux at Station PB.
This range of values is essentially equal to all of the biogenic opal flux in the )- 63 ¡im
fraction at Station PB. The values for Stations PI and E were between 13 and 51%.

3. Fragmentation of radiolarian shells in the sediment traps is interpreted as a result of
dissolution. An increase of percent broken shells with depth of Pterocorys and three
other suborders suggests that slow dissolution of radiolarian shells takes place within
the water column.

4. The fluxes of Nassellaria and Phaeodaria relative to Spumellaria decrease with depth,
reflecting their higher dissolution susceptibility compared with Spumellaria.

5. Phaeodarians and dissolution-susceptible polycystines (e.g., Myelastrum and Coni-
cavus), whose sizes are often large, transport a significant amount of Si02 to the
deep-sea. They quickly release silca either in the water column or on the sea floor
depending on their residence time in the water column. Thus, these shells play an
important role in silica transport and recycling in the oceanic system.

6. From estimates of the radiolarian fluxes at the three stations and Holocene radiolarian
accumulation rates in the same areas, several percent or less of the radiolarian fluxes
are preserved in the sediments. A positive correlation is shown between the radiolarian
flux and the percent preservation in the sediments.
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6 Systematics of Radiolaria

6,1 Introduction

The high-level classification followed herein is based mainly on that proposed by Riedel

(1967a, 1967b, 1971a) for polycystines and by Haeckel (1887), Haecker (1908b) and Borgert
(1901a, 1906, 1907, 1910, 1911) for phaeodarians with some emendations. A classification
given by Takahashi and Honjo (1981) is slightly modified here. Synonymies of taxa include
the original descriptions, those which reflect the current usage for polycystines, and relevant
ones mainly from plankton and surface sediments. In the case of phaeodarians relatively
little documentation has been accomplished thus far and available literature is much less
than that for polycystines. Therefore, the author has attempted to list all references for
phaeodarians where possible together with giving definitions of families and genera.

6,2 Classification Outline
Plate Figure Page

Subclass RADIOLARIA Müller, 1858a 53
Order POLYCYSTINA Ehrenberg, 1838, emend. Riedel, 1967a 53
Suborder SPUMELLARIA Ehrenberg, 1875 53
Family COLLOSPHAERIDAE Müller, 1858a 53

Acrosphaera spinosa (Haeckel) longispina Takahashi, new name 1 1,4 53
Acrosphaera spinosa (Haeckel) coniculispina Takahashi, new name 1 2 54
Acrosphaera spinosa (Haeckel) flammabunda Haeckel 1 5 54
Acrosphaera murrayana (Haeckel) 1 3, 6-11 55
Acrosphaera cyrtodon (Haeckel) 1 1, 13 55
Acrosphaera spinosa (Haeckel) lappacea (Haeckel) 1 14,16 54
Clathrosphaera arachnoides Haeckel 1 15 55
Collosphaera tuberosa Haeckel 2 1-3 55
Collosphaera confossa Takahashi, n. sp. 2 4,5 56
Collosphaera armata Brandt 2 6,7,12 56
Collosphaera huxleyi Müller 2 8-11 56
Collosphaera macropora Popofsky 2 13-18 56
Collosphaera polygona Haeckel 57
Disolenia collina (Haeckel) 3 1,5-7 57
Disolenia zanguebarica (Ehrenberg) 3 2-4, 8, 9 57
Disolenia quadrata (Ehrenberg) 5 1-5 57
Disolenia sp. A 5 6 58
Disolenia sp. B 58
Otosphaera tenuissima (Hilmers) 3 11 58
Otosphaera polymorpha Haeckel 3 12, 14, 15 58
Otosphaera auriculata Haeckel 3 10,13 58
Siphonosphaera magnisphaera Takahashi, n. sp. 4 1,3 59
Siphonosphaera sp. A 4 2 60
Siphonosphaera martensi Brandt 4 4,5,7,8 59
Siphonosphaera sp. B 4 6 60
Siphonosphaera socialis Haeckel 4 9-12, 15, 16 59
Siphonosphaera sp. af. S. hippotis (Haeckel) 4 13,14 60
Siphonosphaera polysiphonia Haeckel 60
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Plate Figure Page

Family SPHAEROZOIDAE Haeckel, 1862 61

Rhaphidozoum pandora Haeckel 61

Family ETHMOSPHAERIDAE Haeckel, 1862 61

Plegmosphaera pachypila Haeckel 5 7-9 61

Plegmosphaera coelopila Haeckel 5 10 61

Plegmosphaera sp. aft. P. lepticali Renz 5 11 61

Plegmosphaera sp. A 5 14 62

Plegmosphaera sp. B 6 1 62

Plegmosphaera entodictyon Haeckel 6 8, 10, 11 62

Plegmosphaera oblonga Takahashi, n. sp. 6 3 62

Plegmosphaera lepticali Renz 61

Plegmosphaera pachyplegma Haeckel 62

Styptosphaera spongiacea Haeckel 6 6,7,9 63

Styptosphaera sp. A 6 12- 14 63

Styptosphaera sp. B 5 12 63

Styptosphaera sp. C 5 13 63

Carposphaera capillacea Haeckel 6 2 63

Carposphaera sp. aft. C. corypha Haeckel 9 12 64

Family ACTINOMMIDAE Haeckel, 1862, emend. Riedel, 1971 64

Subfamily ACTINOMMINAE Haeckel, 1862 64

Centrocubus cladostylus Haeckel 64

Centrocubus octostylus Haeckel 7 1 64

Spongosphaera polycantha Müller 7 2,3,5 64

Spongosphaera sp. aft. S. helioides Haeckel 7 4,7,8 64

Spongosphaera streptacantha Haeckel 7 6 65

Spongosphaera ? sp. B 7 9 65

Lychnosphaera regina Haeckel 7 10 65

Actinomma archadophoTUm Haeckel 8 8,9,11 65

Actinomma capillaceum Haeckel 8 10 65

Actinomma sp. 13 11 65

Trilobatum ? acuferum Popofsky 66

Acanthosphaera actinota (Haeckel) 8 1 66

Acanthosphaera tunis Haeckel 8 2,3 66

Acanthosphaera castanea Haeckel 8 4,5 66

Heliosphaera radiata Popofsky 66

Cladococcus viminalis Haeckel 8 6,7 66

Cladococcus abietinus Haeckel 10 5 67

Cladococcus scoparius Haeckel 10 6,7 67

Cladococcus cervicornis Haeckel 10 8-10 67

Arachnosphaera sp. 7 12 67

Arachnosphaera myriacantha Haeckel 10 11, 12 67

Leptosphaera minuta ? Popofsky 7 11 67

Leptosphaera sp. group 68

Actinosphaera tenella (Haeckel) 9 1 68

Actinosphaera acanthophora (Popofsky) 9 2,3 68

Actinosphaera capillacea (Haeckel) 9 4,5 68

Haliomma ? sp. A 8 12 68

Haliomma sp. B 12 15 69
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Plate Figure Page

H aliomma castanea Haeckel 9 7,11 68
Heliosoma spp. afr. radians Haeckel 9 6,8 69
Elatomma penicillus Haeckel 9 9,10 69
H aeckelieUa macrodoras (Haeckel) 10 1-4 69
Astrosphaera hexagonalis Haeckel 11 1-3 69
Drymosphaera dendrophora Haeckel 11 4 70
Sphaeropyle mespilus ? Dreyer 11 7,8 70
Thecosphaera inermis (Haeckel) 11 9 70
Cromyomma villosum Haeckel 11 10, 11 70
Xiphosphaera gaea Haeckel 12 1,2 70
Xiphosphaera tesseractis Dreyer 12 3-5 70
Staurolonche sp. A group 71
Staurolonche sp. B 71
Stauracontium sp. 12 6 71
H exastylus triaxonius Haeckel 12 7,8 71
Hexastylus sp. 12 9 71
Hexalonche sp. A 11 14, 15 71
Hexalonche sp. B 12 10, 11 72
Hexalonche amphisiphon Haeckel 12 13, 14 71
Centrolonche hexalonche Popofsky 72
Centracontarium hexacontarium Popofsky 72
Hexacontium sp. 12 12 73
Hexacontium hostile Cleve 13 1,2 72
Hexacontium arachnoidale Hollande and Enjumet 72
Hexacontium axotrias Haeckel 13 3 72
Hexacontium sp. afr. H. hostile Cleve 13 6 73
Hexacontium heracliti (Haeckel) 15 8,9 73
Hexacontium hystricina (Haeckel) 15 10 73
H exacromyum elegans Haeckel 13 4,5,7 73
Heterosphaera sp. A 13 9, 10 73
Heterosphaera sp. B 13 8 73
Cromyechinus sp. afr. C. borealis- (Cleve) 13 13 74
Cromyechinus ? sp. 13 12 74
Cromyechinus borealis (Cleve) 74
Stomatosphaera sp. A 13 14 74
Stomatosphaera sp. B 13 15 74
Stomatosphaera sp. C 13 16 74
Stylacontarium bispiculum Popofsky 74
Stylosphaera ? sp. A 11 5,6 75
Stylosphaera melpomene Haeckel 14 1,2 75
Stylosphaera ? sp. B 14 5 75
Stylosphaera lithatractus Haeckel 75
Druppatractus ostracion Haeckel group 14 3,4 75
Ellipsoxiphium palliatum Haecker 14 11-17 75
Amphisphaera group 14 6,7 76
Axoprunum stauraxonium Haeckel 14 8-10 76
Xiphatractus pluto (Haeckel) 15 1-3 77
Xiphatractus sp. A 15 4 77
Xiphatractus sp. B 15 6,7 77
Druppatractus ? sp. 15 5 77
Dorydruppa bensoni Takahashi, new name 15 11-14 78
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Plate Figure Page

Subfamily SATURNALINAE Deflandre, 1953 78

Saturnalis circularis Haeckel 15 15- 18 78

Family COCCODISCIDAE Haeckel, 1862,
emend. Sanfilippo and Riedel, 1980 79

Subfamily ARTISCINAE Haeckel, 1881,
emend. Riedel, 1967 79

Didymocyrtis tetrathalamus tetrathalamus (Haeckel) 21 2-14 79

Didymocyrtis tetrathalamus tetrathalamus (Haeckel)

juvenile form 21 1

Didymocyrtis sp. 21 15 79

Spongoliva eUipsoides Popofsky 22 15, 16 80

Family PORODISCIDAE Haeckel, 1881,
emend. Petrushevskaya and Kozlova, 1972 80

Euchitonia elegans (Ehrenberg) 16 1-6 80

Euchitonia cf. furcata Ehrenberg 16 8 80

Euchitonia sp. 16 9,11 81

Amphirhopalum ypsilon Haeckel 17 1-3 81

A mphirhopalum straussii (Haeckel) 17 4 81

Stylodictya validispina Jørgensen 19 11 81

Stylodictya ? sp. 19 12, 13 81

Stylodictya multzspina Haeckel 20 5, 10,12 81

Czrcodiscus spp. group 20 6-9 82

Stylochlamydium venustum (Bailey) 20 11 82

Stylochlamydium asteriscus Haeckel 82

Porodzscus micromma (Harting) 20 13, 14 82

Family SPONGODISCIDAE Haeckel, 1862, emend.
Riedel, 1967a and Petrushevskaya & Kozlova, 1972 83

Spongobrachium sp. 83

Dictyocoryne profunda Ehrenberg 16 10, 12, 13, 15 83

Dictyocoryne truncatum (Ehrenberg) 16 14 83

Spongodiscus sp. A 16 7 84

Spongodiscus resurgens Ehrenberg 19 1 84

Spongodiscus spp. B group 19 2,3 84

Spongodiscus biconcavus Haeckel 19 4-6 84

Spongotrochus sp. A 19 7 85

Spongotrochus sp. B 85

Spongotrochus glacialis Popofsky 19 10 84

Stylospongia huxleyi Haeckel 19 8 85

Spongurus cylindricus (Haeckel) 17 6-9 85

Spongopyle setosa Dreyer 19 9 86

Spongopyle osculosa Dreyer 20 1-4 86

Spongaster tetras tetras Ehrenberg 17 10, 11 86

Spongaster pentas Riedel and Sanfiippo 17 12-16 86



46 Kozo Takahashi

Plate Figure Page

Family MYELASTRIDAE Riedel, 1971 87
Myelastrum quadrifolium Takahashi, n. sp. 18 1-6 87
Myelastrum trinibrachium Takahashi, n. sp. 18 7-12 88

Family LARNACILLIDAE Haeckel, 1887 88
Larnacalpis sp. 21 16- 18 88

Family PHACODISCIDAE Haeckel, 1881 89
Heliodiscus ? sp. 22 14 89
H eliodiscus asteriscus Haeckel 23 1-3 89
H eliodiscus echiniscus Haeckel 23 4-6 89

Family THOLONIIDAE Haeckel, 1887, emend. Campbell, 1954 89
Tholoma metallasson Haeckel 11 12, 13 89

Family PYLONIIDAE Haeckel, 1881 90
Hexapyle dodecantha Haeckel 90
Hexapyle sp. 23 7 90
Octopyle stenozona Haeckel 23 8 90
Tetrapyle octacantha Müller 23 9, 10 90

Family LITHELIIDAE Haeckel, 1862 91
Larcopyle butschlii Dreyer 22 1-4 91
Larcopyle sp. A 22 5 91
Larcopyle sp. B 22 6 91
Discopyle elliptica Haeckel 91
Tholospira cervicornis Haeckel group 22 7-9, 12 91
Tholospira dendrophora Haeckel 22 11 91
Lithelius minor? Jørgensen 22 10 92
Larcospira quadrangula Haeckel 23 11, 12 92

Suborder N ASSELLARIA Ehrenberg, 1975 92
Family PLAGIACANTHIDAE Hertwig, 1879,
emend. Petrushevskaya, 1971d 92

Subfamily PLAGIACANTHINAE Hertwig, 1879,
emend. Petrushevskaya, 1971d 92

Tetraplecta pinigera Haeckel 24 1-5 93
Tetraplecta plectaniscus Haeckel 24 7 93
Tetraplecta corynephorum ? Jørgensen 24 6 93
Archiscenium quadrispinum ? Haeckel 93
Plectanium sp. 93
Protoscenium ? sp. 93
Clathromitra pterophormis Haeckel 24 8 94
Cladoscenium ancoratum Haeckel 24 9-14 94
Semantis gracilis? Popofsky 24 15, 16 94
Deflandrella sp. 94
Pseudocubus obeliscus Haeckel 26 1 95
Pseudocubus primordialis ? (Jørgensen) 26 2 95
Phormacantha hystrix (J ørgensen) 26 3 95
Neosemantis cladophora (J ørgensen) 24 17 95
Neosemantis distephanus Popofsky 27 12 95
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Subfamily LOPHOPHAENINAE Haeckel, 1881,
emend. Petrushevskaya, 1971d 96

Acanthocorys cf. variabilis Popofsky 25 1 96

Lophophaena cylindrica (Cleve) 25 3-5 96

Lophophaena cf. capito Ehrenberg 25 6-9 96

Lophophaena decacantha (Haeckel) group 25 2,8,10 96

Lophopaena circumtexta (Popofsky) 96

H elotholus histricosa Jørgensen 97

Peromelissa phalacra Haeckel 25 11-15 97

Lithomelissa setosa J ørgensen 25 16-22 97

Peridium spinipes Haeckel 26 4-6 98

Peridium sp. 98

Trisulcus triacanthus Popofsky 98

Subfamily SETHOPERINAE Haeckel, 1881,
emend. Petrushevskaya, 1971d 98

Lithopilium reticulatum Popofsky 26 10 98

Clathrocanium insectum (Haeckel) 26 7-9 99

Clathrocanium coarctatum Ehrenberg 26 11-13 99

Clathrocanium diadema Haeckel 99

Callimitra emmae Haeckel 26 14 99

Callimitra annae Haeckel 26 15 100

Clathrocorys giltschii Haeckel 26 16 101
II II II 27 1-3,9 101

Clathrocorys murrayi Haeckel 27 4-8 101

Callimitra solocicribrata Takahashi, n. sp. 27 10,11 100

Family ACANTHODESMIIDAE Haeckel, 1862,
emend. Riedel, 1971 101

Zygocircus capulosus Popofsky 101

Zygocircus productus (Hertwig) group 27 13,14 101

Zygocircus cf. piscicaudatus Popofsky 27 18 101

Acanthodesmia vinculata Müller 28 6-8 102

Lophospyris juvenile form group 28 1-4 102

Lophospyris pentagona quadriforis (Haeckel), emend. Goll 28 5 102

Lophospyris pentagona pentagona (Ehrenberg), emend. Goll 28 9-14 102

Lophospyris pentagona hyperborea (Jørgensen), emend. Goll 29 1-3,5-10 103

Lophospyris cheni Goll 29 4 103

Tripodospyris sp. 103

Phormospyris stabilis scaphipes (Haeckel) 29 11, 12, 14 103

Phormospyris sp. aft. L. pentagona hyperborea (Jørgensen) 29 13 104

Phormospyris stabilis capoi Goll 29 15-18 104

Phormospyris stabilis stabilis (Goll) 30 2-5 104

Phormospyris ? sp. 30 6 104

Dictyospyris sp. group 30 1 104

N ephrospyris renilla renilla Haeckel 30 7-9 104

N ephrospyris renilla lana Goll 30 10 104
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Androspyris reticulidisca Takahashi, n. sp. 30 12-14 105
Androspyris huxleyi (Haeckel) 30 15, 16 105
Androspyris ramosa (Haeckel) 31 1,2 105
Cephalospyris cancellata Haeckel 31 3,4 105
Cantharospyris platybursa Haeckel 31 5 106
Cantharospyris cf. clathrobursa (Haeckel) 106
Tholospyris sp. group 27 15- 1 7 106
Tholospyris baconiana baconiana (Haeckel) 31 6,7 106
Tholospyris baconiana variabilis Goll 31 8 106
Tholospyris macropora (Popofsky) 31 9 106
Liriospyris sp. 30 11 107
Liriospyris thorax (Haeckel) laticapsa Takahashi, n. subsp. 31 10, 11, 13 106
Liriospyris thorax thorax (Haeckel) 31 12 107
Liriospyris reticulata (Ehrenberg) 31 14-16 107

Family SETHOPHORMIDIDAE Haeckel, 1881,
emend. Petrushevskaya, 1971d 108

Tetraphormis rotula (Haeckel) 32 1-3 108
Tetraphormis dodecaster (Haeckel) 32 7 108
Tetraphormis butschlii (Haeckel) 32 6 108
Theophormis callipilium Haeckel 32 9-12 108
Lampromitra schultzei (Haeckel) 32 4,5 109
Lampromitra cracenta Takahashi, n. sp. 32 8 109
Lampromitra cachoni Petrushevskaya 33 2,3 109
Lampromitra spinosiretis Takahashi, n. sp. 34 1,2,7 110
Eucecryphalus sp. 33 1 112
Eucecryphalus tricostatus (Haeckel) 33 4,6 110
Eucecryphalus sestrodiscus (Haeckel) 33 5,7,8 110
Eucecryphalus gegenbauri Haeckel 33 13- 15 ILL
Eucecryphalus europae (Haeckel) 34 5,6 111
Eucecryphalus clinatus Takahashi, n. sp. 35 1,2 111
Corocalyptra ceTVUS (Ehrenberg) 33 9-12 112
Phrenocodon clathrostomium Haeckel 34 3,4 112
Clathrocyclas sp. 34 8 113
Clathrocyclas monumentum (Haeckel) 34 9-11 112
Clathrocyclas cassiopejae Haeckel 34 12- 14 112

Family THEOPERIDAE Haeckel, 1881,
emend. Riedel, 1967a 113

Subfamily PLECTOPYRAMIDINAE Haecker, 1908a,
emend. Petrushevskaya, 1971d 113

Cornutella profunda Ehrenberg 35 3-9 113
Peripyramis circumtexta Haeckel 35 10-13 113
Litharachnium tentorium Haeckel 35 14-18 114
Litharachnium eupilium (Haeckel) 36 1-4 114

Subfamily EUCYRTIDIINAE Ehrenberg, 1847b,
emend. Petrushevskaya, 1971d 114

Archipilium sp. aft. A. orthopterum Haeckel 36 5,7 114
Archipilium macropus ? (Haeckel) 36 6 114
Pteroscenium pinnatum Haeckel 36 8,9 114
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Pterocanium trilobum (Haeckel) 36 10, 11 115

Pterocanium grandiporus Nigrini 36 12, 13 115

Pterocanium praetextum praetextum (Ehrenberg) 36 15- 18 115

Pterocanium praetextum (Ehrenberg) afr. eucolpum Haeckel 36 14 115

Dictyophimus sp. A. 37 1 116

Dictyophimus crisiae Ehrenberg 37 2 115

Dictyophimus infabricatus Nigrini 37 3-5 116

Dictyophimus macropterus (Ehrenberg) 39 8-11 116

Dictyophimus sp. B 39 12 116

Pseudodictyophimus gracilipes (Bailey) 37 12-14 116

Dictyocodon elegans (Haeckel) 37 6,7,9 117

Dictyocodon palladius Haeckel 37 8, 10, 11 117

Conicavus tipiopsis Takahashi, n. sp. 38 1-6 117

Sethoconus myxobrachia Strelkov and Reshetnyak 38 7,8 118

Conarachnium polyacanthum (Popofsky) 39 1-4 118

Conarachnium parabolicum (Popofsky) 39 5,6 118

Conarachnium facetum (Haeckel) 39 7 118

Stichopilium bicorne Haeckel 39 13-19 119

Lithopera bacca Ehrenberg 40 1,2 119

Cyrtopera languncula Haeckel 40 3-6 119

Cyrtopera aglaolampa Takahashi, n. sp. 40 7,8 119

Stichophormis cf. cornutella Haeckel 120

Lophocorys undulata (Popofsky) 40 9, 10 120

Theocorys veneris Haeckel 40 11-14 120

Theocorythium trachelium trachelium (Ehrenberg) 40 15, 16 121

Lipmanella dictyoceras (Haeckel) 40 17 121

Lipmanella pyramidale (Popofsky) 40 18 121

Lipmanella virchowii (Haeckel) 40 19-21 122

Lithostrobus hexagonalis Haeckel 41 1-3 122

Theocalyptra bicornis (Popofsky) 41 4-6, 8-11 122

Theocalyptra davisiana davisiana (Ehrenberg) 41 7 122

Theocalyptra davisiana cornutoides (Petrushevskaya) 41 12-16 123

Family PTEROCORYTHIDAE Haeckel, 1881,
emend. Riedel, 1967a 123

Tetracorethra tetracorethra (Haeckel) 41 17, 18 123

Pterocorys zancleus (Müller) 42 1-4 123

Pterocorys campanula Haeckel 42 5-8 124

Eucyrtidium sp. A group 38 11-13 125

Eucyrtidium acuminatum (Ehrenberg) 42 9,10,16,17,20 124

Eucyrtidium hexagonatum Haeckel 42 18,19 124

Eucyrtidium anornalum (Haeckel) 42 11-14 125

Eucyrtidium sp. afr. E. anomalum (Haeckel) 42 15 125

Eucyrtidium dictyopodium (Haeckel) 42 21 125

Eucyrtidium hexastichum (Haeckel) 42 22 125

Anthocyrtidium zanguebaricum (Ehrenberg) 41 19-22 125

Anthocyrtidium ophirense (Ehrenberg) 43 1-7 126

Lamprocyclas maritalis polypora Nigrini 43 12, 15 126

Lamprocyclas marita/is maritalis Haeckel 43 8-11,13, 14 126

Lamprocyclas ? hannai (Campbell and Clark) 126

Lamprocyrtis sp. 43 16 127

Lamprocyrtis nigriniae (Caulet) 43 17-19 127
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Family ARTOSTROBIIDAE Riedel, 1967b,
emend. Foreman, 1973 127

SpirocyTtis scalaris Haeckel 44 1,2 127
SpirocyTtis subscalaris N igrini 44 3-6 127
SpirocyTtis sp. afr. S. seriata Jørgensen
and S. subscalaris Nigrini 128

SpirocyTtis ? platycephala (Ehrenberg) group 44 7,8 128
ATtostrobus annulatus (Bailey) 38 9,10 128
Botryostrobus aquilonaris (Bailey) 44 9-13 128
Phormostichoartus corbula (Harting) 44 14-16 129
Siphocampe nodosaria (Haeckel) 129
Siphocampe lineata (Ehrenberg) 44 17-20 129
Siphocampe arachnea (Ehrenberg) 44 21-23 130
ATtobotrys borealis (Cleve) 44 24 130

45 1-3 130

Family CARPOCANIIDAE Haeckel, 1881, 130
emend. Riedel, 1967b

Carpocanistrum flosculum Haeckel 45 4,6,7 130
Carpocanistrum cephalum Haeckel 46 5, 12 131
Carpocanistrum favosum (Haeckel) 45 8 131
Carpocanistrum coronatum (Ehrenberg) 45 10 131
Carpocanistrum sp. 45 11 132
Carpocanistrum acutidentatum Takahashi, n. sp. 45 9, 13-15 132
Carpocanarium papillosum (Ehrenberg) 45 16,17 132

Family CANNOBOTRYIDAE Haeckel, 1881,
emend. Riedel, 1967a 133

Acrobotrys teralans Renz 45 18,19 133
Acrobotrys tessarolobon Takahashi, n. sp. 45 20 133
Acrobotrys chelinobotrys Takahashi, n. sp. 45 22-24 134
Acrobotrys sp. C 134
Saccospyris preantarctica Petrushevskaya 45 21 134
Centrobotrys thermophila Petrushevskaya 46 1,2 135
Neobotrys quadrituberosa Popofsky 46 3 135
BotryocyTtis sp. A 46 4-6 136
BotryocyTtis scutum (Harting) 46 6,7 135
BotryocyTtis elongatum Takahashi, n. sp. 46 8,9 135

Family ARCHIPHORMIDIDAE Haeckel, 1881 136
Arachnocalpis ? sp. A 46 10 137
Arachnocalpis sp. B 46 11 137
Arachnocalpis ? ovatiretalis Takahashi, n. sp. 46 12- 14 136
Arachnocalpis ? sp. C 46 16 137
Arachnocalpis ellipsoides Haeckel 46 17 136
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Order TRIPL YEA Hertwig, 1879
Suborder PHAEODARIA Haeckel, 1879
Family CHALLENGERIIDAE Murray, 1876, emend. herein

Challengeron willemoesii Haeckel
Challengeron lingi Takahashi, n. sp.
Challengeron radians Borgert
Challengeron tizardi (Murray)
Challengerosium balfouri (Murray)
Challengerosium avicularia Haecker
Challengeranium diodon (Haeckel)
Protocystis sp. A
Protocystis harstoni (Murray)
Protocystis honjoi Takahashi, n. sp.
Protocystis tridentata Borgert
Protocystis auriculata Takahashi, n. sp.
Protocystis aduncicuspis Takahashi, n. sp.
Protocystis sp. B
Protocystis sloggetti (Haeckel)
Protocystis murrayi (Haeckel)/I II II
Protocystis sp. C
Protocystis thomsoni (Murray)
Protocystis xiphodon (Haeckel)
Protocystis tritonis (Haeckel)

Protocystis naresi (Murray)
Pharyngella gastrula Haeckel

Entocannula infundibulum Haeckel

Family MEDUSETTIDAE Haeckel, 1887, emend. herein
Euphysetta elegans Borgert
Euphysetta staurocodon Haeckel

Euphysetta pusilla Cleve
Euphysetta lucani Borgert
M edusetta ansata Borgert

Medusetta inflata Borgert
Medusetta sp. A
Medusetta sp. B

Family LIRELLIDAE Ehrenberg, 1872c
Borgertella caudata (Wallich)/I II II
Lirella baileyi Ehrenberg
Lirella bullata (Stadum and Ling)
Lirella melo (Cleve)
II II II

Lirella tortuDsa Takahashi, n. sp.

Plate Figure Page

47
48
48
48
48
49
52
49

1-14
1-5
6
13-16
7-10
1-13
11-16
14, 15

50
50
50
50
50
50
50
51
51
51
52
52
52
51
52

1,2
3
4-7
8-10
11

12- 15
16-18
1-3
4
5
1-3
4,5
6-8
6-14
9, 10

53
53
53
54
54

1-10
11-14
15

10-12
1-7

54
63

8,9
12, 13

54
55
55
55
55
56
55
56

13- 1 7

1-6
7

8-11
12-18
1-8
19,20
9-11

137
137
137
138
138
139
139
140
140
145
144
141
141
142
142
142
144
142
143
143
144
143
143
143
144
144
145

146
146
146
147
147
147
147
148
148

51

148
148
148
149
149
149
149
150
150

..
i



52

Family POROSPATHIDIDAE Borgert, 1901a,
emend. Campbell, 1954

Porospathis holostoma (Cleve)

Family CASTANELLIDAE Haeckel, 1879
Castanidium longispinum Haecker/I /I /I
Castanidium abundiplanatum Takahashi, n. sp.
Castanidium sp.
Castanzssa circumvallata Schmidt
Castanella aculeata Schmidt

/I /I /I

Castanella macropora (Borgert)
Casta nella sloggetti Haeckel
Castanella balfouri Haeckel

Family CIRCOPORIDAE Haeckel, 1879
Haeckeliana porcellana Murray
Circoporus sexfuscinus Haeckel

Circoporus oxyacanthus Borgert
Circogonia sp.

Family CONCHARIIDAE Haeckel, 1879
Conchellzum capsula Borgert
Conchellium trzdacna Haeckel

Conchophacus diatomeus (Haeckel)
Conchidium argiope Haeckel
Conchidium caudatum (Haeckel)
Conchopsis compressa Haeckel

Family AULOSPHAERIDAE Haeckel, 1862
Aularia ternaria Haeckel

Family AULACANTHIDAE Haeckel, 1862
Aulographis stellata Haeckel
Aulographis tetrancistra Haeckel

Auloceros spathillaster Haeckel
Auloceros arborescens Haeckel birameus (Immermann)
Aulographonium bicorne Haecker
Aulospathis taumorpha Haeckel
Aulospathis variabilis Haeckel bifurca Haecker
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7 Systematics

Kingdom PROTISTA HAECKEL, 1866

Phylum SARCODINA HERTWIG AND LESSER, 1874
Class ACTINOPODA CALKINS, 1909

Subclass RADIOLARIA MÜLLER, 1858a
Order POLYCYSTINA EHRENBERG, 1838, emend. RIEDEL, 1967a

Suborder SPUMELLARIA EHRENBERG, 1875
Family COLLOSPHAERIDAE MÜLLER, 1858a

53

DEFINITION: Colonial spumellarians with lattice-shells (and one genus with no skeletal
elements) (Riedel, 1971).

Genus Acrosphaera HAECKEL, 1881

Acrosphaera spinosa (Haeckel) longispina Takahashi, new name
Plate 1, figures 1, 4

Acrosphaera spinosa (Haeckel). - POPOFSKY, 1917, p. 253, text-fig. 16 (partim). -
STRELKOV AND RESHETNYAK, 1971, p. 340, pI. 6, figs. 39,41 (partim).

Polysolenia flammabunda (Haeckel). - NIGRINI, 1967, p. 15, pI. 1, fig. 2. - NIGRINI AND
MOORE, 1979, p. S13, pI. 2, fig. 2.

ACTOsphaera flammabunda (Haeckel). - JOHNSON AND NIGRINI, 1980, p. 116, pI. 1, fig. 1,
text- fig. 3a.

DESCRIPTION: Shell smooth, polyhedron shape, with long radiated spines of up to 1/3 of
shell diameter whose bases are elevated, with numerous circular to subcircular small
pores of slightly variable size, with fewer number of large pores of about 3-5 times
the small pore diameter. Number of spines is one on the small pore margin and up to
several (and occasionally forming coronas) on the large pore margin.

REMARKS: Main differences of the present taxon from A. spinosa coniculispira and
A. spinosa coronula are length and shape of spines and number of spines on the large
pore margin. The author's concept of this subspecies is similar to that of Nigrini
(1967) except elimination of forms close to Choenicosphaera flammabunda HaeckeI.
Popofsky (1917) and Strelkov and Reshetnyak (1971) lump these three taxa together;
Nigrini (1967) and her co-workers split A. spinosa longispina from A. spinosa con-
iculispina but lump together A. spinosa longispina and A. spinosa coronula. It is
important to note that both Popofsky (1917) and Strelkov and Reshetnyak (1971)

describe different forms from one colony, although not necessarily in all of the groups
presently in question. Such an observation of the colony is the key to improvi:lg the
taxonomy of colonial Radiolaria. Thus, the four forms presented here may well be
one taxon in the true biological sense, in which case splitting into several subspecies

is invalid. However, until satisfactory information on the colonies of these groups is
obtained, the author proposes to classify them as four different subspecies.

DERIVATION OF NAME: The Latin meaning long thorn.
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Acrosphaera spinosa (Haeckel) coniculispina Takahàshi, new name
Plate 1, figure 2

Collosphaera spinosa HAECKEL, 1860b, p. 845; 1862, p. 536, pI. 34, figs. 12, 13.

Acrosphaera spinosa (Haeckel). - BRANDT, 1885, p. 263, pI. 2, fig. 4; HAECKEL, 1887,
p. 100. - STRELKOV AND RESHETNYAK, 1971, p. 340, pI. 5, figs. 33-38; pI. 6, figs. 40,
43 (partim). - JOHNSON AND NIGRINI, 1980, p. 119, pI. 1, fig. 3. - BOLTOVSKOY AND
RIEDEL, 1980, p. 144, pI. 1, fig. 6. - TAKAHASHI AND HON JO, 1981, p. 144, pI. 1,
fig. 6.

Polysolenia spinosa (Haeckel). - NIGRINI, 1967, p. 14, pI. 1, fig. 1. - NIGRINI AND MOORE,
1979, p. S 19, pI. 2, fig. 5.

REMARKS: This form is the major component of the present species counts at all the
three stations.

DERIVATION OF NAME: The name of this species is the Latin meaning conical thorn.

Acrosphaera spinosa (Haeckel) flammabunda Haeckel
Plate 1, figure 5

Choenicosphaera flammabunda HAECKEL, 1887, p. 103, pI. 8, fig. 5.

Acrosphaera spinosa (Haeckel). - POPOFSKY, 1917, p. 254, text-figs. 14, 15 (partim).
- STRELKOV AND RESHETNYAK, 1971, p. 340, pI. 8, fig. 59 (partim).

REMARKS: Although this taxon is morphologically very different from A. spinosa longispina
and A. spinosa coniculispina, they all may prove to be a single taxon with further
investigation. This taxon is rare at all three stations.

Acrosphaera spinosa (Haeckel) lappacea (Haeckel)
Plate 1, figures 14, 16

Xanthiosphaera lappacea HAECKEL, 1887, p. 120, pI. 8, figs. 10, II.

Polysolenia tappacea (Haeckel). - NIGRINI, 1967, p. 16, pI. 1, figs. 3a, 3b. - NIGR.INI AND
MOORE, 1979, p. S15, pI. 2, figs. 3a, 3b.

Acrosphaera lappacea (Haeckel). - JOHNSON AND NIGRINI, 1980, p. 119, pI. 1, fig. 2.

REMARKS: This taxon is very rare at all three stations and it did not appear in any of
the counting slides.
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Acrosphaera murrayana (Haeckel)
Plate 1, figures 3, 6-11

Choenicosphaera murrayana HAECKEL, 1887, p. 102, pI. 8, fig. 4; BENSON, 1966, p. 120,
pI. 2, fig. 3.

Trypanosphaera brachysiphon CLEVE, 1900b, p. 13, pI. 6, fig. 3.

Polysolenia murmyana (Haeckel). - NIGRINI, 1968, p.52, pI. 1, fig. la, lb.

Acrosphaera murmyana (Haeckel). - POPOFSKY, 1917, p. 259, text-figs. 22, 23. - STREL-
KOV AND RESHETNYAK, 1971, p. 347, text-fig. 25.

REMARKS: This species is very abundant at the Panama Basin station. Shell diam-
eter is 176 :I 18 ¡.m (2 S.D.) (126 specimens), and its weight is 0.46 :I 0.01 pg

(207 specimens). Specimens of two shells splitting apart have been occasionally ob-
served (Plate 1, figures 3, 9, 10). An SEM view of this species' skeletal cross section
(Plate 1, figure 11), typical of polycystine skeletons, shows solid silica in contrast to
those of porous Phaeodaria (Plates 47-63).

Acrosphaera cyrtodon (Haeckel)
Plate 1, figures 12, 13

Odontosphaera cyrtodon HAECKEL, 1887, p. 102, pi. 5, fig. 6.

Acrosphaera cyrtodon (Haeckel). - STRELKOV AND RESHETNYAK, 1971, p. 344, pi. 7,
fig. 51; pI. 8, fig. 54, text-fig. 24.

REMARKS: See Strelkov and Reshetnyak (1971) for a more complete synonymy.

Genus Clathrosphaera Haeckel, 1881
Clathrosphaera arachnoides Haeckel

Plate 1, figure 15

Clathrosphaera arachnoides HAECKEL, 1887, p. 119, pi. 8, fig. 7.

DESCRIPTION: Shell elliptical with many elevated cones, numerous straight strands con-
necting among the cones forming triangular to polygonal geometric network of outer
sphere, pores numerous, mostly small and subcircular, a few large, quadrilateral pores.

Genus Collosphaera Müller, 18.5.5
Collosphaera tuberosa Haeckel

Plate 2, figures 1-3

Collosphaera tuberosa HAECKEL, 1887, p. 97. - STRELKOV AND RESHETNYAK, 1971,
p. 336, pi. 4, figs. 24, 25, text-fig. 22. - NIGRINI, 1970, p. 166, pi. 1, fig. 1, text-fig. 2;
1971, p. 445, pi. 34.1, fig. 1. - NIGRINI AND MOORE, 1979, p. Sl, pi. 1, fig. 1. -
JOHNSON AND NIGRINI, 1980, p. 119, pI. 1, fig. 8. - BOLTOVSKOY AND RIEDEL, 1980,
p. 104, pI. 1, fig. 7. - TAKAHASHI AND HONJO, 1981, p. 144, pi. 1, fig. 2. See Strelkov
and Reshetnyak (1971) and Nigrini (1971) for more synonymies.
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Collosphaera confossa Takahashi, n. sp.
Plate 2, figures 4, 5

DESCRIPTION: Shell single lattice, thin-walled, smooth, spherical to slightly crumpled,
with numerous circular to subcircular pores of variable size. Width of the interporous
septa is about the same as average pore diameter. Number of pores is about 23 on
the half perimeter of the shell and twice as many as that of C. huxleyi.

DIMENSION: Shell diameter: 125-225 11m.

TYPE LOCALITY: 15°21.lN, 1"51°28.5'W; sediment trap at 5,582 m; collected during
July-November, 1978.

REMARKS: This taxon is different from C. huxleyi in shell diameter variability, number
and size of pores.

DERIVATION OF NAME: The name of this species is the Latin meaning full of holes.

Collosphaera armata Brandt
Plate 2, figures 6, 7, 12

Collosphaera armata BRANDT, 1905, p. 331, pi. 10, figs. 17, 18. - POPOFSKY, 1917, p. 246,
pi. 14, fig. 1. - STRELKOV AND RESHETNYAK, 1971, p. 337, text-fig. 23.

Collosphaera huxleyi Müller
Plate 2, figures 8-11

Thalassicola punctata HUXLEY, 1851, p. 434, pi. 14, fig. 6 (partim).

Collosphaera huxleyi MÜLLER, 1855, p. 238; 1858a, p. 55, pi. 8, figs. 6-9. - POPOFSKY,
1917, p. 241, text-figs. 2, 3, pi. 13, figs. 1-9. - STRELKOV AND RESHETNYAK, 1971,
p. 332, pi. 4, figs. 21, 23, text-figs. 19-21. - BOLTOVSKOY AND RIEDEL, 1980, p. 103,
pi. 1, fig. 5. See Strelkov and Reshetnyak (1971) and Boltovskoy and Riedel (1980)
for more synonymies.

Collosphaera macropora Popofsky
Plate 2, figures 13-18

Without a name. - HILMERS, 1906, pi., fig. 3.

Collosphaera macropora POPOFSKY, 1917, p. 247, text-figs. 5, 6, pi. 14, figs. 2a-2c. -
STRELKOV AND RESHETNYAK, 1971, p. 337, pi. 4, figs. 30, 31. - BOLTOVSKOY AND
RIEDEL, 1980, p. 103, pi. 1, fig. 6.
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Collosphaera polygona Haeckel

? Collosphaera huxleyi Müller. - HAECKEL, 1862, pI. 34, fig. 5.

Collosphaera polygona HAECKEL, 1887, p. 96, pI. 5, fig. 13. - STRELKOV AND RESHET-
NYAK, 1971, p. 338, pI. 4, figs. 26, 27. - TAKAHASHI AND HONJO, 1981, p. 144, pI. 1,
fig. 3.

Genus Disolenia Ehrenberg, 1860a

Disolenia collina (Haeckel)

Plate 3, figures 1, 5-7

Acrosphaera collina HAECKEL, 1887, p. 101, pI. 8, fig. 2. - BRANDT, 1905, pp. 334-335,
pl. 9, figs. 14, 15; pl. 10, figs. 32, 33.

Solenosphaera collina (Haeckel). - HILMERS, 1906, pp. 41-44. - POPOFSKY, 1917, p. 250,
pI. 14, fig. 3, text-fig. 10. - STRELKOV AND RESHETNYAK, 1971, p. 362, pI. 8, fig. 52.

Disolenia zanguebarica (Ehrenberg)
Plate 3, figures 2-4, 8, 9

Trisolenia zanguebarica EHRENBERG, 1872a, p. 321; 1872b, p. 149, pI. 10, fig. 11.

Solenosphaera zanguebarica (Ehrenberg). - BRANDT, 1905, p. 330, pI. 10, figs. 28-31. -
POPOFSKY, 1917, p. 249, text-fig. 9. - STRELKOV AND RESHETNYAK, 1971, p. 360,
pI. 10, figs. 74-76.

Disolenia zanguebarica (Ehrenberg). - NIGRINI, 1967, p. 20, pI. 1, fig. 6. - RENZ, 1976,
p. 87, pI. 1, fig. 2. - NIGRINI AND MOORE, 1979, p. S5, pI. 1, fig. 3. - JOHNSON AND
NIGRINI, 1980, p. 119, pI. 1, fig. 10. - BOLTOVSKOY AND RIEDEL, 1980, p. 105, pI. 1,
fig. 11. - TAKAHASHI AND HONJO, 1981, p. 145, pI. 1, fig. 11.

Disolenia quadrata (Ehrenberg)

Plate 5, figures 1-5

Tetrasolenia quadrata EHRENBERG, 1872a, p. 320; 1872b, p. 301, pI. 10, fig. 20.

Solenosphaera variabilis HAECKEL, 1887, p. 113. - ? RIEDEL, 19.53, p. 808, pI. 84, fig. 8.

Solenosphaera pandora HAECKEL, 1887, p. 113, pI. 7, figs. 10, 11. - STRELKOV AND
RESHETNYAK, 1971, p. 362, pI. 10, figs. 77, 78.

Disolenia quadrata (Ehrenberg). - NIGRINI, 1967, p. 19, pI. 1, fig. 5. - NIGRINI AND
MOORE, 1979, p. S3, pI. 1, fig. 2. - JOHNSON AND NIGRINI, 1980, p. 119, pi. 1, fig. 9.

Disolenia cf. variabilis (Haeckel). - BENSON, 1966, p. 123, pI. 2, fig. 5.

REMARKS: Bjørklund and Goll (1979, p. 1321, pI. 5, figs. 1-21) described a taxon, Trisole-
nia megalactis megalactis Ehrenberg, similar to this species. The author regards it as
a different taxon from the present species because of distinct morphological differences
of tubules and pore size of the shells. See the synonymy of Otosphaera polymorpha
below.
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Disolenia sp. A
Plate 5, figure 6

DESCRIPTION: Shell small with three large tubules of cylindrical shape and obliquely
truncated. The shell is part of the three connecting tubules and has sub circular pores
of finer than interporous septa. Pore size significantly increases (up to more than five
times of the width of interporous septa) and becomes polygonal toward the terminal
end of the tubules.

DIMENSIONS OF THE ILLUSTRATED SPECIMEN: Length of long axis: 150 ¡im; diameter of
tubules: 30 ¡im.

REMARKS: This species occurs rarely at the three stations.

Disolenia sp. B

Disolenia sp. - TAKAHASHI AND HONJO, 1981, p. 145, pi. 1, fig. 10.

Genus Otosphaera Haeckel, 1887, emend. Nigrini, 1967
Otosphaera tenuissima (Hilmers)

Plate 3, figure 11

Solenosphaera tenuissima HILMERS, 1906, p. 48, pi., fig. 2. - POPOFSKY, 1917, p. 252,
text-fig. 13.

Otosphaera polymorpha Haeckel

Plate 3, figures 12, 14, 15

Otosphaera polymorpha HAECKEL, 1887, p. 116, pi. 7, fig. 6. - NIGRINI, 1967, p. 23, pi. 1,
fig. 8. - NIGRINI AND MOORE, 1979, p. 59, pi. 1, fig. 5. - TAKAHASHI AND HONJO,
1981, p. 146, pi. 1, fig. 12.

? Trisolenia megalactis megalactis Ehrenberg. - BJ0RKLUND AND GOLL, 1979, p. 1321,
pi. 5, figs. 1-21.

Otosphaera auriculata Haeckel

Plate 3, figures 10, 13

Otosphaera auriculata HAECKEL, 1887, p. 116, pi. 7, fig. 5. - NIGRINI, 1967, p. 22, pi. 1,
fig. 7. - NIGRINI AND MOORE, 1979, p. S7, pi. 1, fig. 4. - JOHNSON AND NIGRINI,
1980, p. 119, pi. 1, fig. 11.

Solenosphaera chierchiae BRANDT, 1905, p. 346, pi. 10, fig. 27. - STRELKOV AND RESHET-
NYAK, 1971, p. 363, pi. 8, figs. 55, 56.
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Genus Siphonosphaera Müller, 1858a
Siphonosphaera magnisphaera Takahashi, n. sp.

Plate 4, figures 1, 3

DESCRIPTION: Shell large, spherical, with numerous sub circular to polygonal small pores
and 10-17 large polygonal pores of 1/4-1/2 length of the shell diameter. Number of
the small and large pores are ca. 30-40 and 2-4 respectively on the half meridian.
The large pores form very short tubules.

DIMENSIONS: Shell diameter: 175-220 ¡.m (6 specimens); large pore diameter: 12-64 ¡.m

(6 specimens).

TYPE LOCALITY: 15°21.1'N, 151°28.5'W; sediment trap at 378 m; collected during July-
November, 1978.

REMARKS: This species has a relatively large shell for Collosphaeridae, and differs from
Siphonosphaera sp.A (Plate 4, figure 2) in shell size and in number and shape of smal
and large pores.

DERIVATION OF NAME: The name of this species is the Latin meaning having the nature
of a large sphere.

Siphonosphaera martensi Brandt

Plate 4, figures 4-5, 7-8

Siphonophaera martensi BRANDT, 1905, p. 339, pi. 9, figs. 9-12. - HILMERS, 1906, p. 80.
- STRELKOV AND RESHETNYAK, 1971, p. 356, fig. 28. - BOLTOVSKOY AND RIEDEL,
1980, p. 104, pi. 1, fig. 8. - TAKAHASHI AND HONJO, 1981, p. 145, pi. 1, fig. 9.

Siphonosphaera tenera? Brandt. - POPOFSKY, 1917, p. 262, text-fig. 27 (partim).

REMARKS: The present taxon has pores of variable size which tend to protrude outward;
some of the large ones form short straight or conical tubules. Many of the pores are
much smaller than the width of the interporous. septa. Thus, the present taxon is
different from S. macropora Strelkov and Reshetnyak (1971, p. 357, text-fig. 29).

Siphonosphaera socialis Haeckel
Plate 4, figures 9-12, 15, 16

Siphonosphaera socialis HAECKEL, 1887, p. 106, pi. 6, figs. 1, 2. - HILMERS, 1906, p. 74.
- POPOFSKY, 1917, p. 264, pi. 16, figs. 1-11; pi. 17, figs. 1-6, text-fig. 29. - STRELKOV
AND RESHETNYAK, 1971, p. 353, pi. 8, fig. 60; pi. 9, fig. 72, text-fig. 27.

REMARKS: Specimens shown by Popofsky (1917) and Strelkov and Reshetrtyak (1971)
are the closest to the ones presented here. Haeckel's specimens of original S. socialis
have larger pores than those shown by other workers. S. cf. socialis shown by Benson

(1966: p. 121, pi. 2, fig. 4) is similar to the present taxon. S. socialis is preferred to
S. polysiphonia because: 1) specimens observed here do not have as many prolonged
tubules as the original S. polysiphonia Haeckel (as pointed out and ilustrated by
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Boltovskoy and Riedel, 1980); and 2) there are well ilustrated descriptions of this
taxon under S. socialis in the above synomymy. All of the specimens of this species
observed under SEM have small numerous rectangular prisms or cubic crystals on the
shell surface (e.g., Plate 4, figure 16). This is common to many collosphaerids but has
never been observed on any other familes under the identical desalting procedure.
This may be due to the difference from other groups in the nature of the skeleton.

Siphonosphaera polysiphonia Haeckel

Siphonosphaera polysiphonia RAECKEL, 1887, p. 106. - NIGRINI, 1967, p. 18, pi. 1, figs. 4a,
4b. - RENZ, 1976, p. 89, pi. 1, fig. 7; NIGRINI AND MOORE, 1979, p. S21, pi. 1, figs. 6a,
6b. - JOHNSON AND NIGRINI, 1980, p. 119. - BOLTOVSKOY AND RIEDEL, 1980, p. 104,
pi. 1, fig. 9. - TAKAHASHI AND RON JO, 1981, p. 145, pi. 1, fig. 8. See Boltovskoy and
Riedel (1980) for an additional synonymy.

Siphonosphaera sp. aff. S. hippotis (Haeckel)
Plate 4, figures 13, 14

Siphonosphaera sp. aff. S. hippotis (Haeckel).. - RENZ, 1976, p. 89, pi. 1, fig. i.

DESCRIPTION: Shell smooth and thick, spherical, with 5-10 tubules of 1/6 to 1/4 length
of shell diameter, pores much smaller and more abundant than those of S. socialis.

REMARKS: The present taxon is identical to that shown by Renz (1976).

Siphonosphaera sp. A
Plate 4, figure 2

DESCRIPTION: Shell small and smooth, spherical, with small and large circular to subcir-
cular pores. Interporous septa is wider than large pore diameter. The small pores are
much less abundant than those of S. brachyporosa and regularly distributed over the
shell walL. The large pores form very short tubules of ca. 1/7 of the pore diameter.
This species, although not the same, resembles to S. brachysiphonia Dumitrica (1978)
in size and shape of the shell and large pores.

Siphonosphaera sp. B
Plate 4, figure 6 f'-.

DESCRIPTION: Shell spherical, with many la.rge pores of about equal width as interporous
septa and fewer small pores of ca. 1/3 of the large pore diameter. There are usually 4-
6 large and 1-3 small pores in half meridian. The rims of the large pores are elevated
and forming short tubules of ca. 1/4 length of the pore diameter.

REMARKS: This species is different from S. partinaria and S. cyathina both described
by Haeckel (1887) in height and shape (and size a.nd number for the latter) of the
tubules.
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Family SPHAEROZOIDAE Haeckel, 1862

DEFINITION: Growth exclusively coloniaL.

Genus Rhaphidozo1.m Haeckel, 1862
Rhaphidozoum pandora Haeckel

Rhaphidozoum pandora HAECKEL, 1887, p. 49, pI. 4, fig. 6. - TAKAHASHI AND HONJO,
1981, p. 144, pI. 1, fig. 1.

Family ETHMOSPHAERIDAE Haeckel, 1862

DEFINITION: Without spines on shell surface.

REMARKS: Widely used name Liosphaeridae for this family is invalid. See Loeclich and
Tappan (1961).

Genus Plegmosphaera Haeckel, 1881
Plegmosphaera pachypila Haeckel

Plate 5, figures 7-9

Plegmosphaem pachypila HAECKEL, 1887, p. 88.

Styptosphaera sp. - TAKAHASHI AND HONJO, 1981, p. 146, pI. 1, fig. 13.

Plegmosphaera coelopila Haeckel
Plate 5, figure 10

Plegmosphaera coelopila HAECKEL, 1887, p. 88.

Plegmosphaera lepticali Renz

Plegmosphaera lepticali RENZ, 1976, p. 115, pI. 1, fig. 14. - TAKAHASHI AND HONJO, 1981,
p. 146, pI. 1, figs. 15, 16.

Plegmosphaem sp. aft. P. lepticali Renz
Plate 5, figure i 1

? Plegmosphaera lepticali RENZ, 1976, p. 115, pI. 1, fig. 14.

DESCRIPTION: Shell ovate, smooth, with single layer of spongy meshwork.
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Plegmosphaera entodictyon Haeckel
Plate 6, figures 8, 10, 11

Plegmosphaera entodictyon HAECKEL, 1887, p. 88. - HOLLANDE AND ENJUMET, 1960,
p. 103, pI. 48, fig. 1. - BOLTOVSKOY AND RIEDEL, 1980, p. 106, pI. 1, fig. 16.

? Styptosphaera spongiacea HaeckeI. - RENZ, 1976, p. 116, pI. 1, fig. 13.

REMARKS: A specimen shown in Plate 6, figure 8 has inside shell wall closed by a less
dense lattice than those of figures 10-11.

Plegmosphaera oblonga Takahashi, n. sp.
Plate 6, figure 3

DESCRIPTION: Elongate hollow shell made of irregular polygonal spongy meshwork, with-
out spines and with two large circular openings of different sizes on two opposite
lateral sides. Either anterior or posterior half is slightly thicker in diamter than the
other.

DIMENSIOÑS: (3 specimens) Shell length: 220-580 j.mj width: 70-220 j.mj radii of axes 

ratio: 1:2.6-3.0; diameter of lateral openings: 10-60 j.m.

TYPE LOCALITY: 5°2lN, 81°53'W; sediment trap at 667 mj collected during August-
December 1979.

REMARKS: This species is rare in the Panama Basin. Wide size variation is observed.

DERIVATION OF NAME: The name of this species is the Latin meaning for having the
nature of longer than broad.

Plegmosphaera pachyplegma Haeckel

Plegmosphaera pachyplegma HAECKEL, 1887, p. 89. - BOLTOVSKOY AND RIEDEL, 1980,
p. 106, pI. 1, fig. 17.

Plegmosphaera sp. A
Plate 5, figure 14

DESCRIPTION: Shell ovate, surface smooth and hollow with irregular spongy meshwork.
Thickness of the spongy layer is ca. 1/2 radius of the cavity. Radii of axes ratio 1:2.2.

Plegmosphaera sp. B

Plate 6, figure 1

DESCRIPTION: Shell, large, smooth and spherical with single layer of fine spongy mesh-
work.
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Genus Styptosphaera Haeckel, 1881
Styptosphaera spongiacea Haeckel

Plate 6, figures 6, 7, 9

Styptosphaera spongiacea HAECKEL, 1887, p. 87.

Octodendron nidum TAN AND TCHANG, 1976, p. 233, text-fig. 10.

REMARKS,: S. spongiacea shown by Renz (1976) has an inside cavity bounded by latticed
wall and hence it should be placed in the genus Plegmosphaera.

Styptosphaera sp. A
Plate 6, figures 12-14

DIMENSIONS: Shell diameter (long axis) of the ilustrated specimens: figure 12: 107 lLmj
figure 13: 190 lLm; and figure 14: 34 lLm.

REMARKS: This could be the juvenile form of S. spongicea.

Styptosphaera sp. B
Plate 5, figure 12

DESCRIPTION: Shell smooth and ovate with irregular polygonal meshwork on the surface
which is connected to the central part with fine radial strands.

DIMENSIONS OF ILLUSTRATED SPECIMEN: Diameter of long a.xis: 240 lLmj short axs:
183 lLm.

Styptosphaera sp. C
Plate 5, figure 13

DESCRIPTION: Shell large and ovate with smooth surface. Very fine spongy meshwork,
rather dense in the central part and loose in the subsurface layer.

DIMENSIONS OF ILLUSTRATED SPECIMEN: Diameter of long axis: 800 lLm; short axis:
710 lim.

Genus Carposphaera Haeckel, 1881
Carposphaera capillacea Haeckel

Plate 6, figure 2

Thecosphaera capillacea HAECKEL, 1887, p. 81.
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Carposphaera sp. aff. C. cOl'ypha Haeckel
Plate 9, figure 12

Spongoplegma antarcticum HaeckeI. - KEANY, 1979, p. 53, pI. 2, fig. 1.

? Cal'posphaera corypha HAECKEL, 1887, p. 75.

REMARKS: Since specimens observed here as well as the one shown by Keany (1979) do
not have spongy cortical shell, the generic name of this species is not Spongoplegma.
This species is close to Haeckel's ilustrated description of Carposphaera cOl'ypha, but
its cortical shell thickness seems to be much thicker than the latter.

Family ACTINOMMIDAE Haeckel, 1862, emend. Sanfilippo and Riedel, 1980

DEFINITION: Solitary spumellarians with shells spherical or ellpsoidal or modifications of
those shapes, but not discoidal, nor equatorially constricted ellpsoids, usually without
internal spicules, generally much smaller than orosphaerids (Sanfilippo and Riedel,
1980).

Subfamily ACTINOMMINAE Haeckel, 1862
Genus Centrocubus Haeckel, 1887

Centrocubus cladostylus Haeckel

Cent1'cubus cladostylus HAECKEL, 1887, p. 278, pI. 18, fig. 1. - TAKAHASHI AND HONJO,
1981, p. 148, pI. 4, fig. 1.

Cent1'cubus octostylus Haeckel
Plate 7, figure 1

Cent1'cubus octostylus HAECKEL, 1887, p. 278.

Genus Spongosphaera Ehrenberg, 1847b
Spongosphaera polycantha M üller

Plate 7, figures 2, 3, 5

Spongosphaera polycantha MÜLLER, 1858a, p. 32, pi. 4, figs. 1-4. - HAECKEL, 1887, p. 282.
- HOLLANDE AND ENJUMET, 1960, pI: 46, fig. 1.

? Spongosphaera stl'eptacantha ? HaeckeI. - POPOFSKY, 1912, pi. 8, fig. 4.

Spongosphaera sp. aff. S. helioides Haeckel
Plate 7, figures 4, 7, 8

? Spongosphaera helioides HAECKEL, 1862, p. 456, pI. 12, figs. 11-13; 1887, p. 283.

REMARKS: This taxon is similar to S. helioides, but not the same because radial bi-spines
are branching.
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Spongosphaera streptacantha Haeckel
Plate 7, figure 6

Spongosphaera streptacantha HAECKEL, 1862, p. 455, pI. 26, figs. 1-3; 1887, p. 282. -
MAST, 1910, p. 187. - POPOFSKY, 1912, p. 109, text-fig. 22. - HOLLANDE AND
ENJUMET, 1960 ?, pI. 20, figs. 5-7; pI. 45, fig. 4; pI. 58, fig. 5. - TAN AND TCHANG,
1976, p. 234, text-fig. 11.

Spongosphaera ? sp. B
Plate 7, figure 9

DESCRIPTION: Shell large polyhedral and made of dense spongy meshwork with 20 thick
branched radial spines. Bases of the spines are elevated and hence each shell surface
plane becomes convex. Shell surface of pylome end is rather flat.

Genus Lychnosphaera Ha.eckel, 1881
Lychnosphaem regina Haeckel

Plate 7, figure 10

Lychnosphaera regina HAECKEL, 1887, p. 277, pI. 11, figs. 1-4.

Genus Actinomma Haeckel, 1860a., emend. Nigrini, 1967; Bjørklund, 1976b
Actinomma arcadophorum Haeckel

Plate 8, figures 8, 9, 11

Actinomma arcadophorum HAECKEL, 1887, p. 255, pi. 29, figs. 7, 8. - NIGRINI, 1967,
p. 29, pI. 2, fig. 3. - NIGRINI AND MOORE, 1979, p. S29, pI. 3, fig. 4.

Actinomma capillaceum Haeckel
Plate 8, figure 10

Actinomma capillaceum HAECKEL, 1887, p. 255, p. 29, fig. 6.

Actinomma sp. aff. A. arcadophorum Haeckel and A. medianum Nigrini. - TAKAHASHI

AND HONJO, 1981, p. 147, pI. 2, fig. 4.

non Actinimma capillaceum NAKASEKO, 19.~9, p. 11, pi. 3, figs. 2a, 2b.

REMARKS: Haliomma capillaceum Haeckel (1862, p. 426, pi. 23, fig. 2; 1887, p. 236) is
very similar to this taxon except for the absence of outer medullary shell.

Actinomma sp.
Plate 13, figure 11

Actinomma sp. H. - TAKAHASHI AND HONJO, 1981, p. 147, pi. 2, fig. 6.

DESCRIPTION: Similar to Heterosphaera, sp. A (Plate 13, figures 9, 10), but this species
lacks bi-spines and it has more and shorter main-spines than the former.
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Genus Trilobatum Popofsky, 1912

Trilobatum ? acuferum Popofsky

Trilobatum acuferum POPOFSKY, 1912, p. 132, text-fig. 48. - TAKAHASHI AND HONJO,
1981, p. 147, pI. 2, fig. 7.

Genus Acanthosphaera Ehrenberg, 1858
Acanthosphaera actinota (Haeckel)

Plate 8, figure 1

Heliosphaera actinota HAECKEL, 1860a, p. 803; 1862, p. 352, pi. 9, fig. 3; 1887, p. 218.
- SCHRÖDER, 1909, p. 20, text-fig. 10.

Acanthosphaera tenuissima (Haeckel). - RENZ, 1976, p. 99, pi. 2, fig. II.

Acanthosphaera sp. - HOLLANDE AND ENJUMET, 1960, p. 113, pI. 55, fig. 5 (only).

Acanthosphaera actinota (Haeckel). - BOLTOVSKOY AND RIEDEL, 1980, p. 107, pI. 1,
fig. 19. - TAKAHASHI AND HONJO, 1981, p. 146, pI. 1, figs. 18, 19.

REMARKS: See Boltovskoy and Riedel (1980) for a more complete synonymy.

Acanthosphaera tunis Haeckel
Plate 8, figures 2, 3

Acanthosphaera tunis HAECKEL, 1887, p. 210.

Acanthosphaera castanea Haeckel
Plate 8, figures 4, 5

Acanthosphaera castanea HAECKEL, 1887, p. 211, pI. 26, fig. 3.

Genus H eliosphaera Haeckel, 1862

Heliosphaera radiata Popofsky

Heliosphaera radiata POPOFSKY, 1912, p, 98, text-fig. 10. - BENSON, 1966, p. 160, pi. 5,
figs. 1,2. - TAKAHASHI AND HONJO, 1981, p. 146, pI. 1, fig. 22.

Genus CladococcuS Müller, 1857
Cladococcus viminalis Haeckel

Plate 8, figures 6, 7

Cladococcus viminalis HAECKEL, 1862, pi. 14, figs. 2, 3. - BJ0RKLUND, 1976a, pi. 1,

figs. 10, 12.
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Cladococcus abietinus Haeckel

Plate 10, figure 5

Cladococcus abietinus HAECKEL, 1887, p. 226, pI. 27, fig. 3. - TAKAHASHI AND HONJO,
1981, p. 148, pI. 2, fig. 10.

Cladococcus scoparius Haeckel

Plate 10, figures 6, 7

Cladococcus scoparius HAECKEL, 1887, p. 225, pI. 27, fig. 2. - TAKAHASHI AND HONJO,
1981, p. 148, pI. 2, fig. 11.

Cladococcus cervicornis Haeckel
Plate 10, figures 8-10

Cladococcus cervicornis HAECKEL, 1860a, p. 801; 1862, p. 370, pI. 14, figs. 4-6. - DREYER,
1913 (partim), p. 30, pI. 1, figs. 1,5 (only). - BOLTOVSKOY AND RIEDEL, 1980, p. 110,
pI. 2, fig. 5.

Elaphococcus cervicornis (Haeckel). - HAECKEL, 1887, p. 228. - BENSON, 1966, p. 172,
pI. 6, fig. 1.

Elaphococcus gaussi POPOFSKY, 1912, p. 100, pI. 6, fig. 1.

Genus A rachinosphaera Haeckel, 1862
Arachnosphaera myriacantha Haeckel

Plate 10, figures 11, 12

Arachnosphaera myriacantha HAECKEL, 1862, p. 357, pI. 10, fig. 3, pI. 11, fig. 4; 1887,
p. 268. - TAN AND TCHANG, 1976, p. 232, text-fig. 8.

Arachnosphaera hexasphaera POPOFSKY, 1912, p. 108, text-figs. 19-21. - TAKAHASHI AND
HONJO, 1981, p. 147, pI. 2, fig. 13.

Arachnosphaera sp.
Plate 7, figure 12

DESCRIPTION: Shells 7-8 concentric latticed sphere with branched spines of 1/2 of outer-
most shell diameter.

Genus Leptosphaera Haeckel, 1887
Leptosphaera minuta ? Popofsky

Plate 7, figure 11

? Leptosphaera minuta POPOFSKY, 1912, p. 104, text-fig. 14.

REMARKS: This species has two layers of fragile cortical shell whereas Popofsky described
only one la.yer.
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Leptosphaera sp. group

Leptosphaera sp. - TAKAHASHI AND HONJO, 1981, p. 148, pi. 3, figs. 19, 20.

Genus Actinosphaera Hollande and Enjumet, 1960
Actinosphaera tenella (Haeckel)

Plate 9, figure 1

Haliomma tenellum HAECKEL, 1862, p. 428; 1887, p. 236.

Haliomma spinulosa aff. MÜLLER, 1858a, p. 40, pI. 4, fig. 7.

Actinosphaera capillaceum (Haeckel). - HOLLANDE AND ENJUMET, 1960 (partim), pI. 52,
fig. 3 (only).

Actinosphaera acanthophora (Popofsky)

Plate 9, figures 2, 3

Haliomma acanthophora POPOFSKY, 1912, p. 101, text-fig. 13. - DUMITRICA, 1972, p. 832,
pI. 20, figs. 1, 2.

Actinosphaera capillacea (Haeckel)
Plate 9, figures 4, 5

Haliomma capillaceum HAECKEL, 1862, p. 426, pI. 23, fig. 2; 1887, p. 236.

Haliomma erinaceum HAECKEL, 1862, p. 427, pI. 23, figs. 3,4; 1887, p. 236.

Actinosphaera capillaceu (Haeckel). - HOLLAN DE AND ENJUMET 1960 (partim), pi. 52,
figs. 1, 2 (only).

GpIlllS H aliomma Ehrenberg, 1838
lJaliomma castanea Haeckel

Plate 9, figures 7, 11

Haliomma castanea HAECKEL, 1862, p. 428, pI. 24, fig. 4; 1887, p. 232.

Haliomma ? sp. A
Plate 8, figure 12

DESCRIPTION: Cortical shell thin, usually hexagonally meshed with spines of one kind
which extend from thick and thorny medullary shell surface to outside of the cortical
shell up to 1/3 of shell radius.

REMARKS: Medullary shell is tentatively considered to be one sphere under SEM obser-
vations.
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Haliomma sp. B
Plate 12, figure 15

DESCRIPTION: Two concentric shells with circular pores of slightly different size. Some
of the spines radiate from the inner shell.

REMARKS: This species is similar to Cladococcus simplex HAECKEL (1860a, p. 800),
Rhaphidococcus simplex (Haeckel) (1862, p. 336, pI. 13, figures 5, 6), and Acanthos-
phaera simplex (Haeckel) (1887, p. 216). Differences are that the shell size is about
one half of those described by Haeckel, and the spines are straight.

Genus Heliosoma Haeckel, 1881
Heliosoma spp. aff. radians Haeckel

Plate 9, figures 6, 8

Heliosoma radians HAECKEL, 1887, p. 240, pI. 28, fig. 3.

Genus Elatomma Haeckel, 1887
Elatomma penicillus Haeckel

Plate 9, figures 9, 10

Elatomma penicillus HAECKEL, 1887, p. 243.

Genus H aeckeliella Hollande and Enjumet, 1960

Haeckeliella macrodoras (Haeckel)
Plate 10, figures 1-4

Haeckeliella macrodoras (Haeckel). - HOLLANDE AND ENJUMET, 1960, p. 119, pi. 56,
figs. 2-6.

? Elatomma pinetum HAECKEL, 1887, p. 242.

? Cladococcus stalactites HAECKEL?, 1887, p. 227, pI. 27, fig. 4. - BENSON, 1966, p. 173,
pI. 6, figs. 2, 3.

Genus A strosphaera Haeckel, 1887

Astrosphaera hexagonalis Haeckel

Plate 11, figures 1-3

Astrosphaera hexagonalis HAECKEL, 1887, p. 250, pI. 19, fig. 4. - MAST, 1910, p. 174.
- POPOFSKY, 1912, p. 105, text-fig. 16, pI. 8, fig. 2. - RENZ, 1976, p. 100, pi. 2, fig. 12.
- TAN AND TCHANG, 1976, pp. 228-229, text-figs. 4a, 4b. - TAKAHASHI AND HONJO,
1981, p. 147, pi. 2, fig. 12.

REMARKS: Generally bi-spines are very short but some specimens (e.g., Plate 11, figure 3)
have long wavy bi-spines.
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Genus Drymosphaera Haeckel, 1881
Drymosphaera dendrophora Haeckel

Plate 11, figure 4

Drymosphaera dendrophora HAECKEL, 1887, pp. 249-250, pI. 20, figs. 1, la, lb. - TAN
AND TCHANG, 1976, pp. 229-230, text-figs. 5a, 5b.

Genus Sphaeropyle Dreyer, 1889
Sphaeropyle mespilus ? Dreyer

Plate 11, figures 7, 8

? Sphaeropyle mespilus DREYER, 1889, p. 207, pI. 8, fig. 39.

REMARKS: See Dumitrica (1972) for a closely related species Actinosphaera haackei
(Dreyer ).

Genus Thecosphaera Haeckel, 1881
Thecosphaera inermis (Haeckel)

Plate 11, figure 9

Haliomma inerme HAECKEL, 1860a, p. 815.

Actinomma inerme HAECKEL, 1862, p. 440, pI. 24, fig. 5.

Thecosphaera inermis HAECKEL, 1887, p. 80.

Thecosphaera inermis (Haeckel). - BOLTOVSKOY AND RIEDEL, 1980, p. 114, pI. 3, fig. 6.

Genus Cromyomma Haeckel, 1881
Cromyomma villosum Haeckel

Plate 11, figures 10, 11

Cromyomma villosum HAECKEL, 1887, p. 261, pI. 30, fig. 2.

Genus Xiphosphaera Haeckel, 1881
Xiphosphaera gaea Haeckel

Plate 12, figures 1, 2

Xiphosphaera gaea HAECKEL, 1887, p. 123, pI. 14, fig. 5. - DREYER, 1913, p. 15, pI. 2,
fig. 5.

Xiphosphaem tessemctis Dreyer
Plate 12, figures 3-5

Xiphosphaera tessemctis DREYER, 1913, p. 10, pI. 2, figs. 3, 3a, 4. - RENZ, 1976, p. 106,
pI. 2, fig. 2. - McMILLEN AND CASEY, 1978, pI. 1, fig. J8. - TAKAHASHI AND HONJO,
1981, p. 148, pI. 3, fig. 9.
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Genus Staurolonche Haeckel, 1881
Staurolonche sp. A group

Staurolonche group. - TAKAHASHI AND HONJO, 1981, p. 147, pi. 3, fig. 7.

Staurolonche ? sp. B

Staurolonche ? sp. - TAKAHASHI AND HONJO, 1981, p. 147, pi. 3, fig. 8

Genus Stauracontíum Ha.eckel, 1881
Stauracontium sp.
Plate 12, figure 6

Genus H exastylus Haeckel, 1881

Hexastylus triaxonius Haeckel

Pla.te 12, figures 7, 8

Hexastylus triaxonius HAECKEL, 1887, p. 175, pi. 21, fig. 2. - BENSON, 1966,p. 140, pi. 3,
figs. 6, 7.

Hexastylus dictyotus HAECKEL, 1887, p. 76, pi. 21, figs. 8,9.

Hexastylus sp.
Plate 12, figure 9

DESCRIPTION: Cortical shell spherical with mesh size of 3-4 times as wide as interporous
bars. Six three-bladed spines of as long as shell diameter radiating from the cortical
shell on perpendicular planes.

Genus H exalonche Haeckel, 1881
Hexalonche amphisiphon Haeckel

Plate 12, figures 13, 14

Hexalonche amphisiphon HAECKEL, 1887, p. 182, pi. 25, fig. 2.

REMARKS: Specimens with more than 6 main-spines have been observed.

Hexalonche sp. A
Plate 11, figures 14;, 15

DESCRIPTION: Two small concentric shells latticed with six equal-sized long main-spines
(3-3.5 times of shell diameter), straight or slightly curved, and many bi-spines of 1.5
length of shell diameter.
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H exalonche sp. B

Plate 12, figures 10, 11

Hexancistra sp. - TAKAHASHI AND HONJO, 1981, p. 148, pI. 3, fig. 10.

Genus Centrolonche Popofsky, 1912
Centrolonche hexalonche Popofsky

Centrolonche hexalonche POPOFSKY, 1912, pI. 1, fig. 1. - TAKAHASHI AND HONJO, 1981,
p. 148, pI. 3, fig. 18.

Genus Centracontarium Popofsky, 1912
Centracontarium hexacontarium Popofsky

Centracontarium hexacontarium POPOFSKY, 1912, p. 90, text-fig. 4. - TAKAHASHI AND
HONJO, 1981, p. 148, pI. 3, fig. 17.

Genus H exacontium Haeckel, 1881
Hexacontium hostile Cleve

Place 13, figures 1, 2

Hexacontium hostile CLEVE, 1900a, p. 9, pI. 6, fig. 4. - SCHRÖDER, 1909, p. 14, text-fig. 6.
- GOLL AND BJ0RKLUND, 1971, p. 449, text-fig. 6. - BOLTOVSKOY AND RIEDEL,
1980, p. 112, pI. 2, fig. 13.

Hexacontium pachydermum J0RGENSEN, 1905, p. 115, pI. 8, figs. 31a, 31b. - BJ0RKLUND,
1976, pI. 1, figs. 4-9. - KLING, 1977, pI. 1, fig. 18.

? Hexacontium setosum HAECKEL, 1887, p. 198. - CLEVE, 1900a, p. 9, pI. 5, fig. 6.

- SCHRÖDER, 1909, p. 13, text-fig. 5.

Hexacontium arachnoidale Hollande and Enjumet

Hexacontium arachnoidale HOLLAN DE AND ENJUMET, 1960, p. 96, pI. 53, fig. 1.
BJ0RKLUND, 1976b, p. 118, pI. 1, figs. D-F. - TAKAHASHI AND HONJO, 1981, p. 148,
pi. 3, fig. 13.

Hexacontium axotrias Haeckel
Plate 13, figure 3

Hexacontium axotrias HAECKEL, 1887, p. 192, pi. 24, fig. 3. - BOLTOVSKOY AND RIEDEL,
1980, p. 112, pI. 2, fig. 11. - TAKAHASHI AND HONJO, 1981, p. 148, pi. 3, fig. 14.

REMARKS: Size of the shell corresponds to Boltovskoy and Riedel (1980) but much smaller
than that ilustrated by Haeckel (1887).
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Hexacontium hemcliti (Haeckel)
Plate 15, figures 8, 9

Hexalonche heracliti HAECKEL, 1887, p. 187, pI. 22, fig. 7.

Hexacontium d. heracliti (Haeckel). - BENSON, 1966, p. 158, pI. 4, figs. 8-10.

Hexacontium hystricina (Haeckel)
Plate 15, figure 10

Hexalonche hystricina Haeckel, 1887, p. 187, pI. 25, fig. 6. - TAKAHASHI AND HONJO,
1981, p. 148, pI. 3, fig. 16.

REMARKS: Generic name is changed here because two medullary shells were commonly
observed in the Pacific stations.

Hexacontium sp. aff. H. hostile Cleve
Plate 13, figure 6

REMARKS: This species is similar to H. hostile but has finer mesh.

Hexacontium sp.
Plate 12, figure 12

Genus H exacromyum Haeckel, 1881
Hexacromyum elegans Haeckel

Plate 13, figures 4, 5, 7

Hexacromyum elegans HAECKEL 1887, p. 201, pI. 24, fig. 9. - TAKAHASHI AND HONJO,
1981, p. 148, pI. 3, fig. 15.

REMARKS: Specimens with seven spines are rarely observed.

Genus Heterosphaera MAST, 1910

Heterosphaem sp. A
Plate 13, figures 9, 10

DESCRIPTION: Cortical shell very thick, rough surface with regular and circular pores
of equal size as large as thickness of the interporous bars, with 7-9 three bladed
radial main-spines of shell diameter, long and numerous bi-spines as long as 1.3 shell
diameter.

Heterosphaem sp. B
Plate 1:, figure 8

REMARKS: Similar to Heterosphaem sp. A, but has four denticles in the pores.
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Genus Cromyechinus Haeckel, 1881
Cromyechinus borealis (Cleve)

Actinomma boreale CLEVE, 1899, p. 26, pI. 1, fig. 5c.

Chromyomma boreale (Cleve). - J0RGENSEN, 1900, p. 59.

Cromyechinus borealis (Cleve). - J0RGENSEN, 1905, p. 117, pI. 8, fig. 35; pI. 9, figs. 36-
37. - BJ0RKLUND, 1974, p. 20, figs. 5-7; 1976a, pI. 2, figs. 7-15. - TAKAHASHI AND
HONJO, 1981, p. 147, pI. 2, fig. 8.

Cromyechinus sp. aff. C. borealis (Cleve)
Plate 13, figure 13

Cromyechinus ? sp.
Plate 13, figure 12

Genus Stomatosphaera Dreyer, 1889
Stomatosphaera sp. A
Plate 13, figure 14

REMARKS: Cortical shell ellipsoidal and smooth with circular pores of unequal size.

Stomatosphaera sp. B
Plate 13, figure 15

REMARKS: This and the following, sp. C, resemble S. dinoceras Dreyer (1889, p. 211,
pI. 10, fig. 76), the type species of this genus, but differ in size of shell and pores and
cortical shell surface texture.

Stomatosphaera sp. C
Plate 13, figure 16

REMARKS: About twice as large as the above sp. B, otherwise similar to that.

Genus Stylacontarium Pop of sky, 1912

Stylacontarium bispiculum Popofsky

Stylacontarium bispiculum POPOFSKY, 1912, pI. 2, fig. 2. - BENSON, 1966, p. 141, pI. 3,
figs. 8-11. - TAKAHASHI AND HONJO, 1981,.p. 148, pI. 3, fig. 11.
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Genus Stylosphaera Ehrenberg, 1847a

Stylosphaera melpomene Haeckel.
Plate 14, figures 1, 2

Stylosphaera melpomene HAECKEL, 1887, p. 135, pI. 16, fig. 1. - TAKAHASHI AND HONJO,
1981, p. 147, pI. 2, fig. 14.

Stylosphaera lithatractus Haeckel

Stylosphaera lithatractus HAECKEL, 1887, pI. 16, figs. 4, 5. - TAKAHASHI AND HONJO,
1981, p. 147, pI. 3, fig. 1.

Stylosphaera ? sp. A
Plate 11, figures 5, 6

REMARKS: Lacking in polar spines and thus the generic name is tentative.

Stylosphaera ? sp. B
Plate 14, figure 5

Genus Druppatractus Haeckel, 1887

Druppatractus ostracion Haeckel group

Plate 14, figures 3, 4

? Druppatractus ostracion HAECKEL, 1887, p. 326, pI. 16, figs. 8, 9

Genus Ellipsoxiphium Haeckel, 1887

Ellipsoxiphium palliatum Haecker
Plate 14, figures 11-17

Ellipsoxiphium palliatum HAECKER, 1908a, p. 441, pI. 84, fig. 587.

Druppatractus acquilonius Hays. - TAKAHASHI AND HONJO, 1981, p. 147, pI. 3, fig. 5.

non Ellipsoxiphus elegans val' palliatus Haeckel, 1887, p. 296, pI. 14, fig. 7.

non Druppatractus acquilonius HAYS, 1970, p. 214, pI. 1, figs. 4, 5.

DESCRIPTION: Two medullary shells spherical to ellipsoidaL. Inner cortical shell ellpsoidal
and thick with circular pores of relatively uniform size which is about 2-2.5 times as
large as the thickness of interporous bars. There are about ten pores on a half equator.
Outer cortical shell extremely thin and delicate, consisting of a polygonal meshwork
close to the inner cortical shell. The meshwork is connected everywhere with inner
cortical shell's interporous bars and hence it rèsembles a form of bi-spines in poorly
developed or extensively dissolved specimens. Polar spines dissimilar iii length, having
ratio of 1:2. The spines are cylindrical up to halfway and become conical distally.
The bases of the spines are simply jointed with the inner cortica.l shell and almost not
bladed.
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DIMENSIONS: (12 specimens) Length of inner cortical shell major axis: 146:f 22 pm
(2 S.D.); range 148-207 pm. Length of inner cortical shell minor axis: 154 :f 17 pm
(2 S.D.); range 136-179 pm. Length of major polar spine: 103 :f 12 pm (2 S.D.);
range: 91-119 pm. Length of minor polar spine: 51 :f 7 pm (2 S.D.); range: 38-80 pm.
Length of outer medullary shell major axis: 45-60 pm.

REMARKS: This species resembles D. acquilonius Hays (HAYS, 1970, p. 214, p. 1, figs. 4,
5. - KLING, 1971, p. 1086, pi. 1, figs. 5, 6. - LING, 1975, p. 717, pi. 1, figs. 17, 18;
1980, p. 367, pi. 1, fig. 1; Stylacantarium acquilonium (Hays) KLING, 1973, p. 634,
pi. 1, figs. 17-20 and pi. 14, figs. 1-4. - LING, 1973, p. 777, pi. 1, figs. 6, 7) but length
of the dissimilar polar spines is generally longer and ratio between the spines differs.
Delicate meshwork of the outer cortical shell similar to this species has been recorded
on some specimens of D. acquilonius (see Ling, 1975, pi. 1, figs. 17, 18; Kling, 1973,
pi. 14, fig. 2). It is possible that D. acquilonius gave rise to the present species. The
polar spines are always cyliiidro-conical, and not three-bladed, and thus the present
species differs from Ellipsoxiphus elegans val'. palliatus Haeckel (1887, p. 296, pi. 14,
fig. 7).

Genus A mphisphaera Haeckel, 1881
Amphisphaera group
Plate 14, figures 6, 7

Amphisphaera group. - TAKAHASHI AND HONJO, 1981, p. 147, pi. 3, fig. 3.

Genus Axoprunum Haeckel, 1887
Axoprunum stauraxonium Haeckel

Plate 14, figures 8-10

Axoprunum stauraxonium HAECKEL, 1887, p. 298, pi. 48, fig. 4. - HAYS, 1965, p. 170,
pi. 1, fig. 3. - PETRUSHEVSKAYA AND KOZLOVA, 1972, p. 521, pi. 10, fig. 10. - NIGRINI
AND MOORE, 1979, p. 857, pi. 7, figs. 2, 3.

? Cromyatractus elegans DogeI. - DUMITRICA, 1972, p. 834, pi. 20, fig. 8.

? Amphisphaera cristata Carnevale. - DUMITRICA, 1972, pp. 833~834, pI. 20, fig. 10.

REMARKS: Specimens observed here have thinner shell and smoother surface than those
described by Hays (1965) and Nigrini and Moore (1979). Interconnecting rods between
medullary and cortical shells lie in the equatorial pla.ne as Petrushevskaya and Kozlova

(1972) noted.
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Genus Xiphatractus Haeckel, 1887

Xiphatractus pluto (Haeckel)

Plate 15, figures 1-3

Amphisphaera pluto HAECKEL, 1887, p. 144, pI. 17, figs. 7, 8.

? Stylatractus neptunus Haeckel, 1887, p. 328, pI. 17, fig. 6. - RIEDEL, 1958, p. 226, pI. 1,
fig. 9.

Xiphatractus pluto (Haeckel). - BENSON, 1966, p. 184, pI. 7, figs. 14-17.

? Xiphatmctus cronos (Haeckel). - BENSON, 1966, p. 182, pI. 7, figs. 12, 13.

? Stylatractus sp. - NIGRINI AND MOORE, 1979, p. 555, pI. 7, figs. la, lb.

Xiphatractus sp. A
Plate 15, figure 4

? Xiphatractus stahli DREYER, 1889, p. 129, pI. 6, fig. 17.

Xiphatractus pluto? (Haeckel). - TAKAHASHI AND HONJO, 1981, p. 147, pi. 3, fig. 4.

DESCRIPTION: Two medullary shells are slightly ellpsoidaL. Cortical shell thick and
thorny with dissimilar thick and short polar spines.

Xiphatractus sp. B
Plate 15, figures 6, 7

DESCRIPTION: Cortical shell single and medullary shell double. The cortical and outer
medullary shells are ellpsoidal and made of hexagonal framework. The cortical shell
has short bi-spines or conical projections at every intersection of interporous bars and
has circular or hexagonal pores 2-4 times as large as the thickness of the interporous
bars. The outer medullary shell has circular pores bounded by interporous bars of
the same width as the pore diameter. Cortical-medullary interconnecting rods, which
arise from every intersection of the medullary framework, lie in many planes. Two
polar spines are short, smooth conical shape and dissimilar in length.

REMARKS: There are variations among specimens in pore size and shape as well as length
of spines; these characteristics may correspond to more than one species.

Genus Druppatract'llS Haeckel, 1887

Druppatractus ? sp.
Plate 15, figurè 5

REMARKS: This species is similar to Druppatmctus ? sp. (Dumitrica, 1972, p. 833, pi. 20,
fig. 5).
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Genus Dorydruppa Vinassa de Regny, 1898
Dorydruppa bensoni Takahashi, new name

Plate 15, figures 11-14

? Haliomma pyriformis BAILEY, 1856, p. 2, pI. 1, fig. 29.

Druppatractus d. pyriformis (Bailey). -BENSON, 1966, pp. 177-180, pI. 7, figs. 2-6.

DESCRIPTION: Medullary shell single and pear-shaped with circular pores of equal size
and spines which become interconnecting rods when cortical shell is present. Cortical
shell absent or single, usually thick but variable and rarely thick and hexagonally
framed with single three-bladed polar spine of as long as length of the medullary shell
main axs.

DIMENSIONS: (8 specimens): Length of cortical shell major axis: 74-91 lLm; Length of
medullary shell major axs: 47-58 lLm; Length of medullary shell minor axis: 36-
45 lLm.

TYPE LOCALITY: 15°21.1'N, 151°28.5'W; sediment trap at 4,280 m; collected during
July-November 1978.

REMARKS: Bailey (1856) ilustrated a pear-shaped (pyriformis) shell which mayor may
not correspond to medullary shell ofthe present species. However, he did not ilustrate
nor describe for the cortical shell, hence Benson (1966) was the first to describe the
species. Druppatractus irregularis Popofsky (1913, pp. 114-115, text-figs. 24-26. -
BENSON, 1966, p. 180, pi. 7, figs. 7-11) has a pear-shaped medullary shell similar to
the present species, but differs primarily in cortical mesh size.

DERIVATION OF NAME: This species is named after Dr. Richard N. Benson.

Subfamily SATURNALINAE Deflandre, 1953

DEFINITION: Spherical latticed or spongy shell, with two opposite spines joined by a ring.
In some species, there are no spines and the ring (or two incomplete half-rings) joins
the shell directly (Riedel, 1971).

Genus Saturnalis Haeckel, 1881, emend. Nigrini, 1967
Saturnalis circularis Haeckel

Plate 15, figures 15-18

Saturnalis circularis HAECKEL, p. 131. - NIGRINI, 1967, p. 25, pI. 1, fig. 9. - RENZ, 1976,
p. 107, pi. 1, fig. 15. See Nigrini (1967) for à more complete synonymy. .
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Family COCCODISCIDAE Haeckel, 1862, emend. Sanfilippo and Riedel, 1980

DEFINITION BY SANFILIPPO AND RIEDEL (1980): Discoidal forms consisting of a lenticu-
lar cortical shell enclosing a small single or double medullary shell, and surrounded
by an equatorial zone of spongy or concentrically-chambered structure, or forms with
ellpsoidal cortical shell, usually equatorially constricted and enclosing a single or dou-
ble medullary shell, the opposite poles of the shell generally bearing spongy columns
and/or single or multiple latticed caps.

Subfamily ARTISCINAE Haeckel, 1881, emend. Riedel, 1967

DEFINITION: Ellipsoidal coccodiscids (Sanfilippo and Riedel, 1980).

Genus Didymocyrtis Haeckel, 1881, emend. Riedel, 1971
Didymocyrtis tetrathalamus tetrathalamus (Haeckel)

Plate 21, figures 1~14

Panartus tetrathalamus HAECKEL, 1887, p. 378, pi. 40, fig. 3. - NIGRINI, 1967, p. 30, pi. 2,
figs. 4a-4d.

Ommatartus tetrathalamus (Haeckel). - RENZ, 1976, p. 107, pi. 1, fig. 6. - McMILLEN
AND CASEY, 1978, pi. 2, figs. 13a, 13b. - BOLTOVSKOY AND RIEDEL, 1980, p. 114,
pi. 3, fig. 3. - TAKAHASHI AND HONJO, 1981, p. 148, pi. 4, figs. 2-6 (including both
subspp. A and B).

Ommatartus tetrathalamus tetra thalamus (Haeckel). - NIGRINI AND MOORE, 1979, p. S49,
pi. 6, figs. 1a-1d. - JOHNSON AND NIGRINI, 1980, p. 121, pi. 1, fig. 17.

REMARKS: Major thick cortical-medullary interconnecting rods lie in the vicinity of equa-
torial plane and additional minor (thin) rods lie randomly. Development of delicate
cortical lateral meshwork as well as polar caps varies significantly. Distinction of two
separate forms (subspp. A and B) was possible only at Station E. Juvenile form

(Plate 21, figure 1) ofthis species is counted separately and reported in the flux table.
See Sanfilippo and Riedel (1980, p. 1010) for assignment of the generic name for this
species. 0'

Didymocyrtis sp.
Plate 21, figure 15

DESCRIPTION: Cortical shell ellpsoidal and not constricted in the equatorial plane, with
coarser meshwork than that of D. tetrathalamus and a few short spines. Double

medullary shells same as those of D. tetrathalamus.
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Genus Spongoliva Haeckel, 1887
Spongoliva ellipsoides Popofsky

Plate 22, figures 15, 16

Spongoliva ellipsoides POPOFSKY, 1912, p. 117, text-fig. 28. - RENZ, 1976, p. 108, pI. 1,
fig. 5.

Spongoliva d. ellipsoides Popofsky. - TAKAHASHI AND HON JO, 1981, p. 148, pI. 1, fig. 17.

? Spongoliva d. ellipsoides Pop of sky. - BENSON, 1966, p. 190, pI. 8, fig. 6.

Family PORODISCIDAE Haeckel, 1881, emend. Petrushevskaya and Kozlova, 1972
For a definition see Petrushevskaya and Kozlova (1972, p. 524.)
Genus Euchitonia Ehrenberg, 1860b, emend. Haeckel, 1887

Euchitonia elegans (Ehrenberg)
Plate 16, figures 1-6

Pteractis elegans EHRENBERG, 1872a, p. 319; 1872b, p. 299, pI. 8, fig. 3.

Euchitonia elegans (Ehrenberg). - HAECKEL, 1887, p. 535. - NIGRINI, 1967, p. 39, pI. 4,
figs. 2a, 2b. - NIGRINI AND MOORE, 1979, p. S83, pI. 11, figs. la, lb. - JOHNSON AND
NIGRINI, 1980, p. 127, pI. 2, fig. 7. - TAKAHASHI AND HONJO, 1981, pI. 149, pI. 5,
fig. 2.

Euchitonia, sp. - RENZ, 1976 (partim) p. 93, pI. 3, fig. 2.

REMARKS: Morphology of the patagium varies considerably but that of main spongy arms
is fairly consistent.

Euchitonia d. furcata Ehrenberg
Plate 16, figure 8

Euchitonia furcata EHRENBERG, 1860a, p. 767; 1980b, p. 832; 1872a, p. 308; 1872b, p. 289,
pI. 6 (III), fig. 6. - HAECKEL, 1887, p. 532. - LING AND ANIKOUCHINE, 1967, p. 1484,
pIs. 189, 190, figs. 1-2,5-7. - NIGRINI AND MOORE, 1979, p. S85, pi. 11, figs. 2a, 2b.
- TAKAHASHI AND HONJO, 1981, p. 149, pI. 3, fig. 6.

REMARKS: This ta.xon is usually much smaller than E. elegans and its spongy arms
are truncated at the terminal ends. A patagium is rarely seen. Thus, the present
taxon may be a juvenile form of E. furcata. Completely developed E. furcata was not
observed in my samples.
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Euchitonia sp.
Plate 16, figures 9-11

DESCRIPTION: Shell spongy triangular and plate shaped with three short arms tapering
toward terminal ends. The plate surface is slightly convex on both sides. Shell size
much smaller than that of E. elegans. A central chamber surrounded by centric rings
is about equal in size to that of D. profunda.

REMARKS: This taxon may well be a juvenile or poorly developed form of other species
(e.g., D. profunda).

Genus A mphirhopalum Haeckel, 1881
Amphirhopalum ypsilon Haeckel

Plate 17, figures 1-3

Amphicraspedum wyvilleanum HAECKEL, 1887, p. 523, pi. 45, fig. 12

Amphirhopalum ypsilon HAECKEL, 1887, p. 522. - NIGRINI, 1967, p. 35, pi. 3, figs. 3a-3d.
- LING, 1975, p. 725, pi. 14, fig. 2. - NIGRINI AND MOORE, 1979, pp. S75-S77, pi. 10,
figs. 1a.-1e. - BOLTOVSKOY AND RIEDEL, 1980, p. 117, pi. 3, fig. 16. - JOHNSON AND
NIGRINI, 1980, p. 121, pl, 2, fig. 5. - TAKAHASHI AND HONJO, 1981, p. 149, pi. 5,
fig. 1.

Amphirhopalum straussii (Haeckel)
Plate 17, figure 4

Tessarastrum straussii HAECKEL, 1887, p. 547, pi. 45, fig. 8. - RENZ, 1976, p. 112, pi. 3,
fig. 7.

Amphirhopalum d. Tessarastrum straussii HaeckeI. - JOHNSON AND NIGRINI, 1980,

p. 121, pi. 2, fig. 4; pi. 5, figs. 1,2.

Genus Stylodictya Ehrenberg, 1847a

Stylodictya validispina J ørgensen
Plate 19, figure 11

Stylodictya validispina JØRGENSEN, 1905, p. 119, pi. 10, figs. 40a, 40b. - NIGRINI AND
MOORE, 1979, p. S103, pi. 13, figs. 5a, 5b.

Stylodictya multispina Haeckel

Plate 20, figures 5, 10, 12

Stylodictya multispina HAECKEL, 1860b, p. 842; 1862, p. 496, pi. 29, fig. 5. - RENZ, 1976,
p. 111, pI. 3, fig. 13. - McMILLEN AND CASEY, 1978, pi. 2, fig. 17. - BOLTOVSKOY
AND RIEDEL, 1980, p. 118, pI. 4, figs. 4a.-4b. - .TAKAHASHI AND HONJO, 1981, p. 149,
pI. 5, fig. 10.

Stylodictya. ? sp.

Plate 19, figures 12, 13
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Genus Circodiscus Kozlova, 1972

Circodiscus sp. group
Plate 20, figures 6-9

Ommatodiscus murrayi Dreyer. - TAKAHASHI AND HONJO, 1981, p. 150, pi. 5, fig. 11.

DESCRIPTION: Shell circular to elliptical and biconvex lenticular disc with a pylome,
numerous very small pores, 2 to 4 central rings, and with or without spines.

REMARKS: Observed major differences among specimens are number of the central rings
and presence/absence of marginal or lateral spines. Porodiscus microporus (Stohr)

ilustrated by Renz (1976, p. 109, pi. 3, fig. 15) is very similar to this group. Omma-
todiscus murrayi Dreyer (1889, pi. 9, fig. 56) is included in this group. The generic

_ name assigned here is that of Kozlova in Petrushevskaya and Kozlova (1972, p. 526).

Genus Stylochlamydium Haeckel, 1881
Stylochlamydium venustum (Bailey)

Plate 20, figure 11

Perichlamidium venustum BAILEY, 1856, p. 5, pi. 1, figs. 16, 17.

Stylochlamydium venustum (Bailey). - HAECKEL, 1887, p. 515. - LING ET AL., 1971,
p. 711, pi. 1, figs. 7,8, text-fig. 5. - RENZ, 1976, p. 110, pi. 3, fig. 11. - BOLTOVSKOY
AND RIEDEL, 1980, p. 118, pI. 4, fig. 3.

Spongotrochus? venustum (Bailey). - NIGRINI AND MOORE, 1979, p. S119; pI. 15, figs. 3a,
3b.

Stylochlamydium asteriscus Haeckel

Stylochlamydium asteriscus HAECKEL, 1887, p. 514, pI. 41, fig. 10. - RENZ, 1976, p. 109,
pI. 3, fig. 12. - McMILLEN AND CASEY, 1978, pI. 2, fig. 20. - BOLTOVSKOY AND
RIEDEL, 1980, p. 118, pI. 4, fig. 2.

Genus Porodiscus Haeckel, 1881
Porodiscus micromma (Harting)

Plate 20, figures 13, 14

Flustrella micromma HARTING, 1863, p. 16, pI. 3, fig. 47.

Porodiscus micromma (Harting). - BOLTOVSKOY AND RIEDEL, 1980, p. 117, pI. 3, fig. 17.
-TAKAHASHI AND HONJO, 1981, p. 149, pI. 5, figs. 7, 8.
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Family SPONGODISCIDAE Haeckel, 1862, emend. Riedel, 1967a
and Petrushevskaya and Kozlova, 1972

DEFINITION: Discoidal, spongy or finely-chambered skeleton which is disposed irregularly
or in a dense spiral, or in closely disposed spheres, with or without surficial pore-plate,
often with radiating arms or marginal spines, and without a large central phacoid shell.
The central chamber is usually not visible (Riedel, 1971; Petrushevskaya and Kozlova,
1972).

Genus Spongobrachium Haeckel, 1881
Spongobrachium sp.

Spongobrachium sp. -JOHNSON AND NIGR~NI, 1980, p. 127, text-fig. 8f; pi. 2, fig. 13; pi. 5,
fig. 3. .

Genus Dictyocoryne Ehrenberg, 1860b

Dictyocoryne profunda Ehrenberg
Plate 16, figures 10, 12, 13, 15

Dictyocoryne profunda EHRENBERG, 1860a, p. 767; 1872a, p. 307; 1872b, p. 288, pi. 7,
fig. 23. - HAECKEL, 1887, p. 592. - NIGRINI AND MOORE, 1979, p. S87, pi. 12, fig. 1.
- BOLTOVSKOY AND RIEDEL, 1980, p. 115, pi. 3, fig. 10. - JOHNSON AND NIGRINI,
1980, p. 127, pi. 2, fig. 9.

Hymeniastrum euclidis HAECKEL, 1887, p. 531, pi. 43, fig. 13. - BENSON, 1966, p. 222,
pi. 12, figs. 1-3. - LING AND ANIKOUCHINE, 1967, p. 1488, pi. 191, fig. 3; pi. 192,
fig. 3. - NIGRINI, 1970, p. 168, pi. 2, fig. 4, text-fig. 16. - NIGRINI AND MOORE,
1979, p. S91, pi. 12, fig. 3. - JOHNSON AND NIGRINI, 1980, p. 127, pi. 2, fig. 11.
- TAKAHASHI AND HONJO, 1981, p. 149, pi. 5, figs. 3-5.

Dictyocoryne truncatum (Ehrenberg)

Plate 16, figure 14

.~
L
E-

r
Rhopalodictyum truncatum EHRENBERG, 1861b, p. 301. - HAECKEL, 1887, p. 589.

Dictyocoryne d. truncatum (Ehrenberg). - BENSON, 1966, p. 235, pi. 15, fig. 1.

Dictyocoryne truncatum (Ehrenberg). - NIGRINI AND MOORE, 1979, p. S89, pi. 12, figs. 2a,
2b. - JOHNSON AND NIGRINI, 1980, p. 127, pi. 2, fig. 10.

REMARKS: The specimen ilustrated (Plate 16, figure 14) is an end member ofthe present
population close to D. profunda. This species usually has much wider arms, which
are truncated, and the corners are more rounded than in the ilustrated specimen.
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Genus Spongodiscus Ehrenberg, 1854
Spongodiscus resurgens Ehrenberg

Plate 19, figure 1

Spongodiscus resurgens EHRENBERG, 1854, p. 21, pI. 35B, fig. 16. - HAECKEL, 1887, p.
577. - PETRUSHEVSKAVA AND KOZLOVA, 1972, p. 528, pI. 21, fig. 5. - TAKAHASHI
AND HONJO, 1981, p. 149, pI. 4, fig. 11.

Spongodiscus resurgens resurgens Ehrenberg. - PETRUSHEVSKAVA AND BJ0RKLUND, 1974,
p. 40, text-fig. 6.

Spongodiscus biconcavus Haeckel
Plate 19, figures 4-6

Spongodiscus biconcavus HAECKEL, 1887, p. 577. - POPOFSKV, 1912, p. 143, pI. 6, fig. 2.
- TAN AND TCHANG, 1976, p. 255, text-fig. 25.

Spongaster disymmetricus (Dogel). - PETRUSHEVSKAVA AND KOZLOVA, 1972, p. 528,

pI. 21, fig. 14.

"Ellptical" spongodiscid. - McMILLEN AND CASEY, 1978, pI. 3, fig. 13.

REMARKS: See Boltovskoy and Riedel (1980) for a more complete synonymy.

Spongodiscus sp. A
Plate 16, figure 7

Spongodiscus sp. aft. S. resurgens Ehrenberg. - RENZ, 1976, p. 96, pI. 3, fig. 10.

Spongodiscus sp. A. - TAKAHASHI AND HONJO, 1981, p. 149, pI. 4, fig. 13.

Spongodiscus sp. B group
Plate 19, figures 2, 3

Genus Spongotroch'l£s Haeckel, 1860b

Spongotrochus glacialis Popofsky
Plate 19, figure 10

Spongotrochus glacialis POPOFSKV, 1908, p. 228, pI. 26, fig. 8; pI. 27, fig. 1; pI. 28, fig. 2.
- RIEDEL, 1958, p. 227, text-fig. 1; pI. 2, figs. 1, 2. - CASEY, 1971b, p. 337, pI. 23.1 ,
figs. 4, 5. - KEÁNV, 1979, p. 54, pI. 2, fig. 7; pI. 5, fig. 7. - BOLTOVSKOV AND RIEDEL,
1980, p. 117, pI. 3, fig. 15. - TAKAHASHI AND HONJO, 1981, p. 149, pI. 4, fig. 17.

Spongotrochus arachnius HaeckeI. - POPOFSKY , 1908, p. 227, pI. 26, figs. 5, 6, 6a, 7;
pI. 28, fig. 1.

Spongotrochus multispinus HaeckeI. - RENZ, 1976, p. 97, pI. 3, fig. 9.
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Spongotrochus sp. A
Plate 19, figure 7

DESCRIPTION: Shell circular flat disc, with numerous fine spines arising from surface as
well as edge of the disc, pores small and irregular, and without a pylome.

Spongotrochus sp. B. - TAKAHASHI AND HONJO, 1981, p. 149, pi. 4, fig. 19.

Genus Stylospongia Haeckel, 1862

Stylospongia huxleyi Haeckel
Plate 19, figure 8

Stylospongia huxleyi HAECKEL, 1862, p. 473, pi. 28, fig.7.

Stylotrochus huxleyi (Haeckel). - HAECKEL, 1887, p. 586.

Genus SponguTus Haeckel, 1862
Spongurus cylindricus Haeckel

Plate 17, figures 6-9

Spongurus cylindricus HAECKEL, 1860b, p. 845; 1862, p. 465, pi. 27, fig. 1; 1887, p. 334.
- DUMITRICA, 1972, p. 834, pI. 11, fig. 2; pI. 18, fig. 23.

Spongocore diplocylindrica HAECKEL, 1887, p. 346. - RENz, 1976, p. 95, pI. 3, fig. 8.

Spongocore pu.ela HAECKEL, 1887, p. 347, pI. 48, fig. 6. - BENSON, 1966, p. 187, pI. 8,
figs. 1-3. - NIGRINI, 1970, p. 168, pI. 2, fig. 3. - CASEY, 1971b, p. 341, pI. 23.3, fig. 20.
- NIGRINI AND MOORE, 1979, p. S69, pI. 8, figs.5a-5c. - TAKAHASHI AND HONJO,
1981, p. 149, pI. 4, fig. 20.

Spongocore cylindrica (Haeckel). - BOLTOVSKOY AND RIEDEL, 1980, p. 116, pI. 3, fig. 12.

REMARKS: The predated species name cylindricus should replace the widely used name
puella, because the long spines of cylindricus are dissolved and consequently broken
off and become like puella. See Dumitrica (1972) for use of the present generic name.
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Genus Spongopyle Dreyer, 1889
Spongopyle setosa Dreyer

Plate 19, figure 9

Spongopyle setosa DREYER, 1889, p. 119, pI. 11, figs. 97, 98. -? BOLTOVSKOY AND
RIEDEL, 1980 (partim), p. 116, pI. 3, fig. 14.

Spongopyle osculosa Dreyer
Plate 20, figures 1-4

Spongopyle osculosa DREYER, 1889, p. 42, pi. 11, figs. 99, 100. - RIEDEL, 1958, p. 226,
pI. 1, fig. 12. - NIGRINI AND MOORE, 1979, p. S115, pI. 15, fig. 1.

Genus Spong aster Ehrenberg, 1860b

Spongaster tetras tetras Ehrenberg
Plate 17, figures 10, 11

Spongaster tetras EHRENBERG, 1860b, p. 833; 1872b, p. 299, pI. 6, fig. 8. - HAECKEL,

1887, p. 597. - CASEY, 1971b, p. 341, pI. 23.3, figs. 18, 19. - GOLL AND BJ0RKLUND,
1974, p. 64, text-fig. 14. - BOLTOVSKOY AND RIEDEL, 1980, p. 116, pI. 3, fig. 11.

Spongaster tetms tetras Ehrenberg. - NIGRINI, 1967, p. 41, pI. 5, figs. la, 1b; 1970, p. 169,
pI. 2, fig. 7. - RENZ, 1976, p. 94, pI. 3, fig. 4. - NIGRINI AND MOORE, 1979, p. S93,
pI. 13, fig. 1. - JOHNSON AND NlGRINI, 1980, p. 127, pI. 2, fig. 13. - TAKAHASHI AND
HONJO, 1981, 148, pI. 4, fig. 9. For a more complete synonymy see Nigrini (1967).

Spongaster pentas Riedel and Sanfilippo

Plate 17, figures 12-16

Spongaster pentas RIEDEL AND SANFILIPPO, 1970, p. 523, pI. 15, fig. 3; 1971, p. 1589,
pI. 1D, figs. 5-7; 1978, p. 74, pI. 2, figs. 5-8. - McMILLEN AND CASEY, 1978, pI. 3,
fig. 14.

Spongaster d. pentas Riedel and Sanfilippo. - TAKAHASHI AND HONJO, 1981, p. 148,
pI. 4, fig. 10.

DESCRIPTION: Spongy disc, typically pentagonal to hexagonal and often up to decagonal.
Central area of the disc is elevated and forms a convex mound on one side and a
concave depression on the other. The convex mound has much coarser spongy mesh
than the rest of the area. The concave area has fine short spines perpendicular to disc

plane.



Radiolaria 87

Family MYELASTRIDAE Riedel, 1971

ORIGINAL DEFINITION: Spongodiscidae with arms much more delicately constructed than
the small central area, which is the only part of the skeleton suffciently robust to be
preserved in sediments.

REMARKS: Subfamily Myelastrinae of Riedel (1971) is elevated to family level here.

Genus Myelastrum Haeckel, 1881, emend. herein

DEFINITION: Porodiscidae with three or four forked, spongy or chambered arms, without
a patagium; shell bilaterally symmetric. In the case of three armed species, at least
two arms of equal shape and length. In the case of four armed species, two equal

anterior arms of different shape from the two equal posterior arms.

REMARKS: Haeckel's (1887) definition includes only four forked forms. An appearance
of three forked species which is closely related to the four forked group necessitates
either establishment of a new genus or emendation of the existing genus. I hereby
propose to emend Haeckel's definition.

Myelastrum quadrifolium Takahashi, n. sp.
Plate 18, figures 1-6

DESCRIPTION; Shell large, spongy disc, uniformly very thin and delicate, with four major
arms. Central rings similar to those of Euchitonia. All of the four arms are about equal
in length and width. Anterior arms are bifurcated and form lobes with slight incisions.
Posterior arms are trifurcated and form lobes with more conspicuous incisions than
those of the anterior. Sagital incisions at the posterior end are deep and varying
in width from one specimen to another, but the anterior one is shallow. Transverse
incisions are shallow.

DIMENSIONS: Length: 704 :: 49 Jim (2 S.D.) (n = 12 specimens); width: 757 :: 51 Jim
(2 S.D.) (n = 12); weight: 2.32 :: 0.16 Jig (n = 13).

TYPE LOCALITY: 5°2lN, 81°53'W; sediment trap at 3,791 m; collected during August-
December 1979.

REMARKS: The present species differs from Myelastrum decaceros Haeckel (1887, p. 554,
pi. 47, fig. 7) in sagital and transverse incisions, width ratio between anterior and
posterior arms and number of branched subarms. The delicate arms are often almost
invisible in CargileR type B mounting medium, but the central rings are clearly visible.

DERIVATION OF NAME: The name of this species is the Latin meaning having the nature
of four leaves.
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Myelastrum trinibrachium Takahashi, n. sp.
Plate 18, figures 7-12

DESCRIPTION: Shell large, uniformly very thin, delicate spongy disc with three tapering
arms. Central rings similar to those of Euchitonia. At least a pair of arms equal in
shape and length, and the remaining one equal or slightly different in length (longer
or shorter). Length of arms 2-6 times diameter of the outermost ring.

DIMENSIONS: Length between terminal ends of the two longest arms: 1027:f 120 pm
(2 S.D.) (n = 7 specimens); weight: 0.75:f 0.13 pg (n = 16).

TYPE LOCALITY: 5°21'N, 81°53'W; sediment trap at 1,268 m; collected during August-
December 1979.

REMARKS: The concentric central rings as well as three arms are generally slightly more
conspicuous than those of M. quadrifolium in CargileR type B mounting medium.
This species and M. quadrifolium are so thin and delicate that specimens are easily
broken with the touch of a brush. Observations of skeletal cross sections under TEM
show solid nature. However, the skeletons ofthe arms are so thin that only the central
rings may be preserved in the bottom sediments.

DERIVATION OF NAME: The name of this species is the Latin meaning having the nature
of three arms.

Family LARNACILLIDAE Haeckel, 1887

DEFINITION: Shell with open gates or annular constrictions; medullary shell trizonaI.

Genus Larnacalpis Haeckel, 1887

Larnacalpis sp.
Plate 21, figures 16-18

Larnacalpis sp. - TAKAHASHI AND HONJO, 1981, p. 150, pi. 6, fig. i.

DESCRIPTION: Single ellpsoidal cortical shell connecting with outer medullary shell in
manner similar to Octopyle, thus it looks as if constricted in equatorial plane in lateral
view. Cortical shell pores 3-6 times as wide as interporous bars. Some specimens
have two additional connecting bars to the medullary shell a.nd/or a pylome with
surrounding spines at one polar end. Medullary shell double.
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Family PHACODISCIDAE Haeckel, 1881

DEFINITION: Single lenticular latticed cortical shell and single or double medullary shell;
without chambered equatorial girdles.

Genus H eliodiscus Haeckel, 1862

Heliodiscus asteriscus Haeckel
Plate 23, figures 1-3

Heliodiscus asteriscus HAECKEL, 1887, p. 445, pI. 33, fig. 8. - NIGRINI, 1967, p. 32, pI. 3,
figs. la, 1b; 1970, pI. 2, fig. 1. - RENZ, 1976, p. 92, pI. 2, fig. 1. - NIGRINI AND
MOORE, 1979, p. 573, pI. 9, figs. 1, 2. - BOLTOVSKOY AND RIEDEL, 1980, p. 115,
pI. 3, fig. 8. - JOHNSON AND NIGRINI, 1980, p. 121, pI. 2, fig. 2. - TAKAHASHI AND
HONJO, 1981, p. 148, pI. 4, figs. 7,8.

Heliodiscus echiniscus Haeckel

Plate 23, figures 4-6

Heliodiscus echiniscus HAECKEL, 1887, p. 448, pI. 34, fig. 5. - NIGRINI, 1967, p. 34, pI. 3,
figs. 2a, 2b. - JOHNSON AND NIGRINI, 1980, p. 121, pI. 2, fig. 3.

Heliodiscus asteriscoides HAECKER, 1907a, p. 22, fig. 7; 1908a, p. 444, pI. 83, figs. 578-580.

Heliodiscus ? sp.
Plate 22, figure 14

DESCRIPTION: Cortical shell bilaterally convex with numerous conical bispines and cir-
cular to sub circular unequal-sized pores of as wide as interporous bars. Major spines
conical and thicker, but not much longer than the bi-spines, lie on the marginal edge.
Shell size is about the same as H. asteriscus and H. echiniscus.

Family THOLONIIDAE Haeckel, 1887, emend. Campbell, 1954

DEFINITION: Cortical shell with 2 to 4 or more annular constrictions separa.ted by 3 to 6 or
more cupolas; constrictions in diagonal pla.nes, cupolas in dimensive axes (Campbell,
1954 ).

Genus Tholoma Haeckel, 1887
Tholoma metallasson Haeckel

Plate 11, figures 12, 13

Tholoma metallasson HAECKEL, 1887, p. 672, pI. 10, fig. 13.

Cubotholus regularis HaeckeI. - RENZ, 1976, p. 113, pI. 1, fig. 18.
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Family PYLONIIDAE Haeckel, 1881

DEFINITION: Cortical shell latticed; with 2 to 4 or more symmetrically disposed gates

(Campbell, 1954).

Genus H exapyle Haeckel, 1881
Hexapyle dodecantha Haeckel

Hexapyle dodecantha HAECKEL, 1887, p. 569, pi. 48, fig. 16. - RENZ, 1976, p. 113, pi. 1,
fig. 11. - TAKAHASHI AND HONJO, 1981, p. 150, pi. 6, fig. 3.

Hexapyle sp.
Plate 23, figure 7

REMARKS: This species is about 1/4 size of H. dodecantha.

Genus Octopyle Haeckel, 1881
Octopyle stenozona Haeckel

Plate 23, figure 8

Octopyle stenozona HAECKEL, 1887, p. 652, pi. 9, fig. 11. - BENSON, 1966, p. 251, pI. 16,
figs. 3, 4. - NIGRINI AND MOORE, 1979, p. 8123, pI. 16, figs. 2a, 2b. - TAKAHASHI
AND HONJO, 1981, p. 150, pi. 6, fig. 7.

Genus Tetrapyle Müller, 1858b
Tetrapyle octacantha Müller

Plate 23, figures 9, 10

Tetrapyle octacantha MÜLLER, 1858b, p. 154; 1858a, p. 33, figs. 1-6. - BENSON, 1966,

p. 245, pI. 15, figs. 3-10. - McMILLEN AND CASEY, 1978, pI. 3, figs. 2a, 2b. - NIGRINI
AND MOORE, 1979, p. S125, pI. 16, figs. 3a, 3b. - TAKAHASHI AND HONJO, 1981,
p. 150, pI. 6, figs. 5, 6.
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Family LITHELIIDAE Haeckel, 1862

DEFINITION: Planispiral cortical shell.

Genus Larcopyle Dreyer, 1889
Larcopyle butschlii Dreyer

Plate 22, figures 1-4

Larcopyle butschlii DREYER, 1889, pI. 10, fig. 10. - BENSON, 1966, p. 280, pI. 19, figs. 3-5.
- NIGRINI AND MOORE, 1979, p. S131, pI. 17, figs. la, lb. - TAKAHASHI AND HONJO,
1981, p. 150, pI. 5, fig. 15.

Larcopyle sp. A
Plate 22, figure 5

DESCRIPTION: Cortical shell ovate and about 1/2 size of L. butschlii with irregular circular
to sub circular pores of as wide as interporous bars, numerous short spines lie every
2-3 interporous bars on the cortical shell, and a pylome surrounded by divergent long
spines.

Larcopyle sp. B
Plate 22, figure 6

DESCRIPTION: Cortical shell smooth, ovate and same size as the above Larcopyle sp. A
with irregular sub circular pores of smaller than interporous wall, conical spines much
less than the species A, and a pylome surrounded by divergent spines.

Genus Discopyle Haeckel, 1887
Discopyle elliptica Haeckel

Discopyle elliptica HAECKEL, 1887, p. 573, pI. 48, fig. 20. - TAKAHASHI AND HON JO,
1981, pI. 150, pI. 5, fig. 14.

Genus Tholospira Haeckel, 1887

Tholospira cervicornis Haeckel group
Plate 22, figures 7-9, 12

Tholospira cervicornis HAECKEL, 1887, p. 700, pI. 49, fig. 5.

Tholospira cervicornis Haeckel group. - TAKAHASHI AND HONJO, 1981, p. 150, pI. 5,
figs. 16-18.

REMARKS: The present species group is fairly abundant throughout depths in our sediment
trap stations.

Tholospira dendrophora Haeckel
Plate 22, figure 11

Tholospira dendrophora HAECKAL, 1887, p. 700, pI. 49, fig. 6.
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Genus Lithelius Haeckel, 1862

Lithelius minor ? J ørgensen

Plate 22, figure 10

Lithelius minor JØRGENSEN, 1900, pp. 65-66, pI. 5, fig. 24. - BENSON, 1966, p. 262, pI. 17,
figs. 9, 10; pI. 18, figs. 1-4.

Larcospira minor (Jørgensen), 1905, p. 121.

Genus Larcospira Haeckel, 1887

Larcospira quadrangula Haeckel
Plate 23, figures 11, 12

Larcospira quadrangula Haeckel, 1887, p. 696, pI. 49, fig. 3. - BENSON, 1966, p. 266, pI. 18,
figs. 7, 8. - NIGRINI, 1970, p. 169, pI. 2, fig. 9, text-fig. 21. - NIGRINI AND MOORE,
1979, p. S133, pI. 17, fig. 2. - TAKAHASHI AND HONJO, 1981, p. 150, pI. 6, fig. 2.

Suborder NASSELLARIA EHRENBERG, 1875
Family PLAGIACANTHIDAE HARTWIG, 1879, emend. PETRUSHEVSKAYA, 1971d

DESCRIPTION: Plagiacanthidae with conical or ovate skeleton. Thora.x nearly reduced.
The apical spine may form a columella or may approach the front wall of the cephalis.
The vertical spine is nearly always present. In the cephalis are developed eucephalic
and antecephalic lobes. They are separated by means of the apical arches which
extend in the walls of the cephalis and make deep furrows (Petrushevskaya, 1971d).

Subfamily PLAGIACANTHINAE HERTWIG, 1879, emend. PETRUSHEVSKAYA, 1971d

DEFINITION: Plagiacanthidae with thorax reduced. The walls of the cephalis also may be
reduced. In such cases the skeleton consists only of the spines and arches. The disposi-
tion of these elements, unlike all other nasselarian familes, may vary within the limits
of one species. The central capsule of the appoaxoplastique type (Petrushevskaya,

1971d ).

Genus Tetraplecta HAECKEL, 1881, emend. herein

DEFINITION: Plagiacanthidae with 4 equal radial spines, arising from either one of 2
closely located central points. The skeletons form a tetrahedron.
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Tetraplecta pinigera Haeckel
Plate 24, figures 1-5

Tetraplecta pinigera HAECKEL, 1887, p. 924, pI. 91, fig. 8.

Plectaniscus cortiniscus HAECKEL, 1887, p. 925, pI. 91, fig. 9.

REMARKS: A priority on genus Tetraplecta is given over Plectaniscus (Haeckel, 1887) since
specimens observed here have 4 equal spines. Haeckel's P. cortiniscus has three equal
and one short spine, but the short one may have been broken since I have observed

many specimens like P. cortiniscus with four equal spines. Haeckel's two taxa, cited
above, are apparently end members of the same species. The four main spines are
cylindrical rods in the central area and become three-bladed towarded terminal ends,
in contrast to Haeckel's description of all three-bladed spines.

Tetraplecta plectaniscus Haeckel
Plate 24, figure 7

Euscenium plectaniscus HAECKEL, 1887, p. 1146, pI. 98, fig. 1.

Cladoscenium sp. - TAKAHASHI AND HONJO, 1981, p. 150, pI. 6, fig. 13.

Tetraplecta corynephorum ? J ørgensen
Plate 24, fig. 6

? Plectanium trigeminium HAECKEL, 1887, pI. 91, fig. 11.

Eucenium corynephorum JØRGENSEN, 1900, p. 77; 1905, p. 133, pI. 15, fig. 70. - BJØRKLUND,
1976a, pI. 7, fig. 1-4.

Genus A rchisceni'l¿m Haeckel, 1881

A,'chiscenium quadrispinum ? Haeckel

Archiscenium quadrispinum HAECKEL, 1887, p. 11.50, pI. 53, fig. 11. - TAKAHASHI AND
HONJO, 1981, p. 1.50, pI. 6, fig. 10, 11.

Genus Plectanium Haeckel, 1881
Plectanium sp.

Plectanium sp. - TAKAHASHI AND HONJO, 1981, p. 150, pI. 6, fig. 8.

Genus Protoscenium J ørgensen, 1905

Protosceniurn ? sp. - TAKAHASHI AND HONJO, 1981, p. 150, pI. 6, fig. 9.
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Genus Clathromitra Haeckel, 1881, emend. herein

DEFINITION: Plagoniidae with nearly a tetrahedron-sha.ped latticed shell; five prismatic,
three-sided spines.

REMARKS: This genus is already classified under the present family by Riedel (1971).

Clathromitra pterophormis Haeckel
Plate 24, figure 8

Clathromitra pterophormis HAECKEL, 1887, p. 1219, pi. 57, fig. 8. - TAKAHASHI AND
HONJO, 1981, p. 150, pi. 6, fig. 16.

REMARKS: Observed specimens here are about twice as large as Haeckel's.

Genus Cladoscenium Haeckel, 1881
Cladoscenium ancoratum Haeckel

Plate 24, figures 9-14

Cladoscenium ancoratum HAECKEL, 1887, p. 1149, pi. 53, fig. 13. - GOLL, 1976, pi. 1,
figs. 1-3, 6-8. - TAKAHASHI AND HONJO, 1981, p. 150, pi. 6, fig. 14. - PETRU-
SHEVSKAYA AND KOZLOVA, 1979, p. 118, figs. 304,476,477.

REMARKS: Mesh size of the cephalis significantly varies among specimens. Some fully
grown specimens have bi-spines nearly at terminal end of main spines completely
connected to other bi-spines on other main spines (e.g., Plate 24, figure 10).

Genus Semantis Haeckel, 1887
Semantis gracilis? Popofsky

Plate 24, figures 15, 16

Semantis gracilis POPOFSKY, 1908, p. 268, pi. 30, fig. 5; 1913, p. 298, pI. 28, fig. 7, 8.

DEFINITION: It lacks a cephalis but has two characteristic glasses-shaped openings formed
by connecting skeleton between spines.

Genus Defiandrella Loeblich and Tappan, 1961

Deftandrella sp.

Campylacantha sp. - TAKAHASHI AND HONJO, 1981, p. 150, pi. 6, fig. 12.

REMARKS: The generic name used here is that proposed by Loeblich and Tappan (1961,
p. 227) which replaced Campylacantha Jørgensen, 1905.
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Genus Pse'ltdoc7.bus Haeckel, 1887

Pseudocubus obeliscus Haeckel
Plate 26, figure 1

Pseudocubus obeliscus HAECKEL, 1887, p. 1010, pI. 94, fig. 11. - PETRUSHEVSKAYA, 1981,
p. 92, text-figs. 58-64.

Obeliscus pseudocuboides POPOFSKY, 1913, pI. 29, figs. 4, 5. - TAKAHASHI AND HONJO,
1981, p. 150, pI. 6, fig. 15.

REMARKS: Loeblich and Tappan (1961, p. 227) proposed a new generic name Talariscus
for this group.

Pseudocubus primordia/is ? (J ørgensen)
Plate 26, figure 2

Gonosphaera primordialis J0RGENSEN, 1905, p. 133, pI. 14, figs. 64-68. - BJ0RKLUND,
1976a, pI. 9, figs. 7-10.

REMARKS: Generic name is changed because it should conform with that of P. opeliscus.

Genus Phormacantha Jørgensen, 1905
Phormacaiitha hystrix (J ørgensen)

Plate 26, figure 3

Peridium hystrix J0RGENSEN, 1900, p. 76.

Phormacantha hystrix (Jørgensen), 1905, p. 132, pi. 14, figs. 59-63. - TAKAHASHI AND
HONJO, 1981, p. 150, pi. 6, figs. 17-19.

Genus N eosemantis Popofsky, 1913
N eosemaiitis cladophora (J ørgensen)

Plate 24, figure 17

Neosemantis cladophora (Jørgensen). - GOLL, 1979, p. 385, pi. 4, fig. 16-19.

Campy/acantha. cladophora J0RGENSEN, 1905, p. 129, pi. 12, fig. 47. - BJ0RKLUND, 1976a,
pi. 6, fig. 1-6.

Neosemaiitis distephaiius Popofsky
Plate 27, figure 12

Neosemantis distephanus POPOFSKY, 1913, p. 299, pI. 29, fig. 2. - PETRUSHEVSKAYA,

1971c, p. 152, figs. 77: I-III. - KLING, 1979, p. 309, pI. 1, figs. 15, 16. - BOLTOVSKOY
AND RIEDEL, 1980, pI. 4, fig. 14. - TAKAHASHI AND HONJO, 1981, p. 151, pi. 7,
fig. 17.
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Subfamily LOPHOPHAENINAE Haeckel, 1881, emend. Petrushevskaya, 1971d

DEFINITION: Plagiacanthidae with the skeleton consisting of two equal segments: cephalis
and thorax. Cephalis with a large eucephalic lobe and a small antecephalic lobe which

is not separated from the thorax (Petrushevskaya, 1971d).

Genus Acanthocorys Haeckel, 1881
Acanthocorys d. variabilis Popofsky

Plate 25, figure 1

Acanthocorys variabilis POPOFSKY, 1913, p. 360, text-figs. 71, 72 (only).

Acanthocorys sp. aff. A. variabilis Pop of sky. - RENZ, 1976, p. 155, pi. 6, fig. 20.

Acanthocorys d. variabilis Pop of sky. - TAKAHASHI AND HONJO, 1981, p. 151, pi. 7, fig. 1.

Genus Lophophaena Ehrenberg, 1847b
Lophophaena cylindrica (Cleve)

Plate 25, figures 3-5

Acanthocorys variabilis POPOFSKY, 1913, p. 360, text-figs. 74-77 (only). - BENSON, 1966,
p. 373, pI. 24, fig. 19.

Lophophaena cylindrica (Cleve). - PETRUSHEVSKAYA, 1971c, p. 117, fig. 61, IV-VI. -
RENZ, 1976, p. 1.59, pI. 6, fig. 21.. - TAKAHASHI AND HONJO, 1981, pI. 151, pI. 7,
fig. 2.

Lophophaena decacantha (Haeckel) group
Plate 25, figures 2, 8, 10

Lithomelissa decacantha HAECKEL, 1887, p. 1208, pI. 56, fig. 2.

Lophophaena circii mtexta (Popofsky)

Lampromitra circ1Jmtexta POPOFSKY, 1913, p. 346, pI. 32, fig. 1, text-fig. .53. - TAKAHASHI
AND HONJO, 1981, p. 151, pI. 6, fig. 23.

REMARKS: The author proposes to place the present species under this genus.

Lophophaena d. capito Ehrenberg
Plate 2.5, figures 6-9

? Lophophaena capito EHRENBERG, 1873, p. 242; 1875, pI. 8, fig. 6.

Lophophaena d. capito Ehrenberg. - BENSON, 1966, p. 378, pI. 24, figs. 22, 23; pI. 25,
fig. 1. ~ TAKAHASHI AND HONJO, 1981, p. 151, pl. 6, fig. 22.
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Genus Helotholiis Jørgensen, 1905

H elotholus histricosa J ørgensen

Helotholus histricosa JØRGENSEN, 1905, p. 137, pI. 16, figs. 86-88. - BENSON, 1966, p. 459,
pI. 31. figs. 4-8. - TAKAHASHI AND HONJO, 1981, p. 151, pI. 7, figs. 6, 7.

REMARKS: Artostrobus joergenseni Petrushevskaya ilustrated by Bjørklund (1976a,
pi. 11, figs. 12, 13) is similar to this species but different because its pores are in
transverse rows.

Genus Peromelissa Haeckel, 1881
Peromelissa phalacra Haeckel

Plate 25, figures 11-15

Peromelissa phalacra HAECKEL, 1887, p. 1236, pI. 57, fig. 11. - McMILLEN AND CASEY,
1978, pI. 4, fig. 20. - BOLTOVSKOY AND RIEDEL, 1980, p. 122, pi. 5, fig. 3. - TAKA-
HASHI AND HONJO, 1981, p. 151, pi. 7, figs. 3-5.

Psilomelissa longispina CLEVE, 1900a, p. 10, pi. 4, fig. 4.

Psilomelissa phalacra (Haeckel). - POPOFSKY, 1908, p. 283, pi. 32, fig. 4.

Psilomelissa tricuspidata POPOFSKY, 1908, pi. 32, fig. 9.

Psilomelissa tricuspidata abdominalis POPOFSKY, 1908, pi. 33, fig. 4.

Lithomelissa monoceras POPOFSKY, 1913, p. 335, text-fig. 43, pi. 32, fig. 7. - RENZ, 1976,
p. 158, pi. 6, fig. 12.

Lithomelissa setosa Jørgensen
Plate 25, figures 16-22

Lithomelissa setosa JØRGENSEN, 1900, p. 81, pi. 4, fig. 21; 1905, p. 135, pi. 16, figs. 81-83,
pi. 18, figs. 108a, 108b. - BJØRKLUND, 1976a, pi. 8, figs. 1-13, pi. 11, figs. 19-23. -
KLING, 1977, p. 217, pi. 1, fig. 2. - BOLTOVSKOY AND RIEDEL, 1980, p. 121, pi. 5,
fig. 1.

REMARKS: For a more complete synonymy see Boltovskoy and Riedel (1980).
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Genus Peridium Haeckel, 1887
Peridium spinipes Haeckel

Plate 26, figures 4-6

Peridium spinipes HAECKEL, 1887, p. 1154, pI. 53, fig. 9. - TAKAHASHI AND HONJO, 1981,
p. 151, pI. 6, fig. 20.

Peridium longispinum JØRGENSEN, 1905, p. 135, pI. 15, figs. 75-79; pI. 16, fig. 80. -
BENSON, 1966, p. 359, pI. 23, fig. 27; pI. 24 (partim), figs. 1, 2 (only).

Psilomelissa calvata HAECKEL, 1887, p. 1209, pI. 56, fig. 3. - RENZ, 1976, p. 160, pI. 6,
fig. 15.

Peridium sp.

Peridium sp. - TAKAHASHI AND HONJO, 1981, p. 151, pI. 6, fig. 21.

REMARKS: One spine very long up to five times shell length; otherwise similar to P. spinipes.

Genus Trisulc1ls Popofsky, 1913

Trisulcus triacanthus Popofsky

Trisulcus triacanthus POPOFSKY, 1913, p. 354, text-fig. 59, 60. - RENZ, 1976, p. 161, pI. 6,
fig. 10.

Subfamily SETHOPERINIDAE Haeckel, 1881, emend. Petrushevskaya, 1971d

DEFINITION: Plagiacanthidae with skeleton consisting of the cephalis surrounded by
latticed plates built with branches of the spines. Three plates attached to a vertical
spine and the cephalis and the remaining three plates which may be regarded as a
thorax attached to divergent spines and the cephalis. Cephalis pyramidaL.

Genus Lithopilium Pop of sky, 1913

Lithopilium reticulatum Popofsky
Plate 26, figure 10

Lithopilium reticulatum POPOFSKY, 1913, p. 379, pI. 3.5, figs. 4, 5. - RENZ, 1976, p. 164,
pI. 7, fig. 2.
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Genus Clathrocanium Ehrenberg, 1860a
Clathrocanium insectum (Haeckel)

Plate 26, figures 7-9

Dictyoceras insectum HAECKEL, 1887, p. 1324, pI. 71, figs. 6, 7.

Corocalyptra columba (Haeckel). - TAKAHASHI AND HONJO, 1981, p. 153, pi. 9, fig. 16.

DESCRIPTION: Abdomen divided from the thorax by a constriction. The cephalis and
spines similar to those of C. coarctatum. Abdominal mesh is very delicate and made
of irregular polygons.

Clathrocanium coarctatum Ehrenberg
Plate 26, figures 11-13

Lychnocanium fenestratum EHRENBERG, 1860a, p. 767.

Clathrocanium coarctatum EHRENBERG, 1872a, p. 303; 1872b, p. 287, pI. 7, fig. 6.

Clathrocanium coarctatum HAECKEL, 1887, p. 1211. - POPOFSKY, 1913, p. 341, text-fig. 50.

Clathrocanium triomma HAECKEL, 1887, p. 1211, pI. 64, fig. 3.

Clathrocanium coronatum POPOFSKY, 1913, p. 342, pi. 33, fig. 1.

Clathrocanium cf. coronatum Pop of sky. - BENSON, 1966, p. 394, pI. 26, figs. 1, 2.

Clathrocanium ornatum POPOFSKY, 1913, p. 343, pI. 33, fig. 2.

REMARKS: Apical horn straight, three-bladed a.nd its branches are connected with fine
strands extending from cephalis and thorax. The apical horn differs from a fenestrated
and denticulate horn of C. diadema which is present at Station E.

Clathrocanium diadema Haeckel

Clathrocorona diadema HAECKEL, 1881, p. 431.

Clathrocanium diadema HAECKEL, 1887, p. 1212, pI. 64, fig. 2. - POPOFSKY, 1913, pI. 32,
fig. 4. - McMILLEN AND CASEY, 1978, pi. 5, fig. 5. - TAKAHASHI AND HONJO, 1981,
p. 151, pI. 7, fig. 8.

Genus Callimitra Haeckel, 1881

Callimitra emmae Haeckel
Plate 26, figure 14

Callimitm emmae HAECKEL, 1887, p. 1218, pI. 63, figs. 3, 4. - BENSON, 1966, p. 390,
pI. 25, fig. 12. - TAKAHASHI AND HONJO, 1981, p. 151, pi. 7, fig. 11.

REMARKS: This species differs from C. annae in absence of the marginal frame of dense
geometric meshwork. Beams extending from cephalis toward margins commonly cross
each other near the end.
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Callimitra annae Haeckel

Plate 26, figure 15

Callimitra annae HAECKEL, 1887, p. 1217, pI. 63, fig. 2.

Callimitra agnesae HAECKEL, 1887, p. 1217, pI. 63, fig. 5.

Callimitra elisabethae HAECKEL, 1887, p. 1218, pI. 63, fig. 6. - TAKAHASHI AND HONJO,
1981, p. 151, pI. 7, fig. 9, 10.

Callimitra sp. - RENZ, 1976,p. 162, pI. 7, fig. i.

REMARKS: Note presence of a laterally extending tubule from a middle part of the cephalis.
The cephalis is made of this solid sheet rather than meshwork. Transverse beams of
this species rarely cross each other, whereas they commonly cross in C. emmae. The
present species resembles the type species of this genus, C. carolotae Haeckel (1887,

p. 1217, pI. 63, figs. 1, 7, 8), but differs in presence of basal marginal dense meshwork.
Specimens like C. carolotae have not been observed here and hence it is not included
in the synonymy. However, it is quite possible that it may become the name of this
species depending on future studies. Sinking experiments show that specimens of this
species typically settle in the water column upside down with respect to the orientation
of the micrograph in the plate. This is common to most nassellarian species.

Callimitra solocicribrata Takahashi, n. sp.
Plate 27, figures 10, 11

DESCRIPTION: Cephalis hemispherical made of thin wall combined with meshwork similar
to that of C. annaej a tubule on the cephalis similar to C. giltschii. Three vertical
wings are made of much coarser irregular polygonal meshwork than those of C. an-
nae and without conspicuous transverse beams. Thorax pyramidal in the upper half
(cephalis side) and become cylindrical near the basal openingj mesh size finer than
that of the vertical wings. Terminal ends of spines dented from the vertical wings.

DIMENSIONS: (6 specimens) Cephalis width: 40-80 jLm; length between two terminal
ends of divergent spines: 180-215 jLmj height (top of apical horn to thorax opening):
235-380 jLmj apical spine length: 132-182 jLm.

TYPE LOCALITY: 5°2lN, 81° 53'W j sediment trap depth 3,791 mj collected during August-
December 1979.

REMARKS: Considerable difference in size has been observed.

DERIVATION OF NAME: The name of this species is the Latin mea.ning having the nature
of a coa.rse sieve.
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Genus Clathrocorys Haeckel, 1881

Clathrocorys giltschii Ha.eckel

Plate 26, figure 16; Plate 27, figures 1-3,9

Clathrocorys giltschii HAECKEL, 1887, p. 1220, pI. 64, fig. 9.

Clathrocorys teuscheri HAECKEL, 1887, p. 1220, pI. 64, fig. 10.

Clathrocorys sp. - RENZ, 1976, p. 163, pI. 7, fig. 4a (partim).

REMARKS: This species is present at Stations P1 and PB in the Pacific, but not at Station
E in the Atlantic.

Clathrocorys murrayi Haeckel
Plate 27, figures 4-8

Clathrocorys murrayi HAECKEL, 1887, p. 1219, pi. 64, fig. 8. - POPOFSKY, 1913, p. 352,
text-fig. 57, pI. 32, figs. 2,3. - BENSON, 1966, p. 391, pI. 25, fig. 13-15.

Clathrocorys sp. - RENZ, 1976, p. 163, pI. 7, fig. 4b (partim).

Family ACANTHODESMIIDAE Ha.eckel, 1862, emend. Riedel, 1971

DEFINITION: Nassellaria possessing a sagital ring.

Genus Zygocircus Bütschli, 1882
Zygocircus capulosus Popofsky

Zygocircus capulosus POPOFSKY, 1913, p. 287, pI. 28, fig. 4. - RENZ, 1976, p. 169, pI. 8,
fig. 6. - TAKAHASHI AND HONJO, 1981, p. 151, pI. 7, fig. 12.

Zygocircus productus (Hertwig) group

Plate 27, figures 13, 14

Lithocircus productus HERTWIG, 1879, p. 197, pi. 12(7), fig. 4

Zygocircus productus (Hertwig). - PETRUSHEVSKAYA, 1971c, p. 281, fig. 16: II, 145: 10,
11. - BOLTOVSKOY AND RIEDEL, 1980, p. 121, pI. 4, fig. 17. - TAKAHASHI AND
HONJO, 1981, p. 151, pI. 7, figs. 13, 14.

Zygocircus cf. piscicaudatus Popofsky
Pla.te 27, figure 18

Zygocircus piscicaudatus POPOFSKY, 1913, p. 287, pI. 28, fig. 3.

Zygocircus sp. d. Z. piscicaudatus Pop of sky. - RENZ, 1976, p. 171, pI. 8, fig. 3. - TAKA-
HASHI AND HONJO, 1981, p. 151, pI. 7, fig. 15.
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Genus Acanthodesmia Müller, 1857
Acanthodesmia vinculata Müller

Plate 28, figures 6-8

Lithocircus vinculata MÜLLER, 1857, p. 484.

Acanthodesmia vinculata MÜLLER, 1858a, p. 30, pI. 1, figs. 4-7. - PETRUSHEVSKAYA,

1971c, p. 278, fig. 143, I-VII; 144, I-VI. - LING, 1972, p. 169, pI. 1, fig. 6. -

BOLTOVSKOY AND RIEDEL, 1980, p. 120, pI. 4, fig. 12. - TAKAHASHI AND HONJO,
1981, p. 151, pI. 7, figs. 18, 19.

Eucoronis nephrospyris HAECKEL, 1887, p. 977, pI. 82, fig. 5. - BENSON, 1966, p. 304,
pi. 21, figs. 6-8.

Eucoronis angulata HAECKEL, 1887, p. 978, pI. 82, fig. 3.

Eucoronis challengeri HAECKEL, 1887, p. 978, pI. 82, fig. 4.

Giraffospyris angulata (Haeckel). - GOLL, 1969, p. 331, pi. 59, figs. 4, 6, 7, 9, text-figs. 2.
- RENZ, 1976, p. 167, pI. 8, fig. 5. - NIGRINI AND MOORE, 1979, p. N11, pi. 19,
figs. 2a-d, 3a-b.

Genus Lophospyris Haeckel, 1881, emend. Goll, 1977
Lophospyris juvenile form group

Plate 28, figures 1-4

REMARKS: This juvenile group includes at least L. pentagona pentagona and L. pentagona
hyperborea, but not 1. pentagona quadriforis.

Lophospyris pentagona (Ehrenberg) quadriforis (Haeckel), emend. Goll
Plate 28, figure 5

Semantrum quadrifo're HAECKEL, 1887, p. 958, pi. 92, fig. 5.

Lophospyris pentagona quadriforis (Haeckel). - GOLL, 1977, pp. 398-400, pi. 13, figs. 1-13;
pI. 14, figs. 1-3,7,10,13.

REMARKS: For a more complete synonymy see Goll (1977).

Lophospyris pentagona pentagona (Ehrenberg) emend. Goll

Plate 28, figures 9-14

Ceratospyris pentagona EHRENBERG, 1872a, p. 303; 1872b, p. 302, pi. 1.5, fig. 15.

Ceratospyris allmersii HAECKEL, 1887, p. 1067, pI. 86, fig. 3.

Ceratospyris strasburgeri HAECKEL, 1887, p. 1067, pI. 86, fig. 2.

Ceratospyris polygona HaeckeI. - BENSON, 1966, pp. 321-324, pi. 22, figs. 15, 16 (partim).

Ceratospyris sp. - NIGRINI, 1967, pp. 48, 49, pi. 5, fig. 6. - RENZ, 1976, p. 172, pi. 8, fig. 8.
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Dorcadospyris pentagona (Ehrenberg). - Goll, 1969, pp. 338, 339, pI. 59, figs. 1-3, 5. -
LING, 1972, p. 168, pI. 2, fig. 5.

Lophospyris pentagona pentagona (Ehrenberg). - GOLL, 1977, pp. 384,398, pi. 10, fig. 1-7;
pI. 11, figs. 1-3, 5. - NIGRINI AND MOORE, 1979, p. N15, pI. 19, fig. 5. - TAKAHASHI
AND HONJO, 1981, p. 151, pI. 7, figs. 20,21.

Lophospyris pentagona (Ehrenberg) hyperborea (Jørgensen), emend. Goll
Plate 29, figures 1-3,5-10

Ceratospyris hyperborea JØRGENSEN, 1905, pp. 130, 131, pI. 13, fig. 49. - GOLL AND
BJØRKLUND, 1971, p. 449, text-fig. 7.

Ceratospyris polygona HaeckeI. - POPOFSKY, 1913, pp. 305-308, pI. 30, fig. 1 (partim). -
BENSON, 1966, pp. 321-324, pI. 22, figs. 17, 18 (partim).

Ceratospyris sp. A. - RENZ, 1976, p. 173, pI. 8, fig. 9.

Lophospyris pentagona hyperborea (Jørgensen), emend. GOLL, 1977, p. 400, pI. 14, figs.
4-6, 8-9, 11-12; pI. 15, figs. 1-12. - TAKAHASHI AND HONJO, 1981, p. 152, pI. 7,
figs. 22-26.

Lophospyris cheni Goll

Plate 29, figure 4

Lophospyris cheni GOLL, 1977, p. 402, pi. 11, fig. 4; pi. 12, figs. 1-7

Genus Tripodospyris Haeckel, 1881

Tripodospyris sp.

Tripodospyris sp. - TAKAHASHI AND HONJO, 1981, p. 152, pi. 7, fig. 27.

Genus Phorrnospyris Ha.eckel, 1881, emend. Goll, 1977
Phormospyris stabilis (Goll) scaphipes (Haeckel)

Plate 29, figures 11, 12, 14

Tholospyris scaphipes (Haeckel). - GOLL, 1969, pp. 328,329, pi. 58, figs. 1-6 (partim).

Tristylospyris scaphipes HaeckeI. - BENSON, 1966, pp. 316-321, pi. 22, figs. 7,9,10.

Phormospyris stabilis scaphipes (Haeckel). - GOLL, 1977, p. 394, pi. 8, figs. 1-15; pI. 9,
figs. 1-5.

REMARKS: For a more complete synonymy see Goll (1977).
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Phormospyris sp. aff. L. pentagona hyperborea (Jørgensen)
Plate 29, figure 13

REMARKS: Characteristic spines on basal ring are conical and connected at the bases to
adjacent other spines so that they become flaring. Usually specimens are robust.

Phormospyris stabilis (Goll) capoi Goll
Plate 29, figures 15-18

Rhodospyris sp. - BENSON, 1966, pp. 329-331, pi. 23, figs. 3-5.

Phormospyris stabilis capoi GOLL, 1977, p. 392, pI. 5, figs. 1, 2; pI. 6, figs. 1-13; pI. 7,
figs. 1-9.

Phormospyris stabilis stabiLis (Goll)
Pla.te 30, figures 2-5

Desmospyris anthocyrtoides (Bütschli). - BENSON, 1966, pp. 324-334, pI. 23, figs. 6-8.

Dendrospyris stabilis GOLL, 1968, pp. 1422-1423, pI. 173, figs. 16-18, 20.

Phormospyris stabilis (Goll) stabiLis GOLL, 1977, p. 390, pI. 1, figs. 1-13; pi. 2, figs. 7-14.
- KLING, 1979, p. 309, pi. 1, fig. 18.

REMARKS: For a more complete synonymy see Goll (1977).

Phormospyris ? sp.
Plate 30, figure 6

Genus Dictyospyris Ehrenberg, 1847b

Dictyospyris sp. group
Pla.te 30, figure 1

Dictyospyris sp. B. - TAKAHASHI AND HONJO, 1981, p. 152, pI. 7, fig. 29.

Genus N ephrospyris Haeckel, 1881

Nephrospyris renilla renilLa Haeckel
Plate 30, figures 7-9

Nephrospyris renilla HAECKEL, 1887, p. 1101, pI. 90, figs. 9, 10. - RENZ, 1976, p. 176,
pi. 8, fig. 18.

Nephrodictyiim renilla (Haeckel). - BENSON, 1966, pp. 302-304, pi. 21, fig. 5.

Nephrospyris renilla renilla HaeckeI. - GOLL, 1980, p. 437, pi. 5, fig. 2.

Nephrospyris 1'enilla Haeckellana Goll
Plate 30, figure 10

Nephrospyris renilla Lana GOLL, 1980, p. 438, pi. 5, fig. 1.
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Genus A ndrospyris Haeckel, 1887

Androspyris reticulidisca Takahashi, n. sp.
Plate 30, figures 12-14

DESCRIPTION: Shell flat disc with two branching feet and a sagital ring of ca. 1/5-1/4
as long as longitudinal shell length; meshwork with pores of irregular and polygonal
shape and increasing in size toward margin where a thick skeletal frame is present.
An apical spine small when present.

DIMENSIONS: (20 specimens) Longitudinal length (excluding an apical spine and feet):
363 :I 45 ¡.m (2 S.D.); width: 336 :I 19 ¡.m (2 S.D.).

TYPE LOCALITY: 5°21'N, 81°53'W; sediment trap depth 3,791 m; collected during August-
December 1979.

REMARKS: This species has finer mesh size and a proportionlly smaller sagital ring than
does A. huxleyi. The former is discoidal and has a thick marginal frame, whereas the
latter is lenticular and does not have such a thick frame.

DERIVATION OF NAME: The name of this species is the Latin meaning a net-like disc.

Androspyris huxleyi (Haeckel)
Plate 30, figures 15, 16

Lamprospyris huxleyi HAECKEL, 1887, p. 1094, pi. 89, fig. 14.

Androspyris huxleyi (Haeckel). - GOLL 1980, p. 436, pi. 4, figs. 4, 5.

A ndrospyris ramosa (Haeckel)
Plate 31, figures 1,2

Tholospyris ramosa HAECKEL, 1887, p. 1079, pi. 89, fig. 3.

? Tholospyris cupola HAECKEL, 1887, p. 1080, pi. 89, fig. 4.

Tholospyris fornicata POPOFSKY, 1912, p. 309, pi. 30, fig. 2. - RENZ, 1976, p. 177, pi. 8,
fig. 15. - TAKAHASHI AND HONJO, 1981, p. 152, pi. 7, fig. 30.

? Tripospyris semantis HAECKEL, 1887, p. 1026, pi. 84, fig. 2.

? Tripospyris diomma HAECKEL, 1887, p. 1026, pi. 84, fig. 5.

REMARKS: Under the present observation A. ramosa and T. fornicata are indistinguish-
able.

Genus Cephalospyris Haeckel, 1881
Cephalospyris cancellata Haeckel

Plate 31, figures 3, 4

Cephalospyris cancellata HAECKEL, 1887, p. 1035, pi. 83, fig. 10.
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Genus Cantharospyris Haeckel, 1887

Cantharospyris platybursa Haeckel

Plate 31, figure 5

Cantharospyris platybursa HAECKEL, 1887, p. 1051, pI. 53, fig. 7. - RENZ, 1976, p. 171,
pI. 8, fig. 10. - TAKAHASHI AND HONJO, 1981, p. 152, pI. 7, fig. 32.

Cantharospyris d. clathrobursa (Haeckel)

Tessarospyris clathrobursa HAECKEL, 1887, p. 1045, pI. 53, fig. 8.

Cantharospyris d. clathrobursa (Haeckel). - TAKAHASHI AND HONJO, 1981, p. 152, pI. 7,
fig. 32.

Genus Tholospyris Haeckel, 1881, emend. Goll, 1969
Tholospyris sp. group
Plate 27, figures 15-17

REMARKS: The following taxa are included in this group: un-named transition specimens
between Tholospyris baconiana spinula and Tholospyris rhombus (Goll, 1972a, pI. 15,
figs. 1-11); Tholospyris rhombus (Haeckel) (Goll, 1972a, p. 455, pI. 16, figs. 1-11);
Tholospyris sp. (TAKAHASHI AND HONJO, 1981, p. 152, pi. 7, fig. 16).

Tholospyris baconiana baconiana (Haeckel)

Plate 31, figures 6, 7

Tricolospyris baconiana HAECKEL, 1887, p. 1098, pi. 88, fig. 8.

Tholospyris baconiana baconiana (Haeckel). - GOLL, 1972a, p. 451, pI. 1, figs. 7-9; pi. 2,
figs. 1-8; pI. 4, figs. 1-4; pi. 5, figs. 1-3.

Tholospyris baconiana (Haeckel) variabilis Goll
Plate 31, figure 8

Tholospyris baconiana variabilis GOLL, 1972a, p. 452, pI. 8, figs. 1-8; pI. 9, figs. 1-12.

Tholospyris baconiana baconiana (Haeckel). - TAKAHASHI AND HONJO, 1981, p. 151, pI. 8,
fig. 3.

Tholospyris macropora (Popofsky)
Plate 31, figure 9

Phormospyris macropora POPOFSKY, 1913, p. 310, pi. 30, fig. 3.

Tholospyris baconiana d. variabilis Goll. - TAKAHASHI AND HONJO, 1981, p. 151, pi. 8,
fig. 4.

Genus Liriospyris Haeckel, 1881, emend. Goll, 1968

Liriospyris thorax (Haeckel) laticapsa Takahashi, n. subsp.
Plate 31, figures 10, 11, 13

Amphispyris toxarium HaeckeI. - BENSON, 1966, pp. 293-297, pi. 20, figs. 3, 5-6 (partim).
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DESCRIPTION: Sagital ring thick and similar shape to that of L. thorax thorax (Haeckel)
whose cross section looks like a clover leaf; the ring is proportionally smaller compared
to L. reticulata and as long as 1/3 of shell height. Major branches from the sagital
ring thick and branch further and spread out fine surface meshwork made of irregular
polygons with pores of equal to 3 times as broad as sagital ring thickness. The
meshwork forms crests between and branches on lateral side. The meshwork wraps
the sagital rings and branch system. Shape of the shell is more or less a rectangular
prism and length/width ratio is similar to reciprocal of that of L. reticulata.

DIMENSIONS: (8 specimens) Length: 160-280 ttmj width: 195-360 pm; width/length
ratio: 1.15-1.35.

TYPE LOCALITY: 5°2lN, 81°53'W;sediment trap depth 3,791 m; collected during August-
December 1979.

DERIVATION OF NAME: The name of this subspecies is the Latin meaning a wide box.

REMARKS: The present taxon is separated from counterpart L. thorax thorax largely on
the basis of wider but shorter shape than the latter.

Liriospyris thorax thorax (Haeckel)

Plate 31, figure 12

Amphispyris thorax HAECKEL, 1887, p. 1096, pi. 88, fig. 4.

. Liriospyris reticulata (Ehrenberg)
Plate 31, figures 14-16

Dictyospyris reticulata EHRENBERG, 1872a, p. 307; 1872b, p. 289, pi. 10, fig. 19.

Amphispyris costata HAECKEL, 1887, p. 1097, pi. 88, fig. 3. - NIGRINI, 1967, p. 45, pi. 5,
fig. 4. - McMILLEN AND CASEY, 1978, pi. 5, fig. 9. - TAKAHASHI AND HONJO, 1981,
p. 152, pi. 8, figs. 1, 2.

Amphispyris reticulata (Ehrenberg). - NIGRINI, 1967, p. 44, pi. 5, fig. 3.

Liriospyris reticulata (Ehrenberg). - GOLL, 1968, p. 1429, pi. 176, figs. 9, 11, 13; 1972b,
p. 967, pi. 71, fig. 1. - NIGRINI AND MOORE, 1979, p. N13, pi. 19, figs. 4a-4b. -
JOHNSON AND NIGRINI, 1980, p. 127, pi. 3, fig. 2.

REMARKS: For a complete synonymy see Goll (1968).

Liriospyris sp.
Plate 30, figure 11

DESCRIPTION: Similar to L. thorax laticapsa including shape, size and position of sagital
ring and its branches, but differs in mesh size and robust outer framework which is
the extension of the sagital branches which encloses the mesh.
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Family SETHOPHORMIDIDAE Haeckel, 1881, emend. Petrushevskaya, 1971d

DEFINITION: Plagiacanthoidea with flat cephalic skeleton. Thorax, if present, in the shape
of an umbrella. Cephals large, in the form of a tent; with thin wals. The wals of
the cephalis are separated from those of the thorax by arches. Pores on the cephals
and on the thorax are different in size and shape (Petrushevskaya, 1971d).

Genus Tetraphormis Haeckel, 1881
Tetraphormis rotula (Haeckel)

Plate 32, figures 1-3

Sethophormis rotula HAECKEL, 1887, p. 1246, pi. 57, fig. 9. - RENZ, 1976, p. 166, pi. 7,
fig. 14. - TAKAHASHI AND HON JO, 1981, p. 152, pi. 8, fig. 6 (non. fig. 7).

REMARKS: Sethophormis is a junior objective synonym of Tetraphormis; the genus Setho-
phormis is not listed in Haeckel (1881).

Tetraphormis dodecaster (Haeckel)
Plate 32, figure 7

Sethophormis dodecaster HAECKEL, 1887, p. 1248, pi. 56, fig. 12.

Sethophormis d. dodecaster HaeckeI. - TAKAHASHI AND HON JO, 1981, p. 152, pi. 8, fig. 8.

Tetraphormis butschlii (Haeckel)
. Plate 32, figure 6

Dictyophimus butschlii HAECKEL, 1887, p. 1201, pi. 60, fig. 2. - TAKAHASHI AND HONJO,
1981, pi. 8, fig. 14.

REMARKS: The three divergent spines are usually long as Haeckel ilustrated. The author
proposes to place this species in the genus Tetraphormis.

Genus Theophormis Haeckel, 1881
Theophormis callipilium Haeckel

Plate 32, figures 9-12

Theophormis callipilium HAECKEL, 1887, p. 1367, pi. 70, figs. 1-3.

Sethophormis umbrella HAECKEL, 1887, p. 1248, pi. 70, figs. 4, 5.

Sethophormis aurelia HAECKEL, 1887, p. 1248, pi. 55, fig. 3. - RENz, 1976, p. 165, pi. 7,
fig. 16.

REMARKS: Some specimens show faint radial ribs especialy in basal view. The number
and curvature of the ribs vary among the specimens. Ilustrations of T. callipilium by
Haeckel represent the best for this taxon and hence the name is selected here.
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Genus Lampromitra Haeckel, 1881
Lampromitra schultzei (Haeckel)

Plate 32, figures 4, 5

Eucecryphalus schultzei HAECKEL, 1862, p. 309, pI. 5, figs. 16-19; 1887, p. 1216.

Lampromitra coronata HAECKEL, 1887, p. 1214, pI. 60, fig. 7.

? Sethophormis pentalactis HAECKEL, 1887, p. 1244, pI. 56, fig. 5. - RENZ, 1976, p. 165,
pI. 7, fig. 7. - TAKAHASHI AND HONJO, 1981, p. 152, pI. 8, fig. 5.

(non) Lampromitra coronata Haeckel. - KEANY, 1979, p. 56, pI. 4, fig. 10; pI. 5, fig. 14.

Lampromitra cracenta Takahashi, n. sp.
Plate 32, figure 8

Lampromitra d. coronata Haeckel. - BENSON, 1966, p. 452, pI. 30 (partim), figs. 9, 10

(only).

DESCRIPTION: Cephalis cap-shaped with smal pores. Thorax with three ribs which
penetrate the perimeter and form spines and with coarse irregular polygonal mesh;

marginal mesh forms a zone of fine mesh with small circular to sub circular pores.

Number of short spines on the perimeter is about 30 and they are conicaL. The
perimeter of the thorax is an irregularly curved circle.

DIMENSION: (5 specimens) Thorax diameter: 153-164 ¡im.

TYPE LOCALITY: 5°2lN, 81°53'W; sediment trap depth 3,791 m; collected during August-
December 1979.

REMARKS: L. petrushevskayae Dumitricã (1972, p. 837, pI. 23, figs. 6, 7) is different from
this species. This species is rare at Station PB.

DERIVATION OF NAME: The name of this species is the Latin meaning gracefuL.

Lampromitra cachoni Petrushevskaya
Plate 33, figures 2, 3

Lampromitra ? sp. - DZINORIDZE ET AL., 1976, pI. 33, fig. 10.

Lampromitra cachoni PETRUSHEVSKAYA AND KOZLOVA 1979, p. 128, text-figs. 362, 363,
497.

? Lampromitra erosa CLEVE, 1900, p. 10, pI. 4, figs. 2, 3. - DUMITRICA, 1972, p. 838,
pI. 24, figs. 8. 9.
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Lampromitra spinosiretis Takahashi, n. sp.
Plate 34, figures 1, 2, 7

Helotholus histricosa Jørgensen. - BENSON, 1966, p. 459, pI. 31 (partim), figs. 6, 7 (only).

DESCRIPTION: Cephalis hemispherical with several short and long spines of up to thorax
length and with circular pores. Thorax conical net-shaped and similar to 1. cachoni
but has coarser circular to hexagonal meshwork. Radial ribs absent in most specimens.
The margin of the thorax thorny.

DIMENSIONS: (8 specimens) Thorax diameter: 175-280 pm; diameter of pores next to
marginal thorns: 20-35 pm.

TYPE LOCALITY: 5°21'N, 81°53'W; sediment trap depth 3,791 m; collected during August-
December 1979.

REMARKS: This species has a slightly convex cone, coarse mesh a.nd many spines on the
cephalis, whereas 1. cachoni has a flatter and slightly concave cone, fine mesh and a
few short spines on the cephalis.

DERIVATION OF NAME: The name of this species is the Latin meaning a thorny net.

Genus Eucecryphalus Haeckel, 1860
Eucecryphalus tricostatus (Haeckel)

Plate 33, figures 4, 6

Theopilium tricostatum HAECKEL, 1887, p. 1322, pI. 70, fig. 6. - POPOFSKY, 1913, p. 375,
pI. 37, fig. 6. - BENSON, 1966, p. 444, pi. 30, figs. 1, 2. - TAKAHASHI AND HONJO,
1981, p. 152, pi. 8, fig. 12.

? Corocalyptra elisabethae HAECKEL, 1887, p. 1323, pi. 59, fig. 10.

? Corocalyptra agnesae HAECKEL, 1887, p. 1323, pi. 59, fig. 3.

REMARKS: The author proposes to put this taxon into the present genus.

Eucecryphalus sestrodiscus (Haeckel)
Plate 33, figures 5, 7, 8

Cecryphalium sestrodiscus HAECKEL, 1887, p. 1399, pI. 58, fig. i.

Theocalyptra sp. - RENZ, 1976, p. 137, pI. 5, fig. 13.
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Eucecryphalus gegenbauri Haeckel

Plate 33, figures 13-15

Eucecryphalus gegenbauri HAECKEL, 1860b, p. 836; 1862, p. 308, pI. 5, fig. 12-15; 1887,
p. 1222. - HERTWIG, 1879, p. 76, pI. 8, figs. 5, 5a, 5b.

Clathrocyclas danaes HAECKEL, 1887, p. 1388, pI. 59, figs. 13, 14. - TAKAHASHI AND
HONJO, 1981, p. 152, pI. 8, fig. 13.

Clathrocyclas alcmenae HAECKEL, 1887, p. 1388, pI. 59, fig. 6.

? Clathrocyclas latonae HAECKEL, 1887, p. 1389, pI. 59, fig. 7.

Clathrocyclas ionis HAECKEL, 1887, p. 1389, pI. 59, fig. 9.

Corocalyptra gegenbauri (Haeckel). - POPOFSKY, 1913, p. 384, pI. 34, figs. 1, 2..

Theocalyptra gegenbauri BOLTOVSKOY AND RIEDEL, 1980, p. 126, pI. 5, fig. 18 (partim).

REMARKS: Mesh size and morphology of the outermost circle varies significantly.

Eucecryphalus europae (Haecker)
Plate 34, figures 5, 6

Clathrocyclas europae HAECKEL, 1887, p. 1388, pI. 59, figs. 11, 12.

Eucecryphalus clinatus Takahashi, n. sp.
Plate 35, figures 1, 2

Eucecryphalus sp. - BENSON, 1966, p. 450, pI. 30, figs. 6, 7. - RENZ, 1976, p. 130, pi. 5,
fig. 3.

DESCRIPTION: Cephalis hemispherical with small pores and spines. The thorax smooth
and characteristically beret-shaped with regular hexa.gonal meshwork whose pores are
2-5 times as wide as interporous bars. There are 11-14 rows of pores in thorax in the
longest meridian.

DIMENSIONS: (11 specimens) Minimum diameter: 120-145 ¡im; maX1mum diameter:
150- i 75 ¡im.

TYPE LOCALITY: 5°2lN, 81° 53'W; sediment trap depth 2,869 m; collected during August-
December 1979.

REMARKS: This species is abundant at Station PB.

DERIVATION OF NAME: The name of this species is the Latin meaning slanted.
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Eucecryphalus sp.
Plate 33, figure 1

REMARKS: This species resembles T. gegenbauri but differs in detail of marginal meshwork.

Genus Coracalyptra Haeckel, 1887

Corocalyptra cervus (Ehrenberg)
Plate 33, figures 9-12

Eucyrtidium cervus EHRENBERG, 1872b, p. 291, pi. 9, fig. 21.

Corocalyptra cervus (Ehrenberg). - POPOFSKY, 1913, p. 383, pi. 34, fig. 3. - BENSON,
1966, p. 447, pI. 30, figs. 3-5. - RENZ, 1976, p. 129, pI. 5, fig. 2.

REMARKS: For a more complete synonymy see Benson (1966).

Genus Phrenocodon Haeckel, 1887
Phrenocodon clathrostomium Haeckel

Plate 34, figures 3, 4

Phrenocodon clathrostomium HAECKEL, 1887, p. 1434, pI. 70, figs. 7, 8.

Genus Clathrocyclas Haeckel, 1881

Clathrocyclas monumentum (Haeckel)
Plate 34, figures 9-11

Calocyclas monumentum HAECKEL, 1887, p. 138.5, pI. 73, fig. 9. - RENZ, 1976, p. 128,
pI. 5, fig. 1.

Clathrocyclas? sp. - BENSON, 1966, p. 457, pI. 31, figs. 2, 3.

REMARKS: The apical spine is a conical rod but not three-bladed. The author proposes to
put this species in the present genus because it resembles many species of Clathrocyclas

(e.g., C. cassiopejae listed below), although it does not look very much like the type
species of the genus, C. principessa Haeckel (1887, p. 1386, pI. 74, fig. 7).

Clathrocyclas cassiopejae Haeckel
Plate 34, figures 12-14

Clathrocyclas cassiopejae HAECKEL, 1887, p. 1390, pI. 59, fig. 5.



Radiolaria 113

Clathrocyclas sp.
Plate 34, figure 8

DESCRIPTION: Cephalis cap-shaped with small apical spine and fine pores. Thorax conical,
dilated and made of very thick skeleton. Pores on the thorax circular and smaller than
interporous bars adjacent to cephalis and increasing their size and become ellptical
toward the dilated opening.

Family THEOPERIDAE Haeckel, 1881, emend. Riedel, 1967a

DEFINITION BY RIEDEL (1967a): Cephalis relatively small, approximately spherical, often
poreless or sparsely perforate, the internal spicule homologous with that of plagoniids,
reduced to a less conspicuous structural element than in the latter group.

Subfamily PLECTOPYRAMIDINAE Haecker, 1908a, emend. Petrushevskaya, 1971d

DEFINITION BY PETRUSHEVSKAYA (1971d): Eucyrtidiidae with a small dome-shaped cephalis
and a vast thorax. Cephalis consists of the encephalic part only, poreless. Thorax

sometimes with the upper part poreless. The pores on its middle and lower part
quadrangular, disposed in longitudinal rows. Internal spines nearly reduced.

Genus Coniutella Ehrenberg, 1838

Cornutella profunda Ehrenberg
Plate 3.5, figures 3-9

Cornutella profunda EHRENBERG, 1858, p. 31. - NIGRINI, 1967, p. 60, pi. 6, figs. 5a-5c. -
RENZ, 1976, p. 149, pi. 7, fig. 11. - KLING, 1979, p. 309, pi. 1, fig. 21. - BOLTOVSKOY
AND RIEDEL, 1980, p. 123, pi. .5, fig. 6. - TAKAHASHI AND HONJO, 1981, p. 152, pI. 8,
fig. 9.

REMARKS: Significant variations in skeletal thickness and apical spine length have been
observed.

Genus Peripyrarnis Haeckel, emend. Riedel, 1958

Pei'ipyramis circumtexta Haeckel

Plate 3.5, figures 10-13

Peripymmis circumtexta HAECKEL, 1887, p. 1162, pI. 54, fig. .5. - RIEDEL, 1958, p. 231,
pI. 2, figs. 8,9. - BENSON, 1966, p. 426, pi. 29, fig. 4. - NIGRINI AND MOORE, 1979,
p. N29, pI. 21, figs. 4a, 4b. - TAKAHASHI AND HONJO, 1981, p. 152, pI. 8, figs. 10,11.
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Genus Litharachnium Haeckel, 1860b

Litharachnium tentorium Haeckel

Plate 35, figures 14-18

Litharachnium tentorium HAECKEL, 1860b, p. 836; 1862, p. 281, pI. 4, figs. 7-10. - CASEY,
1971, p. 341, pI. 23.3, fig. 11. - RENZ, 1976, p. 150, pI. 7, fig. 6. - BOLTOVSKOY AND
RIEDEL, 1980, p. 125, pI. 5, fig. 14.

Litharachnium eupilium (Haeckel)
Plate 36, figures 1-4

Sethophormis eupilium HAECKEL, 1887, p. 1247, pI. 56, fig. 9.

REMARKS: This species is placed in Litharachnium because of its affnity to L. tentorium.

Subfamily EUCYRTIDIINAE Ehrenberg, 1847b, emend. Petrushevskaya, 1971d

DEFINITION BY PETRUSHEVSKAYA (1971d): Eucyrtidiidae with a cephalis in which only
the encephalic part is well developed. Very often it looks like a ball with thick, rough
walls. The apical spine forms an apical horn, and the vertical spine may form a smal
occipital horn. Sometimes they are followed by tubes. the dorsal and lateral spines
form the so-called feet. The post-thoracic segments may be reduced or consist only
of the abdomen. The pores are numerous, disposed in a checkerboard order.

Genus A rchipilium Haeckel, 1881

A rchipilium macropus ? (Haeckel)
Plate 36, figure 6

Sethopilium macropus HAECKEL, 1887, p. 1203, pI. 97, fig. 9.

Archipilium spp. aft. A. macropus (Haeckel). - PETRUSHEVSKAYA AND KOZLOVA, 1972,
p. 553 (partim), pI. 29, figs. 13, 14.

Archipilium sp. aft. A. orthopterum Haeckel
Plate 36, figures 5, 7

See Archipilium orthopterum HAECKEL, 1887, p. 1139, pi. 98, fig. 7.

Genus Pteroscenium Haeckel, 1881
Pteroscenium pinnatum Haeckel

Plate 36, figures 8, 9

Pteroscenium pinnatum HAECKEL, 1887, p. 1152, pi. 53, figs. 14-16.

Verticillata hexacantha POPOFSKY, 1913, p. 282, text-fig. 11. - BENSON, 1966, p. 397,
pI. 26, fig. 3. - RENZ, 1976, p. 161, pI. 6, fig. 5.
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Genus Pterocaniurn Ehrenberg, 1847a

Pte1'caniuin t¡'ilobuin (Haeckel)
Plate 36, figures 10, 11

Dictyopodiuin trilobuin HAECKEL, 1860b, p. 839.

Pterocaniuin trilobum (Haeckel). - NIGRINI, 1967, p. 71, pI. 7, figs. 3a, 3b. - KLING, 1979,
p. 311, pI. 2, fig. 13. - NIGRINI AND MOORE, 1979, p. N45, pI. 23, figs. 4a-4c. -
BOLTOVSKOY AND RIEDEL, 1980, p. 126, pI. 5, fig. 15. - JOHNSON AND NIGRINI,
1980, p. 129, pI. 3, fig. 12. - (non RENZ, 1976, p. 135, pI. 5, fig. 17).

Pterocaniuin grandiporus NigrinI
Plate 36, figures 12, 13

Pterocanium grandiporus NIGRINI, 1968, p. 57, pI. 1, fig. 7. - NIGRINI AND MOORE, 1979,
p. N47, pI. 23, fig. 5.

Pterocanium praetextum pmetextum (Ehrenberg)
Plate 36, figures 15-18

Lychnocanium praetextum EHRENBERG, 1872a, p. 316; 1872b, p. 297, pI. X, fig. 2.

Pterocanium praetextum (Ehrenberg). - HAECKEL, 1887, p. 1330. - TAKAHASHI AND

HONJO, 1981, p. 153, pI. 9, figs. .5,6.

Pterocanium praetextum praetextuin (Ehrenberg). - NIGRINI, 1967, p. 68, pI. 7, fig. 1. -
NIGRINI AND MOORE, 1979, p. N41, pI. 23, fig. 2. - JOHNSON AND NIGRINI, 1980,
p. 127, pI. 3, fig. 10.

Pterocanimn praetextuin (Ehrenberg) aft. eucolpuin Haeckel
Plate 36, figure 14

Pterocaniuin eucolpum HAECKEL, 1887, p. 1:22, pI. ï3, fig. 4.

Pterocanium praetextum (Ehrenberg) eucolpuin Haeckel. - NIGRINI, 1967, p. 70, pI. 7,
fig. 2. - KLING, 1979, p. 311, pi. 2, figs. 14-16. - NIGRINI AND MOORE, 1979, p. N43,
pi. 23, fig. 3. - JOHNSON AND NIGRINI, 1980, p. 127, pI. 3, fig. 11.

Genus Dictyophirnus Ehrenberg, 1847a

Dictyophimus crisiae Ehrenberg
Plate 37, figure 2

Dictyophimus crisiae EHRENBERG, 1854a, p. 241. - NIGRINI, 1967, p. 66, pi. 6, figs. 7a, 7b.
- NIGRINI AND MOORE, 1979, p. N33, pi. 22, figs. la, lb. - JOHNSON AND NIGRINI,
1980, p. 127, pi. 3, fig. 9.

Pterocorys hirundo HAECKEL, 1887, p. 1318, pi. 71, fig. 4. - LING ET AL., 1971, p. 715,
pi. 2, figs. 8, 9.

? Pterocorys sp. - BENSON, 1966, p. 412, pi. 28, fig. 4 (partim).
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Dictyophimus infabricatus Nigrini
Plate 37, figures 3-5

Dictyophimus infabricatus NIGRINI, 1968, p. 56, pI. 1, fig. 6. - NIGRINI AND MOORE, 1979,
p. N37, pI. 22, fig. 5.

Dictyophimus macropterus (Ehrenberg)
Plate 39, figures 8-11

Lithomelissa macroptera EHRENBERG, 1875, p. 78 (partim), pI. 3, figs. 9-10 (only).

Carpocanarium sp. - RIEDEL AND SANFILIPPO, 1971, p. 1599, pI. II, fig. 21. - RENZ, 1976,
p. 117, pI. 4, fig. 4.

REMARKS: Some specimens show characteristic shell surface ornamentation like ripple
marks (e.g., Plate 39, figure 9).

Dictyophimus sp. A
Plate 37, figure 1

DESCRIPTION: Cephalis nearly spherical with very fine pores and a stout conical apical
horn of 2-3 times its length. Three divergent wing-like spines three-sîded (but not

bladed) with grooves. Stout, slightly curved downward and slightly longer than tho-
rax's transverse diameter. Thorax conical with small regular circular pores of narrower
than its interporous bars and with numerous accessory spines. Abdomen stout and
nearly cylindrical with large circular to hexagonal pores of 4-6 times its interporous
bar thickness.

Dictyophiimis sp. B
Plate 39, figure 12

Pterocorys cf. columba HaeckeI. - BENSON, 1966, p. 414, pl: 28, fig. 7.

REMARKS: Three divergent spines extending obliquely downward from the thorax are as
long as the length from tîp of apical spine to end of abdomen. This species resembles
ilustrations of P. hirundo and D. insectum by Ha.eckel (1887, pI. 71, figs. 4, 5).

Genus Pseudodictyophim'us Petnishevskaya, 1971c
Pseudodictyophimus gracilipes (Bailey)

Plate 37, figures 12-14

Dictyophimus gracilipes BAILEY, 1856, p. 4, pI. 1, fig. 8. - HAECKEL, 1887, p. 1197. -
CLEVE, 1899, p. 29, pI. 2, fig. 2. - POPOFSKY, 1908, p. 274, pi. 30, figs. 12, 13; pi. 31,
figs. 15; pI. 34, fig. 6. - RIEDEL, 1958, p. 233, text-fig. 5, pi. 3, fig. 5. - BOLTOVSKOY
AND RIEDEL, 1980, p. 124, pi. 5, fig. 8.

Pseudodictyophimus gracilipes (Bailey). - PETRUSIIEVSKAYA, 1971c, p. 93, fig. 48: I, IV,
V. - BJ0RKLUND, 1976a, pi. 9, figs. 1-5; pI. 11, figs. 6,7. - KLING, 1979, p. 309, pi. 1,
figs. 23, 24. - TAKAHASHI AND HONJO, 1981, p. 153, pI. 9, figs. 3,4.
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Genus Dictyocodon Haeckel, 1881
Dictyocodon elegans (Haeckel)

Plate 37, figures 6, 7, 9

Artopilium elegans HAECKEL, 1887, p. 1440, pI. 75, fig. 1.

Pterocanium cf. elegans (Haeckel). - BENSON, 1966, p. 403, pI. 27, figs. 1, 2.

REMARKS: The author proposes to place this species in the present genus because of the
observed morphology shown in the plate, including many teminal feet.

Dictyocodon palladius Haeckel
Plate 37, figures 8, 10, 11

Dictyocodon palladius HAECKEL, 1887, p. 1335, pi. 71, figs. 12, 13. - RENZ, 1976, p. 121,
pI. 4, fig. 16.

REMARKS: Observed specimens have always two large, cephalic spines similar to those of
D. elegans. The thorax is not constricted as that of D. elegans and always smooth
without any accessory spines. The terminal feet are very delicate and usually poorly
preserved. The present species and the above D. elegans are members of the most
fragile nassellarians.

Genus Conicavus Takahashi, new genus

DEFINITION: Conical shell semi-enclosed with very fine irregular, polygonal and non-
segmented meshwork, one or two apical horns, three or more basal feet made of the
meshwork, one or two apical openings. Basal end of the shell is enclosed by the mesh
but has a few large basal pores. Sagital ring absent.

REMARKS: The present genus differs from Cephalospyris Haeckel (1881) in the absence
of a sagital ring and many other features. The type species is C. tipiopsis Takahashi,
, n. sp. Position of this genus is uncertain and hence it is tentatively assigned to the
present family.

DERIVATION OF NAME: The name of this genus is the Latin meaning a conical cage.

Conicavus tipiopsis Takahashi, n. sp.
Plate 38, figures 1-6

DESCRIPTION: Shell conical with semi-enclosed irregular and very fine meshwork; numer-
ous triangular to polygonal irregular pores. Sagital ring and constriction absent. A
characteristic apical opening is located on a right or left side of the apical part next to
one or two conical apical horns and forms a triangular cavity which has occasionally a
frame extending from one of the apical horns. A few circular to oval basal pores vary
considerably in size from 1/10 to 1/3 of the shell width. Three to four feet are made
of the meshwork, ca. 1/8 of the shell length and extending parallel to a plane of the
cone.
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DIMENSIONS: Length (31 specimens): 567 :: 89 ¡im (2 S.D.); width (36 specimens):
372 :: 42 pm.

TYPE LOCALITY: 5°21'N, 81°53'W; sediment trap depth 3,791 m; collected during August-
December 1979.

REMARKS: This species is large in size and commonly observed at Station PB, but poor
preservation in the sediments is expected due to its fragile skeleton.

DERIVATION OF NAME: The name of this species is a dimunitive of the word tipi (var.
of tepee) because of its characteristic shape.

Genus Sethocon'ls Haeckel, 1881

Sethoconus myxobrachia Strelkov and Reshetnyak
Plate 38, figures 7, 8

Sethoconus myxobmchia Strelkov and Reshetnyak. - RENZ, 1976, p. 136, pi. 5, fig. 4.

Genus ConarachnÍ'im Ha.eckel, 1881
Conamchnium polyacanthwn (Pop of sky )

Plate 39, figures 1-4

Lophocorys polyacantha POPOFSKY, 1913, p. 400, text-fig. 122. - BENSON, 1966, p. 494,
(partim), pi. 34, fig. 3 (only). - KLING, 1979, p. 309, pi. 1, fig. 27.

REMARKS: Thora. length and extent of constriction varies significailtly. This and the
following two species are apparently closely related and thus the same generic name
Conarachnium is assigned for them.

Conarachnium parabolicum (Popofsky)
Plate 39, figures .5, 6

? Sethoconus anthocyrtis HAECKEL, 1887, p. 1296, pI. 62, fig. 21.

? Periarachnium periplectum HAECKEL, 1887, p. 1297, pI. 55, fig. 11.

Lampromitra parabolica POPOFSKY, 191:, p. 348, text-fig. 54. - RENZ, 1966, p. 122, pi. 4,
fig. 14.

Conarachnimn facetum (Haeckel)
Plate 39, figure 7

Sethoconus facetus HAECKEL, 1887, p. 1296, pI. 55, fig. 1.



Radiolaria 119

Genus Stichopilium Haeckel, 1881

Stichopilium bicorne Haeckel

Plate 39, figures 13-19

Stichopilium bicorne HAECKEL, 1887, p. 1437, pI. 77, fig. 9. - BENSON, 1966, p. 422, pI. 29,
figs. 1, 2. - RENZ, 1976, p. 125, pI. 4, fig. 9. - KLING, 1979, p. 311, pI. 2, figs. 11, 12.
- NIGRINI AND MOORE, 1979, p. N91, pI. 26, figs. la, lb. - TAKAHASHI AND HONJO,
1981, p. 153, pI. 9, fig. II.

Genus Lithopera Ehrenberg, 1847a

Lithopera bacca Ehrenberg
Plate 40, figures 1,2

Lithopera bacca EHRENBERG, 1872a, p. 314. - NIGRINI, 1967, p. 54, pI. 6, fig. 2. - RENZ,
1976, p. 133, pI. 5, fig. 12. - KLING, 1979, p. 309, pI. 2, figs. 4-7. - JOHNSON AND
NIGRINI, 1980, p. 127, pI. 3, fig. 8. - TAKAHASHI AND HONJO, 1981, p. 153, pI. 9,
fig. 13.

Lithopera ananassa HAECKEL, 1887, p. 1234, pI. 57, fig. 3.

Genus Cyrtopera HMckel, 1881

Cyrtopera languncula Haeckel

Plate 40, figures 3-6

Cyrtopera languncula HAECKEL, 1887, p. 1451, pI. 75, fig. 10. - BENSON, 1966, p. 510,
pI. 35, figs. 3, 4. - CASEY, 1971b, pI. 23.1, fig. 10. - RENZ, 1976, p. 120, pI. 4, fig. 7.
- TAKAHASHI AND HONJO, 1981, p. 153, pI. 9, fig. 14.

Cyrtopera aglaolampa Takahashi, n. sp.
Plate 40, figures 7-8

DESCRIPTION: Cephalis spherical with a conical stout apical horn 2-3 times its length
and with very smal pores. There are 6-8 abdominal segments of equal length which
gradually increase their width toward the last abdominal chamber. The chamber is
ca. 4-6 times as wide as cephalc diameter. Constrictions between the segments are

equal to or less than those in C. languncula. There are a few short spines on the
thorax as well as on the basal side of the last chamber. Four to five abdominal ribs
attached on the wall and extending out of the last chamber and become feet which
are as long as the chamber's length and slightly curved inward. Pores circular and

small in the thorax and gradually increase their size and become hexagonal toward
the last chamber. The last chamber's pores are as wide as 2-3 times the thickness of
interporous bars.

DIMENSIONS: (5 specimens) Length (cephalis to last chamber): 220-270- pm; width (last
chamber): 120-195 pm.
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TYPE LOCALITY: 15°21.1'N, 151°28.5'W; sediment trap depth 2,778 il; collected during
July-November 1978.

REMARKS: The apical spines are usually straight and not curved as those of C. languncula.

DERIVATION OF NAME: The name of this species if from the Greek meaning a beautiful
lamp.

Genus Stichophormis Haeckel, 1881
Stichophormis cf. cornutella Haeckel

? Stichophormis cornutella HAECKEL, 1887, p. 1455, pi. 75, fig. 9.

? Stichophormis novena HAECKEL, 1887, p. 1455, pi. 79, fig. 9.

Stichophormis cf. cornutella HaeckeI. - TAKAHASHI AND HONJO, 1981, p. 153, pi. 9, fig. 15.

Genus Lophocorys Haeckel, 1881
Lophocorys undulata (Popofsky)

Plate 40, figures 9, 10

Artopilium undulatum POPOFSKY, 1913, p. 405, pi. 36, figs. 4, 5.

Lophocorys polyacantha Popofsky. - BENSON, 1966, p. 494 (partim), pi. 34, figs. 1,2 (only).

? Stichopilium anocor RENZ, 1976, p. 124, pi. 5, fig. 10.

REMARKS: Artopilium is a junior objective synonym of Triacartus, whose type species,
A. elegans, does not resemble this species. The type species of Stichopilium, S. bi-
corne, does not resemble this species either. Lophocorys is tentatively used here,
although the generic assignment is uncertain.

Genus Theocorys Haeckel, 1881
Theocorys veneris Haeckel

Plate 40, figures 11-14

Theocorys veneris HAECKEL, 1887, p. 1415, pI. 69, fig. 5. - BENSON, 1966, p. 492, pi. 33,
figs. 12, 13. - RENZ, 1976, p. 137, pI. 5, fig. 11. - TAKAHASHI AND HONJO, 1981,
p. 153, pi. 9, fig. 17.
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Genus Theocorythium Haeckel, 1887
Theocorythium trachelium trachelium (Ehrenberg)

Plate 40, figures 15, 16

Eucyrtidium trachelius EHRENBERG, 1872a, p. 312; 1972b, p. 293, pI. 7, fig. 8.

Calocyclas amicae HAECKEL, 1887; p. 1382, pI. 74, fig. 2.

Calocyclas vestalis HAECKEL, 1887, p. 1382, pi. 74, fig. 3.

Theocyrtis trachelius (Ehrenberg). - HAECKEL, 1887, p. 1405.

Theocorythium tmchelium trachelium (Ehrenberg). - NIGRINI, 1967, p. 79, pi. 8; fig. 2;
pI. 9, fig. 2. - JOHNSON AND NIGRINI,. 1980, p. 135, text-fig. 13e, pi. 4, fig. 3.

Theocorythium trachelium (Ehrenberg). - RENZ, 1976, p. 147, pI. 6, fig. 13. - RIEDEL AND
SANFILIPPO, 1978, p. 76, pi. 9, fig. 17.

Genus Lipmanella Loeblich and Tappan, 1961
Lipmanella dictyoceras (Haeckel)

Plate 40, figure 17

Lithornithium dictyoceras HAECKEL, 1860b, p. 840.

Dictyoceras acanthicum JØRGENSEN, 1900, p. 84; 1905, p. 140, pI. 17, fig. 101a; pi. 18,
fig. 101b. - BENSON, 1966, p. 417, pI. 28, figs. 8-10.

Dictyoceras xiphephorum JØRGENSEN, 1900, p. 84, pi. 5, fig. 25; 1905, p. 140.

Lithopilium sphaerocephalum POPOFSKY, 1913, p. 380, pI. 35, fig. 2, 3. - RENZ, 1976,
p. 123, pi. 4, fig. 8.

Lipmanella dictyoceras (Haeckel). - KLING, 1973, p. 636, pI. 4, figs. 24-26; 1977, p. 217,
pi. 2, fig. 2; 1979, p. 309, pi. 2, fig. 8. - PETRUSHEVSKAYA AND KOZLOVA, 1979,
p.137.

Lipmanella pyramidale (Popofsky)

Plate 40, figure 18

~
'~

;.

l

Theopilium pyromidale POPOFSKY, 1913, p. 376, pi. 37, fig. 1. - RENZ, 1976, p. 126, pI. 4,
fig. 13.

Dictyoceras pyramidale (Popofsky). - TAKAHASHI AND HONJO, 1981, p. 153, pi. 9, fig. 9.
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Lipmanella virchowii (Haeckel)
Plate 40, figures 19-21

Dictyoceras virchowii HAECKEL, 1862, p. 333, pI. 8, figs. 1-5. - TAN AND TCHANG, 1976,
p. 285, text-fig. 63. - TAKAHASHI AND HONJO, 1981, p. 153, pI. 9, figs. 7,8.

Dictyoceras neglectum CLEVE, 1900a, p. 7, pI. 4, fig. 5. - POPOFSKY, 1913, pI. 34, fig. 4.
- RENZ, 1976, p. 121, pI. 4, fig. 10.

Dictyoceras prismaticum TAN AND TCHANG, 1976, p. 185 (partim), text-figs. 64, 65a, 65c

(only).

Genus Lithostrobus Bütschli, 1882
Lithostrobus hexagonalis Haeckel

Plate 41, figures 1-3

Lithostrobus hexagonalis HAECKEL, 1887, p. 1475, pI. 79, fig. 20. - RENZ, 1976, p. 123,
pI. 5, fig. 15. - TAKAHASHI AND HONJO, 1981, p. 153, pI. 9, fig. 10.

Lithostrobus d. hexagonalis HaeckeI. - BENSON, 1966, p. 508, pI. 35, figs. 1, 2.

Genus Theocalyptra Haeckel, 1881

Theocalyptra bicornis (Popofsky)
Plate 41, figures 4-6, 8-11

Pterocorysbicornis POPOFSKY, 1908, p. 208, pI. 34, figs. 7,8.

Clathrocyclas alcmanae HaeckeI. - POPOFSKY, 1913, pI. 37, fig. 4.

Theocalyptra bicornis (Popofsky). - RIEDEL, 1958, p. 240, pI. 4, fig. 4. - NIGRINI AND
MOORE, 1979, p. N53, pI. 24, fig. 1. - LING, 1980, p. 369, pI. 2, fig. 3.

Theocalyptra davisiana davisiana (Ehrenberg). - TAKAHASHI AND HON JO, 1981, p. 153,
pI. 9, figs. 19, 20.

Theocalyptra davisiana davisiana (Ehrenberg)
Plate 41, figure 7

Cycladophora ? davisiana EHRENBERG, 1861b, p. 297; 1872b, pI. 2, fig. 11.

Theocalyptra davisiana (Ehrenberg). - RIEDEL, 1958, p. 239, pI. 4, figs. 2, 3, text-fig. 10.
- BENSON, 1966, p. 441 (partim), pI. 29, figs. 14,15 (only). - NIGRINI AND MOORE,
1979, p. N59, pI. 24, figs. 2a, 2b.

Cycladophora davisiana davisianad Ehrenberg. - MORLEY, 1980, p. 206, pI. 1, figs. 1-5.
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Theocalyptra davisiana cornutoides (Petrushevskaya)
Plate 41, figures 12-16

Halicaliptra ? cornuta BAILEY, 1856, p. 5, pI. 1, figs. 13, 14 (nomen oblitum).

Theocalyptra davisiana (Ehrenberg). - BENSON, 1966, p. 441 (partim), pI. 29, fig. 16 (only).

Cycladophora davisiana Ehrenberg cornutoides PETRUSHEVSKAYA, 1967, pI. 70, figs. 1-3.
- LING ET AL., 1971, p. 714, pI. 2, figs. 6, 7. - MORLEY, 1980, p. 206, pI. 1, figs. 7-10.

? Cycladophora davisiana semeloides Petrushevskaya. - MORLEY, 1980, p. 206, pI. 1,
figs. 11-14.

Theocalyptra davisiana cornutoides (Petrushevskaya). - TAKAHASHI AND HONJO, 1981,
p. 153, pI. 9, fig. 18.

Family PTEROCORYTHIDAE Haeckel, 1881, emend. Riedel, 1967a

DEFINITION BY RIEDEL (1967a): Cephalis subdivided into three lobes by two obliquely
downwardly directed lateral furrows arising from the apical spine, in the manner
described for Anthocytidium cineraria Haeckel and Calocyclasvirginis Haeckel by
Riedel (1959).

Genus Tetracorethra Haeckel, 1881, emend. Petrushevskaya, 1971c

Tetracorethra tetracorethra (Haeckel)
Plate 41, figures 17,18

Tetraspyris tetracorethra HAECKEL, 1887, p. 1044, pI. 53, fig. 19.

Tetracorethra tetracorethra (Haeckel). - RENZ, 1976, p. 145, pI. 6, fig. 23.

Genus Pterocorys Haeckel, 1881

Pterocorys zancleus (Müller)

Plate 42, figures 1-4

Eucyrtidium zanclaeum MÜLLER, 1858a, p. 41, pi. 6, figs. 1-3.

Theoconus zancleus. - BENSON, 1966, p. 482, pI. 33, fig. 4 (not fig. 5).

Pterocorys zancleus (Müller). - NIGRINI AND MOORE, 1979, p. N89, pI. 25, figs. 11a, 11b.
- TAKAHASHI AND HON JO, 1981, p. 154, pI. 10, figs. 1-3.

REMARKS: The present species is distinguished from P. campanula by its short conical
apical spine, rounded thorax and abdomen and absent or very small wings.
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Pterocorys campanula Haeckel
Plate 42, figures 5-8

Pteroorys campanula HAECKEL, 1887, p. 1316, pI. 71, fig. 3. - TAKAHASHI AND HONJO,
1981, p. 154, pI. 10, figs. 4, 5.

Genus Eucyrtidium Ehrenberg, 1847a
Eucyrtidium acuminatum (Ehrenberg)

Plate 42, figures 9, 10, 16, 17, 20

Lithocampe acuminatum EHRENBERG, 1844, p. 84.

Eucyrtidium acuminatum (Ehrenberg). - EHRENBERG, 1854, p. 43, pI. 22, fig. 27. -
POPOFSKY, 1913, p. 406, text-fig. 127. - NIGRINI, 1967, p. 81, pI. 8, figs. 3a, 3b. -
RENZ, 1976, p. 130, pI. 5, fig. 5. - NIGRINI AND MOORE, 1979, p. N61, pI. 24, figs. 3a,
3b. - JOHNSON AND NIGRINI, 19~0, p. 129, text-fig. 11d, pI. 3, fig. 15.

Eusyringium siphonostoma HAECKEL, 1887, p. 1499, pI. 80, fig. 14. - BENSON, 1966,
p. 498, pI. 34, figs. 6-9.

? Eusyringium cannostoma HAECKEL, 1887, p.. 1499, pi. 80, fig. 13.

Stichopilium rapaeformis POPOFSKY, 1913, p. 404, text-fig. 126.

REMARKS: Specimens shown by Benson (1966) are very close to the specimens observed
under the transmission light microscope in this study. Thoracic ribs form small wings
extended from cephals, attached on the thorax and terminate in the first abdominal
segment. A significant variation in skeletal thickness has been observed.

Eucyrtidium hexagonatum Haeckel

Plate 42, figures 18, 19

Eucyrtidium hexagonatum HAECKEL, 1887, p. 1489, pi. 80, fig. 11. - NIGRINI, 1967, p. 83,
pi. 8, figs. 4a, 4b. - RENZ, 1976, p. 132, pi. 5, fig. 6. - NIGRINI AND MOORE, 1979,
p. N63, pi. 24, figs. 4a, 4b. - JOHNSON AND NIGRINI, 1980, p. 129,text-fig. 11e, pI. 3,
fig. 16.

Eusyringium siphonostoma HMckeI. - TAKAHASHI AND HONJO, 1981, p. 154, pI. 10, fig. 7.

Eucyrtidium cienkowskii HAECKEL, 1887, p. 1493, pI. 80, fig. 9.

REMARKS: A specimen ilustrated by Boltovskoy and Riedel (1980, p. 124, pi. 5, fig. 9) has
a much wider thorax than those observed here and thus is excluded from the above
synonymy.
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Eucyrtidium anomalum (Haeckel)
Plate 42, figures 11-14

Lithocampe anomala HAECKEL, 1860, p. 839.

Eucyrtidium anomalum HAECKEL, 1862, p. 323, pI. 7, figs. 11-13. - BENSON, 1966, p. 496,
pI. 34, figs. 4, 5. - DUMITRICA, 1972, pi. 7, fig. 11. - RENZ, 1976, p. 131, pI. 5, fig. 8.
- McMILLEN AND CASEY, 1978, pI. 4, fig. 5.

Eucyrtidium dictyopodium (Haeckel)

Plate 42, figure 21

Stichopodium dictyopodium HAECKEL, 1887, p. 1447, pI. 75, fig. 6.

Eucyrtidium hexastichum (Haeckel)
Plate 42, figure 22

Lithostrobus hexastichus HAECKEL, 1887, p. 1470, pI. 80, fig. 15. - BENSON, 1966, p. 506

(partim), pI. 34, figs. 15, 16 (only).

Stichopilium annulatum POPOFSKY, 1913, p. 403, pi. 37, figs. 2,3.

Eucyrtidium hexastichum (Haeckel). - PETRUSHEVSKAYA, 1971c, p. 221, fig. 99. - RENZ,
1976, p. 132, pi. 5, fig. 9. - BOLTOVSKOY AND RIEDEL, 1980, p. 124, pI. 5, fig. 10. -
TAKAHASHI AND HONJO, 1981, p. 153, pi. 9, fig. 12.

Eucyrtidium sp. aff. E. anamalum (Haeckel)
Plate 42, figure 15

REMARKS: Thorax much smaller than that of E. anomalum.

Eucyrtidium sp. A group
Plate 38, figures 11-13

Eucyrtidium sp. - JOHNSON, 1974, pi. 10, figs. 17, 18.

Genus A nthocyrtidium Haeckel, 1881

Anthocyrtidium zanguebaricum (Ehrenberg)
Plate 41, figures 19-22

Anthocyrtis zanguebarica EHRENBERG, 1872a, p. 301; 1872b, p. 285, pI. 9, fig. 12.

Anthocyrtium zanguebaricum (Ehrenberg). - HAECKEL, 1887, p. 1277.

Anthocyrtis ovata HAECKEL, 1887, p. 1272, pi. 62, fig. 13.

Sethocyrtis oxycephalis HAECKEL, 1887, p. 1299, pI. 62, fig. 9.

Anthocyrtium oxycephalis (Haeckel). - BENSON, 1966, p. 468, pI. 32, figs. 3-5.

Anthocyrtidium zanguebaricum (Ehrenberg). - NIGRINI, 1967, p. 58, pi. 6, fig. 4. - RENZ,
1976, p. 143, pi. 6, fig. 18. - NIGRINI AND MOORE, 1979, p. N69, pI. 25, fig. 2. -
JOHNSON AND NIGRINI, 1980, p. 129, text-fig. 12b, pI. 3, fig. 19. - TAKAHASHI AND
HONJO, 1981, p. 153, pi. 9, fig. 21.
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Anthocyrtidium ophirense (Ehrenberg)
Plate 43, figures 1-7

Anthocyrtis ophirense EHRENBERG, 1872a, p. 301; 1872b, p. 285, pI. 9, fig. 13.

Anthocyrtidium cineraria HAECKEL, 1887, p. 1278, pi. 62, fig. 16.

Anthocyrtidium ophirense (Ehrenberg). - NIGRINI, 1967, p. 56, pI. 6, fig. 3. - RENZ, 1976,
p. 143, pI. 6, fig. 25. - NIGRINI AND MOORE, 1979, p. N67, pI. 25, fig. 1. - KLING,
1979, p. 309, pI. 2, fig. 21. - JOHNSON AND NIGRINI, 1980, p. 129, text-fig. 12a, pI. 3,
fig. 18. - TAKAHASHI AND HONJO, 1981, p. 154, pi. 9, fig. 22.

REMARKS: Based on TEM, skeletons of this species are very little dissolved in the water
column (Plate 43, figures 10-11) as are many other polycystines.

Genus Lamprocyclas Haeckel, 1881
Lamprocyclas maritalis Haeckel polypora Nigrini

Plate 43, figures 12, 15

Lamprocyèlas maritalis Haeckell polypora NIGRINI, 1967, p. 76, pi. 7, fig. 6. - KLING, 1979,
p. 309, pi. 2, fig. 25. - NIGRINI AND MOORE, 1979, p. N77, pi. 25, fig. 5. - JOHNSON
AND NIGRINI, 1980, p. 129, text-fig. 12e, pI. 3, fig. 22.

Lamprocyclas maritalis maritalis Haeckel
Plate 43, figures 8-11, 13, 14

Lamprocyclas maritalis maritalis HaeckeI. - NIGRINI, 1967, p. 74, pI. 7, fig. 5. - NIGRINI
AND MOORE, 1979, p. N75, pI. 25, fig. 4. - JOHNSON AND NIGRINI, 1980, p. 129,
text-fig. 12d, pi. 3, fig. 21. - TAKAHASHI AND HONJO, 1981, p. 154, pi. 9, fig. 26.

Lamprocyclas maritalis HAECKEL, 1887, p. 1390, pi. 79, figs. 13, 14.

Genus Lamprocyrtis Kling, 1973
Lamprocyrtis? hannai (Campbell and Clark)

Theoconus junonis HAECKEL, 1887, p. 1401, pi. 69, fig. 7.

? Lamprocyclas junonis (Haeckel) group. - PETRUSHEVSKAYA AND KOZLOVA, 1972,

p. 545, pI. 36, fig. 8.

Calocyclas hannai CAMPBELL AND CLARK, 1944, p. 48, pI. 6, figs. 21, 22.

Lamprocyrtis ? hannai (Campbell and Clark). - KLING, 1973, p. 638, pi. 5, figs. 12-14;
pI. 12, figs. 10-14. - NIGRINI AND MOORE, 1979, p. N83, pI. 25, fig. 8. - JOHNSON
AND NIGRINI, 1980, p. 135, pi. 3, fig. 25.

Lamprocyclas ? hannai (Campbell and Clark). - TAKAHASHI AND HONJO, 1981, p. 154,

pI. 9, fig. 25.
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Lamprocyrtis nigriniae (Caulet)
Plate 43, figures 17-19

Conarachnium? sp. - NIGRINI, 1968, p. 56 (partim), pI. 1, fig. 5a (only).

Conarachnium nigriniae CAULET, 1971, p. 3, pi. 3, figs. 1-4; pI. 4, figs. h4.

Lamprocyrtis haysi KLING, 1973, p. 639, pI. 5, figs. 15, 16; pI. 15, figs. 1-3. - SANFILIPPO
AND RIEDEL, 1974, p. 1022, pI. 3, figs. 9, 10. - RIEDEL AND SANFILIPPO, 1978, p. 69,
pI. 5, fig. 9.

Lamprocyrtis nigriniae Caulet. - NIGRINI AND MOORE, 1979, p. N81, pI. 25, fig. 7. -
KLING, 1979, p. 309, pi. 2, fig. 26. - JOHNSON AND NIGRINI, 1980, p. 129, text-

fig. 13a, pI. 3, fig. 24.

Lamprocyrtis sp.
Plate 43, figure 16

Conarachnium ? sp. - NIGRINI, 1968, p. 56 (partim), pI. 1, fig. 5b (only).

REMARKS: This taxon differs from L. nigriniae in its larger conical thorax and more
hexagonal pores. However, it may be combined with the latter pending future studies.

'\ .

Family ARTOSTROBIIDAE Riedel, 1967b, emend. Foreman, 1973

DEFINITION: Radiolarians with six collar pores, a well-developed vertical tube, no ap-
pendages, and the pores of at least one major segment arranged in transverse rows.
They may have a smooth or ridged surface, and the last segment is not flared (Forman,
1973).

Genus Spirocyrtis Haeckel, 1881

Spirocyrtis scalaris Haeckel
Plate 44, figure 1, 2

Spirocyrtis scalaris HAECKEL, 1887, p. 1509, pi. 76, fig. 14. - RENZ, 1976, p. 142, pI. 6,
fig. 1. - NIGRINI, 1977, pI. 2, fig. 12. - JOHNSON AND NIGRINI, 1980, p. 135, text-
fig. 14e, pI. 4, fig. 9. - TAKAHASHI AND HONJO, 1981, p. 154, pI. 10, fig. 15.

Spirocyrtis subsÚilaris Nigrini

Plate 44, figures 3-6

Spirocyrtis subscalaris NIGRINI, 1977, p. 259, pI. 3, figs. 1, 2. - LING, 1980, p. 368, pI. 2,
fig. 21.
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Spirocyrtis ? platycephala (Ehrenberg) group
Plate 44, figures 7, 8

Lithomitra platycephala ? (Ehrenberg). - BJ0RKLUND, 1976a, p. 1124, pI. 11, figs. 17, 18.

REMARKS: Pores are much larger and the angle of the siphon is larger than those of
S. subscalaris.

Spirocyrtis sp. afr. S. seriata Jørgensen and S. subscalaris Nigrini

Spirocyrtis seriata J0RGENSEN, 1905, p. 140, pI. 18, figs. 102-104. - BJ0RKLUND, 1976a,
pI. 10, figs. 7-12.

Spirocyrtis subscalaris NIGRINi,1977, p. 259, pI. 3, figs. 1, 2.

Spirocyrtis sp. afr. S. seriata Jørgensen and S. subscalaris Nigrini. - TAKAHASHI AND
HONJO, 1981, p. 154, pI. 10, fig. 16.

Genus A rtostrobus Haeckel, 1887

Artostrobus annulatus (Bailey)
Plate 38, figures 9, 10

Cornutella ? annulata BAILEY, 1856, p. 3, pI. 1, figs. 5a, 5b.

Artostrobus annulatus (Bailey). - HAECKEL, 1887, p. 1481. - RENZ, 1976, p. 117, pI. 4,
fig. 5. - LING, 1975, p. 731, pI. 13, fig. 10. - TAKAHASHI AND HONJO, 1981, p. 154,
pI. 10, fig. 8.

Genus Botryostrobus Haeckel, 1887

Botryostrobus aquilonaris (Bailey)
Plate 44, figures 9-13

Eucyrtidium aquilonaris BAILEY, 1856, p. 4, pI. 1, fig. 9.

Eucyrtidium tumidium BAILEY, 1856, p. 5, pI. 1, fig. 11.

Botryostrobus aquilonaris (Bailey). - NIGRINI, 1977, p. 246, pI. 1, fig. 1. - NIGRINI AND
MOORE, 1979, p. N99, pI. 27, fig. 1. - KLING, 1979, p. 309, pI. 2, fig. 18. - JOHNSON
AND NIGRINI, 1980, p. 135, text-fig. 14a, pI. 4, fig. 5. - TAKAHASHI AND HONJO,
1981, p. 154, pI. 10, figs. 9, 10.

REMARKS: Variations in pore size, shell surface texture and position of the largest post-
cephalic segment have been observed. For a more complete synonymy see Nigrini

(1977).
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Genus Phormostichoartus Campbell, 1951, emend. Nigrini, 1977
Phormostichoartus corbula (Harting)

Plate 44, figures 14-16

Lithocampe corbula HARTING, 1863, p. 12, pi. 1, fig. 21.

Siphocampe corbula (Harting). - NIGRINI, 1967, p. 85, pI. 8, fig. 5. - RIEDEL AND SAN-
FILIPPO, 1971, p. 1601, pi. 1H, figs. 18-25; 1978, p. 73, pi. 9, fig. 7. - RENZ, 1976,
p. 141, pI. 6, fig. 8.

Phormostichoartus corbula (Harting). - NIGRINI, 1977, p. 252, pi. 1, fig. 10. - JOHNSON

AND NIGRINI, 1980, p. 135, text-fig. 14c, pi. 4, fig. 7. - TAKAHASHI AND HONJO,
1981, p. 154, pi. 10, figs. 13, 14.

Genus Siphocampe Haeckel, 1887
Siphocampe nodosaria (Haeckel)

Lithomitra nodosaria HAECKEL, 1887, p. 1484, pi. 79, fig. 1. - PETRUSHEVSKAYA AND
KOZLOVA, 1972, pi. 24, figs. 29, 30.

Lithomitra eruca HAECKEL, 1887, p. 1485, pi. 79, fig. 3. - PETRUSHEVSKAYA AND Ko-
ZLOVA, 1972, p. 539, pi. 24, figs. 32, 33.

Siphocampe nodosaria (Haeckel). - NIGRINI, 1977, p. 256, pi. 3, fig. 11. - TAKAHASHI AND
HONJO, 1981, p. 154, pi. 10, figs. 11, 12. .

Siphocampe lineata (Ehrenberg)
Plate 44, figures 17-20

Lithocampe lineata EHRENBERG, 1838, p. 130 (partim).

Eucyrtidium lineatum (Ehrenberg). - EHRENBERG, 1847, p. 43 (partim); 1854, pI. 22,
fig. 26.

Tricolocampe cylindrica HAECKEL, 1887, p. 1412, pi. 66, fig. 21.

Siphocampe lineata (Ehrenberg) group. - NIGRINI, 1977, p. 256, pi. 3, figs. 9, 10. -
JOHNSON AND NIGRINI, 1980, p. 135, text-fig. 14d, pi. 4, fig. 8.

REMARKS: For a more complete synonymy see Nigrini (1977).
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Siphocampe arachnea (Ehrenberg)
Plate 44, figures 21-23

Eucyrtidium lineatum arachneum Ehrenberg, 1861b, p. 299.

Lithomitra vanhoffeni POPOFSKY, 1908a, p. 296, pI. 36, fig. 9.

Lithomitra arachnea (Ehrenberg). - RIEDEL, 1958, p. 242, pI. 4, figs. 7, 8. - PETRU-
SHEVSKAYA, 1966, p. 232, text-fig. 7(4); 1971b, text-fig. 22.4b; 1975, p. 586, pI. 10,
figs. 13-17.

REMARKS: Genus Siphocampeis assigned here in order to conform with the generic namne
of other species in this group.

Genus A rtobotrys

Artobotrys borealis (Cleve)
Plate 44, figure 24; Plate 45, figures 1-3

Theocorys borealis CLEVE, 1899, p. 33, pI. 3, fig. 5.

Artobotrys borealis (Cleve). - BJ0RKLUND, 1976, p. 1124, pI. 11, figs. 24-27.

Family CARPOCANIIDAE Haeckel, 1881, emend. Riedel, 1967b

DEFINITION: Cephalis small, not sharply distinguished in contour from thorax, and tend-
ing to be reduced to a few bars within top of thorax (Riedel, 1971).

Genus Carpocanistrum Haeckel, 1887
Carpocanistrum flosculum Haeckel

Plate 45, figures 4, 6-7

Carpocanistrum flosculum HAECKEL, 1887, p. 1171, pi. 52, fig. 9.

Carpocanium verecundum HAECKEL, 1887, p. 1284, pi. 52, fig. 12, 13.

Carpocanium petalospyris HaeckeI. - BENSON, 1966, p. 434 (partim), text-fig. 25, pi. 29,
fig. 10 (only).

Carpocanium spp. - NIGRINI, 1970, p. 171 (partim), pi. 4, figs. 5, 6.

Carpocanistrum spp. - DUMITRICA, 1972, p. 838, pi. 14, fig. 4; pi. 15, figs. 11, 12; pi. 24,
figs. 1, 3, 6. - RENZ, 1976, p. 151, pi. 6, fig. 4. - NIGRINI AND MOORE, 1979,
p. N23 (partim), pi. 21, figs. 1b, 1c. - JOHNSON AND NIGRINI, 1980, p. 127 (partim),
text-fig. 9f, pi. 3, fig. 5. - TAKAHASHI AND HONJO, 1981, p. 155, pi. 10, figs. 21, 22.

REMARKS: Pore size varies. Terminal teeth present on the peristome in well developed
specimens.
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Carpocanistrum cephalum Haeckel

Plate 45, figures 5, 12

Carpocanistrum cephalum HAECKEL, 1887, p. 1171, pI. 52, fig. 10.

Carpocanistrum evacuatum HAECKEL, 1887, p. 1172, pI. 52, fig. 11.

Carpocanium petalospyris HaeckeI. - BENSON, 1966, p. 434 (partim), pI. 29, fig. 9 (only).

Carpocanium sp. - BENSON, 1966, p. 438, pi. 29, figs. 11,12.

Carpoanium sp. A. - NIGRINI, 1968, p. 55, pi. 1, fig. 4. - NIGRINI AND MOORE, 1979,
p. N25, pI. 21, fig. 2.

REMARKS: This species is distinguished by its cylindrical shape rather than amphora-
shaped counterparts in the present genus. Present species differs from Cryptopora
ornata Ehrenberg (see Sanfilippo and Riedel, 1973, p. 530, pI. 35, figs. 3,4).

Carpocanistrum favosum (Haeckel)
Plate 45, figure 8

Sethamphom favosa HAECKEL, 1887, p. 1252, pI. 57, fig. 4.

Carpocanistrum? odysseus HaeckeI. - DUMITRICA, 1972, p. 838, pi. 15, fig. 10; pi. 24,
fig. 2.

REMARKS: Basal opening rather small surrounded by terminal teeth whose surface is
smooth. Shell surface rough caused by numerous rounded denticles. This species
should not be confused with Carpocanopsis favosa (Haeckel) (Sanfilippo et al., 1973,
p. 224, pi. 6, figs. 7, 8).

Carpocanistrum coronatum (Ehrenberg)
Plate 45, figure 10

Carpocanium coronatum EHRENBERG, 1875, p. 66, pi. 5, fig. 7.

Carpocanistrum sp. D. - LING, 1975, p. 730, pi. 12, fig. 6.

Carpocanistrum spp. - NIGRINI, 1970, p. 171 (partim), pi. 4, fig. 4 (only). - NIGRINI AND
MOORE, 1979, p. N23 (partim), pi. 21, fig. 1a (only).

REMARKS: Pores smaller and more in number than in the relative species shown in
Plate 45. The number is ca. 16-18 in an equatorial half meridian.
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Carpocanistrum acutidentatum Takahashi, n. sp.
Plate 45, figures 9, 13-15

DESCRIPTION: Shell thick and ovate with cephals completely hidden, pores elongate but
occasionally subcircular and smaller than longitudinal crests. There are ca. 14-18
such crests in a half meridian. Peristome surrounded by ca. 12-16 sharp conical teeth
of 1/4 to 3/4 shell length which are straight or inwardly curved near the terminal end.
One tooth is connected with 1-3 crests.

DIMENSIONS: (11 specimens) Shell length (exclusive of teeth): 87-110 pm; tooth length:
24-71 tLm; transverse width: 80-96 tLm.

TYPE LOCALITY: 15°21.lN, 151°28.5/W; sediment trap depth 4,280 il; collected during
July-November 1978.

REMARKS: The present species differs from C. flosculum Haeckel primarily in pore shape
and in the presence of the strong crests.

DERIVATION OF NAME: The name of this species is the Latin meaning sharp tooth.

Carpocanistrum sp.
Plate 45, figure 11

REMARKS: This taxon resembles some specimens shown by Riedel and Sanfilippo (1971,
see pi. 2F).

Genus Carpocanarium Haeckel, 1887, emend. Nigrini and Moore, 1979
Carpocanarium papillosum (Ehrenberg)

Plate 45, figures 16, 17

Eucyrtidium papillosum EHRENBERG, 1872a, p. 310; 1872b, p. 293, pi. 7, fig. 10.

Dictyocryphalus papillosus (Ehrenberg). - HAECKEL, 1887, p. 1307. - RIEDEL, 1958,
p. 236, pi. 3, fig. 10, text-fig. 8. - NIGRINI, 1967, p. 63, pi. 16, fig. 6. - LING, 1975,
p. 731, pi. 13, fig. 10. - RENZ, 1976, p. 139, pi. 6, fig. 9.

Carpocanarium papillosum (Ehrenberg) group. - NIGRINI AND MOORE, 1979, p. N27,
pi. 21, fig. 3. - JOHNSON AND NIGRINI, 1980, p. 127, text-fig. lOa, pi. 3, fig. 6.

Carpocanarium papillosum (Ehrenberg). - TAKAHASHI AND HONJO, 1981, p. 155, pi. 10,
fig. 17.
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Family CANNOBOTRYIDAE Haeckel, 1881, emend. Riedel, 1967a

DEFINITION BY RIEDEL (1967a): Cephals consisting of two or more unpaired lobes, only
one of which is homologous with the cephals of theoperids.

Genus Acrobotrys Haeckel, 1881
Acrobotrys teralans Renz
Plate 45, figures 18, 19

Acrobotrys d. disolenia HaeckeI. - BENSON, 1966, p. 339, text-fig. 21, pi. 23, figs. 13, 14.

Gen. et sp. indet. - RIEDEL AND SANFILIPPO, 1971, pi. 1J, figs. 17, 18.

Acrobotrys teralans RENZ, 1976, p. 152, pi. 7, fig. 8.

? Neobotrys sp. - TAN AND TCHANG, 1976, p. 273, text-fig. 46.

Acrobotrys tessarolobon Takahashi, n. sp.
Plate 45, figure 20

DESCRIPTION: Cephalis quadrilobate with a single tubule projecting laterally. The
cephalic lobes of unequal size and shape. Main cephalic lobe spherical and exposing
nearly half of its surface area and with fine circular pores and thick skeleton. A polar
lobe of the cephalis is conical in shape and characteristically projecting straight pole-
ward. It has fine circular pores much smaller than the interporous septae. Thelargest
lobe lies between the conical polar lobe and post-cephalic lobe. A collar constriction
forms an upside down wide angle "V" and has a few fine spines. Postcephalc lobe
cylindrical and with circular pores which are at least latitudinaly regularly arranged
and with a large basal opening. There is no wing.

DIMENSIONS: (3 specimens) Length: 95-110 pmj breadth (including the tubule): 85-
98 ttm.

TYPE LOCALITY: 15°21.1'N, 151 °28.5'W j sediment trap depth 978 mj collected during
July-November 1978.

REMARKS: This species differs from A. teralans in number and shape of the cephalic lobes
and its absence of wings.

DERIVATION OF NAME: The name of this species is Greek meaning four lobes.
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Acrobotrys chelinobotrys Takahashi, n. sp.
Plate 45, figures 22-24

Botryopyle dictyocephalus Haeckel group. - RENZ, 1976, p. 154, pi. 7, fig. 10.

Acrobotrys sp. A. - TAKAHASHI AND HONJO, 1981, p. 155, pi. 10, fig. 18.

DESCRIPTION: Cephals trilobate with a single tapering tubule which is laterally or
obliquely (toward postcephalic side) projecting. The three cephalc lobes unequal
in size and shape. The central lobe of the cephalis is spherical, exposing 1/4 of its
surface of outside and having the thickest skeleton and the smallest pore size among
all of the lobes. A collar stricture between the cephalic lobes and a post cephalc lobe

makes an arch. The postcephalic lobe nearly cylindrical but tapering toward basal
opening. Both cephals and thorax are made of meshwork with subcircular irregular
pores whose diameter varies from 1-4 times the interporous bars. There is no wing.

DIMENSION: (11 specimens) Length: 80-105 ¡Lmj breadth (excluding the tubule): 40-
60 ¡Lm.

TYPE LOCALITY: 15°21.1'N, 151°28.5'Wj sediment trap depth 978 mj collected during
July-November 1978.

REMARKS: This species apparently differs from the Botryopyle dictyocephalus group ilus-
trated by Riedel and Sanfilippo (1971, p. 1602, pi. lJ, fig. 21-26) typically in presence
of a tubule.

DERIVATION OF NAME: The name of this species is from Greek meaning netted cluster
of grapes.

Acrobotrys sp. C

Acrobotrys sp. C. - TAKAHASHI AND HONJO, 1981, p. 155, pi. 10, fig. 20.

Genus Saccospyris HMcker, 1908b

Saccospyris preantarctica Petrushevskaya
Plate 45, figure 21

Saccospyris preantarctica PETRUSHEVSKAYA, 1975, p. 589, pi. 13, fig. 19, 20.

REMARKS: The present finding of this species indicates that it has long range at least

back to Miocene. This species resembles Bisphaerocephalus minutus Popofsky (1908a,
pi. 33, fig. 9).
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Genus Centrobotrys Petrushevskaya, 1965

Centrobotrys thermophila Petrushevskaya
Plate 46, figures 1, 2

Androspyris aptenodytes HaeckeI. - POPOFSKY, 1913, p. 294, text-figs. 17,18.

Centrobotrys thermophila PETRUSHEVSKAYA, 1965, p. 115. - NIGRINI, 1967, p. 49, text-
fig. 26, pI. 5, fig. 7. - RIEDEL AND SANFILIPPO, 1971, p. 1602, pI. 1J, figs. 27-31;
pI. 2J, fig. 19; pI. 3F, fig. 14. - RENZ, 1976, p. 155, pi. 7, fig. 15.

GenusN eobotrys Popofsky, 1913
Neobotrys quadrituberosa Popofsky

Plate 46, figure 3

Neobotrysquadrituberosa POPOFSKY, 1913, pp. 320-321, pi. 30, fig. 4.

Genus Botryocyrtis Ehrenberg, 1860b

Botryocyrtis scutum (Harting)
Plate 46, figures 6, 7

Haliomma scutum HARTING, 1863, p. 11, pi. 1, fig. 18.

Botryocyrtis caput serpentis EHRENBERG, 1872a, p. 301; 1872b, p. 287, pi. 10, fig. 21.

? Lithobotrys homunculus POPOFSKY, 1913, p. 317, pi. 31, figs. 5,6.

Botryopyle erinaceus POPOFSKY, 1913, p. 319, text-figs. 28, 28a.

Botryocyrtis scutum (Harting). - NIGRINI, 1967, p. 52, pi. 6, figs. 1a-1c. - NIGRINI AND
MOORE, 1979, p. N105, pi. 28, figs. la, lb. - TAKAHASHI AND HONJO 1981, p. 155,
pi. 10, figs. 23, 24.

Botryocyrtis elongatum Takahashi, n. sp.
Plate 46, figures 8,9

DESCRIPTION: Cephals trilobate with spherical lobes of increasing size from one side to
another, a few spines longer than lobes, rough surface and very smal pores. Thorax
elongate and cylindrical and 2-3 times of cephalic length with fine spines and pores,
rough surface in the anterior half and becomes porous and smooth in the posterior half
which looks hyaline under the transmission light microscope. There is no segmentation
in the thorax.

".
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DIMENSIONS: (8 specimens) Length: 65-160 pm; width: 35-64 pm.

TYPE LOCALITY: 5°21'N, 81°53'W; sediment trap depth 3,769 m; collected during August-
December 1979.

REMARKS: This species is common at Stations PI and PB.

DERIVATION OF NAME: The name of this species is the Latin meaning prolonged.
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Botryocyrtis sp. A
Plate 46, figures 4, 5

DESCRIPTION: Cephalis trilobate with very fine pores, spines and rough surface. Thorax
cylindrical and short with irregular circular pores.

REMARKS: This could be a juvenile form of B. scutum.

Family ARCHIPHORMIDIDAE Haeckel, 1881

DEFINITION: Phaenocalpida with the basal mouth of the shell open (Haeckel, 1887).

Genus A rachnocalpis Haeckel, 1881

Arachnocalpis ellipsoides Haeckel
Plate 46, figure 17

Arachnocalpis ellipsoides HAECKEL, 1887, p. 1172, pi. 98, fig. 13.

Arachnocalpis ? ovatiretalis Takahashi, n. sp.
Plate 46, figures 12-14

DESCRIPTION: Shell ovate with a fragile thin mesh composed of polygons and a basal
opening at one pole, without an apical horn, spines, ribs and a sagital ring. Usualy
one pole is slightly protruded from the ellpsoidal perimeter but some specimens have
smooth poles. The polygons of the network are mostly triangular. There are two
kinds of interconnecting networks: thin and thick ones. Size of the polygons is ca. 1-4
times thickness of the thicker mesh.

DIMENSIONS: (8 specimens) Length: 175-290 pm; width: 105-205 pm; mean length/width
ratio: 1.62 :: 0.16.

TYPE LOCALITY: 5°21'N, 81°53'W; sediment trap depth 667 mj collected during August-
December 1979.

REMARKS: Position of this species is uncertain because no closely related species to this
has been reported and thus the present assignment,is tentative.

DERIVATION OF NAME: The name of this species is the Latin meaning having the nature
of an egg-shaped net.
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Amchnocalpis? sp. A
Plate 46, figure 10

DESCRIPTION: Large ellpsoidal shell with fine spongy and fragile network composed of
irregular size polygons and without an apical horn, spines, and sagital ring.

REMARKS: This species is very rare. The systematic position of this taxon is uncertain.

Arachnocalpis sp. B
Plate 46, figure 11

Arachnocalpis ? sp. C
Plate 46, figure 16

DESCRIPTION: Shell elongate fragile spongy network with tubules associated with 7-10
large pores.

REMARKS: Very rare and systematic position is uncertain.

Order TRIPL YEA Hertwig, 1879
Suborder PHAEODARIA Haeckel, 1879

Family CHALLENGERIIDAE Murray, 1876, emend. herein

DEFINITION: Shell ovate or lens-shaped with a mouth and peristome and is usually pro-
vided with oral teeth, but without articulated feet. Surface of the shell usualy smooth
with numerous regularly arranged pores and some species bear a zone of dimples caus-
ing alveolate surface. Skeletal unit of shell made of amphora structure cemented with
soluble silca.

REMARKS: The above emendation is based on the following: 1) informaiIon on surface
morphology (i.e., smooth and/or dimpled surfaces); 2) SEM-TEM information on
micro- and ultra-skeletal structures; 3) finding of a form without oral teeth (i.e.,
C. lingi Takahashi, n. sp.). This family is characterized by alveolate internal skeletal
morphology which is commonly composed of amphora-shaped structure.

Genus Challengeron Haeckel, 1887

DEFINITION: Challengeriida without pharynx. Shell smooth without dimples. Marginal
spines present in well developed individuals. Oral teeth may be present or absent.

REMARKS: All of the species studied here have amphorae of similar size and shape as
basic unit of skeletal structure.
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Challengeron willemoesii Haeckel

Plate 47, figures 1-14

Challengeron willemoesii HAECKEL, 1887, p. 1659, pI. 99, fig. 13. - BORGERT, 1911, p. 456,
pI. 34, figs. 4-6. - TAKAHASHI AND HONJO, 1981, p. 155, pI. 10, figs. 25, 29.

Challengeron rottenburgi BORGERT, 1892, p. 182, pI. 6, fig. 1; 1911, p. 458, pI. 35, figs. 1,
2. - HAECKER, 1906a, p. 301, pI. 6, fig. 1, text-figs. f, k.

Challengeron armatum BORGERT, 1901a, p. XV33, fig. 39; 1911, p. 454, pI. 34, figs. 7-9.

Challengeron gracile BORGERT, 1911, p. 458, pI. 35, figs. 6, 7.

Challengeron gracilimum BORGERT, 1911, p. 459, pI. 35, figs. 3-5.

Challengeron walwini WOLFENDEN, 1902, p. 359, pI. 2, figs. 1, 1a.

? Challengeron wyvillei HAECKEL, 1887, p. 1660, pI. 99, fig. 15.

Challengeron sp. LING AND TAKAHASHI, 1977, p. 208, pI. 1, figs. 1-5.

REMARKS: The concept of this species herein is somewhat broader than that of Borgert.
Based on examinations of several tens of specimens, the author believes that intra-
species morphological variations of the present species occur to such an extent that

previous authors separated this group into several species. The variations observed
include size and shape of the shell, length, number and arrangement of spines (Le.,
alternation of longer and shorter ones). However, the angle between 2 pairs of diver-
gent teeth is consistent. Splitting of ovate forms from compressed ellpsoidal forms
was possible, but this mayor may not be natural. Forms with sabre-shaped terminal
teeth such as those of Challengeron wyvillei Haeckel (1887, p. 1660, pI. 99, fig. 15)
have not been recognized from the present study areas (Haeckel's specimens were from
the eastern tropical Atlantic).

Micro- and ultra-structural studies shown in Plate 47 reveal that the basic unit
of skeleton is a regularly arranged amphora-shaped structure cemented by relatively
soluble silca. This structure is common to all of the 17 species studied in the present
family except Challengeranium diodon (Haeckel) as shown in Plates 47-52.

Challengeron lingi Takahashi, n. sp.
Plate 48, figures 1-5

DESCRIPTION: Shell ovate to compressed ellpsoid, usualy with spines along longitudinal
rim. Shell wall smooth with regularly arranged numerous pores which are one open
end of amphora structure common to al ofthe species in the present family. Peristome
smooth without teeth and the mouth opens obliquely.

DIMENSIONS: Length 240 :l 30 (2 S.D.) ¡im (6 specimens); width: 159 :l 33 pm (7 speci-
mens); weight: 0.07 :l 0.01 ¡ig (15 specimens).
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TYPE LOCALITY: 5°2lN, 81°53'W; depth of sediment traps 3,769 m and 3,791 mj col-
lected during August-December 1979.

REMARKS: The present species is closely related to C. willemoesii. Absence of oral teeth
is the major difference from the latter. More than 30 specimens observed showed
smooth peristome as shown in Plate 48 without any exceptions.

DERIVATION OF NAME: This species is dedicated to Professor Hsin Yi Ling who inspired
the present study.

Challengeron radians Borgert

Plate 48, figure 6

Challengeron radians BORGERT, 1903, p. 743, text-fig. J; 1911, p. 453, pi. 34, fig. 3. -
TAKAHASHI AND HONJO, 1981, p. 155, pi. 11, figs. 1, 2.

Challengeron tizardi (Murray)
Plate 48, figures 13-16

Challengeria tizardi MURRAY, 1885, p. 226, pI. A, figs. 7-7b.

Challengeron tizardi (Murray). - HAECKEL, 1887, p. 1656.

Protocystis tizardi (Murray). - HAECKER, 1908b, p. 266, pI. 50, figs. 405, 406.

REMARKS: Size of this species is fairly uniform based on 20 specimens; it is close to
Murray's and larger than Haeckel's specimens. Dimensions obtained from Takahashi
and Honjo (in prep.): length 340 :: 25 (2 S.D.) tLm (5 specimens); width: 272 :: 30 pm

(8 specimens); weight: 0.54 :: 0.16 (2 S.D.) tLg (18 specimens).

Genus Challengerosium Haeckel, 1887, emend. herein

DEFINITION: Challengeriidae with marginal spines, oral teeth and two different kinds
(smooth and dimpled) of surfaces on a lens-shaped shell.

TYPE SPECIES: Challengerosium avicularia Haecker, 1906a.

REMARKS: Subgenus Challengerosium of Haeckel (1887) is herein elevated and separated
from Challengeron in analogous manner with what Haecker (1906a) proposed for
Heliochallengeron for presence of alveolate girdle zone in H. channeri (Murray).
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Challengerosium balfouri (Murray)
Plate 48, figures 7-10

Challengeria balfouri MURRAY, 1885, p. 226, pI. A, fig. 10.

Challengeron balfouri (Murray). - HAECKEL, 1887, p. 1655. - BORGERT, 1901a, p. XV31,
fig. 37; 1911, p. 449, pI. 33, figs. 5-9. - WOLFENDEN, 1902, p. 360, pI. 2, figs. 2, 2a, 3,
3a. - TAKAHASHI AND HONJO, 1981, p. 155, pI. 11, figs. 5,6. See Borgert (1911) for
additional references.

Protocystis balfouri (Murray). - HAECKER, 1908b, p. 268, pI. 50, fig. 395.

REMARKS: Surface texture of the shell of two kinds: smooth on lateral sides; alveolate
on sagital plane. Microstructure study using SEM shows no significant difference in
internal amphora structure in both smooth and rough surface areas of the shell walL.
These two kinds of surface morphologies also exist in C. avicularia.

Challengerosium avicularia. Haecker
Plate 49, figures 1-13

Challengerosium avicularia HAECKER, 1906a, p. 300, pI. 11, fig. 8.

Challengeron avicularia (Haecker). - BORGERT, 1911, p. 466.

? Challengeria bethelli MURRAY, 1885, pI. A, fig. 6.

? Challengerosium bethelli (Murray). - HAECKER, 1906a, p. 299, text-fig. F, h.

REMARKS: Contrast between smooth and dimpled rough surfaces is clear in most speci-
mens observed under SEM, except some determined to be affected by dissolution. The
number of marginal spines is generaly close to 10; occasionally 2 or 3 spines. None
of the specimens here has as many spines as C. bethelli (Murray) shown by Murray
(1885) and Haecker (1906a).

Genus Protocystis Wallich, 1869, emend. herein

DEFINITION: Challengeriidae without pharynx, with none or up to several oral teeth and
without marginal spines.

REMARKS: Wallich (1869), Borgert (1901a, 1911) and Haecker (1906a) defined the present
genus having one or several oral teeth. However, appearance of specimens with peri-
stome without oral teeth necessitated this emendation. Generic classification of the
present genus as well as Challengeron and Challengerosium may be artificial and hence
it may require further emendations in the future work.

DESCRIPTION: Shell lens-shaped, without marginal spines. Compressed sides of shell
relatively smooth and girdle zone of alveolate surface. Peristome smooth without
teeth.
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Protocystis harstoni (Murray)

Challengeria harstoni MURRAY, 1885, p. 226, pI. A, fig. 14a (not fig. 14). - HAECKEL,
1887, p. 1650.

Protocystis harstoni (Murray). - BORGERT, 1901a, p. XV28, fig. 30. - BJØRKLUND, 1976a,
pI. 12, fig. 5. - DUMITRICA, 1973, p. 755, pI. 8, fig. 5. - TAKAHASHI AND HONJO,
1981, p. 156, pI. 11, fig. 11.

? Protocystis harstoni (Murray). - HAECKER, 1908b, p. 49, text-fig. 150. - BORGERT,

1911, p. 436, text-fig. 4a. - STADUM AND LING, 1969, p. 483, pI. 1, figs. 1-3. -
BJØRKLUND, 1976a, pI. 12, figs. 6, 7.

Protocystis natuiloides BORGERT, 1903, p. 738, text-figs. Da, Db.

Protocystis antarctica SCHRÖDER, 1913, pI. 21, fig. 1.

? Challengeria zetlandica WOLFENDEN, 1902, p. 361, pI. 2, fig. 5. See Borgert (1911) for
additional references.

REMARKS: Specimens shown by Haecker (1908), Borgert (1911), Stadum and Ling (1969)
and Bjørklund (1976a, p. 12, figs. 6, 7 of the Cleve collection) are different in angle,
length and shape of peristome from the rest in the references listed above and the
examined specimens. The former can be classified as a subspecies of the present
species.

Protocystis honjoi Takahashi, n. sp.
Plate 50, figures 1, 2

Protocystis sp. TAKAHASHI AND HONJO, 1981, p. 156, pI. 11, figs. 8,9.

DESCRIPTION: Shell lens-shaped and circular, with two characteristic wing-like oral teeth
on the peristome. Shell surface texture of two kinds: rough girdle zone and smooth
compressed sides. Contrast between the two surface textures is not as marked as in
Challengerosium.

DIMENSIONS: (12 specimens) Shell diameter: 147 ~ 13 (2 S.D.) pm; weight: 0.10 ~ 0.05 pg

(4 specimens).

TYPE LOCALITY: 5°2lN, 81° 53'W; sediment trap depth 2,869 m; collected during August-
December 1979.

REMARKS: This species is closely related to P. gmvida Borgert (1903, p. 741, figs. Ga,
Gb) and P. macleari (Murray) (1885, p. 226, pI. A, fig. 3; Haeckel, 1887, p. 1651).
Specimens from the Pacific are slightly larger than those of the Atlantic (Takahashi
and Honjo, 1981).

DERIVATION OF NAME: This species is dedicated to Dr. Susumu Honjo for his contribution
to this work in recovery of the samples.
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Protocystis tridentata Borgert
Plate 50, figure 3

Protocystis tridentata BORGERT, 1903, p. 743, text-fig. H; 1911, p. 444, pI. 32, fig. 7. -
HAECKER, 1906, p. 294, 295; 1908b, p. 266, pI. 50, fig. 404.

Protocystis auriculata Takahashi, n. sp.
Plate 50, figures 4-7

DESCRIPTION: Shell lens-shaped and extending toward posterior end where peristome
exists, with two ear-shaped winged teeth. The wings extend perpendicular to sagital
plane. The teeth as long as 1/2 to 2/3 of transverse shell diameter.

DIMENSIONS: (8 specimens) Transverse shell diameter: 98 :: 9 (2 S.D.) ttff.

TYPE LOCALITY: 5°21'N, 81°53'W; sediment trap depth 2,869 m; collected during August-
December 1979.

DERIVATION OF NAME: The name of this species is the Latin meaning having the nature
of ear.

Protocystis aduncicuspis Takahashi, n. sp.
Plate 50, figures 8-10

DESCRIPTION: Shell compressed and semi-triangular, with two divergent oral teeth on
peristome causing a sharp bend on girdle circumference. Girdle zone is covered by
dimples causing rough surface.

DIMENSIONS: Transverse shell diameter: 139 :: 21 (2 S.D.) ttm (13 specimens); longitu-
dinallength including teeth: 174:: 12 ttm (6 specimens).

TYPE LOCALITY: 5°21'N, 81°53'W; sediment trap depth 3,791 m; collected during August-
December 1979.

REMARKS: Shape of the peristome and teeth thickness vary.

DERIVATION OF NAME: The name of this species is the Latin meaning having the nature
of bent and pointed ends.

Protocystis sloggetti (Haeckel)
Plate 50, figures 12-15

Challengeron harstoni MURRAY, 1885, p. 226, pI. A, fig. 14 (nomen oblitum).

Challengeria sloggetii HAECKEL, 1887, pp. 1649, 1650, pI. 99, fig. 4.

Protocystis sloggetii (Haeckel). - HAECKER, 1906, pp. 297, 298; 1908b, p. 271, pI. 50,

figs. 401,402. - BORGERT, 1911, p. 435, text-fig. 3.

REMARKS: Bifurcated oral teeth vary in thickness and length. Shape of compressed
triangular lenticular shell is consistent and less round than the previous workers report.
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Protocystis murmyi (Haeckel)
Plate 50, figures 16-18, Plate 51, figures 1-3

Challengeria aldrichi MURRAY, 1885, pI. A, fig. 4 (nomen oblitum).

Challengeria murrayi HAECKEL, 1887, p. 1653, pI. 99, fig. 1.

Protocystis murrayi (Haeckel). - HAECKER, 1906a, p. 299, text-fig. F, g; 1908b, pp. 272,
273, pI. 50, figs. 409, 411, text-fig. 29, g. - BORGERT, 1911, p. 445, text-figs. 11a, 11b.

? Protocystis thyroma HAECKER, 1906, p. 299, pI. 6, fig. 6.

Protocystis thomsoni (Murray)
Plate 51, figure 5

Challengeria thomsoni MURRAY, 1885, pI. A, figs. 2, 2a. - HAECKEL, 1887, p. 1650.

Protocystis thomsoni (Murray). - HAECKER, 1906a, p. 291, text-fig. Fbj 1908b, p. 261,
pI. 49, figs. 388-389, text-fig. 29b. - BORGERT, 1911, p. 440, text-figs. 7a, 7b. -
RESHETNYAK, 1955, p. 98, pI. 1, figs. 1,2. - LING, 1966, p. 206, pI. 1, figs. 1-11; pI. 2,
figs. 1-7. - LING AND TAKAHASHI, 1977, p. 209, pI. 2, figs. 1-6. - TAKAHASHI AND
HONJO, 1981, p. 155 (partim), pi. 11, fig. 4.

Protocystis bicornis BORGERT, 1901a, p. XV29, text-fig. 32, pI. 33, figs. 3,4.

Protocystis xiphodon (Haeckel)
Plate 52, figures 1-3

Challengeria naresii MURRAY dwarf variety, pI. A, fig. 1b (nomen oblitum).

Challengeria xiphodon HAECKEL, 1887, p. 1648. - HAECKER, 1908b, p. 260, pI. 49,
figs. 378-381.

Protocystis xiphodon (Haeckel). - BORGERT, 1901a, p. XV27, fig. 28; 1903, p. 738; 1911,
p. 433, pI. 31, figs. 5-7. - J0RGENSEN, 1905, p. 141. - STADUM AND LING, 1969,
p. 483, pI. 1, figs. 4, 5. - BJ0RKLUND, 1976, pI. 12, fig. 4. - TAN AND TCHANG,
1976, p. 297, text-fig. 78. - TAKAHASHI AND HONJO, 1981, p. 156, pI. 11, fig. 14. See
Borgert (1911) for additional references.

REMARKS: This is the smallest species among the one-toothed trio of Protocystis (includ-
ing P. triton is and P. naresi) whose shell is compressed ovate tapering toward the
oral tooth. Ratio of mouth/shell diameter is the largest among the trio.

Protocystis tritonis (Haeckel)

Plate 52, figures 4, 5

Challengeria triton is HAECKEL, 1887, p. 1649, pI. 99, fig. 5. - WOLFENDEN, 1902, p. 360,
pI. 2, fig. 4.

Protocystis tritonis (Haeckel). - BORGERT, 1901a, p. XV28, fig. 29; 1911, p. 434, pI. 31,
figs. 8, 9. - TAKAHASHI AND HONJO, 1981, p. 156, pI. 11, fig. 13.
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Protocystis naresi (Murray)
Plate 52, figures 6-8

Challengeria naresii MURRAY, 1885, p. 226, pI. A, figs. 1, la-Ie. - HAECKEL, 1887,

p. 1648.

Challengeria naresi Murray. - HAECKER, 1906a, p. 290, text-figs. A, Fa; 1908b, p. 258,
pI. 48, fig. 370, pI. 49, fig. 377, pI. 52, figs. 429, 430, text-figs. 27, 28. - RESHETNYAK,
1955, p. 95, pI. 1, fig. 62.

Protocystis naresi (Murray). - BORGERT, 1911, p. 432, text-fig. 2. - TAKAHASHI AND
HONJO, 1981, p. 156, pI. 52, fig. 12.

REMARKS: This is the largest of the Protocystis one-toothed trio whose longer axis of
compressed oval shell diameter ranges from 480 to 680 jLm. Mouth is relatively smal
compared to the former two species of the trio. Examination of microstructure shows
this species has elongated amphorae (Plate 52, figure 9), but otherwise very similar
to all other species of the family Chalengeridae studied.

Protocystis sp. A
Plate 49, figures 14, 15

Protocystis sp. B
Plate 50, figure 11

DESCRIPTION: Shell spherical, with two divergent teeth having similar angle to those of
P. aduncicuspis. Specimen shown in the plate is 205 pm in shell diameter.

Protocystis sp. C
Plate 51, figure 4

DESCRIPTION: Shell strongly compressed, with winged teeth similar to those of P. murryi

(Haeckel), but extending beyond shell thickness.

Genus Pharyngella Ha.eckel, 1887

ORIGINAL DEFINITION: Challengerida with a pharynx, and with one or more teeth on
the mouth, but without marginal spines (Haeckel, 1887).

Pharyngella gastrula Haeckel

Plate 51, figures 6-14

Pharyngella gastrula HAECKEL, 1887, p. 1662, pI. 99, fig. 18. - BORGERT, 1901, p. 34,
text-fig. 41; 1903, p. 746, text-fig. N; 1911, p. 461, pi. 31, figs. 3, 4. - HAECKER, 1906,
p.303.

Protocystis thomsoni (Murray). - TAKAHASHI AND HONJO, 1981, p. 155 (partim), pI. 11,
fig. 3.

REMARKS: Presence of characteristic pharynx separa.tes the present species from Proto-
cystis thomsoni (Murray).
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Genus Entocannula Haeckel, 1879

DEFINITION BY HAECKEL (1887): Challengerida with a pharynx, without teeth on the
mouth, and without marginal spines.

Entocannula infundibulum Haeckel

Plate 52, figures 9, 10

Challenge ria bromleyi MURRAY, 1885, pi. A, fig. 5 (nomen oblitum).

Entocannula infundibulum HAECKEL, 1887, p. 1661, pi. 99, fig. 19. - BORGERT, 1903,
pp. 745, 746, text-fig. M; 1911, p. 460, pi. 31, fig. 1. - HAECKER, 1906a, pp. 303, 304;
1908b, p. 279, pi. 51, fig. 425.

Genus Challengeranium Haecker, 1908b

ORIGINAL DEFINITION: Shell ovate. Peristome with two fenestrated perforations. Two
oral spines. An apical spine often surrounded by secondary spines (Haecker, 1908b,
translated by the author).

Challengeranium diodon (Haeckel)
Plate 52, figures 11-16

Challengeron diodon HAECKEL, 1887, p. 1654, pi. 99, fig. 6. - BORGERT, 1901a, p. 30,
fig. 34; 1911, p. 448, pi. 33, figs. 10, 11. - J0RGENSEN, 1905, p. 141. - BJ0RKLUND,
1974, p. 28, fig. 10; 1976a, pi. 12, figs. 8-11. - TAKAHASHI AND HONJO, 1981, p. 155,
pi. 12, figs. 1-3. See Borgert (1911) for a.dditional references.

Challengeron narthorsti CLEVE, 1899, pi. 1, figs. 9a, 9b.

Challengeron hetemcanthum J0RGENSEN, 1900, pi. 3, figs. 16, 17.

REMARKS: The microstructure of this species appeai"s to be very different from other
Challengerida in the presence of: 1) dimpled surface; 2) clusters of small pores associ-
ated with individual amphora (inner shell surfa.ce); and 3) thin and delicate amphorae
which are different in shape from other species of the family. Thus, the author prefers

to choose Haecker's separate classification of the present genus from Challengeron.
Texture of outer shell surface resembles that of E. elegans. Overall shape is closer to
Medusettidae than to ChaUengeriidae. Compa.re this species with other species of the
same genus (i.e., C. torquatum Dumitrica., 1965, p. 251, figs. 1, 2, 7). Apparently this
species has intermediate morphology between Challengeriidae and Medusettidae and
a new assignment to a separate family is possible in future investigations. Therefore,
the present classification should be considered as tentative.
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Family MEDUSETTIDAE I-Ieckel, 1887

DEFINITION: Phaeodaria with an ovate, hemispherical or cap-shaped shell of alveolate,
smooth or smooth with raised-striae texture, and with articulate hollow feet on the
peristome.

REMARKS: Shell surface texture has been observed to be variable depending on species.
Observations of microstructures show significant variations between species of the
present family and they are very different from amphorae of the family Chalengeri-
idae. As Phaeodaria, shells of this family are small as compared to those of familes
Porospathidae and Lirelldae.

Genus E1.£physetta Haeckel, 1887

ORIGINAL DESCRIPTION BY HAECKEL (1887): Medusettida with four articulate feet on
the peristome, one odd very large, and three small or rudimentary feet.

Euphysetta elegans Borgert
Plate 53, figures 1-10

Euphysetta elegans BORGERT, 1902, p. 569, text-fig. F; 1906, p. 154, pi. 11, figs. 7-9.
- HAECKER, 1904a, p. 138; 1906a, p. 273; 1908b, p. 307, pi. 53, figs. 435, 438. -
DUMITRICA, 1973, p. 756, pi. 5, fig. 8; pi. 6, figs. 1-3; pi. 12, fig. 8. - TAKAHASHI AND
HONJO, 1981, p. 156, pi. 12, figs. 4, 5.

REMARKS: Lengths of an apical spine and odd large foot appear to vary. The speci-
mens observed here always have three small feet and thus differ from E. amphicodon
HAECKEL, (1887, p. 1670, pi. 118, fig. 3). Microstructure shown in Plate 53 demon-
strates layers of circular pores.

Euphysetta. staurocodon Haeckel
Plate 53, figures 11-14

Euphysetta staurocodon HAECKEL, 1887, p. 1670, pi. 118, fig. 2.

REMARKS: Shell is usualy much smaller and shell surface is more finely alveolate than
that of E. elegans. The form studied here always has a large foot extending toward
terminal end but is not bent as described by Haeckel (1887).
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Euphysetta pusilla Cleve
Plate 53, figure 15

Euphysetta pusilla CLEVE, 1900a, p. 7, pI. 3, fig. 16; 1900b, p. 160. - BORGERT, 1902,

p. 567, fig. D; 1906, p. 152, pI. 11, figs. 1-3. - DUMITRICA, 1973, p. 756, pi. 9, fig. 6,
pi. 12, fig. 5. - TAKAHASHI AND HONJO, 1981, p. 156, pi. 12, fig. 8.

REMARKS: The author also observed a few specimens with an apical spine, as noted by
Borgert (1906).

Euphysetta lucani Borgert
Plate 54, figures 10-12

Euphysetta lucani BORTERT, 1892, p. 181, pi. 6, fig. 8; 1901a, p. 37, fig. 45; 1901b, p. 242,
pI. 11, fig. 4; 1906, p. 151, pi. 6, figs. 4-6. - HAECKER, 1908b, p. 306, pi. 53, figs. 436,
439, 442. - DUMITRICA, 1973, p. 756, pI. 9, fig. 1; pI. 12, fig. 6. - TAKAHASHI AND
HONJO, 1981, p. 156, pI. 11, fig. 7.

REMARKS: Microstructure shows a regularly ananged single layer of ovate-shaped am-
phorae cemented with silca. The morphology of the internal skeleton is very close to
that of Challengeriidae. The amphorae are slightly different in shape (elongate) from
those of Challengeriidae.

Genus Medusetta Haeckel, 1887

ORIGINAL DEFINITION BY HAECKEL (1887): Medusettida with four equidistant articu-
late feet of equal size on the peristome.

Medusetta ansata Borgert
Plate 54, fi gures 1-7

Medusetta ansata BORGERT, 1902, p. 564, fig. B; 1906, p. 146, pI. 12, figs. 1, 2. - TAKA-
HASHI AND HONJO, 1981, p. 156, pI. 12, figs. 6, 7.

REMARKS: Two different forms exist: one has an ovate shell with feet extending obliquely
and abruptly bent at the branching joints (Plate 54, figures 1-5); the other has an
elongated shell with a foot gently curved toward the terminal end (Plate 54, figures
6-7). At Atlantic Site E, only the former form was found; both forms were found at
Pacific sediment trap sites Pi and PB. A cross section of the microstructure shows
one layer of square to rectangular shaped pores bounded by outer and inner shell
walls.

Medusetta inftata. Borgert

Medusetta inftata BORGERT, 1902, p. 563, fig. A; 1906, p. 146, pI. 11, figs. 10, 11. - CLEVE,
1903, p. 354. - HAECKER, 1908b, p. 305, pI. 53, fig. 437. - DUMITRICA, 1973, p. 756,
pI. 13, fig. 1. - TAN AND TCHANG, 1976, p. 297, text-fig. 79. - TAKAHASHI AND
HONJO, 1981, p. 1.57, pI. 12, fig. 11.
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Medusetta sp. A
Plate 54, figures 8, 9

DESCRIPTION: Shell longitudinaly compressed spherical with four bifurcated feet on the
peristome of large mouth. Alveolate shell suiface similar to that of E. elegans. Other
than shown in Plate 54, figures 8-9, presence/absence of apical spines remains to be
further examined upon collection of more specimens.

Medusetta sp. B
Plate 63, figures 12, 13

DESCRIPTION: Shell smooth hemispherical cap with four equal articulate feet which have
many spines. No apical spine has been observed.

REMARKS: The above cited figures are TEM partial cross sections. Note that skeletons
shown here collected from plankton tows are ma.de of one layer of very thin tubes.
This species has never been found before in the sediment trap samples.

Family LIRELLIDAE Ehrenberg, 1872c

REMARKS: Present family represents the most abundant Phaeodaria in the deep sea
water column, although diversity is low. Only two genera and three species were
encountered.

Genus Borgertella Dumitrica, 1973

REMARKS: See Dumitrica (1973) for diagnosis of this genus.

Borgertella caudata (Wallch)
Plate 54, figures 13-17, Plate 55, figures 1-6

Cadium caudatum WALLlCH, 1869, pI. 3, figs. 7-10. - BÜTSCHLI, 1882, pI. 32, fig. 15a.

Cadium inauris BORGERT, 1903, p. 747, fig. 0; 1910, p. 402, pI. 30, figs. 4-10.

BorgerteUa caudata (Wallich). - DUMITRICA. 1973, p. 755, pI. 8, figs. 6-8; pI. 12, figs. 13-
17. - LING, 1975, p. 732, pI. 13, fig. 24. - TAKAHASHI AND HONJO, 1981, p. 157,
pI. 12, fig. 12.
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Genus Lirella Ehrenberg, 1872c

REMARKS: Species of the present genus are characterized by a small ovate or ellpsoidal
shell with straight or curved wavy lines of furrows and crests.

Lirella baileyi Ehrenberg
Plate 55, figure 7

Cadium marinum BAILEY, 1856, p. 3, pi. 1, fig. 2.

Lirella baileyi EHRENBERG, 1872c, p. 248, pi. 3, fig. 29a, 29b. - LOEBLICH AND TAPPAN,
1961, p. 231, 232. - LING, 1973, pp. 781, 782; 1975, p. 732, pi. 13, fig. 28. - LING AND
TAKAHASHI, 1977, p. 209, pi. 3, figs. 1-3.

Lirella marina (Bailey). - DUMITRICA, 19ì3, p. 755, pi. 6, fig. 8; pi. 8, fig. 8; pi. 12,
figs. 10-12.

REMARKS: About 60-70 longitudinal striae terminate without reaching the tapered ends
and form smooth surfaces. See Loeblich and Tappan (1961) for a discussion on generic
names.

Lirella bullata (Stadum and Ling)
Plate 55, figures 8-11

Cadium bullatum STADUM AND LING, 1969, p. 484, pi. 1, figs. 9-14.

Lirella bullata (Stadum and Ling). - LING, 1975, p. 732, pi. 13, fig. 29. - TAKAHASHI AND
HONJO, 1981, p. 157, pi. 13, figs. 1-2.

Lirella melo (Cleve)
Plate 55, figures 12-18, Plate 56, figures 1-8

Beroetta melo CLEVE, 1899, p. 27, pi. 1, fig. 8.

Cadium melo (Cleve). - BORGERT, 1901a, p. XV50, fig. 58; 1910, p. 401, pi. 30, figs. 3-5.
o _ JØRGENSEN, 1905, p. 142, pi. 18, fig. 13. - HAECKER, 1908b, p. 282, pi. 52, fig. 415.

- SCHRÖDER, 1913, p. 168, text-fig. 10. - STADUM AND LING, 1969, p. 484, pi. 1,
figs. 6-8. - DUMITRICA, 1973, p. 755, pI. 7, figs. 3, 4; pI. 12, fig. 9. - TAKAHASHI AND
HONJO, 1981, p. 157, pI. 12, figs. 13, 14, 16.

REMARKS: Several forms of peristome have been observed: 1) smooth and significantly
protruded; 2) smooth, short and non-protruded; and 3) slightly obliquely open. Also
two different kinds of microstructures ha.ve been recognized (Plate 56, figures 2-4,
6-8). Even within a specimen the two kinds of microstructures have been observed.

There are perhaps secondary features due to dissolution judging from observations of
other species from plankton tows.
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Lirella tortuosa Takahashi, n. sp.
Plate 55, figures 19, 20, Plate 56, figures 9-11

DESCRIPTION: Shell ovate, with 25-35 coiled longitudinal striae and crests, with a short
apical spine, and with peristome open straight.

DIMENSIONS: (12 specimens) Length: 105:: 5 pm; width 67 :: 3 pm.

TYPE LOCALITY: 15°21.1'N, 151°28.5'W; sediment trap depth 4,280 m; collected during
July-November 1978.

REMARKS: Both right and left coiled specimens have been observed.

DERIVATION OF TIME: The name of this species is the Latin meaning twisted.

Family POROSPATHIDIDAE Borgert, 1901a

DEFINITION: Shell covered by paneled or tubulated surface or covered by trizonal mesh-
work; radial spines on al sides.

Genus Porospathis Haeckel, 1879

Porospathis holostoma (Cleve)
Plate 57, figures 1-8

Polypetta holostoma CLEVE, 1899, p. 32, pi. 3, figs. 4a, 4b; 1900b, p. 180.

Porospathis holostoma (Cleve). - BORGERT, 1901a, p. 48, figs. 56, 56a; 1903, p. 752; 1910,
p. 387, pi. 29, figs. 1-8, pi. 30, figs. 1,2. - HAECKER, 1908b, p. 240, pi. 48, figs. 371-
376; pi. 49, figs. 392, 393. - SCHR0DER, 1913, p. 166, text-fig. 9. - RESHETNYAK,
1955, p. 95, fig. 66 (in plate); 1966, p. 166, fig. 52. - STADUM AND LING, 1969, p. 485,
pi. 1, figs. 16-18. - DUMITRICA, 1973, p. 754, pi. 5, figs. 1, 2, 6. - TAKAHASHI AND
HONJO, 1981, p. 156, pi. 11, fig. 15.

Porospathis sp. aft. P. holostoma (Cleve). - DUMITRICA, 1972, p. 842, pi. 15, fig. 14.

Family CASTANELLIDAE Haeckel, 1879

DEFINITION BY HAECKEL (1887): Phaeodaria with a spherical or sub spherical shell, ex-
hibiting ordinary lattice-work, with circular or roundish pores. Radial spines without
circles of basal pores. Mouth of the shell large, usualy circular and armed with teeth.
Central capsule eccentric, placed in the aboral half of the shell-cavity.

The following systematics originally given by HMckel (1887) and Haecker (1908b)
and emended by Kling (1966) represent generic classification criteria for the present
family.
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A. Shells with pores distributed over the entire shell wall.

Main Spines Mouth Species

absent
absent

unbranched
branched

unbranched
branched

usually present,
(absent in some

specimens)

without teeth or other Ol'amentation
with teeth

without teeth or other ol'amentation
without teeth or other ol'amentation

with teeth
with teeth

with thickened rim, blunt protuberances,

or raised collar-shaped rim.

Castanarium
Casta nella
Castanidium
Castanopsis
Castanissa
Castanea
Castanura

B. Shell with some pore positions occupied by enclosed, hollow spaces - Circocastanea.

REMARKS: Biogeography of the present family in the eastern North Pacific has been given
by Kling (1966).

Genus Castanidium Haeckel, 1879
Castanidium longispinum Haecker

Plate 57, figures 9-13, Plate 58, figures 1-4

Castanidium longispinum HAECKER, 1908b, pp. 163, 164, pi. 37, figs. 285, 286; pi. 38,
figs. 290, 291; pi. 40, fig. 296. - SCHRÖDER, 1913, p. 151. - KLING, 1966, p. 115, pi. 5,
figs. m-r; 1971, p. 664, pI. 2, figs. 5-7.

DESCRIPTION: Shell spherical, with unbranched main-spines and numerous short by-
spines of uniform length, with small pores circular to polygonal shape, with usualy
one main-spine on the rim of a smal mouth. Main-spine slightly wavy and as long as
shell diameter. Shell diameter of the specimens observed here range from 310-450 pm
and surface plankton tow samples from the Gulf of Oman (collected by J. Erez) range
from 390-510 pm (470 :l 34pm; n = 40 specimens).

REMARKS: The above ranges of shell diameter are much smaler than that observed by
Kling (1966: 240-630 pm). Mouth size is similar to Kling (1966) but smaler than
that of Haecker (1908b). Cross-sections of intervening bars show rectangular shape
as Kling (1966) noted.



152 Kozo Takahashi

Castanidium abundiplanatum Takahashi, n. sp.
Plate 58, figures 5-8

DESCRIPTION: Shell relatively small for Castanelldae, without by-spines, with slightly
wavy main-spines, mouth usually with one main-spine on the rim, pores circular to
polygonal. Bases of the main-spines fenestrated, shell wall often elevated there and
forming polyhedral shell. Length ofthe main-spines up to 1/2 as long as shell diameter.

DIMENSIONS: Shell diameter 308 :: 21 pm (2 S.D.) (18 specimens); weight: 0.80 :: 0.02 pg

(22 specimens).

TYPE LOCALITY: 5°21'N, 81°53'W; sediment trap depth 1,268 m; collected during August-
December 1979.

REMARKS: The present species has a narrow size range and is distinctly smaller than
C. longispinum. Specimens of two shells dividing are occasionally observed.

DERIVATION OF NAME: The name of this species is the Latin meaning having the nature
of copious planes.

Castanidium sp.
Plate 58, figure 10

DESCRIPTION: Shell polyhedral, with very large pores of 1/4 to 1/5 of shell diameter
combined with a few small pores of skeleton thickness, main-spines as long as 1/2 of
shell diameter whose bases are elevated causing the shell shape, by-spines of equal or
shorter length than pore diameter.

Genus Castanissa Haeckel, 1879
Castanissa circumvallata Schmidt

Plate 58, figure 9

Castanissa circumvallata SCHMIDT, 1907, p. 301, fig. 6; 1908, p. 257, pi. 20, fig. 6. -
KLING, 1966, p. 123, pi. 3, figs. a-hi 1971, p. 665, pi. 4, figs. 1-4. - TAKAHASHI AND
HONJO, 1981, p. 157, pi. 13, fig. 4.

Castanissa similis SCHMIDT, 1908, p. 257, pi. 20, fig. 5.

REMARKS: Specimen ilustrated here has more developed teeth than those shown by
the previous workers, although by-spines are broken off thus not showing well in the
il ustration.
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Genus Castanella Haeckel, 1879

Casta nella aculeata Schmidt
Plate 58, figure 11, 13, Plate 59, figure 1

Castanella aculeata SCHMIDT, 1907, p. 299, fig. 4; 1908, p. 250, pI. 18, fig. 6. - KLING,
1966, p. 110, pI. 2, figs. j-o.

Castanella macropora (Borgert)
Plate 58, figure 12

Castanidium macroporum Schmidt, 1908, p. 252, pI. 19, fig. 2.

DESCRIPTION: Shell smal for Castanelldae, pores circular and of unequal size, by-spines
1/10 length of shell diameter and variable in thickness, mouth circular and 1/5 to 1/4
length of shell diameter with divergently curved conical teeth.

REMARKS: According to Schmidt (1908), main spines of his Castanidium macroporum
were broken off, but his ilustration suggests that the main spines could well be thicker
by-spines. The author believes that macropom should be placed in Castanella rather
than Castanidium because of absence of main spines.

Castanella sloggetti Haeckel
Plate 59, figure 2

Castanella sloggetti HAECKEL, 1887, p. 1683. - BORGERT, 1903, p. 750. - HAECKER,
1908b, p. 157, pI. 34, figs. 260,261.

REMARKS: Teeth observed here are four compa.red to more than five shown by the previous
workers. The present species resembles Casta nella maxima SCHMIDT (1907, p. 297,
fig. 1; 1908, p. 251, pI. 18, fig. 8. - SCHRÖDER, 1913, p. 148), although the size of the
latter is ca. 1 mm.

Castanella balfouri Haeckel
Plate 58, figure 3

Castanella balfouri HAECKEL, 1887, p. 1683. - SCHMIDT, 1908, p. 249, pI. 18, fig. 3.
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Family CIRCOPORIDAE Haeckel, 1879

DEFINITION: Phaeodaria with a spherical or polyhedral shell, exhibiting peculiar solid
porcellaneous structure, with a stellate circle of radial pores around the base of the
hollow radial spines. Mouth usually with teeth. Surface of the shell tabulate, paneled
or dimpled. Central capsule eccentric, placed in the aboral half of the shell cavity
(Haeckel, 1887).

Genus H aeckeliana Haeckel, 1887

ORIGINAL DEFINITION: Circoporida with spherical shell of a peculiar dimpled, porcella-
neous structure, and with a variable number of simple radial main spines which are
usualy not regularly arranged.

Haeckeliana porcellana Murray
Plate 59, figures 4-13

Haeckeliana porcellana Murray. - HAECKEL, 1887, p. 1701, pI. 114, fig. 6. - HAECKER,
1908b, p. 182, text-fig. 20, pI. 20, fig. 117. - SCHRÖDER, 1913, pp. 155, 156. - KLING,
1966, p. 137, pI. 8, figs. i-no

Haeckeliana maxima HAECKEL, 1887, p. 1701, pI. 114, fig. 5.

Haeckeliana murmyi HAECKEL, 1887, p. 1702.

Haeckeliana geotheana HAECKEL, 1887, p. 1702, pI. 114, fig. 3.

Haeckeliana darwiniana HAECKEL, 1887, p. 1702, pI. 114, figs. 1, 2. - TAKAHASHI AND
HONJO, 1981, p. 157, pI. 13, figs. 7, 8.

Haeckeliana labmdoriana BORGERT, 1901, p. 43, fig. .51; 1909, pp. 330, 331, pI. 24, figs. 1-3.

REMARKS: Some specimens entirely lack in by-spines and thus shell surface appears very
smooth in contrast to other thorny specimens. The author accepts classification by
Kling (1966) which involves combining Haeckel's six species of Haeckeliana shown
in the above synonymy. Cross-sectional microstructures show several different layers
including the innermost part of polygons made of tubes (Plate 59, figures 10, 12).
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Genus Circoporiis Haeckel, 1879

DEFINITION BY HAECKEL (1887): Circoporida with a spherical or regularly octahedral
shell, composed of eight congruent, triangular plates, with six cOTners from which arise

six radial spines, opposite in pairs in three diameters, perpendicular one to another.

Circoporus sexfuscínus Haeckel
Plate 60, figures 1, 3, 5

Circoporus sexfuscinus HAECKEL, 1887, p. 1695, pi. 115, fig. 1. - BORGERT, 1901b, pp. 243,
244, pi. 11, fig. 7; 1909, pp. 336, 337, pi. 24, figs. 4, 5, pi. 25, figs. 5-7. - HAECKER,
1908b, p. 186, pi. 20, figs. 174, 175.

REMARKS: This species has six major radial spines which are divergently three-forked at
the terminal ends, in contrast to the straight terminal ends of C. oxyacanthus.

Circoporus oxyacanthus Borgert
Plate 60, figures 2, 4, 6~ 13

Circoporus oxyacanthus BORGERT, 1902, pp. 571, 572, fig. Hb; 1903, p. 753; 1909, pp. 335,
336, pi. 25, figs. 1-4. - HAECKER, 1908b, p. 185, pi. 20, fig. 173. - TAKAHASHI AND
HONJO, 1981, p. 157, pi. 15, figs. 6, 7.

Genus Circogonia Haeckel, 1887

ORIGINAL DEFINITION: Circoporida with a regular icosahedral shell, composed of twenty
congruent, triangular plates, with twelve corners, from which arise twelve radial spines.

Circogonia sp.
Plate 60, figures 9, 10

DESCRIPTION: Shell icosahedral, smooth and delicate, with twelve equal hollow major
spines whose bases are fenestrated with 4-6 oval pores and well elevated so that each

plate of shell becomes convex, mouth circular with several small spines.

Family CONCHARIIDAE Haeckel, 1879

DEFINITION: Phaeodaria with a bivalved lattice-shell, which is spherical or lenticular, and
composed of two equal or unequal boat-shaped valves, a dorsal and a ventral. The
valves bear neither an apical latticed cupola or glea, nor hollow radial tubes. The
central capsule is placed in the aboral half of the shell-cavity, and so enclosed between
both valves that its three openings lie in the open frontal fissure between them (the
astropyle on the oral pole of the main axis, the two parapylae on both sides of its
aboral pole, at right and left) (Haeckel, 1887).

The following is the synopsis of the genera of Conchariidae originaly presented by
Haeckel (1887) and emended by Haecker (1908b) and Campbell (1954) and further
emended herein:
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Valves

i. Subfamily CONCHARIINAE
Lateral edges of the two valves smooth,

without teeth; valves without sagittal
keel, nearly hemispherical or slightly com-
pressed.

(as above)

II. Subfamly CONCHIDIINAE
Lateral edges of the two valves dentate,
with a series of prominent teeth on both
sides; valves without sagittal keel, nearly
hemispherical or slightly compressed.

(as above)

(as above)

(as above)

(as above)

III. Snbfamily CONCHOPSIDINAE
Lateral edges of the two valves dentate,
with a series of prominent teeth. on both
sides; valves with a sharp sagittal keel,
strongly compressed on both sides, boat-
shaped.

(as above)

Aboral Hinge

Without horns

With two horns,
one on each valve.

Without horns

With two horns;
no apical horn.

With two horns;
apex with horn.

No horn;

diatom-like texture.

, Like Conchocystis,
but slit-like pores.

Without horns

With two horns,
one on each valve.

Kozo Takahashi

Genus

Concharium

Conchasma

Conchellium

Conchidium

Conchonia

Conchocystis

Conchophacus

Conchopsis

Conchasma

REMARKS: Skeletal cross sections for this family represent similar morphology in all of
the species examined here (e.g., Plates 61, 62).
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Genus Conchelliiim Haeckel, 1887

Conchellium capsula Borgert
Plate 61, figures 1-5, 7, 8, 10

Conchellium capsula BORGERT, 1907, p. 208, pI. 17, fig. 1-4. - TAKAHASHI AND HONJO,
1981, p. 157, pI. 14, figs. 1-4.

REMARKS: This species has smoother shell surface, thinner skeleton and smaller shell size
than those of Conchellium tridacna HaeckeI. Measurements on longer axs of shell
diameter represent 264 :i 11 pm based on 11 specimens.

Conchellium tridacna Haeckel

Plate 61, figures 6, 9, 11

Conchellium tridacna HAECKEL, 1887, p. 1720, pI. 123, figs. 7, 7a.

REMARKS: This species is different from C. capsula in shell size, skeletal thickness and
shell surface texture. The shell size ranges from 350-500 pm in longer axs and the
surface texture is rough (Plate 61, figure 9) as described in Haeckel (1887).

Genus Conchophaciis Haecker, 1906b

Conchophacus diatomeus (Haeckel)
Plate 61, figure 12

Concharium diatomeum HAECKEL, 1887, p. 1717, pI. 123, fig. 1. - BORGERT, 1901b,
p.244.

Conchidium diatomeum (Haeckel), - HAECKER, 1906b, p. 34.

Conchophacus diatomeus (Haeckel). - BORGERT, 1907, p. 212, pi. 15, figs. 5-8. - TAKA-
HASHI AND HONJO, 1981, pi. 15, fig. 2.

Genus ConchidÙi'm Haeckel, 1887
Conchidium argiope Haeckel

Plate 62, figures 1, 2

Conchidium argiope HAECKEL, 1887, p. 1722, pi. 124, figs. 7-9. - BORGERT, 1903, pp. 755,
756, text-fig. R; 1907, p. 209, pi. 16, figs. 1-4.

REMARKS: Shell smaller than C. caudatum and it lacks a window at the base of the
short horn. Dimensions from the Panama, Basin samples: shell length 196 :i 14 pm
(n = 19); width 138 :i 6 pm (n = 4).
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Conchidium caudatum (Haeckel)
Plate 62, figures 3-8

Conchoceras caudatum HAECKEL, 1887, p. 1727, pI. 24, fig. 15. - HAECKER, 1905, p. 351;
1906b, p. 34, fig. 1; 1908b, pp. 331, 332, pI. 58, fig. 457, pI. 60, figs. 467-468.

Conchidium caudatum (Haeckel). - BORGERT, 1903, p. 756, fig. 5; 1907, p. 210, pI. 16,
figs. 5-7. - TAKAHASHI AND HONJO, 1981, p. 158, pI. 14, figs. 5-7.

REMARKS: Formation of the keel is considered to be incomplete here since it does not
reach aboral end and also its thickness is comparable to many other longitudinal lines
(although it is elevated and forms a conspicuous crest in the posterior part). Thus,
the present species should be placed in Conchidium rather than Conchoceras.

Genus Conchopsis Haeckel, 1887
Conchopsis compressa Haeckel

Plate 62, figures 9-16

Conchopsis compressa HAECKEL, 1887, p. 1725, pI. 125, figs. 7, 8. - TAKAHASHI AND
HONJO, 1981, p. 158, pI. 14, figs. 8-10; pI. 15, fig. 1.

Conchopsis aspidium HAECKEL, 1887, p. 1726, pI. 125, figs. 1, 2.

Conchopsis barca BORGERT, 1907, pp. 215,216, pI. 17, figs. 5-7.

DESCRIPTION: Lenticular shell composed of strongly compressed bivalves, with narrow
smooth keels, about 32-42 teeth on one side of each valve, pores circular near the
hinge and slitlike shape in the rest of the shell, shell surface rough at highly magnified
view. Length and thickness of teeth are variable even in the same specimen.

REMARKS: The following closely related species were excluded in the above synonymy
since specimens like them were not found: C. orbicula7's (type species of the genus),
C. carinata, C. lenticula, C. navicula, and C. pilidium, all described by Haeckel

(1887). The criteria used in the above classification by the author are: 1) number and
location of teeth; 2) width of keels; 3) shape of valves in lateral view; and 4) whether
pores are surrounded by hexagonal framework.



Radiolaria 159

Family AULOSPHAERIDAE Haeckel, 1862

DEFINITION BY HAECKEL (1887): Phaeodaria with a large spherical or subspherical
(rarely spindle-shaped) articulated shell, which is composed of hollow tangential tubes.

Nodal points ofthe loose network stellate, with a nodal cavity and astral septa. Meshes
either triangular or polygonaL. Hollow radial spines arise usually at the nodal points

of the surface. No peculiar mouth in the shell. Central capsule tripylean, placed in
the centre of the shell.

Genus A ularia Haeckel, 1887

ORIGINAL DESCRIPTION: Aulosphaerida with triangular meshes in the network, the tan-
gential tubes of which form a simple smooth lattice-sphere. No radial tubes at the
nodal points.

A ularia ternaria Haeckel

Plate 63, figures 1, 2

Aularia ternaria HAECKEL, 1887, p. 1621, pI. 111, fig. 2.

Family AULACANTHIDAE Haeckel, 1862

DEFINITION BY HAECKEL (1887): Phaeodaria with an incomplete skeleton, com-
posed of numerous hollow radial tubes, which pierce the spherical calymma and
touch with their proximal ends the surface of the tripylean central capsule.

Genus A ulographis Haeckel, 1879

DEFINITION BY HAECKEL (1887): Aulacanthida with a veil of tangential needles,
and with radial tubes, which bear no lateral branches, but at the distal end a
verticil of simple terminal branches.

A ulographis stellata Haeckel
Plate 63, figure 3

Aulographis stellata HAECKEL, 1887, p. 1578, pI. 103, figs. 23a-23c. - HAECKER,
1908b, pp. 41, 42, pI. 1, figs. 4-7; pI. 2, fig. 19; pi. 42, figs. 313, 314. - TIBBS,
1976, p. 31.

Aulographis tetrancistra Haeckel
Plate 63, figure 10

Aulographis tetrancistra HAECKEL, 1887, p. 1581, pI. 103, fig. 22. - TIBBS, 1976,
p. 32, text-figs. 6, 7.
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Genus A uloceros Haeckel, 1887

ORIGINAL DEFINITION: Aulacanthidae with a veil of tangential needles, and with
radial tubes, which bear no lateral branches, but at the distal end a verticil of
ramified or forked terminal branches.

A uloceros spathillaster Haeckel
Plate 63, figure 4

Auloceros spathilaster HAECKEL, 1887, p. 1585, pI. 102, fig. 12.

A uloceros arborescens Haeckel birameus (Immermann)
Plate 63, figure 9

Auloceros arborescens HAECKEL, 1887, p. 1584, pI. 102, figs. 11, 13.

Auloceros spathillaster (Haeckel) val' birameus IMMERMANN, 1804, p. 51, pI. 5,
fig. 10.

Auloceros arborescens birameus (Immermann). - HAECKER, 1908b, p. 53, pI. 3,
figs. 21-25, 34, 35; pI. 10, fig. 102.

Genus A ulographonium Haeckel, 1887

ORIGINAL DEFINITION: Terminal branch of the radial tubes armed with numerous
lateral denticles, and with terminalspathilae (or whorls of small radial teeth).

REMARKS: This genus was elevated from the original subgenus to the present level
by Haecker (1908b).

A ulographonium bicorne Haecker
Plate 63, figures 5, 6

Aulocoryne candelabrum IMMERMANN, 1804, p. 59, pI. 6, figs. 5-7.

Aulographonium bicorne HAECKER, 1908b, pp. 69-70, pI. 1, fig. 1; pI. 6, fig. 57. -
TIBBS, 1976, p. 42.

REMARKS: Although this species has five to seven dentate terminal branches, it has
the name bicorne.
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Genus A ulospathis Haeckel, 1887

ORIGINAL DESCRIPTION: Aulacanthidae with' a veil of tangential needles, and with
radial tubes, which bear two verticils of branches, a distal verticil of terminal
branches, and a proximal verticil of lateral branches.

A ulospathis tattmorpha Haeckel
Plate 63, figures 7, 8

Aulospathis taumorpha HAECKEL, 1887, p. 1577, pi. 103, fig. 16.

A ulospathis variabilis Haeckel bifurca Haeckel
Plate 63, figure 11

Aulospathis bifurca HAECKEL, 1887, p. 1586, pI. 104, figs. 1-5. -BORGERT, 1901a,
p. XV8, text-fig. 6.

Aulospathis variabilis bifurca HAECKER, 1904a, pp. 125-127, text-fig. 2; 1908b,
pp. 86,87, pI. 6, figs. 63-67; pI. 7, figs. 72-75. - TIBBS, 1976, p. 49, text-fig. 20.

Aulospathis variabilis grandis TIBBS, 1976, p. 50, text-figs. 21, 22.



162 Kozo Takahashi
8 References

Bailey, J.W. (1856). Notice of microscopic forms'found in the soundings of the Sea
of Kamtschatka-with a plate. Amer. Jour. Sci. Arts, ser. 2, 22(64): 1-6.

Bé, A.W.H. (1977). An ecological, zoogeographic and taxonomic review of Recent
planktonic foraminifera. In: A. T .S. Ramsay (ed.), Oceanic Micropaleontology.

Academic Press, London, pp. 1-100.

'Benson, R.N. (1966). Recent Radiolaria from the Gulf of California. Ph.D. Thesis,

University of Minnesota, 578 pp.

Berger, W.H. (1968). Radiolarian skeletons: Solution at depths. Science, 159(3820):
1237-1238.

Berger, W.H. and A. Soutar (1970). Preservation of plankton shells in an anaerobic
basin off California. Geol. Soc. Amer., Bull., 81: 275-282.

Bishop, J.KB., D.R. Ketten and J.M. Edmond (1978). The chemistry, biology and
vertical flux of particulate matter from the upper 400 m of the Cape Basin in
the southeast Atlantic Ocean. Deep-Sea Res., 25: 1121-1161.

Bishop, J.K.B., J.M. Edmond, D.R. Ketten, M.P. Bacon and W.B. Silker (1977).
The chemistry, biology and vertical flux of particulate matter from the upper
400 m of the equatorial Atlantic Ocean. Deep-Sea Res., 24: 511-548.

Bjørklund, KR. (1974). The seasonal occurrence and depth zonation of radiolarians
in Korsfjorden, western Norway. Sarsia, 56: 13-42.

Bjørklund, K.R. (1976a). Radiolaria from the Norwegian Sea, Leg 38 ofthe Deep Sea
Driling Project. In: Talwani, M., Udintsev, G., et aI., Initial Reports of the Deep
Sea Drilling Project, volume 38, U.s. Government Printing Offce, Washington,
D.C., pp. 1101-1168.

Bjørklund, K.R. (1976b). Actinomma haysi, n. sp., its Holocene distribution and
size variation in Atlantic Ocean sediments. Micropaleontology, 23(1): 114-126.

Bjørklund, KR. and R.M. Goll (1979). Internal skeletal structures of Collosphaera
and Trisolenia: a case of repetitive evolution in the collosphaeridae (Radiolaria).
Jour. Paleontol.,53(6): 1293-1326.

Boltovskoy, D and W.R. Riedel (1980). Polycystine radiolaria from the southwestern
Atlantic Ocean plankton. Revista Española de Micropaleontologia 12(1): 99-146.

Borgert, A. (1892). Vorbericht über einige Phaeodarien- (Tripyleen-) Familen der
Plankton-Expedition. Ergebnisse der Plankton-Expedition, lA (cruise descrip-
tion), pp. 176-184.

Borgert, A. (1901a). Die nordischen Tripyleen-Arten. In: K. Brandt and C. Apstein
(eds.), Nordisches Plankton, volume 15, Kiel und Leipzig, pp. 1-52.

Borgert, A. (1901b). Die tripyleen Radiolarien des Mittelmeeres. Mitteilungen aus
der Zoolog. Station zu Neapel, 14: 239-246.

Borgert, A. (1902). Mittheilungen über die Tripyleen-Ausbeute der Plankton-Expedi-
tion, i. Neue Medusettidae, Circoporidae und Tuscaroridae. Zool. Jahrb., 2:
566-577.



Radiolaria 163

Borgert, A. (1903). Mittheilungen über die Tripyleen-Ausbeute der Plankton-Expedi-
tion, II. Die Tripyleenarten aus den Schliessnetzfangen. Zool. Jahrb., Abt. Sys-
tematik, 19: 733-760.

Borgert, A. (1906). Die tripyleen Radiolarien der Plankton-Expedition. Medusetti-
dae. Ergebnisse der Plankton-Expedition, 3 L,h,(4): 133-192.

Borgert, A. (1907). Die tripyleen Radiolarien der Plankton-Expedition. Conchari-
dae. Ergebnisse der Plankton-Expedition, 3 L,h,(5): 195-232.

Borgert, A. (1908). Die tripyleen Radiolarien der Plankton-Expedition. Castanell-
dae. Plankton-Expedition Humboldt-Stiftung, Ergebnisse, 3 L,h,(6): 235-279.

Borgert, A. (1909). Die tripyleen Radiolarien del' Plankton-Expedition. Circopori-
dae. Ergebnisse der Plankton-Expedition, 3 L,h,(8): 319-352.

Borgert, A. (1910). Die tripyleen Radiolarien del' Plankton-Expedition. Porospathi-
dae und Cadiidae. Ergebnisse der Plankton-Expedition, 3 'L.h.(10): 383-415.

Borgert, A. (1911). Die tripyleen Radiolarien del' Plankton-Expedition. Challen-
geridae. Ergebnisse der Plankton-Expedition der Humboldt-Stiftung, 3 L,h.(l1):

419-536.

Brandt, K. (1885). Die koloniebildenden Radiolarien (Sphaerozoeen) des Golfes von

Neapel und der angrenzenden Meers-Abschnitte, Monogr. Fauna & Florades
Golfes von Neapel Bd. XIII, pp. 1-276.

Brandt, K. (1905). Zür Systematik der kolonienbildenden Radiolarien. Zool. Jahrb.,
Suppl. VIII, pp. 311-352.

Bütschli, O. (1882). Klassen und Ordnungen des Thier-Reichs, wissenschaftlich
dargestellt in Wort und Bild. In: H.G. Brown (ed.), Paleontologische Entwick-

lung der Rhizopoda von C. Schwager. 1. Abtheilung: Sarkodia und Sporozoa,
volume 1, Heidelberg, pp. 321-616.

Cachon, J. and M. Cachon (1978). A reinterpretation of its phylogenetic position
based upon new observations on its ultrastructure. Arch. f. Protistenk., 120:
148-168.

Calkins, G.N. (1909). Protozoology, Lea and Febiger Co., New York, 349 pp.

Calvert, S.E. (1974). Deposition and dia.genesis of silca in marine sediments. In:
K.J. Hsu and H.C. Jenkyns (eds.), Pelagic Sediments: On Land and Under the
Sea. Spec. Publs. Int. Ass. Sediment., 1: 273-299.

Campbell, A.S. (1951). NéW genera and subgenera of Radiolaria. Jour. Pal.,

25(47): 527-530.

Campbell, A.S. (1954). Radiolaria In: R.C. Moore (ed.), Treatise on Invertebrate
Paleontology, Part D, P1'tista. Geol. Soc. Amer., New York, volume 3, pp. 11-
163.

Campbell, A.S. and B.L. Clark (1944). Miocene radiolarian faunas from Southern
California. Geol. Soc. Am. Spec. Pap., 51: 1-76.



164 Kozo Takahashi

Casey, R.E. (1971a). Distribution of polycystine Radiolaria in the oceans in relation
to physical and chemical conditions. In: B.M. Funnell and W.R. Riedel (eds.),
The Micropaleontology of Oceans. Cambridge University Press, London, pp. 151-
159.

Casey, R.E. (1971 b). Radiolarians as indicators of past and present water-masses.

In: B.M. Funnell and W.R. Riedel (eds.), The Micropaleontology of Oceans.

Cambridge University Press, London, pp. 331-341.

Caulet, J. (1971). Contribution a l'étude de quelques Radiolaires Nassellaires des

boues de la Méditerranée et du Pacifique. Arch. orig. Centre de Documentation
G.N.R.S., Cah. Micropaleontol., Ser. 2,10(498): 10 pp.

Cleve, P.T. (1899). Plankton collected by the Swedish Expedition to Spitzbergen in
1898. K. Sven. Vetensk.-Akad., HandL., 32(3): 1-15.

Cleve, P.T. (1900a). Notes on some Atlantic plankton organisms. Gõteborgs Kgl.

Vetensk.-Noch. Vetterh.-Samh., HandL., 34(1): 1-22.

Cleve, P.T. (1900b). The seasonal distribution of Atlantic planktonic organisms.
Gõteborgs K. Vetensk.-O. Vitterhsamh., HandL., 4(3): 1-396.

Cleve, P.T. (1903). Report on plankton collected by Mr. Thorid Wulff during a
voyage to and from Bombay. Arkiv Zool., K. Sven. Vetensk.-Akad., 1: 329-380.

Cooper, L.H.N. (1952). Factors affecting the distribution of silcate in the North
Atlantic Ocean and the formation of North Atlantic deep water. J. Mar. BioI.
Ass. U.K., 30: 511-526.

Deflandre, G. (1953). Radiolaires fossiles. In: P.P. Grasse (ed.), Traite de Zoologie.
Masson, Paris, 1(2): 389-436.

Dreyer, F. (1889). Morphologische Radiolarienstudien. i. Die Pylombildungen in

vergleitschend-anatomischer und entwicklungs-geschichlicher Bezeihung bei Ra-
diolarien und bei Protisten Uberhaupt, nebst System und Beschreibung neuer
und des bis jetzt bekannten pyomatischen Spumellarien. Jenaische Zeitschr.
Naturwiss. 23, n. ser., 16: 1-138.

Dreyer, F. (1913). Die Polycystinen del' Plankton-Expedition. In: Ergebnisse der
Plankton-Expedition der Humboldt-Stiftung, 3(L.h.e.): 1-104.

Dumitrica, P. (1965). Sur la presence de Pheodaires fossiles dans le Tortonien des
Subcarpathes roumaines. C.R. Acad. Sc. Paris, t. 260, Groupe 9: 250-253.

Dumitrica, P. (1972). Cretaceous and Quaternary Radiolaria in deep sea sediments
from the northwest Atlantic Ocean and Mediterranean Sea. In: Ryan, W.B.F.,
Hsu, K.J., et al., Initial Reports of the Deep Sea Drilling Project, volume 13,
U.S. Government Printing Offce, Washington, D.C., pp. 829-901.

Dumitrica, P. (1973). Phaeodarian Radiolaria in southwest Pacific sediments cored
during Leg 21 of the Deep Sea Drillng Project. In: Burns, R.E., Andrews, J.E.,

et al., Initial Reports of the Deep Sea Driling Project, volume 21, U.S. Govern-
ment Printing Offce, Wa.shington, D.C., pp. 751-785.



Radiolaria 165

Dumitrica, P. (1978). Badenian Radiolaria from Central Paratethys. In: E. Bresten-

ska (ed.), Chronostratigraphic und Neostratotypen Miozan der Zentralen Para-
tethys, Veda, Verlag del' Slowakischen Academie der Wissenschaften, Bratislava,
Bd. 6, pp. 231-261.

Dzinoridze, R.N., A.P. Jouse, G.S. Koroleva-Golikova, G.E. Kozlova, G.S. Nagaeva,
M.G. Petrushevskaya and N.!. Strolnikova (1976). Diatom and radiolarian Ceno-
zoic stratigraphy, Norwegian Basin; DSDP Leg 38. In: M. Talwani, G. Udintsev,
et al. (eds)., Initial Reports of the Deep Sea Drilling Project, volume 38 (supple-
ment), U.S. Government Printing Offce, Washington, D.C., pp. 289-427.

Ehrenberg, C.G. (1838). Über die Bildung del' Kreidefelsen und des Kreidemergels

durch unsichtbare Organismen. K. Preuss. Adak. Wiss. Berlin, Abh., Jahrg.
1838, pp. 59-147.

Ehrenberg, C.G. (1844). Über 2 neue Lager von Gebirgsmassen aus Infusorien als
Meeres-Absatz in Nord-Amerika und eine Vergleichung derselben mit den organ-
ischen Kreide-Gebilden in Europa und Afrika. Monatsber. KgL. Preuss Akad.
Wiss. Berlin, Jahrg. pp. 57-97.

Ehrenberg, C.G. (1847a). Über eine halibiolithische, von Herrn R. Schomburgk
entdeckte, vorherrschend aus mikroscopischen Polycystinen gebildete, Gebirgs-
masse von Barbados. I\ Preuss. Akad. Wiss. Berlin, Monatsber., Jahrg. 1846,
pp. 382-385.

Ehrenberg, C.G. (1847b). Über die mikroskopischen kieselschaligen Polycystinen

als mächtige Gebirgsmasse von Barbados. K. Preuss. Akad. Wiss. Berlin,

Monatsber., Jahrg. 1847, pp. 40-60.

Ehrenberg, C.G. (1854a). Die systematische Characteristik del' neuen mikroskopis-
chen Organismen des tiefen atlantischen Oceans. K. Preuss. Akad. Wiss.,
Monatsber., Jahrg. 1854, pp. 236-250.

Ehrenberg, C.G. (1854b). Mikrogeologie, Leopold Voss, Leipzig, 374 pp.

Ehrenberg, C.G. (1858). Kurze Characteristik del' 9 neuen Genera und der 105 neuen
Species des agaischen Meeres und des Tiefgründes des Mittel-Meeres. K. Preuss.

Akad. Wiss., Monatsber., Jahrg. 1858, pp. 10-41.

Ehrenberg, C.G. (1860a). Über die organischen und unorganischen Mischungs-

Verhältnisse des Meeresgrundes in 1800 Fuss Tiefe. K. Preuss. Akad. Wiss.,

Monatsber., Jahrg. 1860, pp. 765-774.

Ehrenberg, C.G. (1860b). Über den Tiefgrund des stilen Oceans zwischen Cali-

fornien und des Sandwich-Inseln. K. Pi'euss. Akad. Wiss. Berlin, Monatsber.,

Jahrg. 1860, pp. 819-8:33.

Ehrenberg, C.G. (1861a). Über den Tiefgrund des Stilen Oceans zwischen Cal-

fornien und Sandwich-Inseln. K. pi'euss Akad. Wiss. Berlin, Monatsberichte,

aus dem Jahre 1860, pp. 819-833.

Ehrenberg, C.G. (1861b). Über die Tiefgrund- Verhä.Jnisse des Oceans am Eingange
der Davisstrasse und bei Island. K. Preuss. Akad. Wiss., Monatsber., Jahrg.

1861, pp. 275-315.



166 Kozo Takahashi

Ehrenberg, C.G. (1872a). Mikrogeologische Studien als Zusammenfassung seiner

Beobachtungen des kleinsten Lebens der Meeres- Tiefgründe aller Zonen und
dessen geologischen Einfluss. J( Pruess. Akad. Wiss. Berlin, Monatsber.,

Jahrg. 1872, pp. 265-322.

Ehrenberg, C.G. (1872b). Mikrogeologische Studien ueber das kleinste Leben der

Meeres- Tiefgründe aller Zonen und dessen geologischen Einfluss. K. Preuss.

Akad. Wiss. Berlin, Abh., Jahrg. 1872, pp. 131-399.
Ehrenberg, C.G. (1872c). Nachtrag zur ubersicht del' organischep. Atmospharilen.

Kgh. Akad. Wiss. Berlin, Jahrg. 1871, p. 233.
Ehrenberg, C.G. (1873). Grössere Felsproben des Polycystinen-Mergels von Barba-

dos. K. Preuss. Akad. Wiss. Berlin, Monatsber., Jahrg. 1873, pp. 213-263.

Ehrenberg, C.G. (1875). Forsetzung der mikrogeologischen Studien als Gesammt-
Uebersicht der mikroskopischen Palaeontologie. J( Preuss. Akad. Wiss., Berlin,

Abh., Jahr. 1875, pp. 1-225.

Erez, J., K. Takahashi and S. Honjo (1982). In situ dissolution of Radiolaria in the
Central North Pacific Ocean. Earth Planet. Sci. LeU., 59: 245-254.

Foreman, H.P. (1973). Radiolaria of Leg 10 with systematics and ranges for the
familes Amphipynadacidae, Artostrobiidae and Theoperidae. In: Worzel, J .1.,
Bryant, W., et aI., Initial Reports of the Deep Sea Drilling Project, volume 10,
U.S. Government Printing Offce, Washington, D.C., pp. 407-474.

Goll, R.M. (1968). Classification and phylogeny of Cenozoic Trissocyclidae (Radio-
laria) in the Pacific and Caribbean Basins, Part I, Jour. Paleontol.,42(6):1409-
1423.

Goll, R.M. (1969). Classification and phylogeny of Cenozoic Trissocyclidae (Radi-

olaria) in the Pacific and Caribbean Basins. Part II. Jour. Paleontol., 43(2):
322-339.

Goll, R.M. (1972a). Systematics of eight Tholospyi'is taxa (Trissocyclidae, Radio-
laria). Micropaleontology, 18(4): 443-475.

Goll, R.M. (1972b). Leg 9 Synthesis, Radiola.ria. In: Hays, J.D., et al. Initial

Reports of the Deep Sea Drilling Project, volume 9, U.S. Government Printing
Offce, Washington, D.C., pp. 947-1058.

Goll, R.M. (1976a). Morphological intergradation between modern populations of
Lophospyris and Phormospyris (Trissocyclidae, Radiolaria). Micropaleontology,
22( 4): 379-418.

Goll, R.M. (1976b). Five Trissocyclid Radiolaria from Site 338. In: Talwani, M.,
Udintzev, G., et al., Initial Reports of the Deep Sea Drilling Project, volume 38
(supplement), U.S. Government Printing Offce, Washington, D.C., pp. 177-180.

Goll, R.M. (1977). Morphological integration between modern populations of Lophos-
pyris and Phormospyris (Trissocyclidae, Radiolaria.). Micropaleontol., 22(4):
379-418.

Goll, R.M. (1979). The Neogene evolution of Zygocircus, Neosemantis and Cal-

limitra: their bearing on nassellarian classification. Micropaleontology, 25(4):

365-396.



Radiolaria 167

Goll, R.M. (1980). Pliocene-Pleistocene Radiolarians form the East Pacific Rise and
the Galapagos spreading center, Deep Sea Drilng Project Leg 54. In: Rosendahl,

B.R., Hekinian, R., et aI., Initial Reports of the Deep Sea Drilling Project, vol-
ume 54, U.S. Government Printing Offce, Washington, D.C., pp. 425-453.

Goll, R.M. and K.R. Bjørklund (1971). Radiolaria in surface sediments of the North
Atlantic Ocean. Micropaleontology, 17(4): 434-454.

Goll, R.M. and K.R. Bjørklund (1974). Radiolaria in surface sediments of the South
Atlantic. Micropaleontology, 20(1): 38-75.

Haeckel, E. (1860a). Über neue, lenende Radiolarien des Mittelmeeres und die dazu
gehöringen Abbildungen. K. Akad. Wiss. Berlin, Monatsber., Jahrg. 1860,
pp.794-817.

Haeckel, E. (1860b). Fernere Abbildungen und Diagnosen neuer Gattungen und
Arten von lebenden Radiolarien des Mittelmeeres. K. Akad. Wiss. Berlin,
Monatsber., Jahrg. 1860 pp. 835-845~

Haeckel, E. (1862). Die Radiolarien (Rhizopoda, Radiolaria). Eine Monogmphie.
Georg Reimer, Berlin, 586 pp.

Haeckel, E. (1866). Generelle Morphologie der Organism en, 2, Reimer, Berlin.

Haeckel, E. (1879). Über die Phaeodarien, eine neue Gruppe kieselschaliger mariner
Rhizopoden. Med. Naturwiss. Ges. Jena, Sitzber. Suppl., 13 (n. ser. voL. 6):
151-157.

Haeckel, E. (1881). Entwurf eines Radiolarien-ystems auf Grund von Studien der
Challenger-Radiolarien. Jenaische Zeitschr. Naturwiss., 15 (n. ser. voL. 8)(3):
418-472.

Haeckel, E. (1887). Report on the Radiolaria collected by H.M.S. "Chalenger"
during the years 1873-1876. Rept. 110y. "Challenger", Zool., 18: l-1803.

Haecker, V. (1904a). Bericht über die Tripyleen-Ausbeute der Deutschen Tiefsee-
Expedition. Deutsch. Zoo/. Ges., l1erh.,14: 122-157.

Haecker, V. (1904b). Über die biologische Bedeutung der feinenren Strukturen des
Radiolarienskelettes. Jenaischen Zeitschr. Naturwiss., 39: 581-648.

Haecker, V. (1905). Finales und Causales über das Tripyleenskelett. Critte Mit-
teilung über die Tripyleen der "Valdivia"-Ausbeute. Zeitschr. F. Wiss. Zoo/.,
83: 336-369.

Haecker, V. (1906a). Zür Kenntnis del' Challengeridenj Vierte Mitteilung über die
Tripyleen-Ausbeute del' deutschen Tiefsee-Expedition. Archiv Protistenk., 7(2):
259-306.

Haecker, V. (1906b). Über die Mittel del' Formbildung im Radiolarienkörper. Sechste
Mittelung über die Tripyleen den "Valdivia"-Ausbeute. Verhandl. Deutsch.

Zoo 1. Gesellsch., pp. 31-50.

Haecker, V. (1907a). Altertümliche Spharellarien und Cyrtellarien aus grossen Meer-

estiefen. Archiv. f. P1'tistenkunde, 10, pp. 114-126.



168 Kozo Takahashi

Haecker, V. (1907b). Zür Kenntnis der Castanellden und Porospathiden. Arch.

Protistenk,8: 52-65.

Haecker, V. (1908a). Tiefsee-Radiolarien. Spezieller Teil. Die Tripyleen, Collodarien
und Mikroradiolarien der Tiefsee. Deutsch Tiefsee Exped. auf dem Dempfer
"Valdivia" 1898-1899, Wiss. Ergebn. 14: 1-476. Allgemeiner Teil. Form und
Formbildung bei den Radiolarien. ibid., pp. 477-706.

Haecker, V. (1908b). Tiefsee Radiolarien Speziel Teil, L1, Aulacanthidae-Conchari-
idM. Deutsch. Tiefsee-Exped., Wiss. Engebn., 14: 1-336.

Harting, P. (1863).Bijdrage tot de Kenntnis mikroskopische Fauna en Flora van de
Banda-Zee. K. Akad. Wetensch., Amsterdam, Verh., 10: 1-34.

Hays, J.D. (1965). Radiolaria and late Tertiary and Quaternary history of Antarctic
seas. In: Biology of Antarctic Seas, Antarctic Res. Series 5, 2, New York, pp.
125-184.

Hays, J.D. (1970). Stratigraphy and evolutionary trends of Radiolaria in North
Pacific deep-sea sediments. In: J.D. Hays (ed.), Geological investigations of the
North Pacific, GeoL Soc. Amer. Mem. 126, pp. 185-218.

Heath, G.R. (1974). Dissolved silca and deep-sea sediments. In: W.W. Hay (ed.),
Studies in Paleo-oceanography, Soc. Econ. Pal. Min., Special PubL 20, pp.

77-93.

Heath, G.R., T.C. Moore, Jr. and G.L. Roberts (1974). Mineralogy of surface

sediments from the Panama Basin, eastern equatorial Pacific. Jour. Geology,
82: 145-160.

Hertwig, R. (1877). Studien über Rhizopoden. Jenaische Zeitschr. Naturwiss., 11:
324-348.

Hertwig, R. (1879). Del' Organismus del' Radiolarien. Jena, G. Fischer, pp. 1-149.

Hertwig, R. and E. Lesser (1874). Ueber Rhizopoden und denselben nahestehende
Organismen. Arch. Mikr, Anat., 10(SuppL): 35-243.

Hilmers (1906). Zur Kenntnis der Collosphae¡'iden. Doctoral Thesis, Christian-
Albrecht University, Kiel, 93 pp.

Hollande, A. and M. Enjumet (1960). Cytologie, évolution et systématique des
Sphaeroidés (Radiolaires). Mus. Natl. Hist. Nat., Paris, Arch., ser. 7, 7:

1-134.

Honjo, S. (1978). Sedimentation of materials in the Sargasso Sea at a 5,367 m deep
station. Jour. Marine Res., 36: 469-492.

Honjo, S. (1980). Material fluxes and modes of sedimentation in the mesopelagic

and bathypelagic zones. Jom'. Madne Res., 38: 53-97.

Honjo, S., J.F. Connell and P.L. Sachs (1980). Deep ocean sediment trap: design
and function of PARFLUX Mark II. Deep-Sea Res., 27: 745-753.

Honjo, S., S.Manganini and J.J. Cole (1982). Sedimentation of biogenic matter in
the deep ocean. Deep-Sea Res., 29: 609-625.



Radiolaria 169

Hurd, D.C. (1972). Factors affecting solution rate of biogenic opal in seawater. Earth
Planet. Sci. Lett., 15: 411-417.

Hurd, D.C. (1973). Interactions of biogenic opal, sediment and seawater in the
central Equatorial Pacific. Geochim. Cosmochim. Acta, 37: 2257-2287.

Hurd, D.C. and K. Takahashi (1983). On the estimation of minimum mechanical loss
during an in situ biogenic silica dissolution experiment. Mar. Micropaleontol.,
7: 441-447.

Hurd, D.C., H.S. Pankratz, V. Asper, T. Fugate and H. Morrow (1981). Changes in
the physical and chemical properties of biogenic silca from the central equatorial

Pacific: Part III. Specific pore volume, mean pore size, and skeletal ultrastructure
of acid-cleaned samples. Amer. Jour. Science, 281: 833-895.

Huxley, Th. (1851). Zoological notes and observations made on board H.M.S. "Rat-
tlesnake." III. Upon Thalassicolla a new Zoophyte. Ann. Mag. Nat. Hist.,
London, Ser. 2, 8: 433-442.

Immermann, F. (1904). Die Triplyeen-Familie del' Aulacanthiden der Plankton Ex-
pedition. Ergebn. der Plankton-Expedition, 3 L.h,: 1-89.

Johnson, D.A. (1974). Radiolaria from the Eastern Indian Ocean, DSDP Leg 22.
In: C.C. von der Borch and J.G. Sclater (eds.), Initial Reports of the Deep Sea
Drilling Project, volume 22, U.S. Government Printing Offce, Washington, D.C.,
pp.551-575.

Johnson, D.A. and C.A. Nigrini (1980). Radiolarian biogeography in surface sedi-
ments of the Western Indian Ocean. Mar. Micropaleontol., 5: 111-152.

Jørgensen, E. (1900). Protophyten und Protozoen im Plankton aus der nOlwegischen

Westküste. Bergens Mus. Arb., 1899(6): 51-95.

Jørgensen, E. (1905). The protist plankton and the diatoms in bottom samples.

In: Nordgaard, 0., Hydrographical and Biological Investigations in Norwegian

Fjords, Beryens Mus. Skr., ser. 1, 7: 49-151, 195-225.

Keany, J. (1979). Early Pliocene radiolarian taxonomy and biostratigraphy in the
Antarctic Region. Micropaleontology, 25(1): 50-74.

Kling, S.A. (1966). Castanellid and circoporid radiolarians: systematics and zoogeog-

raphy in the eastern North Pacific. Ph.D. dissertation, University of Caliornia,
San Diego, 175 pp.

Kling, S.A. (1971). Dimorphism in Radiolaria. In: A. Farinacci, (ed.), Proceedings
of the II Planktonic Conference, Roma 1970, pp. 663-672.

Kling, S.A. (1973). Radiolaria from the eastern North Pacific, Deep Sea Drilling

Project, Leg 18. In: Kulm, L.D., von Huene, R., et al., Initial Reports of the Deep
Sea Drilling Project, volume 18, U.S. Government Printing Offce, Washington,
D.C., pp. 617-671.

Kling, S.A. (1976). Relation of radiolarian distributions to subsurface hydrography
in the North Pacific. Deep-Sea Res., 23: 1043-1058.

Kling, S.A. (1977). Local and regional imprints on radiolarian assemblages from

California Coastal Basin sediments. Mm'. Micropaleontol., 2: 207-221.



170 J(ozo Takahashi

Kling, S.A. (1979). Vertical distribution of polycystine radiolarians in the central
North Pacific. Mar. Micropaleontol., 4: 295-318.

Kowsmann, R.O. (1973). Surface Sediments of the Panama Basin: Coar~e Compo-
nents. M.Sc. Thesis, Oregon State University, 73 pp.

Kozlova, G.E. (1972). Types of radiolarian skeletal structure in the family Porodis-
cidM. Academy of Sciences of the U.S.S.R., Zool. Jour.. XLVI: 1163-1172 (in
Russian), (Translated to English by H. Harmash and W.R. RiedelJ.

Ling, H.Y. (1966). The radiolarian Protocystis thomsoni (Murray) in the northeast
Pacific Ocean. Micropaleontology, 12(2): 203-214.

Ling, H.Y. (1972). Polycystine Radiolaria from surface sediments of the South China
Sea and the adjacent seas of Taiwan. Acta Oceanographica Taiwanica 2: 159-
178.

Ling, R.Y. (1973). Radiolaria: Leg 19 of the Deep Sea Driling Project. In:

Scholl, D.W., et aL., Initial Reports of the Deep Sea Drilling Project, volume
19, U.S. Government Printing Offce, Washington, D.C., pp. 777-797.

Ling, H.Y. (1975). Radiolaria: Leg 31 of the Deep Sea Drillng Project. In: Karig,

D.C., Ingle, J .C., Jr., et aL., Initial Reports of the Deep Sea Driling Project,
volume 31, U.S. Government Printing Offce, Washington, D.C., pp. 703-761.

Ling, H.Y. (1980). Radiolarians from the Emperor seamounts of the northwest Pa-
cific: Leg 55 of the Deep Sea Driling Project. In: Jackson, E.D., Koizumi, I.,
et al., Initial Reports of the Deep Sea Driling Project, volume 55, U.S. Govern-
ment Printing Offce, Washington, D.C., pp. 36.5-373.

Ling, H.Y. and W.A. Anikouchine (1967). Some spumellarian Radiolaria from the
Java, Philippine and Mariana trenches. Jour. PaleontoL.,41(6): 1481-1491.

Ling, H.Y. and K. Takahashi (1977). Observation on microstructure of selected
phaeodarian Radiolaria. Mem. Geol. Soc. China, 2: 207-212.

Ling, H.Y., C.J. Stadum and M.L. Welch (1971). Polycystine Radiolaria from Bering
Sea surface sediments. In: A. Farinacci (ed.), Proceedings of the II Planktonic
Conference, Roma 1970, pp. 705-729.

Lisitzin, A.P. (1971). Distribution of siliceous microfossils in suspension and in bot-
tom sediments. In: B.M. Funnell and W.R. Riedel (eds.), The Micropaleontology
of Oceans, Cambridge University Press, London, pp. 173-195.

Lisitzin, A.P. (1972). Sedimentation in the World Ocean. Soc. Econ. Pal. Min.,
Special PubL. No. 17, pp. 1-218.

Lisitzin, A.P. (1977). Inflow of bottom water to the Panama Basin. Deep-Sea Res.,
24: 1065-1101.

Loeblich, A.R., Jr. and H. Tappan (1961). Remarks on the systematics of the
Sarkodina (Protozoa), renamed homonyms and new and validated genera. Biol.
Soc. Washington, Proc., 74: 213.

Lonsdale, P. (1975). Detailed abyssal sedimentation studies in the Panama Basin:
cruise report of expedition Cocotow legs 2b and 3, S.l. O. Ref. 75-4, 71 pp.



Radiolaria 171

Lonsdale, P. (1977). Inflow of bottom water to the Panama Basin. Deep-Sea Res.,
24: 1065-1092.

Mast, H. (1910). Die Astrosphaeriden. Deutsch. Tiefsee-Exped., Dampfer "Valdivia"
1898-1899, Wiss. Ergebn., 19(4): 123-190.

McMilen, K.J. (1979). Radiolarian ratios and the Pleistocene-Holocene boundary.
Gulf Coast Assoc. Geol. Soc. Trans., 29: 298-30L.

McMilen, K.J. and R.E. Casey (1978). Distribution ofliving polycystine radiolarians
in the Gulf of Mexico and Caribbean Sea, and composition with sedimentary
record. Mar. Micropaleontol., 3: 121-145.

Moore, E. and F. Sander (1977). A study of the offshore zooplankton of the tropical
western Atlantic near Barbados. Ophelia, 16: 77-96.

Moore, T.C., Jr. (1969). Radiolaria: Change in skeletal weight and resistance to
solution Geol. Soc. Amer., Bull., 80(10): 2103-2108.

Moore, T.C., Jr. (1978). The distribution of radiolarian assemblages in the modern
and ice-age Pacific. Mar. Micropaleontol., 3: 229-266.

Moore, T.C., Jr., G.R. Heath and R.O. Kowsmann (1973). Biogenic sediments of
the Panama Basin. Jour. Geology, 81: 4.58-472.

Morley, J.J. (1980). Analysis of the abundance variations of the subspecies of Cy-
cladophora davisiana. Mar. MicropaleontoL., 5: 205-214.

Müller, J. (1855). Über Sphaerozoum und Thalassicolla. K. Acad. Wiss. Berlin,
Monatsber., Jahrg., 1855: 229-253.

Müller, J. (1857). Über die Thalassicollen, Polycystinen und Acanthometren des

Mittelmeeres, Acad. Hliss. Berlin, Monatsber., Jahrg., 1856: 474-503.

Müller, J. (1858a). Über die Thalassicollen, Polycystinen und Acanthometren des
Mittelmeeres. K. Akad. Wiss. Berlin, Agh., Jahrg., 1858: 1-62.

Müller, J. (1858b). Einige neue bei St. Tropez am Mittelmeer beobachtete Polycysti-
nen und Acanthometren aus den Abbildungen. Akad. Wiss. Berlin, Monatsber.,
Jahrg., 1858: 154-155.

Murray, J. (1876). Preliminary reports to Professor Wyvile Thompson, F.R.S.,
director of the civilian scientific staff, on work done on board the "Challenger."
Roy. Soc. London, Proc., 24(170): 471-544.

Murray, J. (1885). The Radiolaria. In: T.H. Tizard, H.N. Moseley, J.Y. Buchanan
and J. Murray (eds.), Narrative of the cruise of the H.M.S. "Challenger" with
a general account of the scientific results of the expedition. Rept. Voy. "Chal-
lenger", Narrative, 1(1): 219-227.

Nakaseko (1959). On superfamily Liosphaericae (Radiolaria) from sediments in the
sea near Antarctica. Spec. PubL. from the Seto Mar. Biol. Lab., Osaka, Japan,
pp. 1-2L.

Nigrini, C.A. (1967). Radiolaria in pelagic sediments from the Indian and Atlantic
Oceans. Scripps Inst. Oceanogr., Bull., 11: 1-125.



172 Kozo Takahashi

Nigrini, C.A. (1968). Radiolaria from eastern tropical Pacific sediments. Micropale-
ontology, 14(1): 51-63.

Nigrini, C.A. (1970). Radiolarian assemblages in the North Pacific and their appli-
cation to a study of Quaternary sediments in Core V20-130. Geo1. Soc. Amer.,
Mem. 126: 139-175.

Nigrini, C.A. (1971). Radiolarian zones in the Quaternary of the equatorial Pacific
Ocean. In: B.M. Funnell and W.R. Riedel (eds.), The Micropaleontology of
Oceans, Cambridge University Press, London, pp. 443-461.

Nigrini, C.A. (1977). Tropical Cenozoic Artostrobiidae (Radiolaria). Micropaleon-

tology, 23(3): 241-269.

Nigrini, C.A. and T.C. Moore, Jr. (1979). A guide to modern Radiolaria. Cushman
Found. Foram. Res., Spec. Publ. No. 16, pp. N51-N105.

Petrushevskaya, M. (1965). Peculiarities of the construction of the skeleton of Botry-
oid Radiolarians (order Nassellaria). Trudy Zoologicheskogo Inst. (Akad. Nauk
SSSR), 35: 79-118.

Petrushevskaya, M. (1966). Radiolarians in plankton and in bottom sediments. In:

N.M. Strackhov (ed.), Geochemistry of Silica, Publishing Offce "Science" Nauka
Moscow, pp. 219-245 (in Russian).

Petrushevskaya, M. (1967). Radiolarian of orders Spumellaria and N assellaria of
the Antarctic region. In: A.P. Andriyashev and P.V. Ushakov (eds.), Biological
Reports of the Soviet Antarctic Expedition (1955-1958), volume 3, Academy of
Sciences of the U.S.S.R., pp. 2-186 (in Russian).

Petrushevskaya, M. (1971a). Spumellarian and nassellarian Radiolaria in the plank-
ton and bottom sediments ofthe Central Pacific. In: B.M. Funnell and W.R. Ried-
el (eds.), The Micropaleontology of Oceans, Cambridge University Press, London,
pp. 309-317.

Petrushevskaya, M. (1971b). Radiolaria in the plankton and Recent sediments from
the Indian Ocean and Antarctic. In: B.M. Funnell and W.R. Riedel (eds.), The
Micropaleontology of Oceans, Cambridge University Press, London, pp. 319-329.

Petrushevskaya, M. (1971c). Radiolarii Nassellaria v planktone Mirovogo okeana.
Radiolarii mirovogo okeana po materialam sovetskikh ekspeditsii, Issled. Fauni
Morei. Leningrad, Nauka, 9(17): 5-294 (in Russian).

Petrushevskaya, M. (1971d). On the natural system of polycystine Radiolaria. In:
A. Farinacci (ed.), Proceedings of the II Planktonic Conference, Roma 1970,
volume 2, pp. 981-992.

Petrushevskaya, M. (1975). Cenozoic radiolaria.ns of the Antarctic, Leg 29, DSDP.
In: Kennett, J.P., Houtz, R.E., et aI., Initial Reports of the Deep Sea Drilling

Project, volume 29, U.S. Government Printing Offce, Washington, D.C., pp. 541-
675.

Petrushevskaya, M. (1981). Radiolaria order Nassellariaofthe ocean. Acad. Sciences

U.S.S.R. Zoo1. Inst. No. 128, Nauka., pp. 405.



Radiolaria 173

Petrushevskaya, M. and K.R. Bjørklund (1974). Radiolarians in Holocene sediments
of the Norwegian-Greenland Seas. Sarsia, 57: 33-46.

Petrushevskaya, M. and G.E. Kozlova (1972). Radiolaria: Leg 14, Deep Sea Drillng
Project. In: D.E. Hayes (ed.), Initial Reports of the Deep Sea Driling Project,
volume 14, U.S. Government Printing Offce, Washington, D.C., pp. 495-648.

Petrushevskaya, M. and G.E. Kozlova (1979). Description of the radiolarian genera
and species. In: A.A. Strelkov and M.G. Petrushevskaya (eds.), Explomtions of
the Fauna of the Seas, Volume 23(31): The History of the Microplankton of the
Norwegian Sea (on the Deep Sea Driling Materials). Academy of Sciences of the
U.S.S.R., Nauka, pp. 86-157.

Plank, W.S., J .R. Zaneveld and H. Pak (1973). Distribution of suspended matter in
the Panama Basin. Jour. Geophys. Res., 78: 7113-7121.

Poche, R. (1913). Das System der Protozoen. Arch. Protistenk., 30: 125-321.

Popofsky, A. (1908a). Die Radiolarien des Antarktis (mit Ausnahme der Tripyleen).
Deutsche Südpolar-Expedition 1901-1903, 10(Zool., voL. 2)(3): 183-305.

Popofsky, A. (1908b). (SEE Spongotrochus, Semantis, Psilomelissa, Dictyophimus
gracilipes, Pterocorys bicornis, Lithomitra vanhoffeni, Bisphaerocephalus minu-
tus)

Popofsky, A. (1912). Die Sphaerellarien des Warmwassergebietes. Deutsche Südpolar-
Expedition 1901-1903, 13(Zool., voL. 5)(2): 73-159.

Popofsky, A. (1913). Die Nassellarien des Warmwassergebietes, Deutsche Súdpolar-
Expedition 1901-1903, 14(Zool., voL. 6): 217-416.

Popofsky, A. (1917). Die Collosphaeriden, mit N achtrag zu den Spumellarien und
Nassellarien. Deutsche Súdpolar-Expedition 1901-1903, 16(Zool., voL. 8): 235-
278.

Renz, G.W. (1976). The distribution and ecology of Radiolaria in the Central Pacific
plankton and surface sediments. Bull. Scripps Inst. of Oceanogr., 22: 1-267.

Reshetnyak, V.V. (1955). Vertical distribution of the Radiplaria of the Kurilo-
Kamchatka deep. Akad. Nauk SSSR, Zool. Inst., Trudy, 21: 94-101. (in
Russian).

Reshetnyak, V.V. (1966). The deep-water radiolarian Phaeodaria in the northwest-
ern part of the Pacific Ocean. Fauna of the USSR. Radiolaria. Akad. Nauk
SSSR, Zoo 1. Inst., n. ser., 94: 1-208.

Riedel, W.R. (1953). Mesozoic and late Tertiary Radiolaria of Rotti. Jour. Paleon-
tol., 27(6): 805-813.

Riedel, W.R. (1957). Radiolaria: a preliminary stratigraphy. Rep. Swed. Deep Sea
Exped., ser. B, 6(B): 61-96.

Riedel, W.R. (1958). Radiolaria in Antarctic sediments. B.A.N.Z. Antarctic Res.

Exped., Repts., ser. B, 6(10): 217-255.

Riedel, W.R. (1959). Silceous organic remains in pelagic sediments. In: H.A. Ire-
land (ed.), Silica in Sediments, Soc. Econ. PaL. Min., Special Publ., 7: 80-91.



174 J(ozo Takahashi

Riedel, W.R. (1967a). Subclass Radiolaria. In: Harland, W.B., et al. (eds.), The
Fossil Record, Geol. Soc. London, London, pp. 291-298.

Riedel, W.R. (1967b). Some new families of Radiolaria. Geol. Soc. London, Proc.,
1640: 148-149.

Riedel, W.R. (1971a). A systematic classification of polycystine Radiolaria. In:
B.M. FUnnell and W.R. Riedel (eds.), The Micropaleontology of Oceans, Cam-
bridge University Press, London, pp. 649-661.

Riedel, W.R. (1971 b ). Cenozoic Radiolaria from the western tropical Pacific, Leg

7, Deep Sea Drilling Project. In: Winterer, E.L., Riedel, W.R., et al., Initial
Reports of the Deep Sea Drilling Project, volume 7, U.S. Government Printing
Offce, Washington, D.C., pp. 1529-1672.

Riedel, W.R. (1978). Stratigraphy and evolution of tropical Cenozoic radiolarians.
Micropaleontology, 24( 1 ): 61-96.

Riedel, W.R. and A. Sanfilippo (1970). Radiolaria, Leg 4, Deep Sea Driling Project.
In: Bader, R.G., Gerard, R.D., et al., Initial Reports of the Deep Sea Drilling
Project, volume 4, U.S. Government Printing Offce, Washington, D.C., pp. 503-
575.

Sanfilippo, A. (1974). Radiolaria from the west central Indian Ocean and Gulf of
Aden, DSDP Leg 24. In: R.L. Fisher, E.T. Bunce, et aL. (eds.), Initial Reports
of the Deep Sea Drilling Project, volume 24, U.S. Government Printing Offce,
Washington, D.C., pp. 997-1035.

Sanfilippo, A. and W.R. Riedel (1973). Cenozoic Radiola.ria (exclusive of Theoperids,
Artostrobiids and Amphipyndacids) from the Gulf of Mexico, DSDP Leg 10. In:
Worzel, J.L., Bryant, W., et al., Initial Reports of the Deep Sea Drilling Project,
volume 10, U.S. Government Printing Offce, Washington, D.C., pp. 475-611.

Sanfilippo, A. and W.R. Riedel (1980). A revised generic and suprageneric classifi-
cation of the Artiscins (Radiolaria). Jour. Paleontol., 54(5); 1008-1011.

Sanfilippo, A., L.R. Burckle, E. Martini and W.R. Riedel (1973). Radiolarians,
diatoms, silicoflagellates and calcareous nannofossils in the Mediterranean Neo-
gene. Micropaleontology, 19(2): 209-234.

Schmidt, W.J. (1907). Einige neue Castanellden-Arten. Zool. Anz., 32: 297-302.

Schmidt, W.J. (1908). Die Tripyleen Radiolarien del' Plankton-Expedition. Cas-
tanelldae. Ergebnisse der Plankton-Expedition der Humboldt-Stiftung, Bd. III,

L, h, 6,: 234-279.

Schröder, O. (1909). Die Nordischen Spumellarien. In: K. Brandt and C. Apstein

(eds.), Nordisches Plankton Zoology, Kiel, Lipsius and Tischer, pt. 17, pp.1-66.

Schröder, O. (1913). Die tripyleen Radiolarien (Phaeoda.rien). Deutsch Subpolar-

Expedition, 1901-1903, 14(Zool., voL. 6)(2): 113-215.

Stadum, C.J. and H.Y. Ling (1969). Triplyean Radiolaria in deep-sea sediments of
the Norwegian Sea. Micropaleontology, 15(4): 481-489.

Stevenson, M. (1970). Circulation in the Panama Bight. Jour. Geophys. Res.,
75(3): 659-672.



Radiolaria 175

Stohr, E. (1880). Die Radiolarienfauna der Tripoli von Grotte, Provinz Girenti in

Sicilen. Paleontographica 26(ser. 3, voL. 2): 69-124.

Strelkov, A.A. and V.V. Reshetnyak (1971). Colonial spumellarian radiolarians of
the World Ocean. In: A.A. Strelkov (ed.), Radiolarians of the Ocean-Reports
on the Soviet Expeditions, Explorations of the Fauna of the Seas, Academy of
Sciences of the U.S.S.R., 9(7): 295-369, (in Russian), (Translated to English by
W.R. Riedel).

Swift, S.A. (1977). Holocene rates of sediment accumulation in the Panama Basin,
eastern equatorial Pacific: Pelagic sedimentation and lateral transport. Jour.

Geology, 85: 301-319.

Swift, S.A. and Wenkam, C. (1978). Holocene accumulation rates of calcite in the
Panama Basin: Lateral and vertical variation in calcite dissolution. Mar. Geol-
ogy, 27: 67-77.

Takahashi, K. (1981). Vertical Flux, Ecology and Dissolution of Radiolaria in Trop-
ical Oceans: Implications for the Silica Cycle. Ph.D. Thesis, Massachusette In-
stitute of Technology /Woods Hole Oceanographic Institution, W.H.O.1. 81-103,
pp. 461.

Takahashi, K. (1983). Radiolaria: sinking population, standing stock and production
rate. Mar'. Micropaleontol., 7: 441-447.

Takahashi, K. and S. Honjo (1981). Vertical flux of Radiolaria: a taxon-quantitative
sediment trap study from the western Tropical Atlantic. Micropaleontology,

27(2): 140-190.

Takahashi, K. and S. Honjo (1983). Radiolarian skeletons: size, weight, sinking
speed, and residence time in tropical pelagic oceans. Deep-Sea Res., 30: 543-
568.

Takahashi, K. and H.Y. Ling (1980). Distribution of Sticholonche (Radiolaria) in
the upper 800 m of the waters in the Equatorial Pacific. Mar. Micropaleontol.,
5: 311-319.

Takahashi, K., D.C. Hurd and S. Honjo (1983). Phaeodarian skeletons: their role in
silica transport to the deep sea. Science, 222(4624): 616-618.

Tan, Z and T.R. Tchang (1976). Studies on the Radiolaria of the East China Sea.
Studia Marine Sinica, 11: 217-313 (in Chinese with English abstract).

Thunell, R.C. and S. Honjo (1981). Planktonic foraminiferal flux to the deep ocean:
sediment trap results from the tropical Atlantic and the central Pacific. Mar.
Geology, 40: 287-253.

Tibbs, J .R. (1976). The Aulacanthidae (Radiolaria: Phaeodaria) of the Antarctic
Sea. Antarctic Res. Ser., 23: 21-65.

van Andel, Tj. H. (1973). Texture and dispersal of sediments in the Panama Basin.
Jour. Geol., 81: 434-457.

Vinassa de Regny, P.E. (1898). I Radiolari delle ftaniti titoniane di Carpena presso
Spezia. R. Acad. Lincei, Rend., 7(2): 34-39.



176 Kozo Takahashi

Vinassa de Regny, P.E. (1900). Radiolari Miocenici Italiani. R. Accad. Sci. 1st.

Bologna, Mem., ser. 5, 8:227-257 (565-595).

Wallch, G.C. (1869). On some undescribed testaceous rhizopods from the North
Atlantic deposits. Monthly Microsc. Jour., 1(2): 104-110.

Wiebe, P.H., S.T. Boyd and C. Winget (1976). Particulate matter sinking to the
deep-sea floor at 2000 m in the Tongue of the Ocean, Bahamas, with a description
of a new sedimentation trap. Jour. Marine Res., 34: 341-354.

Wolfenden, R.N. (1902). The plankton of the Faroe Cliannel and Shetlands. Prelim-
inary notes on some Radiolaria and Copepoda. Jour. Mar. Bioi. Assoc., 6(3):
344-374.



Radiolaria 177

Plates



178 Kozo Takahashi

PLATE 1
Suborder: Spumellaria
Family: Collosphaeridae

Station:
Depth Type of

Figure (m) Micrograph Magnification

1 Acrosphaera spinosa (Haeckel) Pi: 4280 SEM x 260

longispina Takahashi, new name
2 Acrosphaera spinosa (Haeckel) Pi: 5582 SEM x 300

coniculispina Takahashi, new name
3 Acrosphaera murrayana (Haeckel) PB: 3791 LM x 210

Two shells linked together.
4 Acrosphaera spinosa (Haeckel) Pi: 5582 LM x 210

longispina Takahashi, new name
5 Acrosphaera spinosa (Haeckel) Pi: 2778 LM x 210

coronula Takahashi, new name
6 Acrosphaera murray ana (Haeckel) PB: 1268 LM x 210

7 Acrosphaera murray ana (Haeckel) Pi: 4280 SEM x 230

8 Acrosphaera murrayana (Haeckel) PB: 3791 SEM x 220

9 Acrosphaera murray ana (Haeckel) PB: 3769 SEM x 120

Two shells linked together.
10 Acrosphaera murray ana (Haeckel) PB: 3769 SEM x 880

Same specimen; some of the
spines are still linked. 

11 Acrosphaera murrayana (Haeckel) PB: 3769 SEM x 4700

A typical skeletal cross section
which is common to most, if
not all, polycystines.

12 Acrosphaera cyrtodon (Haeckel) P 1: 978 SEM x 440

13 Acrosphaera cyrtodon (Haeckel) PB: 3769 LM x 210

14 Acrosphaera spinosa (Haeckel) PB: 3769 LM x 210

lappacea (Haeckel)
15 Clathrosphaera arachnoides Haeckel Pi: 4280 SEM x 370

16 Acrosphaera spinosa lappacea P1: 4280 SEM x 340

(Haeckel)

SEM: Scanning Electron Micrograph LM: Transmission Light Micrograph
TEM: Transmission Electron Micrograph RLM: Reflection Light Micrograph
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PLATE 2
Suborder: Spumellaria
Family: Collosphaeridae

Station:
Depth Type of

Figure (m) Micrograph Magnification

1 Collosphaera tuberosa Haeckel Pi: 5582 SEM x280
2 Collosphaera tuberosa Haeckel PB: 2869 LM x210
3 Collosphaera tuberosa Haeckel Pi: 5582 LM x210
4 Collosphaera confossa Takahashi, n. sp. Pi: 5582 SEM x215

Holotype
5 Collosphaera confossa Takahashi, n. sp. Pi: 2778 LM x210

Paratype
6 Collosphaers armata Brandt PB: 2869 LM x210
7 Collosphaera armata Brandt Pi: 5582 LM x210
8 Collosphaera huxleyi Müller Pi: 4280 SEM x210
9 Collosphaera huxleyi Müller PB: 2869 LM x210

10 Collosphaera huxleyi Müller Pi: 978 LM x210
11 Collosphaera huxleyi Mül!er Pi: 2778 LM x210
12 Collosphaera armata Brandt PB: 3769 SEM x350
13 Collosphaera macropora Popofsky Pi: 4280 LM x210
14 Collosphaera macropora Popofsky Pi: 978 SEM x520

Two shells linked together.
15 Collosphaera macropora Popofsky Pi: 4280 SEM x370
16 Collosphaera macropora Popofsky Pi: 978 SEM x 2,200

Same specimen as figure 14.
17 Collosphaera macropora Popofsky Pi: 978 SEM x940
18 Collosphaera macropora Popofsky Pi: 2778 LM x240

A group of shells probably
derived from a colony.
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PLATE 3
Suborder: Spumellaria

Family: Collosphaeridae

Station:
Depth Type of

Figure (m) Micrograph Magnification

1 Disolenia collina (Haeckel) Pi: 378 LM x210
Two shells linked together.

2 Disolenia zanguebarica (Ehrenberg) P i: 978 LM x210
Two shells linked together.

3 Disolenia zanguebarica (Ehrenberg) PB: 3769 SEM x230
Two shells linked together.

4 Disolenia zanguebarica (Ehrenberg) PB: 3769 SEM x 1,650
Same specimen.

5 Disolenia collina (Haeckel) Pi: 5582 SEM x226
6 Disolenia collina (Haeckel) Pi: 5582 SEM x230
7 Disolenia collina (Haeckel) Pi: 5582 SEM x226
8 Disolenia zanguebarica (Ehrenberg) Pi: 4280 SEM x450
9 Disolenia zanguebarica (Ehrenberg) Pi: 4280 LM x210

10 Otosphaera auriculata Haeckel Pi: 5582 SEM x340
A specimen without spines.

11 Otosphaera tenuissima (Hilmers) Pi: 978 SEM x520
12 Otosphaera polymorpha Haeckel PB: 2869 LM x210
13 Otosphaera auriculata Haeckel Pi: 4280 SEM x350
14 Otospliaera polymorpha Haeckel Pi: 5582 LM x210
15 Otosphaera polymorpha Haeckel Pi: 2778 LM x210
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Figure

PLATE 4
Suborder: Spumellaria

Family: Collosphaeridae

1 Siphonosphaera magnisphaera Takahashi, n. sp.
Paratype

Siphonosphaera sp. A
Siphonosphaera magnisphaera Takahashi, n. sp.

Holotype
Siphonosphaera marfensi Brandt
Siphonosphaera marfensi Brandt
Siphonosphaera sp. B
Siphonosphaera marfensi Brandt
Siphonosphaera marfensi Brandt
Siphonosphaera socialis Haeckel
Siphonosphaera socialis Haeckel
Siphonosphaera socia/is Haeckel
Siphonosphaera socialis Haeckel

Two shells linked together.
Siphonosphaera sp. afr. S. hippoiis

(Haeckel)
Siphonosphaera sp. afr. S. hippoiis

(Haeckel)
Siphonosphaera socia/is Haeckel
Siphonosphaera socia/is Haeckel

Same specimen. Note presence of
many rectangular prisms to cubic
crystals on the surface, which are
absent in specimens of other families
with identical desalting preparation.

2

3

4

5

6

7
8

9

10
11

12

13

14

15

16

Station:
Depth

(m)

PB: 2869

Pi: 4280

Pi: 378

Pi: 2778

Pi: 2778

P i: 978
Pi: 4280

Pi: 4280

Pi: 4280

Pi: 4280

P i: 978
Pi: 978

Pi: 2778

Pi: 2778

Pi: 4280

Pi: 4280

Kozo Takahashi

Type of
Micrograph Magnification

LM

SEM
LM

LM
LM

SEM
SEM
SEM
SEM
SEM
SEM
LM

LM

LM

SEM
SEM

x210

x550
x210

x210
x210
x550
x560
x480
x390
x280
x250
x210

x210

x210

x370
x2,760
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PLATE 5
Suborder: Spumellaria

Families: Collosphaeridae, Ethmosphaeridae

Station:
Depth Type of

Figure (m) Micrograph Magnification

1 Disolenia quadrata (Ehrenberg) Pi: 4280 SEM x340
2 Disolenia quadrata (Ehrenberg) Pi: 4280 SEM x340
3 Disolenia quadrata (Ehrenberg) Pi: 5582 SEM x280
4 Disolenia quadrata (Ehrenberg) Pi: 2778 LM x210
5 Disolenia quadrata (Ehrenberg) Pi: 4280 SEM x340
6 Disolenia sp. A Pi: 4280 SEM x340
7 Plegmosphaera pachypila Haeckel E: 389 LM x 150
8 Plegmosphaera pachypila Haeckel PB: 3791 LM x 154
9 Plegmosphaera pachypila Haeckel PB: 1268 LM x 162
10 Plegmosphaera coelopila Haeckel Pi: 5582 SEM x 154
11 Plegmosphaera sp. aff. Pi: 2778 SEM x260

P. lepticali Renz
12 Styptosphaera sp. B PB: 667 SEM x210
13 Styptosphaera sp. C PB: 3769 SEM x55
14 Plegmosphaera sp. B PB: 3769 LM x160
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PLATE 6
Suborder: Spumellaria

Family: Ethmosphaeridae

Station:
Depth Type of

Figure (m) Micrograph Magnification

1 Plegmosphaera sp. B PB: 3769 SEM x55
2 Carposphaera capillacea Haeckel Pi: 5582 SEM x110
3 Plegmosphaera oblonga Takahashi, n. sp. PB: 3791 SEM x220

Paratype
4 Plegmosphaera oblonga Takahashi, n. sp. PB: 667 SEM x105

Holotype
5 Plegmosphaera oblonga Takahashi, n. sp. PB: 667 SEM x280

Same specimen; an enlarged
view of the opening.

6 Styptosphaera spongiacea Haeckel PB: 3769 LM x210
7 Styptosphaera spongiacea Haeckel PB: 2869 LM x210
8 Plegmosphaera entodictyon Haeckel PB: 3791 SEM x290
9 Styptosphaera spongiacea Haeckel Pi: 4280 LM x105
10 Plegmosphaera entodictyon Haeckel Pi: 2778 LM x210
11 Plegmosphaera entodictyon Haeckel Pi: 5582 SEM x190
12 Styptosphaera sp. A Pi: 978 SEM x440
13 Styptosphaera sp. A Pi: 5582 SEM x250
14 Styptosphaera sp. A PB: 3769 SEM x 1,270
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PLATE 7
Suborder: Spumellaria

Family: Actinommidae; Subfamily: Actinomminae

Station:
Depth Type of

Figure (m) Micrograph Magnification

1 Centrocubus octostylus Haeckel PE: 1268 LM x104
2 Spongosphaera polycantha Müller PE: 3769 LM x106
3 Spongosphaera polycantha Müller Pi: 5582 SEM x165
4 Spongosphaera sp. aff. PE: 3791 LM x130

S. helioides Haeckel
5 Spongosphaera polycantha Müller PB: 667 SEM x66
6 Spongosphaera streptacantha Haeckel PE: 2778 SEM x28
7 Spongosphaera sp. aff. Pi: 2778 SEM x36

S. helioides Haeckel
8 Spongosphaera sp. aff. Pi: 2778 SEM x40

S. helioides Haeckel
9 Spongosphaera ? sp. B Pi: 2778 SEM x40
10 Lychnosphaera regina Haeckel PE: 667 LM x66
11 Leptosphaera minuta Popofsky Pi: 2778 SEM x280
12 Arachnosphaera sp. Pi: 2778 LM x158
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Figure

PLATE 8
Suborder: Spumellaria

Family: Actinommidae; Subfamily: Actinomminae

1

2

3

4
5

6

7

8

9

10

11

12

Acanthosphaera actinota (Haeckel)
Acanthosphaera tunis Haeckel
Acanthosphaera tunis Haeckel
Acaiithosphaera castanea Haeckel

Acanthosphaera castanea Haeckel
Cladococcus viminalis Haeckel

Cladococcus viminalis Haeckel

Actinomma arcadophorum Haeckel
Actinomma arcadopliorum Haeckel
Actinomma capillaceum Haeckel
Actinomma arcadopliorum Haeckel
H aliomma ? sp. A

Station:
Depth

(m)

Pi: 5582

PE: 667

PE: 667

Pi: 5582

Pi: 2778

Pi: 2778

Pi: 978

PE: 1268

Pi: 5582

Pi: 4280

Pi: 4280

Pi: 4280

Kozo Takahashi

Type of
Micrograph Magnification

LM
LM
LM

SEM
LM
LM

SEM
LM

SEM
SEM
SEM
SEM

x210
x210
x210
x165
x210
x210
x200
x210
x 165
x 150
x140
x440
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Figure

PLATE 9
Suborder: Spumellaria

Family: Actinomlldae; Subfamily Actinomminae
Family: Ethmosphaeridae

1

2

Actinosphaera tenella (Haeckel)
Actinosphaera acanthophora (Popofsky)

Specimen broken to show the
medullary shelL.

Actinosphaera acanthophora (Pop of sky )
Actinosphaera capillacea (Haeckel)
Actinosphaera capillacea (Haeckel)
Heliosoma sp.
Haliomma castanea Haeckel
Heliosoma sp.
Elatomma penicillus Haeckel
Elatomma penicillus Haeckel
Haliomma castanea Haeckel
Carposphaera sp. aff.

C. corypha Haeckel

3

4

5

6

7

8

9

10

11

12

Station:
Depth

(m)

Pi: 4280

PB: 1268

PB: 3791

Pi: 4280

PB: 3791

Pi: 4280

Pi: 4280

Pi: 378

Pi: 5582

PB: 1268

E: 988

Pi: 5582

J(ozo Takahashi

Type of
Micrograph Magnification

SEM
SEM

SEM
SEM
LM

SEM
SEM
LM

SEM
LM
LM
LM

x165
x 180

x160
x180
x210
x440
x440
x210
x 150
x210
x210
x210
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PLATE 10
Suborder: Spumellaria

Family: Actinommidae; Subfamily: Actinomminae

Station:
Depth Type of

Figure (m) Micrograph Magnification

1 H aeckeliella macrodoras (Haeckel) Pi: 978 SEM xll0
2 H aeckeliella macrodoras (Haeckel) Pi: 978 SEM x350

Detail of inner medullary shelL.

3 H aeckeliella macrodoras (Haeckel) Pi: 378 LM x210
4 H aeckeliella macrodoras (Haeckel) Pi: 978 SEM x 110

5 Cladococcus abietinus Haeckel PB: 667 LM x 152

6 Cladococcus scoparius Haeckel PB: 3769 LM x 160

7 CladococC1s scoparius Haeckel Pi: 978 SEM x140
8 Cladococcus cervicornis Haeckel Pi: 4280 SEM x190
9 Cladococcus cervicornis Haeckel PB: 3769 LM x210
10 Cladococcus cervicornis Haeckel PB: 2869 LM x210
11 A rachnosphaera myriacantha Haeckel PB: 3791 LM x132
12 A rachnosphaera myriacantha Haeckel Pi: 5582 SEM x105



Plate 10 197



198 Kozo Takahashi

PLATE 11
cSuborder: Spumellaria

Family: Actinommidae; Subfamily: Actinomminae
Family: Tholoniidae

Station:
Depth Type of

Figure (m) Micrograph Magnification

1 Astrosphaera hexagonalis Haeckel PB: 667 SEM x120
2 Astrosphaera hexagonalis Haeckel PB: 3791 L.M x158
3 Astrosphaera hexagonalis Haeckel PB: 1268 LM x 133

A form with long wavy bi-spines.
4 Drymosphaera dendrophora Haeckel PB: 3769 LM x 120
5 Stylosphaera ? sp. A Pi: 978 SEM x500
6 Stylosphaera ? sp. A Pi: 2778 SEM x440
7 Sphaeropyle mespilus ? Dreyer PB: 2869 LM x210
8 Sphaeropyle mespilus ? Dreyer Pi: 378 LM x210
9 Thecosphaera inermis (Haeckel) Pi: 4280 SEM x440
10 Cromyomma villosum Haeckel PB: 2869 LM x210
11 Cromyomma villosum Haeckel PB: 3769 LM x210
12 Tholoma metallasson Haeckel Pi: 2778 LM x210
13 Tholoma metallasson Haeckel PB: 3791 LM x210
14 Hexalonche sp. A Pi: 2778 LM x210
15 Hexalonche sp. A PB: 3769 LM x210
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Figure

PLATE 12
Suborder: Spumellaria

Family: Actinommidae; Subfamily: Actinomminae

1

2

3

4
5

6

7
8

9

10
11

12
13

14
15

Xiphosphaera gaea Haeckel

Xiphosphaera gaea Haeckel

Xiphosphaera tesseractis Dreyer
Xiphosphaera tesseractis Dreyer
Xiphosphaera tesseractis Dreyer
Stauracontium sp.
H exastylus triaxonius Haeckel
H exastylus triaxonius Haeckel
Hexastylus sp.
Hexalonche sp. B
Hexalonche sp. B
Hexacontium sp.
H exalonche amphisiphon Haeckel
H exalonche amphisiphon Haeckel
Haliomma sp. B

Station:
Depth

(m)

Pi: 4280

Pi: 2778

Pi: 5582

PB: 3769

Pi: 4280

Pi: 2778

PB: 3791

PB: 3791

Pi: 4280

Pi: 4280

Pi: 978

Pi: 5582

Pi: 4280

Pi: 4280

Pi: 978

Kozo Takahashi

Type of
Micrograph Magnification

SEM
LM

SEM
LM

SEM
LM
LM

SEM
SEM
SEM
SEM
SEM
SEM
SEM
SEM

x330
x130
x140
x150
x280
x126
x2lO
x 165
x440
x550
x660
x360
x 130
x180
x440
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PLATE 13
Suborder: Spumellaria

Family: Actinommidae; Subfamily: Actinomminae

Station:
Depth Type of

Figure (m) Micrograph Magnification

1 Hexacontium hostile Cleve Pi: 4280 SEM x220
2 Hexacontium hostile Cleve PB: 2869 LM x210
3 Hexacontium axotrias Haeckel Pi: 5582 LM x210
4 Hexacromyum elegans Haeckel E: 389 LM x210
5 Hexacromyum elegans Haeckel E: 389 LM x210

A specimen with 7 radial spines.
6 Hexacontium sp. aff. Pi: 4280 SEM x 180

H. hostile Cleve

7 Hexacromyum elegans Haeckel Pi: 4280 SEM x230
8 Heterosphaera sp. B Pi: 4280 SEM x250
9 Heterosphaera sp. A PB: 3791 LM x210

10 Heterosphaera sp. A Pi: 2778 LM x210
11 Actinomma sp. Pi: 5582 LM x210
12 Cromyechinus ? sp. Pi: 4280 SEM x130
13 Cromyechinus sp. aff. Pi: 978 LM x210

C. borealis (Cleve)

14 Stomatosphaera sp. A Pi: 978 SEM x340
15 Stomatosphaera sp. B Pi: 4280 SEM x210
16 Stomatosphaera sp. C PB: 3769 SEM x 170
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Figure

PLATE 14
Suborder: Spumellaria

Family: Actinommidae; Subfamily: Actinomminae

1

2

3

4

5

6

7

8

9

10

11

12
13
14

15

16

17

Siylosphaera melpomene Haeckel
Siylosphaera melpomene Haeckel
Druppairacius osiracion Haeckel group

Druppairactus ostracion Haeckel group

Stylosphaera ? sp. B
Amphisphaera group
Amphisphaera group
Axoprunum siauraxonium Haeckel
Axoprunum stauraxonium Haeckel
Axoprunum stauraxonium Haeckel
Ellipsoxiphium palliatum Haecker
Ellipsoxiphium palliaium Haecker
Ellipsoxiphium palliatum Haecker
Ellipsoxiphium palliatum Haecker
Ellipsoxiphium palliaium Haecker
Ellipsoxiphium palliatum Haecker
Ellipsoxiphium palliaium Haecker

Station:
Depth

(m)

PB: 2869

PB: 3769

PB: 3769

Pi: 4280

Pi: 4280

Pi: 5582

Pi: 5582

PB: 3769

Pi: 5582

Pi: 5582

Pi: 5582

Pi: 4280

PB: 3791

Pi: 4280

PB: 3791

Pi: 5582

E: 3755

Kozo Takahashi

Type of
Micrograph Magnification

LM
LM
LM
LM

SEM
SEM
LM
LM
LM

SEM
SEM
SEIVI

LM
SEl\1
LM
LM
LM

x210
x210
x210
x210
x250
x 140
x 140
x210
x210
x 165

x 140

x 165
x210
x 165

x210
x210
x210
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PLATE 15
Suborder: Spumellaria

Family: Actinommidae; Subfamilies: Actinomminae, Saturnalinae

Station:
Depth Type of

Figure (m) Micrograph Magnification

1 Xiphatractus pluto (Haeckel) Pi: 5582 LM x210
2 Xiphatractus pluto (Haeckel) Pi: 978 LM x210
3 Xiphatractus pluto (Haeckel) Pi: 5582 LM x210
4 Xiphatractus sp. A E: 988 LM x210
5 Druppatractus ? sp. Pi: 5582 SEM x200
6 Xiphatractus sp. B Pi: 4280 SEM x250
7 Xiphatractus sp. B Pi: 4280 SEM x440
8 H exacontium heracliti (Haeckel) PB: 3791 LM x210
9 Hexacontium heracliti (Haeckel) PB: 2869 LM x210
10 Hexacontium hystricina (Haeckel) PB: 2869 SEM x230
11 Dorydruppa bensoni Takahashi, new name PB: 2869 LM x210
12 Dorydruppa bensoni Takahashi, new name PB: 2869 LM x210

A pear-shaped medullary shell.
13 Dorydruppa bensoni Takahashi, new name Pi: 4280 LM x210

A specimen with thin cortical
shelL.

14 Dorydruppa bensoni Takahashi, new name PB: 3791 SEM x550
A pear-shaped medullary shelL.

15 Saturnalis circulaTÌs Haeckel PB: 3791 LM x210
16 Saturnalis circularis Haeckel Pi: 4280 SEM x210
17 Saturnalis circulaTÌs Haeckel PB: 2869 SEM x380

A close-up of the cortical shell.
Note presence of fragile outer
cortical meshwork.

18 Saturnalis circularis Haeckel PB: 2869 SEM x170
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PLATE 16
Suborder: Spumellaria

Families: Porodiscidae, Spongodiscidae

Station:
Depth Type of

Figure (m) Micrograph Magnification

1 Euchitonia elegans (Ehrenberg) Pi: 978 SEM x120
2 Euchitonia elegans (Ehrenberg) Pi: 5582 SEM x 120
3 Euchitonia elegans (Ehrenberg) PB: 3791 SEM x80

A specimen without a patagium.
4 Euchitonia elegans (Ehrenberg) Pi: 2778 LM x 100
5 Euchitonia elegans (Ehrenberg) PB: 3769 LM x105
6 Euchitonia elegans (Ehrenberg) PB: 3769 LM x105

A specimen with a well
developed patagium.

7 Spongodiscus sp. A Pi: 4280 SEM x430
8 Euchitonia cf. furcata Ehrenberg Pi: 4280 SEM x240
9 Euchitonia sp. PB: 2869 LM x210

10 Dictyocoryne profunda Ehrenberg Pi: 5582 LM x210
11 Euchitonia sp. Pi: 4280 SEM x280
12 Dictyocoryne profunda Ehrenberg PB: 3791 LM x210

A specimen with a well
developed patagium.

13 Dictyocoryne profunda Ehrenberg PB: 1268 SEM x110
14 Dictyocoryne truncatum (Ehrenberg) PB: 1268 S E Iv! x 180
15 Dictyocoryne profunda Ehrenberg Pi: 2778 SEM x 160
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PLATE i 7
Suborder: Spumellaria

Families: Porodiscidae, Spongodiscidae

Station:
Depth Type of

Figure (m) Micrograph Magnification

1 Amphirhopalum ypsilon Haeckel Pi: 5582 SEM x180
2 Amphirhopalum ypsilon Haeckel PB: 3791 LM x210
3 Amphirhopalum ypsilon Haeckel PB: 3791 LM x210
4 Amphirhopalum straussii (Haeckel) Pi: 5582 LM x210
5 Spongurus cylindricus (Haeckel) Pi: 4280 LM x210
6 Spongurus cylindricus (Haeckel) Pi: 5582 SEM x165
7 Spongurus cylindricus (Haeckel) Pi: 5582 LM x210
8 Spongurus cylindricus (Haeckel) P i: 978 SEM x 190
9 Spongurus cylindricus (Haeckel) PB: 3791 LM x210
10 Spongaster tetras tetras PB: 978 SEM x340

Ehrenberg
11 Spongaster tetras tetras PB: 3769 LM x 190

Ehrenberg
12 Spongaster pent as PB: 2869 LM x210

Riedel and Sanfiippo
13 Spongaster pent as Pi: 5582 SEM x230

Riedel and Sanfilippo
Oblique ventral view.

14 Spongaster pentas Pi: 5582 SEM x230
Riedel and Sanfilippo
Oblique ventral view.

15 Spongaster pent as Pi: 5582 SEM x210
Riedel and Sanfilippo
Oblique ventral view.

16 Spongaster pentas Pi: 5582 SEM x200
Riedel and Sanfilippo
Oblique dorsal view.
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PLATE 18
Suborder: Spumellaria

Family: Myelastridae

Station:
Depth Type of

Figure (m) Micrograph Magnification

1 Myelastrum quadrifolium Takahashi, n. sp. PB: 3791 SEM x55
2 Myelastrum quadrifolium Takahashi, n. sp. PB: 3791 RLM x64

Holotype
3 Myelastrum quadrifolium Takahashi, n. sp. PB: 3791 RLM x64

Paratype
4 Myelastrum quadrifolium Takahashi, n. sp. PB: 3791 SEM x50

Oblique view.
5 Myelastrum quadrifolium Takahashi, n. sp. PB: 667 SEM x50

Paratype
6 Myelastrum quadrifolium Takahashi, n. sp. PB: 667 SEM x500

Same specimen; detail of
central area

7 Myelastrum trinibrachium Takahashi, n. sp. PB: 1268 SEM x38
Paratype

8 Myelastrum trinibrachium Takahashi, n. sp. PB: 3791 RLM x64
9 Myelastrum trinibrachium Takahashi, n. sp. Pi: 4280 SEM x50

Paratype
10 Myelastrum trinibrachium Takahashi, n. sp. PB: 1268 SEM x33

Holotype
11 Myelastrum trinibrachium Takahashi, n. sp. PB: 3769 TEM x 67,000

A cross section of a skeletal element of
spongy meshwork. For comparisons,
see plates 43, 47, 53, 56, 58-63.

12 Myelastrum trinibrachium Takahashi, n. sp. DOMES LM x 185
Paratype B: 56
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PLATE 19
Suborder: Spumellaria

Families: Spongodiscidae, Porodiscidae

Station:
Depth Type of

Figure (m) Micrograph Magnification

1 Spongodiscus resurgens Ehrenberg P i: 978 SEM x270
2 Spongodiscus spp. B group Pi: 5582 SEM x450
3 Spongodiscus spp. B group Pi: 978 SEM x440
4 Spongodiscus biconcavus Haeckel Pi: 5582 SEM x 150
5 Spongodiscus biconcavus Haeckel PB: 1268 SEM x 150

Same specimen, oblique view.
6 Spongodiscus biconcavus Haeckel PB: 3769 LM x 157
7 Spongotrochus sp. A Pi: 5582 SEM x 154
8 Sty/ospongia hux/eyi Haeckel Pi: 4280 SEM x280
9 Spongopy/e set os a Dreyer Pi: 5582 LM x210

10 Spongotrochus glacialis Popofsky PB: 3791 LM x210
11 Sty/odictya validispina J ørgensen P i: 978 LM x210
12 Stylodictya ? sp. PB: 3791 LM x210
13 Stylodictya ? sp. PB: 3791 LM x210
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PLATE 20
Suborder: Spumellaria

Families: Spongodiscidae, Porodiscidae

Station:
Depth Type of

Figure (m) Micrograph Magnification

1 Spongopyle osclllosa Dreyer P i: 978 SEM x390
2 Spongopyle oSC1lsa Dreyer PB: 1268 SEM x200
3 Spongopyle osculosa Dreyer PB: 3769 LM x 210
4 Spongopyle osclllosa Dreyer PB: 1268 SEM x 180
5 Stylodictya mllltispina Haeckel P i: 978 SEM x 180

A specimen with broken
suâace membrane.

6 Circodisclls spp. group PB: 667 SEM x 165
7 Circodisclls spp. group Pi: 2778 LM x210

Apical view.

8 CircodisC1S spp. group Pi: 2778 LM x210
9 Circodisclls spp. group Pi: 978 LM x210

10 Stylodictya mllltispina Haeckel Pi: 5582 LM x210
11 Stylochlamydillm venllstllm (Bailey) Pi: 978 LM x210
12 Stylodictya mllltispina Haeckel PB: 3769 LM x210
13 PorodiscllS micromma (Harting) Pi: 5582 LM x210
14 PorodisC1s micromma (Harting) Pi: 5582 LM x210
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PLATE 21
Suborder: Spumellaria

Families: Collosphaeridae, Larnacilldae

Station:
Depth Type of

Figure (m) Micrograph Magnification

1 Didymocyrtis tetrathalamus tetrathalamus Pi: 4280 SEM x550
(Haeckel) juvenile form
Oblique view of a specimen having only
equatorial part. Note that cortical-
medullary interconnecting bars lie in
the vicinity of an equatorial plane.

2 Didymocyrtis tetrathalamus tetrathalamus Pi: 4280 SEM x440
(Haeckel), Oblique lateral view.

3 Didymocyrtis tetrathalamus tetrathalamus Pi: 4280 SEM x440
(Haeckel), Oblique polar view.

4 Didymocyrtis tetrathalamus tetrathalamus Pi: 4280 SEM x440
(Haeckel), Lateral view.

5 Didymocyrtis tetrathalamus tetrathalamus Pi: 5582 LM x210
(Haeckel), Polar view of an incom-
pletely developed specimen.

6 Didymocyrtis tetrathalamus tetrathalamus Pi: 5582 LM x210
(Haeckel), Lateral view of an

incompletely developed specimen.

7 Didymocyrtis tetrathalamus tetrathalamus PB: 2869 LM x210
(Haeckel)

8 Didymocyrtis tetrathalamus tetrathalamus PB: 667 LM x210
(Haeckel), A specimen with well
developed outer cortical mesh.

9 Didymocyrtis tetrathalamus tetrathalamus Pi: 4280 SEM x260
(Haeckel)

10 Didymocyrtis tetrathalamus tetrathalamus Pi: 978 SEM x400
(Haeckel), Oblique polar view.

11 Didymocyrtis tetrathalamus tetrathalamus Pi: 5582 SEM x220
(Haeckel)

12 Didymocyrtis tetrathalamus tetrathalamus Pi: 5582 SEM x215
(Haeckel), A specimen with well
developed polar caps.

13 Didymocyrtis tetrathalamus tetrathalamus Pi: 4280 SEM x170
(Haeckel)

14 Didymocyrtis tetrathalamus tetrathalamus Pi: 4280 SEM x280
(Haeckel)

15 Didymocyrtis sp. PB: 2869 LM x210
16 Larnacalpis sp., Frontal view. PB: 2869 LM x210
17 La rn a calpis sp., Later al view. PB: 2869 LM x210
18 Larnacalpis sp., Frontal view. PB: 3769 SEM x170
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PLATE 22
Suborder: Spumellaria

Families: Litheliidae, Phacodiscidae, Actinommidae, Coccodiscidae

Station:
Depth Type of

Figure (m) Micrograph Magnification

1 Larcopyle butschlii Dreyer Pi: 4280 SEM x280
2 Larcopyle butschlii Dreyer E: 389 LM x210
3 Larcopyle butschlii Dreyer PB: 3791 LM x210
4 Larcopyle butschlii Dreyer PB: 3791 LM x210
5 Larcopyle sp. A Pi: 978 SEM x450
6 Larcopyle sp. A PB: 3791 SEM x440
7 Tholospira cervicornis Haeckel group PB: 2869 LM x210
8 Tholospira cervicornis Haeckel group PB: 3791 LM x210
9 Tholospira cervicornis Haeckel group PB: 2869 LM x210
10 Lithe/ius minor ? Jørgensen PB: 667 LM x210
11 Tholospira dendrophora Haeckel PB: 3791 LM x210
12 Tholospira cervicornis Haeckel group PB: 2869 LM x210
13 Actinommidae gen. et sp. indet. Pi: 5582 SEM x350
14 He/iodiscus ? sp. Pi: 5582 SEM x 165

Oblique view.
15 Spongoliva ellipsoides Popofsky PB: 667 LM x210
16 Spongoliva ellipsoides Popofsky PB: 3769 LM x210
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PLATE 23
Suborder: Spumellaria

Families: Phacodiscidae, Pyloniidae, Litheliidae

Station:
Depth Type of

Figure (m) Micrograph Magnification

1 H eliodiscus asteriscus Haeckel Pi: 978 SEM x 165
Oblique view.

2 Heliodisc1ts asteriscus Haeckel PB: 1268 LM x210
3 H eliodiscus asteriscus Haeckel PB: 667 LM x210
4 H eliodiscus echiniscus Haeckel Pi: 5582 SEM x215
5 Heliodiscus echiniscus Haeckel Pi: 4280 SEM x210
6 Heliodiscus echiniscus Haeckel PB: 667 LM x210

Oblique edge view.

7 Hexapyle sp. Pi: 4280 SEM x960
8 Octopyle stenozona Haeckel Pi: 2778 SEM x330

Frontal view.

9 Tetrapyle oct acantha Müller PB: 3769 LM x210
Frontal view.

10 Tetrapyle octacantha Müller E: 389 SEM x315
Polar view.

11 Larcospira quadrangula Haeckel Pi: 5582 SEM x 154
Orientation illustrating the
apparent double spiral
arrangement of girdles.

12 Larcospira quadrangula Haeckel Pi: 978 SEM x 180
Orientation perpendicular

to figure 11.
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PLATE 24
Suborder: N assellaria

Family: Plagiacanthidae; Subfamily: Plagiacanthinae

Station:
Depth Type of

Figure (m) Micrograph Magnification

1 Tetraplecta pinigera Haeckel PB: 3791 LM x160
2 Tetraplecta pinigera Haeckel Pi: 978 SEM x290
3 Tetraplecta pinigera Haeckel Pi: 4280 SEM x 1,100

Detail of central part;
note that the skeleton

is cylindrical rod.
4 Tetraplecta pinigera Haeckel Pi: 4280 SEM x 150
5 Tetraplecta pinigera Haeckel Pi: 4280 LM x210
6 Tetraplecta corynephoTUm ? Jørgensen PB: 1268 LM x105
7 Tetraplecta plectaniscus Haeckel E: 5068 LM x210
8 Clathromitra pterophormis Haeckel Pi: 5582 SEM x 120
9 Cladoscenium ancoratum Haeckel PB: 3791 SEM x440
10 Cladoscenium ancoratum Haeckel Pi: 5582 LM x210
11 Cladoscenium ancoratum Haeckel PB: 2869 LM x210
12 Cladoscenium ancoratum Haeckel PB: 2869 LM x210
13 Cladoscenium ancoratum Haeckel PB: 2869 LM x210
14 Cladoscenium ancoratum Haeckel PB: 2869 LM x210
15 Semantis gracilis? Popofsky PB: 3769 SEM x 1,100
16 Semantis gracilis? Popofsky Pi: 4280 SEM x 1,000
17 Neosemantis cladophora (Jørgensen) Pi: 5582 SEM x72
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PLATE 25
Suborder: N assellaria

Family: Plagiacanthidae; Subfamily: Lophophaeninae

Station:
Depth Type of

Figure (m) Micrograph Magnification

1 Acanthocorys cf. variabilis Popofsky PE: 2869 LM x210
2 Lophophaena decacantha (Haeckel) group PE: 1268 LM x210
3 Lophophaena cy/indrica (Cleve) Pi: 4280 SEM x440
4 Lophophaena cylindrica (Cleve) P i: 4280 SEM x500
5 Lophophaena cylindrica (Cleve) PE: 3791 LM x210
6 Lophophaena cf. capito Ehrenberg PE: 3769 LM x210
7 Lophophaena cf. capito Ehrenberg Pi: 4280 SEM x300
8 Lophophaena cf. capito Ehrenberg Pi: 2778 SEM x300
9 Lophophaena cf. capito Ehrenberg PE: 1268 SEM x250
10 Lophophaena decacantha (Haeckel) group PE: 3791 LM x210
11 Peromelissa pha/acTa Haeckel Pi: 4280 SEM x340
12 Perome/issa pha/acTa Haeckel PE: 2869 LM x210
13 Peromelissa pha/acTa Haeckel PE: 2869 LM x210
14 Peromelissa pha/acTa Haeckel Pi: 978 SEM x500
15 Peromelissa pha/acTa Haeckel Pi: 4280 SEM x520
16 Lithomelissa setosa J ørgensen PE: 2869 LM x210
17 Lithomelissa setosa J ørgensen PE: 2869 LM x210
18 Lithomelissa setosa Jørgensen PE: 3769 SEM xl,400
19 Lithomelissa setosa Jørgensen PE: 3769 SEM xI, 1 00

20 Lithomelissa setosa Jørgensen PE: 3769 SEM xl,710
21 Lithomelissa setosa Jørgensen PE: 2869 LM x210
22 Lithomelissa setosa J ørgensen Pi: 2778 LM x210
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PLATE 26
Suborder: N assellaria

Family: Plagiacanthidae; Subfamilies: Plagiacanthinae, Sethoperinae

Station:
Depth Type of

Figure (m) Micrograph Magnification

1 Pseiidocubus obeliscus Haeckel Pi: 4280 SEM x 720 

2 Pseudocubus primordialis ? (Jørgensen) PB: 3769 SEM x 1,100
3 Phormacantha hystrix J ørgensen Pi: 5582 SEM x 1,200
4 Peridium spinipes Haeckel PB: 3769 SEM x660
5 Peridium spinipes Haeckel PB: 3769 LM x210
6 Peridium spinipes Haeckel PB: 3769 SEM x500
7 Clathrocanium insectum (Haeckel) PB: 2869 LM x210
8 Clathrocanium insecium (Haeckel) Pi: 4280 SEM x230
9 Clathrocanium insecium (Haeckel) Pi: 5582 SEM x290
10 Lithopilium reticulatum Popofsky Pi: 5582 SEM x 190
11 Clathrocanium coarctatum Ehrenberg Pi: 4280 SEM x440
12 Clathrocanium coarctatum Ehrenberg Pi: 4280 SEM x440
13 Clathrocanium coarciatum Ehrenberg Pi: 4280 SEM x390
14 Callimitra emmae Haeckel Pi: 4280 SEM x 165
15 Callimitra annae Haeckel Pi: 4280 SEM x 160
16 Clathrocorys giltschii Haeckel PB: 1268 SEM x 190

Note presence of a cephalic tubule.
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PLATE 27
Su border: N assellaria

Family: Plagiacanthidae; Subfamilies: Plagiacanthinae, Sethoperinae
Family: Acanthodesmiidae

Station:
Depth Type of

Figure (m) Micrograph Magnification

1 Clathrocorys giltschii Haeckel PB: 2869 LM x210
2 Clathrocorys giltschii Haeckel PB: 1268 SEM x 165
3 Clathrocorys giltschii Haeckel PB: 1268 SEM x390

Same specimen; detail of
the cephalis and cephalic
tubule.

4 Clathrocorys miirrayi Haeckel PB: 2869 LM x210
5 Clathrocorys murrayi Haeckel PB: 3791 LM x210
6 Clathrocorys murrayi Haeckel PB: 2869 LM x210
7 Clathrocorys murrayi Haeckel Pi: 4280 SEM x250
8 Clathrocorys murrayi Haeckel Pi: 2778 SEM x260
9 Clathrocorys giltschii Haeckel PB: 3791 LM x210
10 Callimitra solocicribrata Takahashi, n. sp. PB: 3791 LM x210

Paratype
11 Callimitra solocicribrata Takahashi, n. sp. PB: 3791 LM x210

Holotype
12 Neosemantis distephanus 'Popofsky Pi: 4280 SEM x520
13 Zygocircus productus (Hertwig) group Pi: 978 SEM x440
14 Zygocircus productus (Hertwig) group PB: 2869 LM x210
15 Tholospyris sp. group PB: 2869 LM x210
16 Tholospyris sp. group PB: 2869 LM x210
17 Tholospyris sp. group Pi: 978 SEM x440
18 Zygocircus sp. piscicaudatus Pi: 4280 SEM x560

Popofsky
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PLATE 28
Suborder: N assellaria

Family: Acanthodesmiidae

Station:
Depth Type of

Figure (m) Micrograph Magnification

1 Lophospyris juvenile form group Pi: 4280 SEM x630
2 Lophospyris juvenile form group Pi: 5582 SEM x400
3 Lophospyris juvenile form group Pi: 4280 SEM x440
4 Lophospyris juvenile form group Pi: 4280 SEM x330
5 Lophospyris pentagona quadriforis Pi: 4280 SEM x390

(Haeckel), emend. Goll
6 Acanthodesmia vinculata Muller Pi: 3791 SEM x 180

7 Acanthodesmia vinculata Muller Pi: 978 SEM x 180

8 Acanthodesmia vinculata Muller PB: 2869 LM x210
9 Lophospyris pentagon a pentagona PB: 3791 LM x210

(Ehrenberg), emend. Goll
10 Lophospyris pentagon a pentagon a PB: 2869 LM x210

(Ehrenberg), emend. Goll
11 Lophospyris pentagona pentagon a PB: 2869 LM x210

(Ehrenberg), emend. Goll
12 Lophospyris pentagon a pentagona Pi: 4280 SEM x200

(Ehrenberg), emend. Goll
13 Lophospyris pentagon a pentagona Pi: 2778 SEM x300

(Ehrenberg), emend. Goll
14 Lophospyris pentagona pentagona Pi: 5582 SEM x300

(Ehrenberg), emend. Goll
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PLATE 29
Suborder: N assellaria

Family: Acanthodesmiidae

Station:
Depth Type of

Figure (m) Micrograph Magnification

1 Lophospyris pentagona hyperborea Pi: 4280 SEM x360

(Jørgensen), emend. Goll
2 Lophospyris pentagona hyperborea Pi: 4280 SEM x360

(Jørgensen), emend. Goll
3 Lophospyris pentagona hyperborea PB: 2869 LM x210

(Jørgensen), emend. Goll
4 Lophospyris cheni Goll PB: 3791 LM x210
5 Lophospyris pentagona hyperborea Pi: 978 SEM x210

(Jørgensen), emend. Goll
6 Lophospyris pentagona hyperborea Pi: 4280 SEM x470

(Jørgensen), emend. Goll
7 Lophospyris pentagona hyperborea PB: 3791 LM x210

(Jørgensen), emend. Goll
8 Lophospyris pentagona hyperborea PB: 2869 LM x210

(Jørgensen), emend. Goll
Apical view

9 Lophospyris pentagona hyperborea Pi: 5582 LM x210

(Jørgensen), emend. Goll
10 Lophospyris pentagona hyperborea PB: 2869 LM x210

(Jørgensen), emend. Goll
11 Phormospyris stabilis scaphipes Pi: 4280 SEM x500

(Haeckel)
12 Phormospyris stabilis scaphipes PB: 3791 SEM x720

(Haeckel)
13 Phormospyris sp. afr. L. penta- Pi: 978 SEM x440

gona hyperborea (Jørgensen)
14 Phormospyris stabilis scaphipes Pi: 978 SEM x770

(Haeckel)
15 Phormospyris stabilis capoi Goll PB: 3769 LM x210
16 Phormospyris stabilis capoi Goll Pi: 4280 SEM x280
17 Phormospyris stabilis capoi Goll Pi: 2778 LM x210
18 Phormospyris stabilis capoi Gall Pi: 2778 LM x210
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PLATE 30
Suborder: N assellaria

Family: Acanthodesmiidae

Station:
Depth Type of

Figure (m) Micrograph Magnification

1 Dictyospyris sp. group PB: 3791 LM x210
2 Ph ormospyris stabilis stabilis (Goll) Pi: 2778 LM x210
3 Phormospyris stabilis stabilis (Goll) PB: 2869 LM x210
4 Phormospyris stabilis stabilis (Goll) Pi: 2778 LM x210
5 Phormospyris stabilis stabilis (Goll) Pi: 4280 SEM x390
6 Phormospyris ? sp. PB: 3769 LM x210
7 Nephrospyris renilla renilla Haeckel PB: 3769 LM xl06
8 N eph rospyris renilla renilla Haeckel PB: 3769 SEM x80
9 N ephrospyris renilla renilla Haeckel Pi: 4280 LM x210

A specimen with only a central
part.

10 Nephrospyris renilla lana Goll PB: 3791 RLM x80
11 Liriospyris sp. PB: 3769 SEM x140
12 Androspyris reticulidisca Takahashi, n. sp. PB: 3791 LM x160

Holotype
13 Androspyris reticulidisca Takahashi, n. sp. PB: 667 SEM x 110 

Paratype
14 Androspyris reticulidisca Takahashi, n. sp. PB: 3791 RLM x80
15 Androspyris huxleyi (Haeckel) PB: 3791 RLM x80
16 Androspyris huxleyi (Haeckel) PB: 667 LM x157
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PLATE 31
Suborder: N assellaria

Family: Acanthodesmiidae

Station:
Depth Type of

Figure (m) Micrograph Magnification

1 Androspyris ramosa (Haeckel) Pi: 4280 SEM x220
2 Androspyris ramosa (Haeckel) Pi: 4280 SEM x250
3 Cephalospyris cancellata Haeckel PB: 3791 LM x170
4 Cephalospyris cancellata Haeckel PB: 2869 LM x210
5 Cantharospyris platybursa Haeckel PB: 2869 LM x210
6 Tholospyris baconiana baconiana PB: 2869 LM x210

Goll
7 Tholospyris baconiana baconiana PB: 3769 LM x210

Goll
8 Tholospyris baconiana variabilis E: 389 LM x210

Goll
9 Tholospyris macropora (Popofsky) E: 389 LM x210
10 Liriospyris thorax (Haeckel) PB: 1268 LM x210

laticapsa Takahashi, n. subsp.
Paratype

11 Liriospyris thorax (Haeckel) PB: 3791 LM x210
laticapsa Takahashi, n. subsp.
Holotype

12 Liriospyris thorax thorax (Haeckel) PB: 1268 SEM x250
13 Liriospyris thorax (Haeckel) PB: 667 SEM x 130

laticapsa Takahashi, n. subsp.
14 Liriospyris reticulata Pi: 4280 SEM x250

(Ehrenberg)
15 Liriospyris reticulata Pi: 4280 SEM x350

(Ehrenberg)
16 Liriospyris reticulata Pi: 4280 SEM x250

(Ehrenberg)
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PLATE 32
Suborder: N assellaria

Family: Sethophormididae

Station:
Depth Type of

Figure (m) Micrograph Magnification

1 Tetraphormis rotula (Haeckel) Pi: 4280 SEM x 180
2 Tetraphormis rotula (Haeckel) Pi: 5582 LM x210
3 Tetraphormis rotula (Haeckel) Pi: 5582 LM x210
4 Lampromitra schultzei (Haeckel) Pi: 4280 SEM x 180
5 Lampromitra schultzei (Haeckel) PB: 3791 LM x210
6 Dictyophimus butschlii Haeckel Pi: 2778 LM x210
7 Tetraphormis dodecaster (Haeckel) PB: 3791 SEM x340
8 Lampromitra cracenta Takahashi, n. sp. PB: 3791 LM x210
9 Theophormis callipilium Haeckel Pi: 4280 SEM xl00

Oblique basal view.
10 Theophormis callipilium Haeckel Pi: 5582 SEM x 120

Apical view.

11 Theophormis callipilium Haeckel PB: 3791 LM x 153
Basal view.

12 Theophormis callipilium Haeckel Pi: 5582 LM x210
Apical view.



Plate 32 241



242 Kozo Takahashi

PLATE 33
Suborder: N assellaria

Family: Sethophormididae

Station:
Depth Type of

Figure (m) Micrograph Magnification

1 Eucecryphalus sp. PE: 1268 LM x210
2 Lampromitm cachoni PE: 2869 LM x210

Petrushevskaya
3 Lampromitm cachoni PE: 3791 LM x210

Petrushevskaya
4 Eucecryphalus tricostatus PE: 2869 LM x210

(Haeckel)
5 Eucecryphalus sestrodiscus PE: 3791 LM x210

(Haeckel)
6 Eucecryphalus tricostatus PE: 1268 SEM x200

(Haeckel)
Oblique apical view.

7 Eucecryphalus sestrodiscus Pi: 2778 SEM x220

(Haeckel)
8 Eucecryphalus sestrodiscus Pi: 4280 SEM x340

(Haeckel)
9 Corocalyptm cervus (Ehrenberg) PE: 3791 LM x210

10 Corocalyptm cervus (Ehrenberg) PE: 2869 SEM x280
11 Corocalyptm cervus (Ehrenberg) Pi: 4280 SEM x250
12 Corocalyptm cervus (Ehrenberg) Pi: 2778 SEM x 220 

13 Eucecryphalus gegenbauri Haeckel Pi: 978 LM x210
14 Eucecryphalus gegenbauri Haeckel Pi: 978 LM x210
15 Eucecryphalus gegenbauri Haeckel PE : 3791 SEM x450
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PLATE 34
Suborder: N assellaria

Family: Sethophormididae

Station:
Depth Type of

Figure (m) Micrograph Magnification

1 Lampromitra spinosiretis Takahashi, n. sp. PB: 3791 SEM x165
Holotype

2 Lampromitra spinosiretis Takahashi, n. sp. PB: 3791 LM x210
Paratype

3 Phrenocodon clathrostomium Pi: 4280 LM x210
Haeckel

4 Phrenocodon clathrostomium PB: 3769 LM x210
Haeckel

5 Eucecryphal1s europae (Haeckel) PB: 3791 LM x210
6 Eucecryphalus europae (Haeckel) Pi: 5582 LM x210
7 Lampromitra spinosiretis Takahashi, n. sp. PB: 2869 LM x210
8 Clathrocyclas sp. Pi: 4280 SEM x280
9 Clathrocyclas monumentum Pi: 2778 LM x210

(Haeckel )
10 Clathrocyclas monumentum Pi: 4280 LM x210

(Haeckel)
11 Clathrocyclas monumenium Pi: 2778 LM x210

(Haeckel)
12 Clathrocyclas cassiopejae Pi: 4280 SEM x 150

Haeckel
Lateral view.

13 Clathrocyclas cassiopejae Pi: 5582 SEM x220
Haeckel
Apical view.

14 Clathrocyclas cassiopejae Pi: 5582 SEM x220
Haeckel
Oblique apical view.
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PLATE 35
Suborder: N assellaria

Family: Sethophormididae
Family: Theoperidae; Subfamily: Plectopyramidinae

Station:
Depth Type of

Figure (m) Micrograph Magnification

1 Eucecryphalus clinatus Takahashi, n. sp. PB: 2869 LM x210
Holotype

2 Eucecryphalus clinatus Takahashi, n. sp. PB: 2869 LM x210
Paratype

3 Cornutella profunda Ehrenberg E: 988 LM x210
4 Cornutella profunda Ehrenberg Pi: 4280 LM x210

A specimen with a long
thick apical horn.

5 Cornutella profunda Ehrenberg PB: 3769 SEM x280
6 Cornutella profunda Ehrenberg PB: 3769 SEM X 2040

Detail of shell surface.
7 Cornutella profunda Ehrenberg PB: 3769 SEM x330

Same specimen.
8 Cornutella profunda Ehrenberg Pi: 2778 LM x210
9 Cornutella profunda Ehrenberg Pi: 978 LM x210

A specimen with thick
skeleton.

10 Peripyramis circumtexta Haeckel Pi: 2778 SEM x80
A specimen with long ribs.

11 Peripyramis circumtexta Haeckel E: 988 LM x210
12 Peripyramis circumtexta Haeckel E: 5068 LM x210

Apical view.

13 Peripyramis circumtexta Haeckel Pi: 5582 SEM x 180

14 Litharachnium tentorium Haeckel PB: 2869 LM x210
15 Litharachnium tentorium Haeckel PB: 3791 LM x210

Apical view.

16 Litharachnium tentorium Haeckel PB: 3769 SEM x83
Apical view.

17 Litharachnium tentorium Haeckel Pi: 5582 SEM x 150

Oblique view.
18 Litharachnium tentorium Haeckel Pi: 2778 LM x210

Lateral view.



Plate 35 247



248 Kozo Takahashi

PLATE 36
Suborder: N assellaria

Family: Theoperidae; Subfamilies: Plectopyramidinae, Eucyrtidiinae

Station:
Depth Type of

Figure (m) Micrograph Magnification

1 Litharachnium eupilium (Haeckel) PE: 3769 LM x210
Apical view.

2 Litharachnium eupilium (Haeckel) PB: 3769 LM x210
Apical view.

3 Litharachnium eupilium (Haeckel) PB: 1268 SEM x220
Lateral view.

4 Litharachnium eupilium (Haeckel) PE: 3791 LM x210
Oblique lateral view.

5 Archipilium sp. aff. Pi: 4280 SEM x370
A. orthopterum Haeckel

6 Archipilium macropus ? (Haeckel) PB: 3769 LM x210
7 ArchipilÌ1tm sp. aff. Pi: 4280 SEM x430

A. orthopterum Haeckel

8 Pteroscenium pinnatum Haeckel PB: 667 LM x210
9 Pterosceiiium piiinatum Haeckel PB: 3791 SEM x 140

10 Pterocanium trilobum (Haeckel) Pi: 4280 SEM x230
11 Pferocaiiium trilobum (Haeckel) Pi: 5582 SEM x 130
12 Pterocaiiium grandiporus Nigrini PB: 3791 LM x210
13 Pterocanium grandiporus Nigrini PB: 3791 LM x210
14 Pterocanium praetextum PB: 1268 SEM x 154

(Ehrenberg) eucolpum Haeckel
15 Pterocanium praetextum E: 389 LM x210

praetextum (Ehrenberg)

16 Pterocanium praetextum Pi: 5582 LM x210
praetextum (Ehrenberg)

17 Pterocanium praetextum P i: 5582 LM x210
praetextum (Ehrenberg)

18 Pterocanium praetextum Pi: 5582 SEM x220
pra etextum (Ehrenberg)
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PLATE 37
Suborder: N assellaria

Family: Theoperidae; Subfamily: Eucyrtidiinae

Station:
Depth Type of

Figure (m) Micrograph Magnification

1 Dictyophimiis sp. A PB: 667 SEM x 120
2 Dictyophimiis crisiae Ehrenberg PI: 4280 SEM x 130
3 Dictyophimiis infabricatiis Nigrini PI: 978 SEM x230
4 Dictyophimiis infabricatiis Nigrini PB: 3791 LM x210
5 Dictyophimiis infabricatiis N igrini PB: 2869 SEM x220
6 Dictyocodon elegans (Haeckel) PB: 3769 LM x210
7 Dictyocodon elegans (Haeckel) PI: 5582 SEM x 154
8 Dictyocodon palladiiis Haeckel PI: 2778 SEM x 180

One spine on the cephalis
broken off.

9 Dictyocodon elegans (Haeckel) PI: 5582 SEIvI x 100
10 Dictyocodon palla diiis Haeckel PI: 4280 SEIvI x 130
11 Dictyocodon palla diiis Haeckel PB: 2869 SEM x 105
12 Pseiidodictyophimiis gracilipes PB: 3769 SEM x610

(Bailey)
13 Pseiidodictyophinws gracilipes PI: 4280 SEM x350

(Bailey)
14 Pseiidodictyophimiis gracilipes PB: 3769 LM x210

(Bailey)



Plate 37 251



252 J(ozo Takahashi

PLATE 38
Suborder: NassellarIa

Family: Theoperidae; Subfamily: Eucyrtidiinae
Families: Pterocorythidae, Artostrobiidae

Station:
Depth Type of

Figure (m) Micrograph Magnification

1 Conicavlls tipiopsis Takahashi, n. sp. PB: 1268 SEM x66
Paratype

2 Conicavlls tipiopsis Takahashi, n. sp. PB: 3791 RLM x80
3 Conicamis tipiopsis Takahashi, n. sp. PB: 3791 RLM x80

a~c: specimens with 3 feet;
d: a specimen with 4 feet.

4 Conicavlls tipiopsis Takahashi, n. sp. PB: 3791 LM x92
Holotype

5 Conicavlls tipiopsis Takahashi, n. sp. PB: 3769 LM x66
Paratype

6 Conicavlls tipiopsis Takahashi, n. sp. PB: 667 SEM x 100
Paratype

7 Sethoconiis myxobrachia Pi: 2778 LM x 100
Strelkov and Reshetnyak

8 Sethocoiws myxobrachia PB: 3769 LM x60
Strelkov and Reshetnyak

9 A rtostroblls aniwlai1is (B ailey) E: 988 LM x210
10 Artostroblls annlllatlls (Bailey) E: 988 LM x210
11 Ellcyrtidillm spp. A group Pi: 2778 LM x210
12 Ellcyrtidillm spp. A group Pi: 5582 LM x210
13 EllcyrtidÚim spp. A group PB: 3791 LM x390
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PLATE 39
Suborder: N assellaria

Family: Theoperidae; Subfamily: Eucyrtidiinae

Station:
Depth Type of

Figure (m) Micrograph Magnification

1 Conarachnium polyacanthum Pi: 2778 LM x240
(Popofsky)

2 Conarachnium polyacanthum Pi: 4280 SEM x 120

(Popofsky)
3 Conarachnium polyacanthum PB: 2869 LM x210

(Popofsky)
4 Conarachnium polyacanthum PB: 3791 LM x210

(Popofsky)
5 Conaraclinium parabolicum Pi: 5582 SEM x 100

(Popofsky)
6 Conarachnium parabolicum PB: 3769 LM x 156

(Popofsky)
7 Conaraclinium facetum (Haeckel) Pi: 5582 SEM x 165
8 Dictyopliimus macropterus Pi: 4280 SEM x550

(Ehrenberg)
9 Dictyopliimus macropterus Pi: 978 SEM x440

(Ehrenberg)
10 Dictyophimus macropterus PB: 3769 LM x210

(Ehrenberg)
11 Dictyophimus macropterus Pi: 5582 LM x210

(Ehrenberg)
12 Dictyophimus sp. B Pi: 4280 SEM x340
13 Stichopilium bicorne Haeckel PB: 3769 LM x210
14 Stichopiliiim bicorne Haeckel PB: 3791 LM x210
15 Stichopilium bicorne Haeckel PB: 1268 SEM x220
16 Stichopilium bicorne Haeckel Pi: 4280 LM x210
17 Stichopilium bicorne Haeckel PB: 3769 LM x210
18 Stichopilium bicorne Haeckel PB: 3791 SEM x230
19 Sticliopilium bicorne Haeckel Pi: 4280 SEM x250
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PLATE 40
Suborder: N assellaria

Family: Theoperidae; Subfamily: Eucyrtidiinae

Station:
Depth Type of

Figure (m) Micrograph Magnification

i Lithopera bacca Ehrenberg Pi: 4280 SEM x390
2 Lithopera bacca Ehrenberg Pi: 4280 SEM x230
3 Cyrtopera languncula Haeckel PB: 3769 SEM x 190

4 Cyriopera languncula Haeckel PB: 3769 SEM x 140

5 Cyriopera langunc1ila Haeckel Pi: 4280 SEM x440
6 Cyrtopera languncula Haeckel PB: 3791 LM x210
7 Cyrtopera aglaolampa Takahashi, n. sp. Pi: 2778 LM x210

Holotype
8 Cyrtopera aglaolampa Takahashi, n. sp. PB: 3769 SEM x 120

Paratype
9 Triacanus undulaium (Popofsky) Pi: 4280 SEM x280

10 Triacanus undulaium (Popofsky) PB: 2869 LM x210
11 Theocorys veneris Haeckel Pi: 4280 SEM x440
12 Theocorys veneris Haeckel PB: 3791 SEM x370
13 Theocorys veneris Haeckel PB: 2869 LM x210
14 Theocorys veneris Haeckel PB: 2869 LM x210
15 Theocoryihium trachelium Pi: 5582 SEM x240

irachelium (Ehrenberg)

16 Theocoryihium trachelium Pi: 978 LM x210
trachelium (Ehrenberg)

17 Lipmanella diciyoceras (Haeckel) PB: 2869 LM x210
18 Lipmanella pyramidale (Popofsky) Pi: 5582 SEM x280
19 Lipmanella virchowii (Haeckel) PB: 2869 LM x210
20 Lipmanella virchowii (Haeckel) PB: 2869 LM x210
21 Lipmanella virchowii (Haeckel) PB: 2869 LM x210
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PLATE 41
Suborder: N assellaria

Family: Theoperidae; Subfamily: Eucyrtidiinae
Family: Pterocorythidae

Station:
Depth Type of

Figure (m) Micrograph Magnification

1 Lithostrobus hexagonalis Haeckel PE: 667 LM x210
2 Lithostrobus hexagonalis Haeckel Pi: 5582 SEM x220
3 Lithostrobus hexagonalis Haeckel PB: 3791 SEM x 165
4 Theocalyptra bicornis (Pop of sky ) E: 988 LM x210
5 Theocalyptra bicornis (Popofsky) Pi: 378 LM x210
6 Theocalyptra bicornis (Popofsky) E: 988 LM x210
7 Theocalyptra davisiana PE: 3791 LM x210

davisiana (Ehrenberg)

8 Theocalyptra bicornis (Popofsky) Pi: 5582 LM x210
9 Theocalyptra bicornis (Popofsky) Pi: 4280 SEM x550
10 Theocalyptra bicornis (Popofsky) Pi: 4280 SEM x440
11 Theocalyptra bicornis (Popofsky) Pi: 4280 SEM x390
12 Theocalyptra davisiana PE: 3791 LM x210

corn utoides (Petrushevskaya)
13 Theocalyptra davisiana Pi: 5582 LM x210

cornutoides (Petrushevskaya)

14 Theocalyptra davisiana Pi: 4280 SEM x830
cornutoides (Petrushevskaya)

15 Theocalyptra davisiana Pi: 4280 SEM x440
corn iitoides (Petrushevskaya)

16 Theocalyptra davisiana Pi: 4280 SEM x360
corniitoides (Petrushevskaya)

17 Tetracorethra tetracorethra PB: 3769 LM x85

(Haeckel)
18 Tetracorethra tetracorethra Pi: 5582 SEM x 154

(Haeckel)
19 A nthocyrtidium zanguebaricum PE: 2869 LM x210

(Ehrenberg)
20 A ntliocyrtidium zanguebaricum Pi: 4280 SEM x230

(Ehrenberg)
21 Anthocyrtidium zanguebaricum PE: 3791 SEM x250

(Ehrenberg)
22 A nthocyrtidiiim zanguebariciim Pi: 4280 SEM x360

(Ehrenberg)
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PLATE 42
Suborder: N assellaria

Family: Pterocorythidae

Station:
Depth Type of

Figure (m) Micrograph Magnification

1 Pterocorys zancleus (Müller) Pi: 5582 SEM x300
2 Pterocorys zancleus (M üller) Pi: 4280 SEM x440
3 Pterocorys zancleus (M üller) Pi: 4280 SEM x300
4 Pterocorys zancleus (Müller) Pi: 4280 LM x210
5 Pterocorys campanula Haeckel P i: 978 SEM x580
6 Pterocorys campanula Haeckel PB: 667 LM x210
7 Pterocorys campanula Haeckel PB: 3769 LM x210
8 Pterocorys campanula Haeckel Pi: 4280 SEM x220
9 Eucyrtidium acuminatum PB: 1268 SEM x 180

(Ehrenberg)
10 Eucyrtidium acuminatum PB: 1268 SEM x 165

(Ehrenberg)
11 Eucyrtidium anomalum (Haeckel) Pi: 5582 SEM x220
12 Eucyrtidium anomalum (Haeckel) PB: 2869 LM x210
13 Eucyrtidium anomalum (Haeckel) PB: 3769 LM x210
14 Eucyrtidium anomalum (Haeckel) Pi: 4280 LlvI x210
15 Eucyrtidium sp. afr. Pi: 5582 LM x210

E. anomalum (Haeckel)
16 Eucyrtidium acuminatum Pi: 4280 SEM x250

(Ehrenberg)
17 Eucyrtidium acuminatum Pi: 4280 SEM x250

(Ehrenberg)
18 Eucyrtidium hexagonatum Pi: 5582 SEl\1 x220

Haeckel
19 Eucyrtidium hexagonatum PB: 2869 LM x210

Haeckel
20 Eucyrtidium acuminatum PB: 3769 LM x210

(Ehrenberg)
21 Eucyrtidium diciyopodium Pi: 5582 SEM x 165

(Haeckel)
22 Eucyrtidium hexastich um PB: 3769 LM x210

(Haeckel)
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262 Kozo Takahashi

PLATE 43
Suborder: N assellaria

Family: Pterocorythidae

Station:
Depth Type of

Figure (m) Micrograph Magnification

1 A nthocyrtidiu m ophirense PE: 2869 LM x210

(Ehrenberg)
2 A nthocyrtidiu m ophirense P l 5582 SEM x200

(Ehrenberg)
3 Anthocyrtidium ophirense Pi: 4280 SEM x230

(Ehrenberg)
4 A nthocyrtidium ophirense PE: 3791 SEM x165

(Ehrenberg)
5 Anthocyrtidium ophirense Pi: 4280 SEM x220

(Ehrenberg)
6 A nthocyrtidium ophirense P i: 978 LM x210

(Ehrenberg)
7 A nthocyrtidiu m ophirense Pi: 4280 SEM x340

(Ehrenberg)
8 Lamprocyc/as maritalis Pi: 4280 SEM x170

maritalis Haeckel

9 Lamprocyc/as maritalis E: 3755 LM x210
maritalis Haeckel

10 Lamprocyc/as maritalis Pi: 2778 TEM x19,200
maritalis Haeckel

A skeletal cross section of
an interporous bar showing
uniform and solid features
with little dissolution on
the margin. The conchoidal

fractures are due to sectioning.

11 Lamprocyc/as maritalis Pi: 5582 TEM x 52,200

maritalis Haeckel

A more progressed stage of
dissolution than the above
(figure 10) showing porous
marginal area.

12 Lamprocyc/as maritalis PE: 3791 LM x210
polypora Nigrini

13 Lamprocyc/as maritalis E: 5068 LM x210
maritalis Haeckel

14 Lamprocyc/as maritalis PE: 3791 SEM x180
maritalis Haeckel

15 Lamprocyc/as maritalis PE: 3791 LM x210
polypora Nigrini

16 Lamprocyrtis sp. PE: 3791 LM x210
17 Lamprocyrtis nigriniae (Caulet) PE: 2869 LM x210
18 Lamprocyrtis nigriniae (Caulet) PE: 2869 LM x210
19 Lamprocyrtis nigriniae (Caulet) PE: 3769 LM x210
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PLATE 44
Suborder: N assellaria

Family: Artostrobiidae

Station:
Depth Type of

Figure (m) Micrograph Magnification

1 Spirocyriis scalaris Haeckel E: 389 LM x210
2 Spirocyrtis scalaris Haeckel PB: 1268 SEM x200
3 Spirocyrtis subscalaris Nigrini PB: 3791 SEM x330
4 Spirocyrtis subscalaris Nigrini PB: 1268 SEM x330
5 Spirocyrtis subscalaris Nigrini PB: 3769 SEM x440

An inside view of purposely
broken specimen.

6 Spirocyrtis subscalaris Nigrini PB: 3791 LM x210
7 Spirocyrtis ? platycephala PB: 3791 LM x210

(Ehrenberg) group
8 Spirocyrtis ? platycephala Pi: 5582 LM x210

(Ehrenberg) group
9 Botryostrobus aquilonaris E: 5068 LM x210

(Bailey)
10 Botryostrobus aquilonaris PB: 2869 LM x210

(Bailey)
11 Botryostrobus aquilonaris Pi: 978 SEM x370

(Bailey)
12 Botryostrobus aquilonaris PB: 3791 SEll1 x250

(Bailey)
13 Botryostrobus aquilonaris PB: 1268 SEM x390

(Bailey)
Specimen with rough surface.

14 Phormostichoarius corbula PB: 2869 LM x210
(Harting)

15 Phormostichoarius corbula PB: 2869 LM x210
(Harting)

16 Phormostichoarius corbula Pi: 4280 SEM x420
(Harting)

17 Sithocampe lineata (Ehrenberg) PB: 1268 SEM x280
18 Sithocampe lineata (Ehrenberg) PB: 3769 SEM x250
19 Sithocampe lineata (Ehrenberg) PB: 2869 LM x210
20 Sithocampe lineata (Ehrenberg) PB: 1268 SEM x880

Same specimen as in figure
17; detail of surface texture.

21 Sithocampe arachnea (Ehrenberg) PB: 3769 SEM x410
22 Sithocampe arachnea (Ehrenberg) PB: 3769 SEM x520
23 Sithocampe arachnea (Ehrenberg) PB: 2869 LM x210
24 A rto botrys borealis (Cleve) Pi: 978 SEM x660
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PLATE 45
Suborder: Nassellaria

Families: Artostrobiidae, Carpocaniidae, Cannobotryidae

Station:
Depth Type of

Figure (m) Micrograph Magnification

1 A rto botrys borealis (Cleve) PB: 3769 SEM x610
2 A rto botrys borealis (Cleve) PB: 2869 LM x405
3 A rto botrys borealis (Cleve) PB: 2869 LM x210
4 Carpocanistrum. flosculum. Haeckel Pi: 4280 SEM x470
5 Carpocanistrum. cephalum. Haeckel Pi: 5582 SEM x450
6 Carpocanistrum. flosculum. Haeckel Pi: 4280 SEM x550
7 Carpocanistrum. flosculum. Haeckel Pi: 5582 SEM x470
8 Carpocanistrum. favosum. (Haeckel) Pi: 978 SEM x470
9 Carpocanistrum acutidentatum. Takahashi, n. sp. Pi: 4280 SEM x440
10 Carpocanistrum. coronatum. Haeckel Pi: 5582 LM x210
11 Carpocanistrum. sp.
12 Carpocanistrum. cephalum. Haeckel Pi: 5582 LM x210
13 Carpocanistrum. acutidentatum. Takahashi, n. sp. Pi: 4280 SEM x340

Holotype
14 Carpocanistrum. acutidentatum Takahashi, n. sp. PB: 1268 SEM x300

Paratype
15 Carpocanistrum. acutidentatum. Takahashi, n. sp. PB: 1268 SEM x330

Paratype
16 Carpocanarium. papillosum. (Ehrenberg) PB: 3791 LM x210
17 Carpocanarium. papillosum. (Ehrenberg) PB: 2869 LM x210
18 Acrobotrys teralans Renz PB: 2869 LM x210
19 Acrobotrys teralans Renz PB: 2869 LM x210
20 Acrobotrys tessarolobon Takahashi, n. sp. Pi: 978 SEM x450
21 Saccospyris preantarctica Pi: 4280 SEM x630

Petrushevskaya
22 Acrobotrys chelinobotrys Takahashi, n. sp. Pi: 4280 SEM x550

Paratype
23 Acrobotrys chelinobotrys Takahashi, n. sp. PB: 3769 LM x210

Paratype
24 Acrobotrys chelinobotrys Takahashi, n. sp. Pi: 978 LM x210

Holotype
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PLATE 46
Su border: N assellaria

Families: Cannobotryidae, Archiphormididae

Station:
Depth Type of

Figure (m) Micrograph Magnification

1 Ceniroboirys ihermophila PI: 4280 SEM x350
Petrushevskaya

2 Ceniroboirys ihermophila PI: 4280 LM x210
Petrushevskaya

3 N eoboirys quadriiuberosa Popofsky PB: 2869 LM x210
4 Boiryocyriis sp. A PI: 4280 SEM x580
5 Boiryocyriis sp. A P ¡: 978 SEM x660
6 Boiryocyriis scuium (Harting) PB: 2869 LM x210
7 Boiryocyriis scuium (Harting) PI: 5582 LM x210
8 Boiryocyriis elongaium Takahashi, n. sp. PB: 3769 LM x210

Holotype
9 Boiryocyriis elongaium Takahashi, n. sp. PI: 4280 SEM x 230 

Paratype
10 Arachnocalpis ? sp. A PB: 1268 LM x84
11 Arachnocalpis sp. B PB: 3769 LM x210
12 Arachnocalpis? ovaiireialis Takahashi, n. sp. PB: 3769 LM x210

Paratype
13 A rachnocalpis ? ovaiireialis Takahashi, n. sp. PB: 3791 LM x210

Paratype
14 Arachnocalpis ? ovatireialis Takahashi, n. sp. PB: 667 SEM x 180

Holotype
15 A rachnocalpis ellipsoides ? Haeckel PI: 2778 LM x210

Probably a deformed or

broken specimen.

16 Arachnocalpis ? sp. C PI: 2778 LM x210
17 Arachnocalpis ellipsoides Haeckel PI: 2778 LM x210
18 A typical view of a portion of untreated PI: 4280 SEM x80

filtered sample (250~63 11m fraction).
Note predominance of Radiolaria over
diatoms and Foraminifera in this size
fraction.
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PLATE 47
Suborder: Phaeodaria
Family: Challengeriidae

Station:
Depth Type of

Figure (m) Micrograph Magnification

1 Challengeron willemoesii Haeckel PB: 667 SEM x 120

Ovate form; lateral view.
2 Challengeron willemoesii Haeckel PB: 667 SEM x 100

Ov.ite form; oblique dorsal view.

3 Challeiigeroii willemoesii Haeckel E: 988 LM x210
Ovate form; lateral view.

4 Challeiigeron willemoesii Haeckel E: 988 LM x210
Ovate form; lateral view,

5 Challeiigeron willemoesii Haeckel PB: 1268 LM x210
Ellipsoidal form; lateral view.

6 Challengeron willemoesii Haeckel Pi: 2778 SEM x 190

Ellipsoidal form; lateral view.

7 Challengeron willemoesii Haeckel PB: 1268 SEM x215
Ellipsoidal form; lateral view.

Specimen purposely broken for
observation of microstructure.

S Challengeron willemoesii Haeckel PB: 3791 SEM x330
An extensively dissolved specimen.
Note skeletal microstructure.

9 Challeiigeroii willemoesii Haeckel PB: 3791 SEM xSOO

Same specimen; outside surface.
10 Challengeron willemoesii Haeckel PB: 3791 SEM x 2,600

Same specimen; inside and
outside surfaces of amphora
structure are shown.

11 Challengeron willemoesii Haeckel PB: 1268 SEM x 3,400
Typical sediment trap specimen

showing solid unit of amphorae
and porous cementing unit between

amphorae; cross section and inside
surface.

12 Challengeron willemoesii Haeckel PB: 667 TEM x 11,900
A section of figure 11; note the
porous area is composed of tubes.

13 Challengeron willemoesii Haeckel Pi: 978 SEM X 2,400

Relatively undissolved specimen
showing indistinguishable porocIy
between amphorae and cementing units.a

14 Challengeron willemoesii Haeckel PB: 0-100 TEM x20,l00
Cross section of undissolved specimen.b plankton

tow

aNotice how necks of amphorae secure themselves with inside surface membrane.
bNote that pores (ca. 50-500 angstom in diameter) are distributed in the part corresponding to the cementing

unts of figues 8-12, but not on surfaces of amphorae nor outside of shell; conchoidal fractures are artifact due to
sectioning.
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PLATE 48
Suborder: Phaeodaria
Family: Challengeriidae

Station:
Depth Type of

Figure (m) Micrograph Magnification

1 Challengeron lingi Takahashi, n. sp. Pi: 378 SEM x385
Ovate form; oral view.

2 Challengeron lingi Takahashi, n. sp. PB: 2869 SEM x230
Paratype
Ovate form; oblique oral view.

3 Challengeron lingi Takahashi, n. sp. Pi: 978 SEM x180
Holotype
Ovate form; oblique ventral view.

4 Challengeron lingi Takahashi, n. sp. Pi: 2778 LM x210
Paratype
Ovate form; lateral view.

5 Challengeron lingi Takahashi, n. sp. Pi: 978 SEM x220
Paratype
Ellipsoidal form; lateral view.

6 Challengeron radians Borgert E: 389 LM x210
7 Challengerosium balfouri (Murray) E: 389 LM x210
8 Challengerosium balfouri (Murray) E: 389 SEM x 5,760

Microstructure composed of
amphorae, outside and inside
surface layers and porous
cement.

9 Challengerosium balfouri (Murray) E: 389 SEM x 140

Ventral view with alveolate
stripe on the sagital margin.

10 Challengerosium balfouri (Murray) E: 389 SEM x190
Lateral view with alveolate
zone on the marginal edge.

11 Challengeron tizardi (Murray) PB: 1268 SEM x2,100
Microstructure showing regularly
arranged amphorae cemented
with porous silica.

12 Challengeron tizardi (Murray) PB: 1268 SEM x 140

Specimen purposely broken for
microstructural observations.

13 Challengeron tizardi (Murray) PB: 1268 LM x160
Lateral view.

14 Challengeron tizardi (Murray) PB: 1268 SEM x 120
Lateral view.

15 Challengeron tizardi (Murray) PB: 1268 SEM x120
Same specimen; oblique apical view.

16 Challengeron tizardi (Murray) PB: 1268 SEM x120
Same specimen; ventral view.
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PLATE 49
Suborder: Phaeodaria

Family: Challengeriidae

Station:
Depth Type of

Figure (m) Micrograph Magnification

i Challengerosium avicularia Haecker Pi: 2778 SEM x215
Ventral view.

2 Challengerosium avicularia Haecker Pi: 978 SEM x215
Lateral view.

3 Challengerosium avicularia Haecker Pi: 2778 SEM x210
Lateral view.

4 Challengerosium aviwlaria Haecker Pi: 2778 LM x210
Lateral view.

5 Challengerosium avicularia Haecker Pi: 2778 SEM x220
Later al view.

6 Challengerosium aviwlaria Haecker Pi: 2778 SEM x200
Same specimen; oblique lateral
view.

7 Challengerosium avicularia Haecker Pi: 2778 LM x210
Oblique lateral view.

8 Challeiigerosium avicularia Haecker Pi: 2778 SEM x240
Lateral view of specimen
with two spines.

9 Challeiigerosium avicularia Haecker Pi: 4280 SElVI x250
Specimen with pores connected
with outside surface; considered

to be dissolved.

10 Challengerosium avicularia Haecker Pi: 2778 LM x210
A specimen without spines.

11 Challengerosium avicularia Haecker Pi: 2778 SEM x830
Microstructure near oral teeth.
Note amphoral structure predom-
inant in main body of shell does
not extend to teeth.

12 Challeiigerosium avicularia Haecker Pi: 978 SEM xl,OOO
Two different kinds of surfaces;
alveolate marginal zone and
smooth central zone.

13 Challengerosium avicularia Haecker Pi: 2778 SEM x2,150
Cross-sectional microstructure
showing the same morphology in
the alveolate and smooth zones.

14 Protocystis sp. A Pi: 978 SEM x280
15 Protocystis sp. A Pi: 978 SEM x280
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PLATE 50
Suborder: Phaeodaria
Family: Challengeriidae

Station:
Depth Type of

Figure (m) Micrograph Magnification

1 Protocystis honjoi Takahashi, n. sp. PB: 1268 SEM x280
Paratype

2 Protocystis honjoi Takahashi, n. sp. PB: 2869 LM x210
Holotype

3 Protocystis tridentata Borgert PB: 2869 LM x210
A specimen with blue tint.

4 Protocystis aiiriciilata Takahashi, n. sp. PB: 1268 SEM x440
Paratype; oblique ventral view.

5 Protocystis aiiriciilata Takahashi, n. sp. PB: 1268 SEM x440
Paratype; lateral view.

6 Protocystis aiiriciilata Takahashi, n. sp. PB: 2869 LM x210
Holotype; lateral view.

7 Protocystis aiiricilata Takahashi, n. sp. PB: 2869 LM x210
Paratype; oblique ventral view.

8 Protocystis adiinciciispis Takahashi, n. sp. PB: 3791 SEM x220
Paratype

9 Protocystis adiincicispis Takahashi, n. sp. PB: 3791 LM x210
Holotype

10 Protocystis adiincicuspis Takahashi, n. sp. PB: 2869 LM x210
11 Protocystis sp. B PB: 3791 SEM x 165
12 Protocystis sloggetti (Haeckel) PB: 1268 LM x210
13 Protocystis sloggetti (Haeckel) Pi: 978 SEM x 120
14 Protocystis sloggetti (Haeckel) PB: 1268 SEM x 160

A purposely broken specimen.
Note many spherical organic
aggregates inside of the shelL.

15 Protocystis sloggetti (Haeckel) PB: 1268 SEM x250
A specimen with broken teeth.

16 Protocystis murrayi ( Haeckel) Pi: 2778 LM x210
Ventral view.

17 Protocystis murrayi ( Haeckel) Pi: 2778 SEM x 2,500
Microstructure showing a cross
section of amphorae and outside.
surface.

18 Protocystis murrayi ( Haeckel) Pi: 2778 SEM x3,600
Same specimen; amphorae
buried in siliceous cement
and pores are open.
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PLATE 51
Suborder: Phaeodaria
Family: Challengeriidae

Station:
Depth Type of

Figure (m) Micrograph Magnification

1 Protocystis murrayi (Haeckel) Pi: 2778 SEM x230
Oral view.

2 Protocystis murrayi (Haeckel) Pi: 2778 SEM x 180
Ventral view.

3 Protocystis murrayi (Haeckel) Pi: 2778 SEM x 160
Lateral view.

4 Protocystis sp. C Pi: 2778 LM x210
Lateral view.

5 Protocystis thomsoni (Murray) E: 988 LM x210
Lateral view.

6 Pharyngella gastrula Haeckel E: 988 SEM xl00
Dorsal view.

7 Pharyngella gastrula Haeckel E: 988 SEM x90
Lateral view.

8 Pharyngella gastrula Haeckel E: 988 LM x210
Dorsal view.

9 Pharyngella gastrula Haeckel E: 988 SEM x320
Inside view showing detail
of a pharynx.

10 Pharyngella gastrula Haeckel E: 988 SEM x9,000
Microstructure showing amphorae
and partially peeled off inside
surface membrane.

11 Pharyngella gastrula Haeckel E: 988 SEM x 3,200
Microstructure showing amphorae
and outside surface.

12 Pharyngella gastrula Haeckel E: 988 SEM x340
Lateral view of a pharynx.

13 Pharyngella gastrula Haeckel E: 988 SEM x 1,400
Same specimen, microstructure
of the peristome.

14 Pharyngella gastrula Haeckel E: 988 SEM x3,000
Same specimen, an enlarged view.
of figures 12-13. Note that this
structure is a lateral cross section

of amphorae which are slightly
different in size and shape from
those in main part of the shell.
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PLATE 52
Suborder: Phaeodaria
Family: Challengeriidae

Station:
Depth Type of

Figure (m) Micrograph Magnification

1 Protocystis xiphodon (Haeckel) PE: 1268 SEM x220
2 Protocystis xiphodon (Haeckel) PE: 1268 LM x210
3 Protocystis xiphodon (Haeckel) PE: 1268 SEM x4,700

View from inside of a broken
specimen showing amphorae and
their necks securing themselves
to inside surface membrane.

4 Protocystis tritonis (Haeckel) E: 389 LM x210
5 Protocystis tritonis (Haeckel) E: 389 LM x210
6 Protocystis naresi (Murray) E: 988 SEM x47

Lateral view.

7 Protocystis naresi (Murray) E: 988 SEM x 3,600
Microstructure showing amphorae
which are slightly more elongated
than those in other 16 species

of Challengeriidae.
8 Protocystis naresi (Murray) E: 988 SEM x75

Oblique oral view.
9 Entocannu/a infundibulum lIaeckel PE: 1268 LM x 160
10 Entocannula infundibulum Haeckel PE: 3769 SEM x 110
11 Challengeranium diodon (Haeckel) PE: 1268 SEM x4,000

Microstructure showing delicate
amphorae which have many small
pores connected with inside of
the shelL.

12 Challengeranium diodon (Haeckel) PE: 1268 SEM x900
Shell surface is alveolate and
very different from all other
Challengeriidae studied here;
dorsal view.

13 Challengeranium diodon (Haeckel) PE: 1268 LM x210
Lateral view.

14 Challengeranium diodon (Haeckel) PE: 389 LM x210
Oblique ventral view.

15 Challengeranium diodon (Haeckel) PE: 667 LM x210
Ventral view.

16 Challengeranium diodon (Haeckel) E: 988 SEM x385
Ventral view.
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PLATE 53
Suborder: Phaeodaria
Family: Medusettidae

Station:
Depth Type of

Figure (m) Micrograph Magnification

Euphysetta elegans Borgert Pi: 2778 LM x210
Ventral view.

2 Euphysetta elegans Borgert PB: 2869 LM x210
Lateral view.

3 Euphyseita elegans Borgert Pi: 978 SEM x280
Oblique lateral view.

4 Euphysetta elegans Borgert Pi: 2778 SEM x230
Oblique ventral view.

5 Euphysetta elegans Borgert Pi: 978 SEM x290
Ventral view.

6 Euphysetta elegans Borgert E: 3755 SErvi x320
Specimen with long apical horn
and a foot; ventral view.

7 Euphysetta elegans Borgert PB: 2869 LM x210
Specimen with long apical horn
and a foot; lateral view.

8 Euphysetta elegans Borgert PB: 2869 TEM x 1,300
Cross section across oblique
transverse plane including base

of large foot. Specimen ashed
at 50° C for one hour.

9 Euphyseita elegans Borgert PB: 1268 SEM x4,460
Microstructure showing two layers
of large pores, additional layers

of small pores and inside shell
surface.

10 Euphyseita elegans Borgert PB: 1268 TEl'v! x6,700
Micro- and ultrastructures showing

circular pores and alveolate outside
surface. Note porosity varies from
one part to another; wavy lines
are artifact of the sectioning.

11 Euphysetta staurocodon Haeckel PB: 2869 LM x210
A small specimen with blue tint;
lateral view.

12 Euphysetta staurocodon Haeckel Pi: 2778 LM x210
A large specimen with spherical
shells and blue tint; lateral view.

13 Euphysetta staurocodon Haeckel PB: 3769 SEM x410
Lateral view.

14 Euphyseita staurocodon Haeckel PB: 2869 LM x210
A specimen with blue tint;
ventral view.

15 Euphysetta pusilla Cleve E: 389 LM x850



Plate 53

14

283



284 Kozo Takahashi

PLATE 54
Suborder: Phaeodaria

Families: Medusettidae, Lirellidae

Station:
Depth Type of

Figure (m) Micrograph Magnification

1 M edusetta ansata Borgert E: 389 SEM x450
2 Medusetia ansata Borgert PB: 3769 LM x210
3 M edusetia ansata Borgert E: 389 LM x210
4 M edusetia ansata Borgert E: 389 LM x210
5 Medusetta ansata Borgert E: 389 SEM x 6,400

Cross section of the shell
showing rectangular pores.

6 M edusetta ansata Borgert PB: 2869 SEM x280
7 M edusetta ansata Borgert Pi: 2778 LM x210
8 Medusetia ~p. E: 389 LM x210
9 Medusetta sp. E: 389 LM x210

10 Euphysetta lucani Borgert Pi: 978 SEM x 170
11 Euphysetia lllcani Borgert E: 3755 SEM x230

View from oral side showing
sub-triangular perimeter.

12 Ellphysetta lucani Borgert E: 3755 LM x210
13 Borgertella calldata (Wallich) Pi: 4280 SEM x450
14 Borgertella caudata (Wallch) PB: 3769 SEM x830

Note that the hollow ring is
attached to outside of the
shell near the peristome.

15 Borgertella caudata (Wallich) PB: 3769 SEM x830
16 Borgertella caudata (Wallich) E: 389 LM x850
17 Borgeriella caudata (Wallich) Pi: 4280 SEM x470
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PLATE 55
Suborder: Phaeodaria

Family: Lirellidae

Station:
Depth Type of

Figure (m) Micrograph Magnification

1 Borgeriella caudaia (Wallich) PB: 3769 SEM x4,410
The hollow ring.

2 Borgeriella caudaia (Wallich) PB: 3769 SEM x990
3 Borgeriella caudaia (Wallich) PB: 3769 SEM xl,100

Specimen slightly dissolved.
4 Borgeriella caudaia (Wallich) PB: 3769 SEM x660

Specimen extensively dissolved;
integrity of wavy crests and
striae lost.

5 B orgeriella caudaia (Wallich) PB: 3769 SEM x2,480
Same specimen; pores showing
hexagonal meshwork.

6 Borgeriella caudaia (VVallich) PB: 3769 SEM x 2,260
View of internal structure
of skeleton. Note hexagonal
meshwork structure.

7 Lirella baileyi Ehrenberg PB: 3769 SEM x830
8 Lirella bullaia (Stadum and Ling) PB: 3769 SEM x880

Ventral view.

9 Lirella bullaia (Stadum and Ling) PB: 3769 SEM x740
Oblique ventral view.

10 Lirella bullaia (Stadum and Ling) E: 3755 SEM x 1,290
Oblique apical view.

11 Lirella bullaia (Stadum and Ling) PB: 1268 LM x850
Lateral view.

12 Lirella melo (Cleve) PB: 1268 SEM x470
13 Lirella melo (Cleve) PB: 1268 SEM x600

Same specimen
14 Lirella melo (Cleve) E: 3755 SEM x370
15 Lirella melo (Cleve) PB: 3769 SEM x550
16 Lirella melo (Cleve) PB: 3769 SEM x410
17 Lirella melo (Cleve) PB: 2869 LM x210
18 Lirella melo (Cleve) PB: 2869 LM x210
19 Lirella iori11Osa Takahashi, n. sp. PB: 2869 LM x210

Paratype; right coiled,
20 Lirella ioriuosa Takahashi, n, sp. PB: 1268 LM x210

Paratype; left coiled.
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PLATE 56
Suborder: Phaeodaria

Family: Lirellidae

Station:
Depth Type of

Figure (m) Micrograph Magnification

1 Lirella bullata (Stadum and Ling) E: 3755 SEM x6,400
Same specimen as Plate 55,
figure 10. Detail of wavy crests
and striae.

2 Lirella mela (Cleve) PB: 1268 SEM x3,000
Cross section of a part of
peristome showing several
layers of different porosity.

3 Lirella mela (Cleve) PB: 2869 TEM x8,300
Cross section corresponding to
figure 2, showing polygonal mesh-
work in central part and two other
layers of different porocity.

Specimen ashed at 500°C
for one hour.

4 Lirella mela (Cleve) PB: 2869 TEM x2,000
Same specimen.

5 Lirella mela ? (Cleve) PB: 3769 SEM x1,600
Extensively dissolved specimen;

shell integrity diminished.
6 Lirella mela (Cleve) PB: 1268 SEM x5,000

Cross section showing polygonal
meshwork and the pores.

7 Lirella mela (Cleve) Pi: 978 TEM x 7,600

Same specimens as figure 3;
cross section showing polygonal
meshwork and porous outer layers.
Note that the polygons are made
of tubes.

8 Lirella mela (Cleve) Pi: 4280 TEM x6,100
Cross section showing irregular
pores bounded by tubular structure
which is different from figures 3, 7.

9 Lirella tartuasa Takahashi, n. sp. PB: 1268 SEM x500
Paratype; right coiled.

10 Lirella tartuasa Takahashi, n. sp. Pi: 4280 SEM x450
Holotype; left coiled.

11 Lirella tartuasa Takahashi, n. sp. Pi: 4280 SEM x470
Right coiled.
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PLATE 57
Suborder: Phaeodaria

Families: Porospathididae, Castanellidae

Station:
Depth Type of

Figure (m) Micrograph Magnification

1 Porospathis holostoma (Cleve) Pi: 978 SEM x 130
Oblique ventral view.

2 Porospathis holostoma (Cleve) Pi: 4280 SEM x 165
Lateral view.

3 Porospathis holostoma (Cleve) PE: 3791 LM x210
Lateral view.

4 Porospathis holostoma (Cleve) Pi: 2778 LM x380
Ventral view.

5 Porospathis holostoma (Cleve) PE: 3769 SEM x360
Lateral view.

6 Porospathis holostoma (Cleve) Pi: 978 SEM x 1,300
Detail of figure 1 showing
surface morphology near the
projected tube-like mouth.

7 Porospathis holostoma (Cleve) PE: 3769 SEM x5,500
Detail of figure 5 showing
surface morphology detaiL.

8 Porospathis holostoma (Cleve) Pi: 4280 SEM x 2,200
Detail of figure 2 showing
cross section near a spine.

9 Castanidium longispinum Haecker PE: 667 SEM x70
10 Castanidium longispinum Haecker PE: 1268 LM x 106
11 Castanidium longispin um Haecker GO:plta SEM x55
12 Castanidium longispinum Haecker PE: 2778 SEM x 130
13 Castanidium longispiniim Haecker PE: 3791 LM x65

aGul of Oman: surface plankt.on t.ow.
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PLATE 58
Suborder: Phaeodaria
Family: Castanellidae

Station:
Depth Type of

Figure (m) Micrograph Magnification

1 Castanidium longispinum Haecker PB: 0-100 TEM x17,000

Primary feature of relatively plankton
solid unit having ca. 150-800 tow

angstrom pores in the central
part of skeleton; conchoidal

fractures are artifact with the
sectioning.

2 Castanidium longispinum Haecker PB: 389 SEM x1,920

Cross section of relatively
undissolved specimen showing
brittle texture of the broken
surface.

3 Castanidium longispinum Haecker E: 1268 TEM x 5,600

Secondary feature due to
dissolution, having pores
bounded by tubular skeleton.

4 Castanidium longispinum Haecker PB: 667 SEM x 2,260

Morphology corresponding to
figure 3. Note presence of
slit-like space; occasionally
observed in many specimens.

5 Castanidium abundiplanatum Takahashi, n. sp. PB: 3769 SEM x60

Elongated specimen; an early
stage of binary fission?

6 Castanidium abundiplanatum Takahashi, n. sp. PB: 3769 SEM x55

Two specimens splitting apart.
7 Castanidium abundiplanaium Takahashi, n. sp. PB: 1268 LM x105

Holotype
8 Casianidium abundiplanaium Takahashi, n. sp. PB: 3769 SEM x90

Paratype
9 Casianissa circumvallaia Schmidt E: 389 SEM x 130

Bi-spines broken off.
10 Casianidium sp. PB: 3769 SEM x66

11 Casianella aculeaia Schmidt Pi: 4280 SEM x90

12 Casianella macropora (Borgert) Pi: 4280 SEM x200

13 Casianella aculeaia Schmidt Pi: 978 SEM x80
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PLATE 59
Suborder: Phaeodaria

Families: Castanellidae, Circoporidae

Station:
Depth Type of

Figure (m) Micrograph Magnification

1 Castanel/a aciileata Schmidt Pi: 389 RLM x54
Typical specimen having
glassy texture.

2 Castanel/a sloggetti Haeckel Pi: 978 LM x 106
3 Castanel/a balfouri Haeckel Pi: 2778 LM x 125
4 Haeckeliana parcel/ana Murray Pi: 978 LM x 100
5 Haeckeliana parcel/ana Murray Pi: 978 SEI'vI x77
6 Haeckeliana parcel/ana Murray E: 988 SEM x64
7 Haeckeliana parcel/ana Murray E: 988 SEM x 130

A specimen without bi-spines.
8 Haeckeliana parcel/ana Murray E: 988 SEl\1 x 190

A specimen without bi-spines.
9 Haeckeliana parcel/ana Murray Pi: 4280 SEM x 100

Extensively dissolved specimen.

10 Haeckeliana porcel/ana Murray Pi: 978 SEM x 1,490
A cross section showing porous
inner layer and relatively solid
outer layer.

11 H aeckeliana parcel/ana Murray E: 988 SEM x 2,560
A cross section showing porous
and relatively solid layer.

12 Haeckeliana parcel/ana Murray Pi: 978 TEM x 26,700
A cross section of ultra-
structure showing polygonal
pores bounded by tubes.

13 Haeckeliana parcel/ana Murray Pi: 978 TEM x7,600
Same specimen, showing layers
of several different morphology.
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PLATE 60
Suborder: Phaeodaria
Family: Circoporidae

Station:
Depth Type of

Figure (m) Micrograph Magnification

1 Circoporous sexfuscinus Haeckel PB: 2869 LM x210
2 Circoporous oxyacanthus Borgert PB: 3791 LM x210
3 Circoporous sexfuscinus Haeckel PB: 667 SEM x 165

4 Circoporous oxyacanthus Borgert E: 389 SEM x 190

5 Circoporous sexfuscinus Haeckel PB: 667 SEM x 180

Same specimen as figure 3;
view from oral side.

6 Circoporous oxyacanthus Borgert PB: 667 SEM xl,500
Detail near the base of a hollow

spine which has fibers inside.
7 Circoporous _ oxyacanthus Borgert PB: 667 SEM xl,460

Irregular size and shape of
internal structure is seen

through thin membrane.
8 Circoporous oxyacanthus Borgert PB: 3769 SEM x2,100

Circular to polygonal pores. . .varying in size.
9 Circogonia sp. E: 3755 SEM x90
10 Circogonia sp. E: 389 SEM x 100

11 Circoporous oxyacanthus Borgert PB: 667 SEM x 1,050
Near the base of a spine.

12 Circoporoits oxyacanthus Borgert PB: 667 SEM x3,030
Same specimen.

13 Circoporous oxyacanthus Borgert PB: 3769 TEM x2,700
A cross section across near the
base of a spine; pores are variable

in shape and size.
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PLATE 61
Suborder: Phaeodaria
Family: Conchariidae

Station:
Depth Type of

Figure (m) Micrograph Magnification

1 Conchellium capsula Borgert E: 389 LM x210
Lateral view.

2 Concliellium capsula Borgert E: 3775 TEM x 11,900
Cross section showing solid parts,
porous layer and less porous
outer layer.

3 Concle/lium capsula Borgert Pi: 2778 TEM x 11,900
Relatively undissolved specimen
having only outermost thin layer
porous.

4 Concliellium capsula Borgert E: 389 SEIVI x 150
Lateral view.

5 Concliellium capsula Borgert E: 389 LM x210
View from inside valve.

6 Conchellium t,idacna Haeckel E: 3755 SEM x 120
Oblique lateral view.

7 Conchellium capsula Borgert E: 389 SEM x 150

Oral view.

8 Conchellium capsula Borgert Pi: 2778 SEM x 180
Oblique view from inside valve.

9 Conchellium tridacna Haeckel E: 3755 SEl\1 x610
Surface texture having six denticles
and less marked triangular facets
than those shown by Haeckel (1887).

10 Conchellium capsula Borgert E: 3755 SEM x 3,840
Partially dissolved specimens; thin
solid outer layer covering porous
inner layer.

11 Conchellium t,idacna Haeckel Pi: 978 LM x 150
Dorsal view.

12 Conchophacus diatomeus Haeckel E: 988 LM x210
Dorsal view.
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PLATE 62
Suborder: Phaeodaria
Family: Conchariidae

Station:
Depth Type of

Figure (m) Micrograph Magnification

1 Conchidium argiope Haeckel PB: 1268 LM x210
Dorsal view.

2 Conchidium argiope Haeckel p¡: 2778 SEM x 150
Lateral view.

3 Conchidium caiidatiim (Ha.ckel) E: 389 LM x210
Lateral view.

4 Conchidium caudatuin (Haeckel) PI: 4280 SEM x 150
Lateral view.

5 Conchidiiim caudatiim (Haeckel) E: 389 SEM x 100
Lateral view of bivalves.

6 Conchidium caudatum (Ha.ckel) E: 389 SEM x150
Oblique apical view.

7 Conchidium caudatum (Haeckel) PI: 2778 TEM x 19,200
A cross section showing several
layers of different morphology
with dissolution underway.

8 Conchidium caudatum (Haeckel) E: 389 SEM x 1,920
Skeletal surface morphology
showing smooth texture.

9 Conchopsis compressa Ha.ckel E: 988 Lli1 x95
Lateral view.

10 Conchopsis compressa Haeckel E: 988 SEM x64
Lateral view of bivalves.

11 Conchopsis compressa Haeckel E: 988 SE.M x3,200
Skeletal surface morphology
showing rough surface.

12 Conchopsis compressa Haeckel PI: 2778 LM x95
View from inside valve.

13 Conchopsis compressa Haeckel E: 988 SEl\1 x63
View from inside valve.

14 Conchopsis compressa Haeckel E: 988 SEM x63
Dorsal view showing a
prominant keeL.

15 Conchopsis compressa Haeckel E: 988 SEM x66
Lateral view showing teeth.

16 Conchopsis coinpressa Haeckel E: 988 SEM x61
Oblique view showing teeth
and inside.
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PLATE 63
Suborder: Spumellaria

Families: Aulosphaeridae, Medusettidae

Station:
Depth Type of

Figure (m) Micrograph Magnification

1 A ularia ternaTia Haeckel PM: 3791 LM x84
Portion of a shell made of
triangular meshwork of tubes.

2 Aularia ternaTia Haeckel E: 3755 SEM x230
Portion of triangular meshwork.

3 A ulographis stellata Haeckel PB: 1268 LM x210
4 A uloceras spathillaster Haeckel PB: 1268 LM x210
5 A ulographon'i1im bicorne Haecker PB: 3769 LM x210
6 A ulographonium bicorne Haecker p¡: 4280 SEM x 100

7 A ulospathis taumorpha ? Haeckel p¡: 4280 SEM x 1,900
8 A ulospathis taumorpha ? Haeckel p¡: 4280 SE1\f x94

Same specimen.
9 A uloceras a rboTescens H aeckel p¡: 5582 LM x210

birameus (Immermann)
10 A ulographis tetrancistra Haeckel p¡: 5582 SEM x220
11 A ulospathis variabilis lIaeckel p¡: 5582 SEl\1 x47

bifurca Haecker
12 Meduseita sp. B PB: 0-100 TEM x20,000

Skeleton made of a single plankton
layer of thin tubes. tow

13 Meduseita sp. B PB: 0-100 TEM x1,700
Same specimen showing plankton
variable shape of pores. tow
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