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Abstract
Diatom analyses of upper Pliocene and Pleistocene sediments
(~2780–290 ka age, dated according to the results of onboard cal-
careous nannoplankton biostratigraphic research) from the Can-
terbury Basin continental slope (Hole U1352B of Integrated
Ocean Drilling Program Expedition 317) reveal strong warm and
cold fluctuations that coincide with global benthic foraminiferal
δ18O records, although the preservation and occurrences of dia-
toms were generally poor and rare, respectively, and the diatom
biostratigraphic events were unknown. Moreover, abundant oc-
currences of diatom resting spores from ~1700 to 1100 ka indicate
that eutrophication increased along the coastal region after up-
welling strengthened and the nutrient supply was unstable and
sporadic from 1250 to 1100 ka.

Introduction
Integrated Ocean Drilling Program (IODP) Expedition 317 cored
subtidal to lower bathyal sediments of Holocene to late Eocene
age (0–36 Ma) in a transect across the Canterbury Basin continen-
tal shelf and slope (Fig. F1). Sequence stratigraphic processes in-
fluenced calcareous nannofossil and planktonic foraminiferal as-
semblages, and these are strongly reflected in the overall
abundance, preservation, and assemblage variations in relation to
lithology. These variations may have been influenced by a num-
ber of factors, including global climate, local paleoceanography,
changes in sea level, and tectonic uplift along the Alpine Fault.

Quaternary diatom assemblages of the southwestern midlatitude
Pacific Ocean are not well known because of their poor preserva-
tion in predominantly calcareous sediments, although several ex-
peditions (e.g., Deep Sea Drilling Project [DSDP] Legs 29 and 90
and Ocean Drilling Program [ODP] Leg 181) have investigated
Cretaceous through Neogene sediments in the region (Hajós and
Stradner, 1975; Hajós, 1976; Ciesielski, 1986; McMinn et al.,
2001). Moreover, diatom assemblages from the shallower marine
environments, including nonmarine and littoral facies in the
southwestern Pacific Ocean, are less well known. This report pres-
ents the diatom occurrences and abundances and range charts for
the taxa recovered in cores from Hole U1352B.
 doi:10.2204/iodp.proc.317.202.2013
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Materials and methods
During Expedition 317, we drilled three shelf sites
(U1351, U1353, and U1354) and one slope site
(U1352) along a transect perpendicular to the mar-
gin of the Canterbury Basin (Fig. F1). For age control,
all core catcher samples were analyzed aboard ship
for calcareous nannofossil, planktonic and benthic
foraminifer, and diatom biostratigraphy in Holocene
to Eocene sediments (see the “Expedition 317 sum-
mary” chapter [Expedition 317 Scientists, 2011a]).
Continental slope Site U1352 represents a complete
section of modern slope terrigenous sediment,
mainly in Holes U1352A and U1352B, to hard Eo-
cene limestone sediments at the bottom of Hole
U1352C, with all the associated lithological, bio-
stratigraphical, physical, geochemical, and microbio-
logical transitions. 

Hole U1352B was the deepest water site drilled
during the expedition. Shipboard study revealed few
diatoms, but onshore diatom investigation recog-
nized moderately continuous occurrences of fossil
diatom assemblages in upper Pliocene to Pleistocene
sediments with better preservation than that seen in
samples from the shelf sites. Our postcruise diatom
analysis, therefore, focused on 437 samples from
Hole U1352B. Silt to clay samples were selected from
every core section (yielding a sample interval of ap-
proximately every 1.5 m).

Counting and other procedures followed those of
Akiba (1986), with a minor modification:

1. About 1.0 g of each sample was oven-dried for 2
h at 100°C, mixed with ~30 mL of hydrogen per-
oxide (H2O2, 10%–15%), and boiled in a 200 mL
beaker to decompose sediment aggregates and
oxidize organic matter. 

2. After cooling, ~30 mL of hydrochloric acid (HCl,
30%) was added and boiled to dissolve calcare-
ous material (including calcareous nannofossils
and foraminifers) to concentrate the siliceous
fossil material. 

3. After boiling for ~5 min, the beaker was filled
with distilled water and allowed to stand for 8 h. 

4. After standing, the residue was separated by de-
canting the acid water, and the beaker was re-
filled with distilled water. This process was re-
peated five times. 

5. In order to remove clay fractions, a flocculating
solution (Na4P2O7, 0.01 N) was added to the bea-
ker and allowed to stand for 8 h. The residue was
separated by decanting the water. The beaker
was filled again with sodium phosphate solu-
tion, and this process was repeated until the su-
pernatant liquid became clear. The remaining
residue contained diatoms, other siliceous fos-
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sils (e.g., silicoflagellates and radiolarians), and
coarse unbroken mudstone fragments. The resi-
dues were preserved in 5 mL bottles with dis-
tilled water.

Diatom abundance is expressed as an approximate
number of diatom valves per slide (18 mm × 18 mm
coverslip) calculated using the length of scan lines
needed to count at least 100 diatom valves. In the
case where there were fewer than 100 valves, counts
were stopped after covering ~320 mm2 (i.e., whole
coverslip observation). Resting spores of the shallow-
marine diatom genus Chaetoceros, which have gener-
ally been neglected in diatom analyses although
they indicate coastal upwelling and a high-nutrient
environment, were counted separately. Diatom and
spore occurrences and the presence (indicated by a
“+” in Table T1) of silicoflagellates, radiolarians, and
pollen in Hole U1352B recognized until at least 100
diatom valves were enumerated in separate scan
line(s) or until ~320 mm2 of the coverslip was
scanned. The results are given in Table T1.

For diatom biostratigraphic assignments, ages of bio-
events that define or characterize certain horizons
are based mainly on the diatom biochronology for
the Antarctic Neogene of Cody et al. (2008). 

Light microscope observations and the photomicro-
scopy of diatoms and other microfossils (i.e., silico-
flagellates, radiolarians, and pollen) were carried out
using an Olympus BX40 light microscope with a dif-
ferential interference contrast condenser at magnifi-
cations of 200× for scanning and 400× and 600× for
identification and photography using a digital cam-
era system (Olympus DP20). Scanning electron mi-
croscopy was performed using a Hitachi High-Tech-
nology SEM SU6600 at several magnifications in the
Laboratory of Geobiology at Nagoya University (Ja-
pan). 

Results
Detailed diatom assemblage data are given by species
and sample number in Figure F2 and Table T1. These
revealed a low to high diversity, although abun-
dances in the majority of samples containing dia-
toms were low with moderate to poor preservation.
Several robust diatom species with thickly silicified
valves (e.g., Paralia sulcata, Thalassionema nitzschioi-
des, and Chaetoceros resting spores) were better pre-
served than delicate forms with weakly silicified
valves. The number of diatom valves preserved in
sediments depends on diatom productivity, preser-
vation, and/or dissolution of the valves and dilution
with terrigenous and/or organic materials (Koizumi
et al., 2004). Although the reasons for low diatom
occurrences in cores from Hole U1352B are not clear,
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poor preservation might result from dissolution by
pore water in coarse-grained sediments (see the “Site
U1352” chapter [Expedition 317 Scientists, 2011c]).

Although the diatom occurrences are not continuous
and their abundances are generally few, some slides
contain common (1–10 valves/field of view [FOV]) to
few (≥1 valve/10 FOV and <1 valve/FOV) abun-
dances. Therefore, 111 slides with better preserved
and more abundant diatoms (≥50 valves, highlighted
in Table T1) were selected to provide paleoceano-
graphical data (Fig. F3). After procedures to concen-
trate siliceous microfossils, materials including dia-
toms, poorly preserved silicoflagellates, radiolarians,
and several types of pollen with very low abun-
dances were also recognized in some slides (indi-
cated by a “+” in Table T1).

In general, Expedition 317 age assignments relied on
nannofossils for the Holocene to middle Pliocene
and planktonic foraminifers for the early Pliocene to
late Miocene. Both fossil groups were integral to bio-
stratigraphic control for the middle Miocene (Fig.
F2). Cody et al. (2008) achieved a remarkable ad-
vance in Neogene diatom biostratigraphy of the Ant-
arctic by integrating diatom biostratigraphy, magne-
tostratigraphy, and tephrostratigraphy from 32
Neogene sections around the Southern Ocean and
the Antarctic continental margin. The locations are
concentrated around the Atlantic sector of the
Southern Ocean except for those from the Dry Valley
Drilling Project (DVDP), Cenozoic investigations in
the western Ross Sea (CIROS), and DSDP Leg 28.
Nevertheless, we have tried to use their model in or-
der to see whether it can be applied in the case of Ex-
pedition 317 sites influenced by the Subantarctic
Front in the Pacific sector. 

In this study, we mainly used the age model pro-
vided by the shipboard calcareous nannoplankton
biostratigraphy (see the “Methods” chapter [Expedi-
tion 317 Scientists, 2011b]) because most occur-
rences of diatom markers are sporadic except for
some discussed below. Compared to the nannofossil
datums, the ages of the first appearance of Fragilar-
iopsis rhombica in Sample 317-U1352B-59X-1W, 99–
100 cm (505.29 mbsf) (Total Range Model [TRM] =
1.69–1.92 Ma; Average Range Model [ARM] = 1.37–
1.45 Ma in Cody et al., 2008), and the last appear-
ance of Hemidiscus karstenii in Sample 317-U1352B-
12H-4W, 130–131 cm (108.96 mbsf) (TRM = 0.28–
0.33 Ma; ARM = 0.35–0.43 Ma), are consistent. Sev-
eral first and last occurrences (FOs and LOs, respec-
tively) of other biostratigraphic diatom markers indi-
cated by Cody et al. (2008) were also recognized in
this study (Fig. F2), but these taxa appeared sporadi-
cally above/below these levels and their reliability is
uncertain. 
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Biostratigraphically useful diatom resting spores
have been found in several studies (e.g., Suto, 2006b,
2006c, 2007). The LO of Liradiscus var. castaneus rec-
ognized in Sample 317-U1352B-25H-3W, 25–26 cm
(220.95 mbsf), from the middle Pleistocene (~0.5
Ma) corresponds to that reported from the middle
Pleistocene Zone NPD 11 of Yanagisawa and Akiba
(1998) at DSDP Site 436, northwestern Pacific. There-
fore, this species might be a potentially useful
marker for improving the resolution of diatom bio-
stratigraphy in the North and South Pacific Oceans. 

Diatom assemblages from Hole U1352B contain sev-
eral ecotype diatoms that typically live in oceanic
(60 species), littoral to neritic (32 species), and fresh-
water (7 genus-level taxa) environments, including
some warm- and cold-water species (Fig. F3). More-
over, 23 fossil resting spore morphospecies of the
marine genus Chaetoceros, which is indicative of high
productivity in nearshore upwelling regions and
coastal areas, are also preserved (Fig. F2). 

Oceanic diatoms live in the open ocean, away from
coastal influences, and are transported by wind and
currents. Neritic to littoral diatoms in shallower wa-
ters are also affected by coastal processes and re-
duced salinity resulting from freshwater drainage
from land. The oscillations of these floras are some-
what heterogeneous. The large fluctuations of oce-
anic and neritic to littoral species indicate that there
were several transgressions and regressions at the site
(Fig. F3). Of those, stronger regressions at ~1600,
1140, and 600 ka coincide with slight peaks in land-
derived freshwater diatoms at these ages (Fig. F3), al-
though freshwater diatoms do not commonly coin-
cide with continental detritus throughout the core.
These signals of regression, however, generally coin-
cide with the results from planktonic foraminiferal
abundances (see the “Site U1352” chapter [Expedi-
tion 317 Scientists, 2010c]). On the other hand,
freshwater diatoms also peak along with increases of
oceanic species that indicate transgressions at ~1300,
800, and 350 ka (Fig. F3). 

During warm periods indicated by abundant occur-
rences of warm-water species, oceanic species are
also abundant. This synchronous fluctuation indi-
cates transgressions took place during warm periods.
On the other hand, some peaks in cold-water species
are simultaneous with those of warm-water taxa. For
the most part, warm-water species increase during
the warm marine isotope stages (MIS) of Lisiecki and
Raymo (2005; i.e., MIS 39, 37, 35, 17, 11, and 9), but
a peak in warm-water species is present during the
cold period MIS 56 (Fig. F3).

The marine diatom genus Chaetoceros is a major con-
tributor to primary production in nearshore upwell-
ing regions and coastal areas (Rines and Hargraves,
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1988), and its resting spores are usually taken as a
measure of diatom productivity and an indicator of
nutrient-rich conditions (Sancetta, 1982). Therefore,
abundant occurrences of resting spores from 1700 to
1100 ka indicate that eutrophication increased in the
coastal regions after upwelling strengthened. Fur-
thermore, resting spores are believed to increase be-
cause of an unstable and sporadic supply of nutrients
from upwelling rather than seasonal upwelling con-
ditions (Suto, 2006b). Abrupt increases of resting
spores, therefore, from 1250 to 1100 ka, during the
transitional period from 41,000 to 100,000 k.y. MIS
cycles, indicate that the upwelling system became
unstable. In the future, we will reconstruct the past
environments of marine deposition under the influ-
ence of coastal upwelling and river input by compar-
ing the results in this paper to other paleoenviron-
mental analyses.
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I. Suto et al. Data report: Pliocene and Pleistocene diatom floras
Figure F1. Map of the Canterbury Basin on the eastern margin of South Island, New Zealand. Inset map shows
Expedition 317 site locations, with primary and alternate sites marked in red and yellow, respectively.
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I. Suto et al. Data report: Pliocene and Pleistocene diatom floras
Table T1. Diatoms, Hole U1352B. This table is available in an oversized format.
Proc. IODP | Volume 317 12



I. Suto et al. Data Report: Pliocene and Pleistocene diatom floras
Plate P1. Light microscope images of marine diatoms, Hole U1352B. 1, 2. Actinocyclus actinochilus (Ehrenberg)
Simonsen (Sample 317-U1352B-26H-6W, 25–26 cm). 3–14. Actinocyclus curvatulus Janisch in Schmidt: (3, 4)
Sample 317-U1352B-13H-3W, 102–103 cm; (5, 6) Sample 38X-6W, 25–26 cm; (7, 8) Sample 41X-7W, 30–31
cm; (9, 10) Sample 27H-1W, 100–101 cm. (11, 12) Sample 14H-4W, 100–101 cm; (13, 14) Sample 42X-3W,
105–106 cm. 15, 16. Actinocyclus ingens Rattray (Sample 317-U1352B-35H-2W, 52–53 cm). 17–22. Actinocyclus
sp. A: (17, 18) Sample 317-U1352B-62X-3W, 24–25 cm; (19, 20) Sample 48X-2W, 80–81 cm; (21, 22) Sample
45X-6W, 85–86 cm. 23, 24. Actinocyclus sp. B (Sample 317-U1352B-14H-1W, 100–101 cm). 25-28. Actinopty-
chus bipunctatus Lohman: (25, 26) Sample 317-U1352B-27H-4W, 100–101 cm; (27, 28). Sample 35H-2W, 52–53
cm. 29–34. Actinoptychus spp.: (29, 30) Sample 317-U1352B-27H-4W, 100–101 cm; (31, 32) Sample 39X-6W,
100–101 cm; (33, 34). Sample 43X-5W, 105–106 cm. 35, 36. Asteromphalus hyalinus Karsten (Sample 317-
U1352B-59X-1W, 99–100 cm). 37, 38. Eucampia antarctica (Castracane) Manguin (Sample 317-U1352B-26H-
5W, 100–101 cm).

28

36

3837
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I. Suto et al. Data report: Pliocene and Pleistocene diatom floras
Plate P2. Light microscope images of marine diatoms, Hole U1352B. 1, 2. Coscinodiscus asteromphalus Eh-
renberg: (1) Sample 317-U1352B-55X-3W, 72–73 cm; (2) Sample 27H-5W, 25–26 cm. 3, 4. Coscinodiscus mar-
ginatus Ehrenberg (Sample 317-U1352B-63X-7W, 42–43 cm). 5, 6. Coscinodiscus radiatus Ehrenberg (Sample
317-U1352B-24H-4W, 79–80 cm). 7, 8. Coscinodiscus sp. (Sample 317-U1352B-50X-2W, 33–34 cm). 9, 10. Hemi-
discus cuneiformis Wallich (Sample 317-U1352B-7H-5W, 97–98 cm). 11–14. Hemidiscus karstenii Jousé in Jousé
et al.: (11, 12). Sample 317-U1352B-63X-7W, 42–43 cm; (13, 14) Sample 62X-3W, 24–25 cm. 15–18. Hemidiscus
sp. 1 sensu Zielinski and Gersonde (2002): (15, 16) Sample 317-U1352B-80X-2W, 25–26 cm; (17, 18) Sample
55X-3W, 72–73 cm. 19, 20. Thalassiosira delicatula Hustedt (Sample 317-U1352B-34H-1W, 4–5 cm).
21–23. Thalassiosira eccentrica (Ehrenberg) Cleve emend. Fryxell et Hasle: (21) Sample 317-U1352B-16H-7W,
24–25 cm; (22, 23) Sample 10H-4W, 100–101 cm. 24, 25. Thalassiosira fasciculata Harwood et Maruyama
(Sample 317-U1352B-41X-7W, 30–31 cm). 26, 27. Thalassiosira gracilis (Karsten) Hustedt (Sample 317-U1352B-
12H-7W, 36–37 cm). 28, 29. Thalassiosira lentiginosa (Janisch in Schmidt) Fryxell (Sample 317-U1352B-6H-5W,
119–120 cm). 30–33. Thalassiosira lineata Jousé (Sample 317-U1352B-50X-6W, 31–32 cm). (Plate shown on
next page.)
Proc. IODP | Volume 317 14



I. Suto et al. Data report: Pliocene and Pleistocene diatom floras
Plate P2 (continued). (Caption shown on previous page.)
Proc. IODP | Volume 317 15



I. Suto et al. Data report: Pliocene and Pleistocene diatom floras
Plate P3. Light microscope images of marine diatoms, Hole U1352B. 1–4. Fragilariopsis barronii (Gersonde) Ger-
sonde et Bárcena: (1, 2) Sample 317-U1352B-43X-2W, 105–106 cm; (3, 4) Sample 59X-1W, 99–100 cm.
5–10. Fragilariopsis barronii/kerguelensis transitional form of Zielinski and Gersonde: (5, 6) Sample 317-U1352B-
32H-2W, 80–81 cm; (7, 8) Sample 13H-6W, 32–33 cm; (9, 10) Sample 43X-4W, 105–106 cm. 11–16. Fragilariopsis
cylindrica (Burckle) Censarek et Gersonde: (11, 12) Sample 317-U1352B-42X-4W, 100–101 cm; (13–16) Sample
59X-2W, 121–122 cm. 17, 18. Fragilariopsis doliolus (Wallich) Medlin et Sims (Sample 317-U1352B-43X-1W, 26–
27 cm). 19–22. Fragilariopsis fossilis (Frenguelli) Medlin et Sims (Sample 317-U1352B-39X-5W, 99–100 cm).
23–38. Fragilariopsis kerguelensis (O’Meara) Hustedt: (23, 24) Sample 317-U1352B-21H-2W, 35–36 cm; (25, 26)
Sample 39X-5W, 99–100 cm; (27, 28) Sample 52X-6W, 104–105 cm; (29, 30) Sample 14H-6W, 7–8 cm; (31, 32,
37, 38) Sample 317-U1352B-22H-5W, 39–40 cm; (33–36) Sample 55X-3W, 72-73 cm. 39, 40. Fragilariopsis
rhombica (O’Meara) Hustedt (Sample 317-U1352B-26H-2W, 100–101 cm). 41, 42. Nitzschia bicapitata Cleve
(Sample 317-U1352B-39X-5W, 99–100 cm). 43–48. Nitzschia spp.: (43, 44) Sample 317-U1352B-50X-2W, 33–
34 cm; (45, 46) Sample 38H-6W, 25–26 cm; (47, 48) Sample 39X-5W, 99–100 cm. 49, 50. Pinnularia sp. (Sample
317-U1352B-27H-1W, 100–101 cm). 51, 52. Proboscia alata (Brightwell) Sundström (Sample 317-U1352B-26H-4W,
100–101 cm). 53, 54. Proboscia barboi (Brun) Jordan et Priddle (Sample 317-U1352B-59X-1W, 99–100 cm).
55, 56. Proboscia curvirostris (Jousé) Jordan et Priddle (Sample 317-U1352B-40X-5W, 25–26 cm). 57, 58. Pseu-
dodimerogramma sp. (Sample 317-U1352B-50X-4W, 33–34 cm). 59, 60. Pseudonitzschia turgidula (Hustedt) Hasle
(Sample 317-U1352B-12H-4W, 130–131 cm). 61, 62. Pterotheca aculeifera Grunow in Van Heurck (hyaline type,
Sample 317-U1352B-45X-4W, 105–106 cm). 63–68. Rhizosolenia hebetata Bailey: (63, 64) Sample 317-U1352B-
66X-1W, 10–11 cm; (65, 66) Sample 21H-5W, 46–47 cm; (67, 68) Sample 23H-4W, 110–111 cm. 69–74. Rhizos-
olenia polydactyla Castracane: (69, 70) Sample 317-U1352B-39X-7W, 15–16 cm; (71, 72) Sample 40X-2W, 25–26
cm; (73, 74) Sample 64X-1W, 31–32 cm. 75–78. Thalassiothrix longissima Cleve et Grunow in Grunow: (75, 76)
Sample 317-U1352B-23H-3W, 110–111 cm; (77, 78) Sample 24H-6W, 110–111 cm. 79, 80. Tropidoneis sp.
(Sample 317-U1352B-42X-5W, 100–101 cm). (Plate shown on next page.)
Proc. IODP | Volume 317 16



I. Suto et al. Data report: Pliocene and Pleistocene diatom floras
Plate P3 (continued). (Caption shown on previous page.)
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I. Suto et al. Data report: Pliocene and Pleistocene diatom floras
Plate P4. Light microscope images of marine diatoms, Hole U1352B. Scale bars = 10 µm (left for figures 33, 34;
right for others). 1–10. Thalassiosira oestrupii (Ostenfeld) Proschkina-Lavrenko ex Hasle: (1, 2) Sample 317-
U1352B-17H-1W, 115–116 cm; (3, 4) Sample 17H-2W, 114–115 cm; (5–8) Sample 38X-2W, 99–100 cm; (9, 10)
Sample 56X-1W, 100–101 cm. 11, 12. Thalassiosira striata Harwood et Maruyama (Sample 317-U1352B-27H-
1W, 100–101 cm). 13–26. Thalassiosira sp. d of Fenner et al. (1976): (13, 14, 21, 22) Sample 317-U1352B-42X-
5W, 100–101 cm; (15, 16) Sample 41X-2W, 104–105 cm; (17, 18) Sample 28H-2W, 25–26 cm; (19, 20) Sample
13H-1W, 124–125 cm; (23–26) Sample 25H-1W, 25–26 cm. 27–30. Thalassiosira spp.: (27, 28) Sample 317-
U1352B-40X-6W, 25–26 cm; (29, 30) Sample 26H-6W, 25–26 cm. 31, 32. Thalassiosira oliverana (O’Meara)
Sournia (Sample 317-U1352B-23H-4W, 110–111 cm). 33, 34. Triceratium spp. (Sample 317-U1352B-1H-1W, 60–
61 cm). 35–42. Genus et species indet.: (35, 36, 39, 40) Sample 317-U1352B-26H-2W, 100–101 cm; (37, 38)
Sample 26H-5W, 100–101 cm; (41, 42) Sample 27H-1W, 100–101 cm. (Plate shown on next page.) 
Proc. IODP | Volume 317 18



I. Suto et al. Data report: Pliocene and Pleistocene diatom floras
Plate P4 (continued). (Caption shown on previous page.)
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I. Suto et al. Data report: Pliocene and Pleistocene diatom floras
Plate P5. Light microscope images of littoral to neritic diatoms, Hole U1352B. 1–10. Actinoptychus senarius (Eh-
renberg) Ehrenberg: (1, 2) Sample 317-U1352B-17H-3W, 26–27 cm; (3, 4, 9, 10) Sample 17H-2W, 114–115 cm;
(5, 6) Sample 16H-7W, 24–25 cm; (7, 8) Sample 50X-6W, 31–32 cm. 11–16. Hyalodiscus spp.: (11, 12) Sample
317-U1352B-16H-4W, 36–37 cm; (13, 14) Sample 64X-1W, 31–32 cm; (15, 16) Sample 25H-6W, 50–51 cm.
17–23. Paralia sulcata (Ehrenberg) Cleve: (17) Girdle view (Sample 317-U1352B-12H-7W, 36–37 cm); (18, 19)
Sample 4H-1W, 91–92 cm; (20–23) Sample 57X-4W, 100–101 cm.
Proc. IODP | Volume 317 20



I. Suto et al. Data report: Pliocene and Pleistocene diatom floras
Plate P6. Light microscope images of littoral to neritic diatoms, Hole U1352B. Scale bars = 10 µm. 1–4. Coc-
coneis costata Gregory: (1, 2) Sample 317-U1352B-23H-4W, 110–111 cm; (3, 4) Sample 47X-3W, 97–98 cm.
5–10. Cocconeis fasciolata (Ehrenberg) Brown: (5, 6) Sample 317-U1352B-47X-2W, 23–24 cm; (7, 8) Sample 22H-
1W, 117–118 cm; (9, 10) Sample 42X-3W, 105–106 cm. 11–20. Cocconeis aff. placentula Ehrenberg: (11, 12)
Sample 317-U1352B-40X-4W, 105–106 cm; (13, 14) Sample 10H-3W, 100–101 cm; (15, 16) Sample 38X-6W, 25–
26 cm; (17, 18) Sample 22H-2W, 109–110 cm; (19, 20) Sample 55X-3W, 72–73 cm. 21–29. Cocconeis schuettii
Van Heurck: (21) Sample 317-U1352B-25H-6W, 50–51 cm; (22, 23) Sample 62X-6W, 27–28 cm; (24, 25) Sample
40X-3W, 105–106 cm; (26, 27) Sample 42X-5W, 100–101 cm; (28, 29) Sample 61X-1W, 21–22 cm. 30, 31. Coc-
coneis sp. A of Harwood et al. (2000) (Sample 317-U1352B-33H-2W, 28–29 cm). 32–39. Cocconeis sp. B: (32, 33)
Sample 317-U1352B-22H-5W, 39–40 cm; (34, 35) Sample 23H-4W, 110–111 cm; (36, 37) Sample 40X-1W, 105–
106 cm; (38, 39) Sample 21H-5W, 46–47 cm. 40–43. Cocconeis spp.: (40) Sample 317-U1352B-58X-8W, 25–26
cm; (41, 42) Sample 59X-2W, 121–122 cm; (43) Sample 79X-1W, 38–39 cm. 44, 45. Navicula directa (Smith) Ralfs
in Pritchard (Sample 317-U1352B-39X-5W, 99–100 cm). 46, 47. Navicula wisei Harwood et Maruyama (Sample
317-U1352B-10H-4W, 100–101 cm). 48–51. Navicula spp.: (48, 49) Sample 317-U1352B-61X-2W, 23-24 cm; (50,
51) Sample 7H-1W, 110–111 cm. 52–57. Nitzschia panduriformis Gregory: (52, 53) Sample 317-U1352B-21H-2W,
35–36 cm; (54, 55) Sample 17H-2W, 114–115 cm; (56, 57) Sample 55X-3W, 72–73 cm. 58–63. Rhaphoneis am-
phiceros (Ehrenberg) Ehrenberg: (58, 59) Sample 317-U1352B-50X-2W, 33–34 cm; (60, 61) Sample 34H-5W, 34–
35 cm; (62, 63) Sample 34H-1W, 4–5 cm. (Plate shown on next page.)
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Plate P7. Light microscope images of littoral to neritic diatoms, Hole U1352B. Scale bars = 10 µm. 1–6. Diploneis
bombus Ehrenberg: (1, 2) Sample 317-U1352B-67X-1W, 44–45 cm; (3, 4) Sample 66X-1W, 10–11 cm; (5, 6) Sam-
ple 22H-3W, 120–121 cm. 7–12. Diploneis frickei (Van Heurck) Heiden et Kolbe: (7, 8) Sample 317-U1352B-25H-
1W, 25–26 cm; (9, 10) Sample 33H-2W, 28–29 cm; (11, 12) Sample 28H-2W, 25–26 cm. 13–18. Diploneis splen-
dida (Gregory) Cleve: (13, 14, 17, 18) Sample 317-U1352B-25H-1W, 25–26 cm; (15, 16) Sample 25H-5W, 25–26
cm. 19–24. Diploneis subovalis Cleve: (19, 20) Sample 317-U1352B-14H-4W, 100–101 cm; (21, 22) Sample 32H-
2W, 80–81 cm; (23, 24) Sample 38X-2W, 99–100 cm. 25–28. Diploneis sp. (lanceolate): (25, 26) Sample 317-
U1352B-25H-2W, 25–26 cm; (27, 28) Sample 26H-5W, 100–101 cm. 29, 30. Diploneis sp. (Sample 317-U1352B-
25H-1W, 25–26 cm. 31–46. Grammatophora spp.: (31, 32) Sample 317-U1352B-59X-1W, 99–100 cm; (33, 34)
Sample 38X-6W, 25–26 cm; (35, 36) Sample 52X-5W, 123–124 cm; (37, 38) Sample 13H-5W, 123–124 cm; (39,
40) Sample 40X-1W, 105–106 cm; (41, 42) Sample 23H-2W, 110–111 cm; (43, 44) Sample 61X-1W, 21–22 cm;
(45, 46) Sample 56X-1W, 100–101 cm.
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Plate P8. Light microscope images of littoral to neritic diatoms, Hole U1352B. Scale bars = 10 µm. 1, 2. Pleuro-
sigma directum Grunow in Cleve et Grunow (Sample 317-U1352B-26H-6W, 25–26 cm). 3–8. Rhaphoneis spp.: (3–
6) Sample 317-U1352B-25H-1W, 25–26 cm; (7, 8) Sample 48X-3W, 79–80 cm. 9, 10. Rhopalodia sp. (Sample 317-
U1352B-47X-7W, 27–28 cm). 11–16. Stauroneis spp.: (11, 12) Sample 317-U1352B-42X-5W, 100–101 cm; (13,
14) Sample 61X-2W, 23–24 cm; (15, 16) Sample 27H-1W, 100–101 cm. 17–20. Trachyneis spp.: (17, 18) Sample
317-U1352B-33H-2W, 28–29 cm; (19, 20) Sample 23H-5W, 100–101 cm. 21–34. Stephanopyxis spp.: (21, 22)
Sample 317-U1352B-22H-2W, 109–110 cm; (23, 24) Sample 19H-5W, 135–136 cm; (25, 26) Sample 38X-6W, 25–
26 cm; (27, 28) Sample 14H-5W, 90–91 cm; (29, 30) Sample 12H-5W, 128–129 cm; (31, 32) Sample 25H-3W,
25–26 cm; (33, 34) Sample 40X-4W, 105–106 cm. 35–48. Thalassionema nitzschioides (Grunow) Mereschkowsky:
(35, 36) Sample 317-U1352B-7H-3W, 119–120 cm; (37, 38) Sample 42X-5W, 100–101 cm; (39, 40) Sample 25H-
4W, 25–26 cm; (41, 42) Sample 59X-1W, 99–100 cm; (43, 44) Sample 23H-1W, 25–26 cm; (45, 46) Sample 33H-
2W, 28–29 cm; (47, 48) Sample 34H-5W, 34–35 cm.  (Plate shown on next page.)
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Plate P9. Light microscope images of freshwater diatoms (figures 1–56) and marine diatom genus Chaetoceros
resting spores indicating upwelling and high-nutrient regions (figures 57–96), Hole U1352B. Scale bars = 10 µm.
1–8. Aulacoseira granulata (Ehrenberg) Simonsen: (1, 2) Sample 317-U1352B-5H-4W, 109–110 cm; (3, 4) Sample
31H-2W, 58–59 cm; (5, 6) Sample 5H-5W, 101–102 cm; (7, 8) Sample 3H-6W, 74–75 cm. 9–18. Cyclotella panta-
nelliana Castracane: (9, 10) Sample 317-U1352B-2H-2W, 138–139 cm; (11, 12) Sample 25H-1W, 25–26 cm; (13–
16) Sample 19H-3W, 36–37 cm; (17, 18) Sample 5H-4W, 109–110 cm. 19–30. Cymbella spp.: (19, 20) Sample
317-U1352B-47X-5W, 24–25 cm; (21, 22) Sample 90X-1W, 31–32 cm; (23, 24) Sample 85X-1W, 44–45 cm; (25,
26) Sample 85X-2W, 25–26 cm; (27, 28) Sample 39X-5W, 99–100 cm; (29, 30) Sample 81X-4W, 25–26 cm. 31–
44. Discostella stelligera (Cleve et Grunow) Houk et Klee: (31, 32) Sample 317-U1352B-3H-6W, 74–75 cm; (33,
34) Sample 5H-3W, 9–10 cm; (35, 36) Sample 1H-6W, 10–11 cm; (37–40, 43, 44) Sample 12H-7W, 36–37 cm;
(41, 42) Sample 7H-2W, 60–61 cm. 45–48. Encyonema spp.: (45, 46) Sample 317-U1352B-26H-6W, 25–26 cm;
(47, 48) Sample 26H-4W, 100–101 cm. 49–52. Epithemia spp.: (49, 50) Sample 317-U1352B-6H-1W, 112–113
cm; (51, 52) Sample 21H-3W, 27–28 cm. 53–56. Eunotia spp.: (53, 54) Sample 317-U1352B-41X-7W, 30–31 cm;
(55, 56) Sample 42X-5W, 100–101 cm. 57–62. Xanthiopyxis type A (knobby type) of Suto (2004d): (57, 58)
Sample 317-U1352B-12H-5W, 128–129 cm; (59, 60) Sample 26H-2W, 100–101 cm; (61, 62) Sample 43X-5W,
105–106 cm. 63–78. Xanthiopyxis type B (short spiny type) of Suto (2004d): (63, 64) Sample 317-U1352B-12H-
5W, 128–129 cm; (65, 66) Sample 22H-3W, 120–121 cm; (67, 68) Sample 26H-2W, 100–101 cm; (69, 70) Sample
40X-3W, 105–106 cm; (71, 72) Sample 44X-1W, 105–106 cm; (73, 74) Sample 38X-2W, 99–100 cm; (75, 76)
Sample 40X-2W, 25–26 cm; (77, 78) Sample 39X-1W, 24–25 cm. 79–84. Xanthiopyxis type C (long spiny type)
of Suto (2004d): (79, 80) Sample 317-U1352B-26H-5W, 100–101 cm; (81, 82) Sample 38X-2W, 99–100 cm; (83,
84) Sample 41X-7W, 30–31 cm. 85–96. Hyaline type resting spores: (85, 86) hyaline type epivalve, Sample 317-
U1352B-23H-4W, 110–111 cm; (87, 88) hyaline type hypovalve, Sample 61X-2W, 23–24 cm; (89, 90) Sample
43X-6W, 24–25 cm; (91, 92) Sample 38X-2W, 99–100 cm; (93, 94) Sample 52X-5W, 123–124 cm; (95, 96)
Sample 25H-6W, 50–51 cm. (Plate shown on next page.)
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Plate P10. Light microscope images of marine diatom genus Chaetoceros resting spores indicating upwelling
and high-nutrient regions, Hole U1352B. Scale bars = 10 µm. 1, 2. Coronodiscus collarius Suto (Sample 317-
U1352B-12H-5W, 128–129 cm). 3–6. Dicladia capreola Ehrenberg: (3, 4) Sample 317-U1352B-27H-2W, 93–94
cm; (5, 6) Sample 27H-5W, 25–26 cm. 7–10. Dicladia ? spp. (Sample 317-U1352B-32H-3W, 80–81 cm).
11–16. Dispinodiscus pilusus var. montanus Suto: (11, 12) Sample 317-U1352B-22H-6W, 115–116 cm; (13, 14)
Sample 27H-5W, 25–26 cm; (15, 16) Sample 56X-4W, 105–106 cm. 17, 18. Dispinodiscus pilusus var. pilusus Suto
(Sample 317-U1352B-26H-5W, 100–101 cm). 19–24. Dispinodiscus stimulus Suto: (19, 20) Sample 317-U1352B-
19H-5W, 135–136 cm; (21, 22) Sample 38X-2W, 99–100 cm; (23, 24) Sample 34H-5W, 34–35 cm. 25–34. Gemel-
lodiscus bifurcus Suto: (25, 26) Sample 317-U1352B-52X-5W, 123–124 cm; (27, 28) Sample 34H-5W, 34–35 cm;
(29–32) Sample 27H-5W, 25–26 cm; (33, 34) Sample 26H-2W, 100–101 cm. 35, 36. Gemellodiscus cingulus
(Sample 317-U1352B-25H-5W, 25–26 cm). 37, 38. Hypovalve of Gemellodiscus (Sample 317-U1352B-39X-5W,
99–100 cm). 39–46. Liradiscus castaneus var. castaneus Suto: (39, 40) Sample 317-U1352B-25H-4W, 25–26 cm;
(41, 42) Sample 38X-1W, 25–26 cm; (43, 44) Sample 39X-3W, 25–26 cm; (45, 46) Sample 58X-7W, 80–81 cm.
47, 48. Liradiscus japonicus Suto (Sample 317-U1352B-25H-3W, 25–26 cm). 49, 50. Liradiscus pacificus Suto
(Sample 317-U1352B-35H-1W, 32–33 cm). 51–54. Liradiscus plicatulus Hajós: (51, 52) Sample 317-U1352B-7H-
2W, 93–94 cm; (53, 54) Sample 56X-4W, 105–106 cm. 55, 56. Monocladia sp. (Sample 317-U1352B-27H-5W, 25–
26 cm). 57–62. Quadrocistella rectagonuma Suto: (57, 58) Sample 317-U1352B-22H-3W, 120–121 cm; (59, 60)
Sample 23H-1W, 25–26 cm; (61, 62) Sample 12H-5W, 128–129 cm. 63–74. Syndendrium diadema Ehrenberg: (63,
64) Sample 317-U1352B-26H-3W, 94–95 cm; (65–68, 71, 72) Sample 43X-5W, 105–106 cm; (69, 70) Sample
43X-6W, 24–25 cm; (73, 74) Sample 40X-1W, 105–106 cm. 75–78. Vallodiscus complexus Suto: (75, 76) Sample
317-U1352B-16H-7W, 24–25 cm; (77, 78) Sample 17H-1W, 115–116 cm. 79–84. Xanthiopyxis hirsuta Hanna et
Grant: (79, 80) Sample 317-U1352B-22H-1W, 117–118 cm; (81, 82) Sample 24H-6W, 110–111 cm; (83, 84)
Sample 56X-4W, 105–106 cm. 85, 86. Xanthiopyxis polaris Gran (Sample 317-U1352B-55X-3W, 72–73 cm). 
(Plate shown on next page.)
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Plate P11. Scanning electron microscope images of diatoms (Sample 317-U1352B-27H-6W, 25–26 cm). Scale
bars = 10 µm. 1. Fragilariopsis kerguelensis (O’Meara) Hustedt. 2. Fragilariopsis obliquecostata (Van Heurck) Heiden
et Kolbe. 3. Thalassiosira sp. d of Fenner et al. (1976). 4. Cocconeis sp. B. 5, 6. Nitzschia panduriformis Gregory.
7, 8. Cocconeis aff. placentula Ehrenberg.
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Plate P12. Scanning electron microscope images of Chaetoceros resting spores (Sample 317-U1352B-27H-6W,
25–26 cm). Scale bars = 10 µm. 1. Coronodiscus collarius Suto. 2. Dispinodiscus pilusus var. montanus Suto. 3. Ge-
mellodiscus bifurcus Suto. 4. Liradiscus castaneus var. castaneus Suto. 5. Liradiscus plicatulus Hajós. 6. Quadrocistella
rectagonuma Suto. 7. Xanthiopyxis type A (knobby type) of Suto (2004d). 8. Xanthiopyxis type B (short spiny
type) of Suto (2004d).
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Appendix
Taxonomic notes and floral references

Taxonomic references for all species and varieties of
diatoms (Bacillariophyta) identified from the Expedi-
tion 317 Hole U1352B sediments are listed below.
The authority of each species is given as well as sev-
eral good references that describe and illustrate the
particular taxon collected around the Antarctic
Ocean. Plates P1–P4, P5–P8, and P9 (figs. 1–56) show
diatoms living in marine, littoral to neritic, and
freshwater (nonmarine), respectively, with SEM pho-
tos in Plate P11, in addition to morphotaxa of ma-
rine diatom genus Chaetoceros resting spores repre-
sented in Plates P9, P10, and P12. 

Marine
Actinocyclus actinochilus (Ehrenberg) Simonsen (1982), pp.

101–116, pls. 1–4; Harwood and Maruyama (1992), p.
699, pl. 12, figs. 9–11; Iwai and Winter (2002), p. 3, pl.
P21, fig. 8; pl. P26, fig. 2; pl. P33, fig. 1 (Pl. P1, figs. 1,
2).
Basionym: Coscinodiscus actinochilus Ehrenberg (1844a),

p. 200; Ehrenberg (1854), pl. 35A, figs. XXI-5.
Synonym: Charcotia actinochilus (Ehrenberg) Hustedt

(1958), pp. 122–126, pl. 7, figs. 57–80; Fenner et al. (1976),
p. 771, pl. 5, fig. 5; Gombos (1977), p. 592, pl. 1, fig. 8.

Remarks: Gombos (1977) reported that this taxon is in-
dicative of extreme polar (ice-front) conditions.

Actinocyclus curvatulus Janisch in Schmidt (1878), pl. 57,
fig. 31; Fenner et al. (1976), p. 763, pl. 6, figs. 1, 2; Har-
wood and Maruyama (1992), p. 699, pl. 12, fig. 12; Ziel-
inski and Gersonde (2002), p. 253, pl. 3, fig. 1 (Pl. P1,
figs. 3–14).
Remarks: Fenner et al. (1976) indicated that this species

is frequent in the Antarctic and subantarctic regions.

Actinocyclus cf. fasciculatus (no illustrations).

Actinocyclus ingens Rattray (1890), p. 149, pl. 11, fig. 7; Har-
wood and Maruyama (1992), p. 700, pl. 8, fig. 10; pl. 11,
figs. 4, 6; pl. 12, fig. 8; Iwai and Winter (2002), p. 3, pl.
P15, fig. 3; pl. P29, figs. 1, 4 (Pl. P1, figs. 15, 16).

Actinocyclus sp. A (Pl. P1, figs. 17–22).

Actinocyclus sp. B (Pl. P1, figs. 23, 24).

Actinocyclus spp. (no illustrations).

Actinoptychus bipunctatus Lohman (1941), p. 79, pl. 16, figs.
7, 10–12; Arney et al. (2003), p. 8, pl. P1, fig. 4 (Pl. P1,
figs. 25–28).

Actinoptychus spp. (Pl. P1, figs. 29–34).

Asteromphalus hyalinus Karsten (1905), p. 90, pl. 8, fig. 15;
Schrader (1976), p. 630, pl. 8, figs. 5, 7; Fenner et al.
(1976), p. 769, pl. 4, figs. 17–19 (Pl. P1, figs. 35, 36).
Remarks: Hustedt (1958) and Hargraves (1968) reported

this species from the Antarctic and subantarctic regions in
the southern Atlantic. 
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Cestodiscus cf. pulchellus Greville (1866), p. 123, pl. 11, fig.
5; Harwood and Maruyama (1992), p. 701, pl. 3, figs. 6,
7 (no illustrations).

Coscinodiscus asteromphalus Ehrenberg (1844b), p. 77; Ar-
ney et al. (2003), p. 8, pl. P3, fig. 3 (Pl. P2, figs. 1, 2).

Coscinodiscus marginatus Ehrenberg (1843), p. 412 (124);
McCollum (1975), p. 527, pl. 16, figs. 2, 3; Schrader
(1976), p. 631, pl. 10, fig. 3; pl. 12, fig. 2; Gombos
(1977), p. 593, pl. 5, fig. 5; Iwai and Winter (2002), p. 5,
pl. P30, fig. 2; pl. P31, fig. 5; Arney et al. (2003), p. 8, pl.
P1, fig. 1 (Pl. P2, figs. 3, 4).

Coscinodiscus radiatus Ehrenberg (1840b), p. 68 (148), pl. 3,
figs. 1a–1c; Fenner et al. (1976), p. 774, pl. 7, fig. 1; Iwai
and Winter (2002), p. 5, pl. P22, fig. 1 (Pl. P2, figs. 5, 6).

Coscinodiscus spp. (Pl. P2, figs. 7, 8).

Eucampia antarctica (Castracane) Manguin (1915), p. 58,
figs. 41, 42, pl. 1, fig. 1; Hasle and Syvertsen (1990), pl.
16.1, figs. 7–13; Harwood et al. (2000), p. 459, figs. 7r,
7s; Iwai and Winter (2002), p. 6, pl. P7, fig. 12; pl. P27,
fig. 6 (Pl. P1, figs. 37, 38).
Synonym: Eucampia balaustium Castracane (1886a), p.

97, pl. 18, fig. 5; McCollum (1975), p. 534, pl. 16, figs. 8, 9;
Schrader (1976), p. 632, pl. 14, fig. 7; Fenner et al. (1976),
p. 774, pl. 5, figs. 7–9; Gombos (1977), p. 593, pl. 1, figs. 1,
2, pl. 11.

Fragilariopsis barronii (Gersonde) Gersonde et Bárcena
(1998), p. 92; Harwood et al. (2000), p. 459, fig. 10m;
Iwai and Winter (2002), p. 7, pl. P25, fig. 3; Zielinski
and Gersonde (2002), p. 257, pl. 1, figs. 29–31 (Pl. P3,
figs. 1–4).
Basionym: Nitzschia barronii Gersonde (1991), pp. 146–

147, pl. 3, fig. 6; pl. 4, figs. 1–3; pl. 5, figs. 7–17; Gersonde
and Burckle (1990), p. 780, pl. 1, figs. 11–13; Baldauf and
Barron (1991), p. 589, pl. 7, fig. 14; Harwood and
Maruyama (1992), p. 704, pl. 17, figs. 27, 28.

Remarks: This extinct species is endemic to the South-
ern Ocean (Gersonde, 1991).

Fragilariopsis barronii/kerguelensis transitional form of Ziel-
inski and Gersonde (2002), p. 257, pl. 1, figs. 25–28 (Pl.
P3, figs. 5–10).

Fragilariopsis cylindrica (Burckle) Censarek et Gersonde
(2002), pp. 349–350, pl. 3, fig. 24 (Pl. P3, figs. 11–16).
Basionym: Nitzschia cylindrica Burckle (1972), p. 239,

pl. 2, figs. 1–6; Gersonde and Burckle (1990), p. 780, pl. 1,
fig. 27; Baldauf and Barron (1991), p. 589, pl. 7, fig. 10;
Iwai and Winter (2002), p. 8, pl. P2, figs. 5, 6.

Remarks: Fragilariopsis cylindrica seems to be an indica-
tor of warm waters because Barron (1985) indicated that
this species is a low-latitude species and is rare in middle-
latitude sediments.

Fragilariopsis doliolus (Wallich) Medlin et Sims (1993), p.
332; Zielinski and Gersonde (2002), p. 257, pl. 1, fig. 1
(Pl. P3, figs. 17, 18).
Basionym: Synedra doliolus Wallich (1860), p. 48, pl. 2,

fig. 19.
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Synonym: Pseudoeunotia doliolus (Wallich) Grunow in
Van Heurck (1881), pl. 35, fig. 22; Fenner et al. (1976), p.
778, pl. 14, fig. 12.

Remarks: This species is one of the most common
planktonic species in subtropical to tropical areas (Fenner
et al., 1976).

Fragilariopsis fossilis (Frenguelli) Medlin et Sims (1993), p.
332; Censarek and Gersonde (2002), p. 351, pl. 3, figs.
3, 4; Zielinski and Gersonde (2002), p. 257, pl. 1, figs. 5,
6 (Pl. P3, figs. 19–22).
Basionym: Pseudonitzschia fossilis Frenguelli (1949), p.

118, pl. 1, figs. 6, 7.
Synonym: Nitzschia fossilis (Grunow) Grunow in Van

Heurck (1881), pl. 68, fig. 24; Gombos (1977), p. 595, pl. 8,
fig. 17; Gersonde and Burckle (1990), p. 780, pl. 1, figs. 19,
20.

Remarks: This species is a low- to middle-latitude spe-
cies (Barron, 1985).

Fragilariopsis kerguelensis (O’Meara) Hustedt (1952), p. 294;
Iwai and Winter (2002), p. 7, pl. P3, figs. 1–3; pl. P24,
fig. 3; pl. P25, fig. 1; Zielinski and Gersonde (2002), p.
259, pl. 1, fig. 24; Arney et al. (2003), p. 9, pl. P1, fig. 14;
Bohaty et al. (2003), p. 22, pl. P2, fig. 13 (Pl. P3, figs.
23–38; Pl. P11, fig. 1).
Basionym: Terebraria kerguelensis O’Meara (1877), p. 56,

pl. 1, fig. 4.
Synonym: Nitzschia kerguelensis (O’Meara) Hasle (1972),

p. 115, figs. 1, 2; Fenner et al. (1976), p. 776, pl. 2, figs. 19–
30; Gombos (1977), p. 595, pl. 8, figs. 13, 14; pl. 9, fig. 2.

Remarks: This species is one of the most abundant
forms in Antarctic and subantarctic regions (Fenner et al.,
1976) and is endemic to the Southern Ocean (Barron,
1985).

Fragilariopsis obliquecostata (Van Heurck) Heiden in Heiden
et Kolbe (1928), p. 555; Harwood et al. (2000), p. 459,
fig. 10n (Pl. P11, fig. 2).
Basionym: Fragilaria obliquecostata Van Heurck (1909),

p. 25, pl. 3, fig. 38.
Synonym: Nitzschia obliquecostata (Van Heurck) Hasle

(1972), p. 115; Fenner et al. (1976), pp. 776–777, pl. 2, figs.
15–18.

Remarks: This species is restricted to the Antarctic
coastline and to the ice frontier (Fenner et al., 1976).

Fragilariopsis rhombica (O’Meara) Hustedt (1952), p. 296
(Pl. P3, figs. 39, 40).
Basionym: Diatoma rhombicum O’Meara (1877), p. 55,

pl. 1, fig. 2.
Synonym: Nitzschia angulata Hasle (1972), p. 115; Fen-

ner et al. (1976), p. 775, pl. 1, figs. 17–39; Gombos (1977),
pl. 8, fig. 16; Ciesielski (1986), p. 876, pl. 3, fig. 13; Iwai
and Winter (2002), p. 8, pl. P3, fig. 6.

Remarks: This species is reported from Antarctic cir-
cumpolar waters and the undersurface of ice-pack by sev-
eral authors (Fenner et al., 1976).

Fragilariopsis weaveri (Ciesielski) Gersonde et Bárcena
(1998), p. 93; Iwai and Winter (2002), p. 8, pl. P3, figs.
18–20; Zielinski and Gersonde (2002), p. 260, pl. 1, figs.
18, 19 (no illustrations).
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Basionym: Nitzschia weaveri Ciesielski (1983), p. 655,
pl. 1, figs. 1–10; Ciesielski (1986), p. 877, pl. 3, figs. 8–12;
Baldauf and Barron (1991), p. 590, pl. 7, fig. 5.

Remarks: Barron (1996) used this species as a proxy of
southward migration of the Polar Front.

Hemidiscus cuneiformis Wallich (1860), p. 42, pl. 2, figs. 3,
4; Fenner et al. (1976), p. 774, pl. 11, fig. 17; Harwood
and Maruyama (1992), p. 703, pl. 11, fig. 11; Censarek
and Gersonde (2002), p. 352, pl. 4, fig. 5; Iwai and Win-
ter (2002), p. 8, pl. P21, fig. 2; Zielinski and Gersonde
(2002), p. 260, pl. 4, fig. 10 (Pl. P2, figs. 9, 10).
Remarks: Tropical species (Koizumi et al., 2004).

Hemidiscus karstenii Jousé in Jousé et al. (1962), p. 78, pl. 2,
figs. 7–9; McCollum (1975), p. 535, pl. 9, figs. 3, 4;
Schrader (1976), p. 632, pl. 14, fig. 2; pl. 15, figs. 17, 18;
Gombos (1977), p. 595, pl. 4, fig. 8; Ciesielski (1983), p.
656, pl. 3, fig. 6; pl. 4, figs. 2–5; Censarek and Gersonde
(2002), p. 352, pl. 3, fig. 27; Iwai and Winter (2002), p.
8, pl. P21, fig. 5 (Pl. P2, figs. 11–14).

Hemidiscus sp. 1 sensu Zielinski and Gersonde (2002), p.
260, pl. 4, fig. 8 (Pl. P2, figs. 15–18).

Nitzschia bicapitata Cleve (1900), p. 933, fig. 12; Fenner et
al. (1976), p. 775, pl. 3, figs. 27–29 (Pl. P3, figs. 41, 42).
Remarks: This species has been reported from several

subantarctic and Antarctic regions as well as in the Antarc-
tic Convergence Zone with a maximum abundance (Fen-
ner et al., 1976), although Koizumi et al. (2004) indicated
this species is cosmopolitan.

Nitzschia denticuloides Schrader (1976), p. 633, pl. 3, figs. 7,
8, 10, 12, 18–24; pl. 15, fig. 22; Gombos (1977), p. 595,
pl. 13, figs. 9–11; Ciesielski (1986), p. 876, pl. 3, fig. 18;
Gersonde and Burckle (1990), p. 780, pl. 2, figs. 7, 8;
Baldauf and Barron (1991), p. 589, pl. 7, fig. 2; Harwood
and Maruyama (1992), p. 704, pl. 8, figs. 5–8, 17; pl. 9,
figs. 24–26; pl. 10, fig. 1; Censarek and Gersonde (2002),
p. 352, pl. 2, figs. 27–31 (no illustrations).

Nitzschia spp. (Pl. P3, figs. 43–48).

Pinnularia spp. (Pl. P3, figs. 49, 50).

Proboscia alata (Brightwell) Sundström (1986), pp. 99–100,
figs. 258–266; Iwai and Winter (2002), p. 9, pl. P5, fig.
21 (Pl. P3, figs. 51, 52).
Basionym: Rhizosolenia alata Brightwell (1858), p. 95,

pl. 5, figs. 8, 8a; Fenner et al. (1976), p. 778, pl. 13, fig. 1;
Harwood and Maruyama (1992), pl. 18, figs. 15, 17.

Remarks: Fenner et al. (1976) reported that this cosmo-
politan species is found in Antarctic and subantarctic wa-
ters in the Antarctic Convergence Zone, and Jordan et al.
(1991) indicated that this taxon, found in boreal waters,
has been reported regularly from the Antarctic.

Proboscia barboi (Brun) Jordan et Priddle (1991), p. 56, figs.
1, 2; Harwood et al. (2000), p. 460, fig. 8d; Iwai and
Winter (2002), p. 9 (Pl. P3, figs. 53, 54).
Basionym: Pyxilla barboi Brun (1894), p. 87, pl. 5, figs.

16, 17, 23; Rhizosolenia barboi (Brun) Tempère and Per-
agallo (1908), p. 26, no. 47; McCollum (1975), p. 535, pl.
11, fig. 13; Schrader (1976), p. 635, pl. 9, figs. 11–13; Ciesi-
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elski (1986), p. 877, pl. 3, fig. 22; Simonseniella barboi
(Brun) Fenner (1991b), p. 108, pl. 3, figs. 1, 3; Harwood
and Maruyama (1992), p. 706, pl. 11, fig. 13.

Remarks: Widely distributed species in the Antarctic
Ocean (Jordan et al., 1991).

Proboscia curvirostris (Jousé) Jordan et Priddle (1991), p. 57,
figs. 5–7 (Pl. P3, figs. 55, 56).
Basionym: Rhizosolenia curvirostris Jousé (1959), p. 48,

pl. 2, fig. 17; Jousé (1968), p. 19, pl. 3, figs. 1–3.
Remarks: This extinct species in the latest middle Pleis-

tocene (at 0.3 Ma defined by Yanagisawa and Akiba, 1998)
frequently occurred in sediments in the subarctic and
North Pacific (e.g., Koizumi, 2010), although this taxon
has been rarely reported around the Antarctic Ocean; the
occurrence was recognized in Sample 317-U1352B-40X-
5W, 25–26 cm, in this study.

Pseudodimerogramma sp. (Pl. P3, figs. 57, 58).

Pseudonitzschia turgidula (Hustedt) Hasle (1993), p. 320 (Pl.
P3, figs. 59, 60).
Basionym: Nitzschia turgidula Hustedt (1958), p. 182,

figs. 172, 173; Fenner et al. (1976), p. 778, pl. 4, fig. 4.
Remarks: This species was reported from Southern

Ocean and South Atlantic (Hustedt, 1958).

Pseudonitzschia spp. (no illustrations).

Pterotheca aculeifera Grunow in Van Heurck (1880–1885),
pl. 83 bis, fig. 5 (Pl. P3, figs. 61, 62).
Remarks: This taxon is mentioned as resting spore but

does not belong to genus Chaetoceros because there is no
ring of puncta at the hypovalve margin (Suto, 2003). The
oldest and last occurrences of this cosmopolitan species are
from the Late Cretaceous and the early Oligocene (see Suto
et al., 2009). Desikachary and Sreelatha (1989) reported
this species from the Eocene Oamaru Formation, New Zea-
land. Only one occurrence, recognized in Sample 317-
U1352B-45X-4W, 105–106 cm, might be reworked.

Rhizosolenia hebetata Bailey (1856), p. 5, pl. 1, figs. 18, 19
(Pl. P3, figs. 63–68).
Remarks: Several forms of Rhizosolenia hebetata have

been established such as forma hiemalis from the Antarctic
and subantarctic regions (e.g., Schrader, 1976; Fenner et
al., 1976; Baldauf and Barron, 1991; Harwood and
Maruyama, 1992; Iwai and Winter, 2002). Armand and Zie-
linski (2001) indicated that the distribution pattern of the
Rhizosolenia group in Antarctic surface waters is unclear as
a result of taxonomic confusion.

Rhizosolenia polydactyla Castracane (1886a), p. 71, pl. 24,
fig. 2 (Pl. P3, figs. 69–74).
Remarks: Confusion regarding identification has been

seen in most Antarctic records of Rhizosolenia styliformis,
such as Schrader (1976), Fenner et al. (1976), Harwood and
Maruyama (1992), and Iwai and Winter (2002). However,
R. polydactyla is distinguishable from R. styliformis by its
lateral winglike expansions above the spiny process base.
Armand and Zielinski (2001) suggested this is the most
common open-ocean species of this genus based on their
sediment distribution observation, and Hasle and Syvert-
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sen (1996) indicated this species is from southern cold-wa-
ter regions.

Rouxia spp. (no illustrations).

Thalassiosira decipiens (Grunow) Jørgensen (1905), p. 96,
pl. 6, fig. 3; Fenner et al. (1976), p. 779, pl. 11, figs. 4–6
(no illustrations).
Basionym: Coscinodiscus decipiens Grunow (1878), p.

125, pl. 4, fig. 18.
Remarks: This species has a wide distribution in tem-

perate and boreal waters in both hemispheres (Hasle,
1960).

Thalassiosira delicatula Hustedt (1958), p. 110, figs. 8–10;
Fenner et al. (1976), p. 779, pl. 9, figs. 21–25 (Pl. P2,
figs. 19, 20).
Remarks: This is a widespread species in the Antarctic

and subantarctic regions (Hargraves, 1968).

Thalassiosira eccentrica (Ehrenberg) Cleve emend. Fryxell et
Hasle (1972), p. 302, figs. 1–18 (Pl. P2, figs. 21–23).
Basionym: Coscinodiscus eccentricus Ehrenberg (1840b),

p. 146.
Remarks: This species was found rarely in the Antarctic

as well as the subantarctic region and is cosmopolitan
(Hustedt [1930], 1977).

Thalassiosira elliptipora (Donahue) Fenner ex Mahood et
Barron (1996b), p. 292, pl. 4, fig. 3; pl. 5, figs. 4–7; pl. 8,
figs. 6, 7; Harwood and Maruyama (1992), p. 707, pl.
16, fig. 12; Zielinski and Gersonde (2002), p. 263, pl. 5,
fig. 1 (no illustrations).
Basionym: Coscinodiscus elliptipora Donahue (1970), p.

183, pl. 4, figs. e, i–m; McCollum (1975), p. 526, pl. 16, fig.
10; Gombos (1977), p. 592, pl. 3, figs. 1–3, 6; pl. 9, fig. 3;
Ciesielski (1986), p. 875, pl. 1, fig. 6.

Remarks: Fenner (1991a) suggested that this endemic
Southern Ocean species was most common in northern
Antarctic surface waters.

Thalassiosira fasciculata Harwood et Maruyama (1992), p.
707, pl. 15, figs. 4–6; Mahood and Barron (1996a), pp.
287–291, figs. 15–24, 27, 28; Zielinski and Gersonde
(2002), p. 263, pl. 5, figs. 3, 4 (Pl. P2, figs. 24, 25).

Thalassiosira gracilis (Karsten) Hustedt (1958), p. 109, figs.
1–7; McCollum (1975), p. 536, pl. 14, fig. 3; Fenner et
al. (1976), p. 780, pl. 9, figs. 12–20; Iwai and Winter
(2002), p. 12, pl. P12, fig. 4; pl. P24, fig. 2 (Pl. P2, figs.
26, 27).
Basionym: Coscinodiscus gracilis Karsten (1905), p. 78,

pl. 3, fig. 4.
Remarks: Fenner et al. (1976) indicated this species was

found from the Antarctic waters and Antarctic Conver-
gence Zone.

Thalassiosira gravida Cleve (1896), p. 12, pl. 2, figs. 14–16;
Fenner et al. (1976), p. 780, pl. 8, fig. 5 (no illustra-
tions).
Remarks: This species is reported from the polar and

temperate North Atlantic (Hustedt [1930], 1977).
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Thalassiosira inura Gersonde (1991), p. 151, pl. 6, figs. 7–
14; pl. 8, figs. 1–6; Baldauf and Barron (1991), p. 591, pl.
6, fig. 9; Harwood and Maruyama (1992), p. 707, pl. 5,
fig. 14; pl. 14, figs. 12–16; Harwood et al. (2000), p. 460,
fig. 7b; Censarek and Gersonde (2002), p. 353, pl. 4,
figs. 11, 12; Iwai and Winter (2002), p. 12, pl. P12, figs.
2, 3; pl. P26, figs. 8, 9; pl. P27, fig. 3; Zielinski and Ger-
sonde (2002), p. 264, pl. 5, figs. 12, 13 (no illustrations).

Thalassiosira lentiginosa (Janisch in Schmidt) Fryxell
(1977), p. 103, figs. 13a–13d, 14a–14d; Harwood and
Maruyama (1992), p. 707, pl. 19, fig. 15; Iwai and Win-
ter (2002), p. 13, pl. P20, figs. 1, 4; pl. P24, fig. 4 (Pl. P2,
figs. 28, 29).
Basionym: Coscinodiscus lentiginosus Janisch in Schmidt

(1878), pl. 58, fig. 11; McCollum (1975), p. 527, pl. 5, fig.
1; Fenner et al. (1976), p. 773, pl. 7, figs. 4–6; Gombos
(1977), p. 593, pl. 3, figs. 4, 5.

Remarks: This species is characteristic of the Antarctic
region and is also widespread in subantarctic waters, al-
though small numbers were found in the subtropical as-
semblage (Fenner et al., 1976).

Thalassiosira lineata Jousé (1968), p. 13, pl. 1, figs. 1, 2;
Fenner et al. (1976), p. 780, pl. 11, figs. 8–10 (Pl. P2,
figs. 30–33).
Remarks: This species is described as a tropical to sub-

tropical species, but also occurs in colder waters (Fenner et
al., 1976).

Thalassiosira oestrupii (Ostenfeld) Proschkina-Lavrenko ex
Hasle (1960), p. 8, pl. 1, figs. 5, 7, 11; Fenner et al.
(1976), p. 780, pl. 9, figs. 1–11; Gombos (1977), p. 598,
pl. 5, figs. 1, 2; Gersonde and Burckle (1990), p. 782, pl.
3, figs. 13, 14; Harwood and Maruyama (1992), p. 708,
pl. 16, figs. 5–7; Censarek and Gersonde (2002), p. 353,
pl. 5, figs. 9, 10; Iwai and Winter (2002), p. 13, pl. P26,
figs. 6a, 6b (Pl. P4, figs. 1–10).
Basionym: Coscinosira oestrupii Ostenfeld (1900), p. 52.
Remarks: This species is considered to be a subtropical

indicator (Koizumi et al., 2004), but is cosmopolitan and
reported from the subantarctic by several authors (e.g.,
Fenner et al., 1976).

Thalassiosira oliverana (O’Meara) Sournia; Harwood and
Maruyama (1992), p. 708, pl. 14, figs. 1, 2, 6, 11, 17;
Harwood et al. (2000), p. 460, fig. 7c (Pl. P4, figs. 31,
32).

Thalassiosira striata Harwood et Maruyama (1992), p. 708,
pl. 15, figs. 7–9; Iwai and Winter (2002), p. 13, pl. P15,
fig. 4; pl. P27, fig. 2; Zielinski and Gersonde (2002), p.
264, pl. 4, fig. 7 (Pl. P4, figs. 11, 12).

Thalassiosira sp. d of Fenner et al. (1976), p. 780, pl. 8, figs.
8, 9 (Pl. P4, figs. 13–26; Pl. P11, fig. 3).

Thalassiosira spp. (Pl. P4, figs. 27–30).

Thalassiothrix longissima Cleve et Grunow in Grunow
(1880), p. 108; Schrader (1976), p. 637, pl. 1, figs. 5, 6,
17; Fenner et al. (1976), p. 781; Harwood and
Maruyama (1992), p. 708, pl. 11, fig. 12 (Pl. P3, figs. 75–
78).
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Remarks: This species is one of the most common
plankton species of the ocean and is also found in the Ant-
arctic and subantarctic regions (Fenner et al., 1976).

Triceratium spp. (Pl. P4, figs. 33, 34).

Tropidoneis spp. (Pl. P3, figs. 79, 80).

Genus et species indet. (Pl. P4, figs. 35–42).

Littoral to neritic

Actinoptychus senarius (Ehrenberg) Ehrenberg (1843), pp.
298, 301, 322, 328, 437, 438, 443, pl. I/I, fig. 27; pl. I/III,
fig. 21; pl. III/VII, fig. 1; Censarek and Gersonde (2002),
p. 350, pl. 5, fig. 11 (Pl. P5, figs. 1–10).
Basionym: Actinocyclus senarius Ehrenberg (1837), p.

61.
Remarks: This species is neritic to littoral (Koizumi et

al., 2004) and cosmopolitan.

Cocconeis costata Gregory (1855), p. 39, pl. 4, fig. 10; Har-
wood et al. (2000), p. 459, fig. 9h; Iwai and Winter
(2002), p. 4, pl. P6, fig. 16 (Pl. P6, figs. 1–4).

Cocconeis fasciolata (Ehrenberg) Brown (1920), p. 232; Har-
wood et al. (2000), p. 459, figs. 9c, 9d; Iwai and Winter
(2002), p. 4, pl. P6, fig. 20 (Pl. P6, figs. 5–10).
Basionym: Rhaphoneis fasciolata Ehrenberg (1844a), p.

204.

Cocconeis aff. placentula Ehrenberg (1838), p. 194; Fenner et
al. (1976), p. 771, pl. 11, fig. 13 (Pl. P6, figs. 11–20; Pl.
P11, figs. 7, 8).

Cocconeis schuettii Van Heurck (1909), p. 18, pl. 2, fig. 29;
Harwood et al. (2000), p. 459, figs. 9a, 9b, 9f (Pl. P6,
figs. 21–29).

Cocconeis sp. A of Harwood et al. (2000), p. 459, figs. 9u, 9v
(Pl. P6, figs. 30, 31).

Cocconeis sp. B (Pl. P6, figs. 32–39; Pl. P11, fig. 4).

Cocconeis spp. (Pl. P6, figs. 40–43).

Delphineis spp. (no illustrations).

Diploneis bombus Ehrenberg (1844b), p. 84; Censarek and
Gersonde (2002), p. 351, pl. 5, fig. 3 (Pl. P7, figs. 1–6).

Diploneis frickei (Van Heurck) Heiden et Kolbe (1928), p.
613; Harwood et al. (2000), p. 459, fig. 9m (Pl. P7, figs.
7–12).
Basionym: Navicula frickei Van Heurck (1909), p. 10, pl.

2, fig. 184.

Diploneis splendida (Gregory) Cleve (1894), p. 87; Harwood
et al. (2000), p. 459, fig. 9n (Pl. P7, figs. 13–18).
Basionym: Navicula splendida Gregory (1856), p. 44, pl.

5, fig. 14.

Diploneis subovalis Cleve (1894), p. 96, pl. 1, fig. 27; Har-
wood et al. (2000), p. 459, fig. 9l (Pl. P7, figs. 19–24).

Diploneis sp. (lanceolate) (Pl. P7, figs. 25–28).

Diploneis spp. (Pl. P7, figs. 29, 30).
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Grammatophora spp. (Pl. P7, figs. 31–46).

Hyalodiscus spp. (Pl. P5, figs. 11–16).

Navicula directa (Smith) Ralfs in Pritchard (1861), p. 906;
Fenner et al. (1976), p. 774, pl. 14, fig. 7 (Pl. P6, figs. 44,
45).
Basionym: Pinnularia directa Smith (1853), p. 56, pl. 18,

fig. 172b.
Remarks: A cosmopolitan species, more common in

colder waters (Fenner et al., 1976).

Navicula udintsevii Schrader et Fenner (1976), p. 991, pl. 22,
fig. 33; pl. 24, figs. 1, 2; Gombos and Ciesielski (1983),
p. 602, pl. 21, fig. 8; Harwood and Maruyama (1992), p.
704, pl. 2, fig. 12 (no illustrations).

Navicula wisei Harwood et Maruyama (1992), p. 704, pl. 17,
figs. 9, 10 (Pl. P6, figs. 46, 47).

Navicula spp. (Pl. P6, figs. 48–51).

Nitzschia panduriformis Gregory (1857), p. 57, pl. 6, fig. 102
(Pl. P6, figs. 52–57; Pl. P11, figs. 5, 6).
Remarks: Littoral species (Koizumi et al., 2004).

Pleurosigma directum Grunow in Cleve et Grunow (1880), p.
53; Fenner et al. (1976), p. 778, pl. 14, fig. 6; Gombos
and Ciesielski (1983), p. 603, pl. 24, fig. 9 (Pl. P8, figs. 1,
2).
Remarks: Cosmopolitan species (Hasle and Syvertsen,

1996).

Paralia sulcata (Ehrenberg) Cleve (1873), p. 7; Iwai and
Winter (2002), pl. P8, fig. 7; pl. P25, fig. 17; pl. P29, fig.
9; pl. P32, fig. 2; Arney et al. (2003), p. 9, pl. P1, fig. 5
(Pl. P5, figs. 17–23).
Basionym: Gaillonella sulcata Ehrenberg (1838), p. 170,

pl. 21, fig. 5.
Synonym: Melosira sulcata (Ehrenberg) Kützing (1844),

p. 55, pl. 2, fig. 7.
Remarks: This species is a bottom form but is fairly

common in coastal plankton, cosmopolitan (Hasle and
Syvertsen, 1996).

Rhaphoneis amphiceros (Ehrenberg) Ehrenberg (1844b), p.
87; Ciesielski (1986), p. 877, pl. 6, figs. 1–3 (Pl. P6, figs.
58–63).
Basionym: Cocconeis amphiceros Ehrenberg (1840a), p.

206.
Remarks: Probably cosmopolitan (Hasle and Syvertsen,

1996).

Rhaphoneis spp. (Pl. P8, figs. 3–8).

Rhopalodia spp. (Pl. P8, figs. 9, 10).

Stauroneis spp. (Pl. P8, figs. 11–16).

Surirella spp. (no illustrations).

Trachyneis spp. (Pl. P8, figs. 17–20).

Stephanopyxis spp. (Pl. P8, figs. 21–34).
  Remarks: Several shapes of valves, for example flat

and strongly vaulted ones with/without conical processes,
were recognized, but firm classification of this genus has
not been estimated so far. 
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Thalassionema nitzschioides (Grunow) Mereschkowsky
(1902), p. 78 (Pl. P8, figs. 35–48).
Basionym: Synedra nitzschioides Grunow (1862), p. 403,

pl. 5/8, fig. 18.
Synonym: Thalassionema nitzschioides (Grunow) Van

Heurck (1896), p. 319, fig. 75; Ciesielski (1986), p. 877, pl.
3, fig. 17; Iwai and Winter (2002), p. 11, pl. P5, fig. 18.

Remarks: Cosmopolitan but not in the high Arctic and
Antarctic (Hasle and Syvertsen, 1996).

Fresh or brackish water

Aulacoseira granulata (Ehrenberg) Simonsen (1979), p. 58
(Pl. P9, figs. 1–8).
Basionym: Gaillonella granulata Ehrenberg (1843), p.

415.
Synonym: Melosira granulata (Ehrenberg) Ralfs in

Pritchard (1861), p. 820.

Cyclotella pantanelliana Castracane (1886b), p. 171 (Pl. P9,
figs. 9–18).

Cyclotella spp. (no illustrations).

Cymbella spp. (Pl. P9, figs. 19–30).

Discostella stelligera (Cleve et Grunow) Houk et Klee (2004),
p. 208 (Pl. P9, figs. 31–44).
Basionym: Cyclotella meneghiniana var. stelligera Cleve

et Grunow in Cleve (1881), p. 22, pl. 5, figs. 63a, 63c.
Synonym: Cyclotella stelligera (Cleve et Grunow in

Cleve) Van Heurck (1882), pl. 94, figs. 22–26.
Remarks: The type specimen was collected from the

Lake Rotoaira, south of the Lake Taupo, New Zealand
(Houk and Klee, 2004).

Encyonema spp. (Pl. P9, figs. 45–48).

Epithemia spp. (Pl. P9, figs. 49–52).

Eunotia spp. (Pl. P9, figs. 53–56).

Coastal upwelling indicator, resting spores of 
Chaetoceros

Coronodiscus collarius Suto (2004a), p. 96, figs. 2A, 5–35 (Pl.
P10, figs. 1, 2; Pl. P12, fig. 1).

Dicladia capreola Ehrenberg (1854), pl. 35A, fig. 8; Suto
(2003), pp. 337–339, figs. 1B, 17–30, 124, 125 (Pl. P10,
figs. 3–6).
Remarks: The vegetative diatom, Chaetoceros loren-

zianus Grunow, is a widely distributed neritic, tropical, and
temperate species (Lee, 1993).

Dicladia ? spp. (Pl. P10, figs. 7–10).

Dispinodiscus pilusus var. montanus Suto (2004b), pp. 87–89,
figs. 1M–1R, 45–56 (Pl. P10, figs. 11–16; Pl. P12, fig. 2).

Dispinodiscus pilusus var. pilusus Suto (2004b), pp. 81–87,
figs. 1A–1I, 57–88 (Pl. P10, figs. 17, 18).

Dispinodiscus stimulus Suto (2004b), pp. 80–81, figs. 1J–1L,
6–31, 43, 44 (Pl. P10, figs. 19–24).
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Gemellodiscus bifurcus Suto (2004c), p. 269, figs. 2.F, 2.G,
10.1–10.25 (Pl. P10, figs. 25–34; Pl. P12, fig. 3).

Gemellodiscus cingulus Suto (2004c), p. 267, figs. 2.C, 2.D,
8.1–8.10, 8.15 (Pl. P10, figs. 35, 36).

Hypovalve of Gemellodiscus (see Suto, 2004d) (Pl. P10, figs.
37, 38).

Liradiscus castaneus var. castaneus Suto (2007), p. 146, pl. 2,
figs. 1a–3c, 7a, 7b, 14a, 14b (Pl. P10, figs. 39–46; Pl.
P12, fig. 4).
Remarks: The last occurrence age of this species recog-

nized from IODP Expedition 317 Hole U1352B coincides
with that from DSDP Site 436, northwestern Pacific in the
middle Pleistocene (Suto, 2007); therefore, this species
may be potentially useful for Pacific diatom biostratigra-
phy because of its specific characteristic allowing for easy
identification.

Liradiscus japonicus Suto (2004e), pp. 69–70, pl. 3, figs. 1a–
10 (Pl. P10, figs. 47, 48).

Liradiscus pacificus Suto (2004e), pp. 69–70, pl. 3, figs. 1a–
10 (Pl. P10, figs. 49, 50).

Liradiscus plicatulus Hajós (1968), p. 114, pl. 28, fig. 10;
Suto (2004e), pp. 69–70, pl. 3, figs. 1a–10 (Pl. P10, figs.
51–54; Pl. P12, fig. 5).

Monocladia sp. (Pl. P10, figs. 55, 56).
Remarks: About this genus, see Suto (2003, 2005a).

Quadrocistella rectagonuma Suto (2006a), p. 17, pl. 5, figs. 1–
13 (Pl. P10, figs. 57–62; Pl. P12, fig. 6).
Proc. IODP | Volume 317
Syndendrium diadema Ehrenberg (1854), pl. 35A, group 18,
fig. 13; Suto (2003), pp. 342–349 (Pl. P10, figs. 63–74).
Remarks: The extant Chaetoceros diadema considered as

the vegetative diatom of this resting spore species is cos-
mopolitan (Hasle and Syvertsen, 1996).

Truncatulus spp. (no illustrations).
Remarks: About this genus, see Suto (2006c).

Vallodiscus complexus Suto (2005b), p. 22, figs. 2D–2F, 33–
68 (Pl. P10, figs. 75–78).

Xanthiopyxis hirsuta Hanna et Grant (1926), p. 170, pl. 21,
fig. 10; Suto (2004d), pp. 297–299, figs. 1.I1, 1.I2,
11.25–11.28, 13.8 (Pl. P10, figs. 79–84).

Xanthiopyxis polaris Gran (1900), p. 51, pl. 3, figs. 16–19;
Suto (2004d), figs. 1.A, 7.1–7.17 (Pl. P10, figs. 85, 86).

Xanthiopyxis type A (knobby type) of Suto (2004d), p. 303,
figs. 1.L1, 1.L2, 7.32–7.35, 10.1–10.28 (Pl. P9, figs. 57–
62; Pl. P12, fig. 7).

Xanthiopyxis type B (short spiny type) of Suto (2004d), pp.
303–307, figs. 1.M1, 1.M2, 12.1–12.32, 13.1–13.7 (Pl.
P9, figs. 63–78; Pl. P12, fig. 8).

Xanthiopyxis type C (long spiny type) of Suto (2004d), p.
307, figs. 1.N, 12.33–12.40 (Pl. P9, figs. 79–84).

Hyaline type resting spores (Pl. P9, figs. 85–96).
Remarks: This hyaline type resting spores have no char-

acteristics on its epivalve surface, but its hypovalve pos-
sesses a ring of puncta at the mantle margin. 
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