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Abstract : Taxonomic refinements are made on some 30 taxa belonging to the
marine diatom genera, Crucidenticula, Denticulopsis and Neodenticula, and their most
probable evolutionary lineages are presented based on their morphology as well as
their stratigraphic and geographic distributions. Fifteen new species and varieties
are herein described, and two new combinations are established. They are, in
alphabetical order, Crucidenticula kanayae var. pacifica n. var., C. paranicobarica var.
tropica n. var., C. sawamurae n. sp., Denticulopsis barronii n. sp., D. crassa n. sp., D.
delicata n. sp., D. dimorpha var. areolata n. var., D. ichikawae n. sp., D. okunoi n. sp.,
D. ovata (SCHRADER) n. comb., D. praedimorpha var. minor n. var., D. praedimorpha
var. robusta n. var., D. praedimorpha var. intermedia n. var., D. prackatayamae n. sp.,

D. simownsenii n. sp., D. tanimurae n. sp. and D. vulgaris (OKUNO) n. comb.

I. Introduction

The late Cenozoic diatom genera Cruciden-
ticula, Denticulopsis and Neodenticula include
many short-ranging and widely distributed
taxa, most of which are extremely valuable
for the Neogene diatom biostratigraphy. The
diatom taxa included in these three genera
had long been recognized as “marine species
of Denticula KUTZING” (SIMONSEN and
KANAYA, 1961), and were later placed in the
genus Denticulopsis by SIMONSEN (1979), until
AKIBA and YANAGISAWA (1986) recently clar-
ified their generic distinctions.

The number of taxa of this species group
has been greatly increased as their biostrati-
graphic utility has become clear (Fig. 1).
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When SIMONSEN and KANAYA (1961) made
taxonomic revision of this group, only five
species were known. Over a decade later,
SCHRADER (1973a, b) recognized 12 taxa, ad-
ding many new forms, and he first suggested a
possible evolutionary lineage of this diatom
group. However, his idea is basically contra-
dictory to ours in that this diatom group is not
monogenetic but clearly polygenetic. By the
successive descriptions of new forms or refine-
ments of previously described species (McCOL-
LUM, 1975; SCHRADER, 1976 ; SCHRADER and

FENNER, 1976 ; AKIBA, 1982, 1986 ; MARUYA-

MA, 1984a; AKIBA and YANAGISAWA, 1986 ;
TANIMURA, 1989), some 20 taxa have been
counted in our recent synthesis of the tax-
onomic and morphological details of this
diatom group (AKIBA and YANAGISAWA, 1986).

The main purpose of our previous paper
was to circumscribe the specific concepts of
the group as clearly as possible in order to
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The taxonomic relationship, morphological
diagnoses and time-and-space distribution of
this group are described in detail as well.

II. Materials and methods

For biostratigraphic study, samples from
the Lower Miocene through Pliocene
sequences of DSDP Site 438 (Hole A, Cores 1
-85; Hole B, Cores 6-16) and the Lower
Miocene to Upper Miocene sections of DSDP
Site 77 (Hole B, Cores 17-24) and Site 71
(Cores 19-29) were analyzed.

Holes 438A and 438B are located in the
northwestern Pacific, off northeast Honshu of
Japan (Fig. 2), containing the most complete
reference sections for the Lower Miocene
through Quaternary North Pacific diatom
biostratigraphy (BARRON, 1980 ; AKIBA et al.,
1982; MARUYAMA, 1984b; Koizumi, 1985;
OpA, 1986; AKIBA, 1986: ORESHKINA and
RADIONOVA, 1987). In this study, the samples
analyzed by AKIBA et al. (1982), MARUYAMA
(1984b) and AKIBA (1986) and those deposited
in DSDP Reference Center in the National

Science Museum (Tokyo) are re-examined
with special attention to the three genera
treated in this paper.

Holes 77B and 71 were drilled in the eastern
equatorial Pacific (Fig. 2), and offer one of the
most valuable Lower Miocene to Middle
Miocene sections for the diatom bios-
tratigraphy of this area (BARRON, 1981b, 1983,
1985a). We examined the slides of some
selected samples studied by BARRON (1983,
1985a).

For taxonomic study, especially for SEM
observation, several selected samples from
on-land sequences of Japan and from deep-
sea cores in the Southern Ocean were used as
well as the DSDP samples mentioned above.

Preparation method for LM studies varied
but mostly followed KoizumI and TANIMURA
(1985), BARRON (1983) and MARUYAMA (1984a).
For SEM observation, samples were prepared
after AKIBA and YANAGISAWA (1986).

One hundred diatom valves were counted
for each sample at 1000X magnification.
After the counting, each slide was scanned to
record other species missed during the count-

Fig. 2 Geographic locations of DSDP sites examined in this study (solid circles) and the
Southern Ocean DSDP sites of which diatom stratigraphic records are used to summa-
rize stratigraphic ranges of taxa treated in this paper (open circles).
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Fig. 4 Frustule of Denticulopsis simonsenii n. sp. A : inner valve view by LM ; B : outer valve
view by SEM ; C: inner valve view by SEM ; D : valve view of copula ; E : broad girdle
view of frustule in cross section ; F : broad girdle view of frustule by SEM ; G : broad
girdle view of frustule by LM ; H, I: narrow girdle view of frustule by SEM, showing
a lingula (li) and an antilingula (al) of the first pleura; J: cross-sectional view at
marginal rib(mr) ; K : cross-sectional view at secondary pseudoseptum (sp) ; L : cross-
sectional view at primary pseudoseptum (pp) and basal ridge (br); M : inner valve
structure.
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Table 1 Characteristics of the genera Crucidenticula, Denticulopsis and Neodenticula.

Crucidenticula Denticulopsis Neodenticula
Morphology
Punctation Coarse Fine Very fine
(0.4-0.55 um (less than 0.1 um (indiscernible
in diameter) in diameter) in LM)

Between each two
transapical striae
on both sides

Location of
Marginal ribs

About two between
each two pseudosepta

Location of
portulae of raphe

Raphe slit Divided
Stratigraphic range 17.8-10.6 Ma
Ancestor Nitzschia

maleinterpretaria

Geographic distribution  Originally and mainly
in the low-latitude,

later expanded to the

Between each two
pseudosepta
on both sides

Formed by branching
of pseudosepta,
only on raphe side

One between each
two marginal ribs

One between each
two pseudosepta

Divided
16.4-7.9 Ma

Continuous
7.2-0 Ma

a Nitzschia species Nitzschia rolandii
resembling

N. challengeri

Originally and mainly Endemic in the high-
in the middle- to high- latitude in the Nothern
latitude, later expanded Hemisphere

middle- to high-latitude to the low-latitude

septa.

Secondary pseudoseptum : This pseudose-
ptum is differentiated from the primary
pseudoseptum in that it does not penetrate
very deeply and that it lacks a basal ridge. It
is present only in some limited species.

Apical pseudoseptum : This term was
proposed by MARUYAMA (1988) for a shallow
pseudoseptum which is recognized near the
apex in some valves of Denticulopsis lauta and
its related species. It is very similar to the
secondary pseudoseptum in lacking a basal
ridge, but differs from the latter in that it is
located only near apex and not located be-
tween primary pseudosepta and that it is not
present all valves of D. lauta. This pseudosep-
tum is also recognized in D. praedimorpha, N.
kamischatica and their related taxa.

Apical costa: This structure is a shallow
costa situated near each apex, consisting of a
transapical costa and two or three longitudi-
nal costae running to the apex. MARUYAMA
(1984a, 1988) called these longitudinal costae
“apical branchings”.

Marginal rib: This is a short thickening
which protrudes inward from the valve mantle
between pseudosepta. Though this structure
was originally named a “marginal rib-like
wall thickening” by SIMONSEN and KANAYA
(1961), it is here termed merely a marginal rib
for simplicity. The distribution pattern of
marginal ribs is one of the most diagnostic
features that distinguish the three genera
(Table 1; AKIBA and YANAGISAWA, 1986).

Deck : This is a plate, which would corre-
spond to the deck of ship if the valve of
Denticulopsis were a ship. The deck is some-
times isolated (Pl. 8, Fig. 16).

Chamber : This is a space or interval for-
med between each two primary pseudosepta
(MARUYAMA, 1988).

Raphe: The raphe of normal vegetative
valve is situated along the valve edge, but that
of the initial valve is located along the valve
center (Pl. 2, Figs. 38, 44, 45; P1. 3, Fig. 29; Pl
5, Figs. 20, 42 ; P1. 9, Figs. 10, 11; Pl 10, Figs.
3-9). The raphe canal is a round tube with
inner portulae. The raphe of Crucidenticula
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Table 6 Occurrences of taxa of the genera Crucidenticula, Denticulopsis, their related species
and several zonal marker species in DSDP Holes 77B and 71. Denticulopsis simon-
senii group includes D. simonsenii, D. vulgaris and D. praekatayamae. Note : See
Table 4 for explanation of numbers and symbols.
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taxa such as C. tkebe: and C. kanayae var.
kanayae. This geographic expansion coin-
cides with a global climate optimum at the
latest Early Miocene (Fig. 11). After the
expansion, this lineage became extinct near
the end of the Early Miocene. This extinction

is probably due to the beginning of cooling at
this time.

After then, the second lineage started from
C. paranicobarica var. tropica which arose
from C. sawamurae by size reduction. This
low-latitude variety gave rise to a middle- to
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