
Introduction

Based on the temporal and spatial distribution
of foraminifers, calcareous nannofossils, radio-
laria, and diatoms in Deep Sea Drilling Project
(DSDP) cores, Sancetta (1978) demonstrated
large changes in the latitudinal distribution of
plankton provinces from the Early to Middle
Miocene. Sancetta (1978) documented a widen-
ing of the Tropical province during the Early to
Middle Miocene and inferred both a strong
Kuroshio Current in the North Pacific and a
strong subtropical convergence in the South Pa-
cific. From analyses of changes in the fossil di-
atom assemblages in seven sediment cores,
Sancetta and Silvestri (1986) also inferred that
prior to 2.5 Ma, the modern subarctic water mass
did not exist, at least in the western Pacific. Simi-
larly, based on the biogeographical distribution of

planktonic foraminifers, Kennett et al. (1985) de-
scribed important differences in surface water
circulation systems between the Early and Late
Miocene. For example, Kennett et al. (1985) con-
cluded that the gyral circulation system was
weakly developed in the Early Miocene, but be-
came stronger by the Late Miocene in association
with the closure of the Indonesian Seaway and
the intensification of the Kuroshio Current in the
Middle Miocene.

Tanimura (1999) analyzed data from sediment
traps and sediment cores from the northwest Pa-
cific and determined that: (1) three T. nitzs-
chioides varieties (T. nitzschioides var. incurva-
tum, T. nitzschioides var. inflatum, and T. nitzs-
chioides var. parvum) are the major floral compo-
nents in waters of the Subtropical Gyre in the
North Pacific, whereas T. nitzschioides s. s. is rel-
atively abundant in waters northwest of the
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Kuroshio Current, (2) the proportions of the
three T. nitzschioides varieties relative to T. nitzs-
chioides s. s. reflect the path migrations of the
current, and (3) these proportions are potentially
useful tools for delineating past migrations of the
Kuroshio Current. The determinations cited
above, together with the inferences of evolution
in plankton provinces and surface water circula-
tion systems in the geologic past (Sancetta, 1978;
Kennett et al., 1985) leads us to test the idea that
the evolution of a surface water circulation sys-
tem in the Pacific could affect the speciation of
marine plankton diatoms, particularly the vari-
eties and morphological types of Thalassionema
species. We investigated the modern distribution
of Thalassionema species and the morphological
types within morphological variants of the
species in the uppermost layers of deep-sea cores
collected from the Pacific Ocean. We discuss cor-
relations between the distribution of these
species in the sediment layers and the modern
gyral circulations and current systems over sedi-
ments in the Pacific. In general, surface water
circulation systems cause the formation and dis-
tribution of surface water masses in which ma-
rine diatoms are produced. The distributions of
Thalassionema species and their morphological
types were correlated with this system. Our re-
sults provide the initial step in a broader project
to use down-core analysis for the reconstruction
of the evolution of Thalassionema species in the
Pacific.

Species and varieties belonging to the genus
Thalassionema are cosmopolitan in all but the
high-latitude Arctic and Antarctic seas (Hasle
and Syvertsen, 1996). These species often occur
in large numbers and are dominant components
of the plankton diatom flora (Hasle, 1960; Si-
monsen, 1974). Thalassionema species range in
age from the Eocene to Recent (Schrader, 1978;
Barron, 1985; Baldauf and Monjanel, 1989; Fen-
ner and Mikkelsen, 1990; Baldauf and Barron,
1991; Gladenkov and Barron, 1995). Diatoms in
this genus are primarily heavily silicified; thus,
they are abundant in pelagic and hemipelagic
sediments and are dominant constituents of sedi-

ment diatom assemblages.
Valves of Thalassionema species and varieties

are highly variable in morphology in modern
seas, and more than 18 taxa have been defined
mainly from valve outlines (Grunow in Van
Heurck, 1881; Peragallo, 1903; Heiden and
Kolbe, 1928; Cleve-Euler, 1949; Table 1). The
genus Thalassionema is ideal for our research
purposes because of its wide distribution in mod-
ern oceans, its abundance in the sediments, and
the long stratigraphic ranges of the species.

Materials and Methods

Kanaya and Koizumi (1966) analyzed the geo-
graphical distribution of diatom species in mod-
ern sediments using the uppermost layers of
deep-sea cores collected from the Pacific Ocean
ranging in latitude from 55°N to 55°S. We used
85 of the sediment samples from Kanaya and
Koizumi (1966) (serial nos. 1–88 in Appendix 1).
In addition, we used 61 core-top samples collect-
ed from the northwestern Pacific (Appendix 1
and Fig. 1a).

To correlate the distributions of Thalassione-
ma species and the morphological types of the
variants of Thalassionema species in the sedi-
ments with modern gyral circulations and current
systems over the sediments in the Pacific, four
morphological characteristics (valve outline,
length, width, and marginal areolae density) were
measured under light microscopy (LM), and
seven characteristics (areolar occlusions, margin-
al foramina shape, rimoportula placement, rimo-
protula habit and orientation relative to valvar
plane, external opening of rimoportula, presence
or absence of a small pore at each apex and an
apical spine) were compared among the species
and types using scanning electron microscopy
(SEM) observations.

Prior to the distribution analyses of Thalas-
sionema species and types in the modern sedi-
ments, we ranked the state of diatom valve
preservation, particularly the degree of valve sili-
ca dissolution and fragmentation of valves, on a
scale from 1 to 5. Samples that exhibited well- to
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Fig. 1. Major gyral circulations and current systems in the Pacific Ocean and locations of 146 sediment cores
(a). Serial numbers for the locations correspond to those in Appendix 1. State of valve preservation catego-
rized into five classes (b). Top-cores with well- to moderately preserved valves (n�68; classes 3–5) are indi-
cated by solid circles. Gyral circulations and current systems in the Pacific are from Schmitz (1996) in Norris
(2000) and Pahnke and Zahn (2005).



moderately-preserved valves (classes 3, 4, or 5)
were used for analyses.

Observations and enumerations of both Tha-
lassionema species and morphological types of
the species were conducted at 1008x using a
Zeiss Axioplan microscope equipped with No-
marskii differential interference contrast. The
counting method followed Schrader and Gerson-
de (1978, fig. 1, E). Each slide was mounted with
Pleurax or Styrax, and at least 100 half-valves
(50 valves), and up to 700 half-valves (350
valves), were counted along transects under LM.

Results

Diatom valves were generally well preserved
in sediments under the Subpolar Gyre, the Equa-
torial Current System, and south of the Subtropi-
cal Convergence in the South Pacific. However,
diatoms were poorly preserved in sediments
under the central portions of the Subtropical
Gyres in the North and South Pacific. Well- to
moderately preserved valves occurred in 68 sedi-
ment samples (Appendix 2 and Fig. 1b).

We identified five Thalassionema species in
the 68 samples: T. bacillare (Heiden) Kolbe, T.
frauenfeldii (Grunow) Hallegraeff, T. nitzschi-
oides (Grunow) Mereschkowsky, T. pseudo-
nitzschioides (Schuette et Schrader) Hasle, and T.
synedriforme (Greville) Hasle. We distinguished
two morphological types of T. bacillare (Ba and
Bb) and nine types of T. nitzschioides (Na, Nc,
Nd-j, incl. T. nitzschioides s. s., T. nitzschioides
var. incurvatum, T. nitzschioides var. inflatum,
and T. nitzschioides var. parvum; Table 2).

Types Ba and Bb of T. bacillare differed pri-
marily in the position of the rimoportulae on the
valves. Valves of type Ba exhibited a rimoportula
close to an apex, whereas those of type Bb were
on the valve face near an apex (Figs 58–64). Tan-
imura (1999) distinguished three morphological
types in a variation of T. nitzschioides s. l. Types
Na (type a in the literature) and Nc (type c in the
literature) were found in the Pacific sediments,
and type Nb was identified as T. pseudonitzs-
chioides. Type Nd was also distinguished as a

probable morphological type of a morphological
variant of T. nitzschioides s. l. The isopole/slen-
der valves of type Nd differed from those of
types Na and Nc. Types Ne and Nf belong to the
T. nitzschioides vars. incurvatum, inflatum and
parvum complex. Type Nf was more heavily sili-
cified and had a coarser areolation of the valves
than type Ne. Valve outlines allowed for the dis-
tinction among morphological types Ng, Nh, Ni,
and Nj. Smaller valves of types Ng and Nh were
similar in valve outline, but are distantly geo-
graphically distributed.

Based on their distribution, four groups of
Thalassionema species and their morphological
types were identified. The species and types in
group 1 (T. nitzschioides s. s. [Na and Nc], T.
nitzschioides s. l.? [Nd ], and T. pseudonitzs-
chioides) were abundant in the sediments from
the high-latitude North Pacific ranging from 40°
to 60°N and common in the sediments under the
coastal waters of the northwestern Pacific (Figs.
2a, 3). Thalassionema frauenfeldii was also com-
mon in the sediments from the northwestern Pa-
cific, but not in the high-latitude northeastern Pa-
cific (Fig. 4). The species and types of group 2
(two morphological types of T. bacillare [Ba and
Bb] and T. nitzschioides var. incurvatum, T. nitzs-
chioides var. inflatum, and T. nitzschioides var.
parvum [thinly to moderately silicified valve
type: Ne]) ranged from common to abundant in
the northern, equatorial, and southern Pacific, but
not in the high latitudes of the ocean (Figs. 2b,
5). Three morphological types of T. nitzschioides
s. l. in group 3 (Nh, Ni, and Nj) were abundant in
the sediments from the high-latitude South Pacif-
ic ranging in latitude from 45° to 60°S (Figs.
6c–e). The morphological types of group 4 (T.
nitzschioides var. ? [Ng] and T. nitzschioides var.
incurvatum, T. nitzschioides var. inflatum, and T.
nitzschioides var. parvum [heavily silicified valve
type: Nf ]) ranged from common to abundant in
the sediments from the eastern Pacific (Figs.
6a–b). Thalassionema synedriforme was rare in
the sediments from the western Pacific (Fig. 6f).
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Fig. 2. Contour maps of percent abundances for three morphological types of a morphological variant of T.
nitzschioides s. l. (a: Na�Nb; b: Ne) out of the total Thalassionema spp. counts.
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Fig. 3. Contour maps of percent abundances for one morphological type of a morphological variant of T. nitzs-
chioides s. l. (a: Nd ) and for T. pseudonitzschioides (b) out of the total Thalassionema spp. counts.



Discussion

Surface water circulation systems in the Pacif-
ic consist of three gyral circulations and two cur-
rent systems, specifically (from north to south)
the Subpolar Gyre, the Subtropical Gyre in the
North Pacific, the Equatorial Current System, the
Subtropical Gyre in the South Pacific, and the
Circumpolar Current System (Schmitz, 1996;
Norris, 2000, fig. 3; Fig. 1). Some oceanic fronts
are formed among gyres and/or current systems.
For example, the Kuroshio Front (KF in Fig. 1) is
formed between the Subpolar Gyre (the Oyashio
Current) and the Subtropical Gyre (the Kuroshio
Current) in the northwestern Pacific (Kawai,
1972), and the Subtropical Convergence (STC in
Fig. 1) is formed between the Subtropical Gyre
and the Circum Polar Current System in the
South Pacific (Pahnke and Zahn, 2005).

We found strong correlations between the dis-
tributions of T. pseudonitzschioides, Ba, Bb, Na,

Nc, Ne, and Nd in the sediments and the gyral
circulations and current systems over the sedi-
ments. However, we did not observe any correla-
tions between the distributions of Ng, Nf, and T.
frauenfeldii and any specific gyral circulation
and/or current system in the Pacific. Group 1 (T.
nitzschioides s. s. [Na and Nc], T. nitzschioides s.
l.? [Nd ], and T. pseudonitzschioides) were pri-
marily distributed in the sediments under the
Subpolar Gyre, off of the North American conti-
nent and northwest of the Kuroshio Front. The
southern to southwestern reaches of the distribu-
tions of species and morphological types corre-
sponded well with the Kuroshio Front.

In contrast to group 1, the morphological types
in group 3 (Nh, Ni, and Nj) were widely distrib-
uted in the sediments under the Circum Polar
Current System. These results suggest that the
three types are common in waters south of the
Subtropical Convergence, which may indeed
serve as the northern boundary of the distribution
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Fig. 4. Contour map of percent abundances for T. frauenfeldii out of the total Thalassionema spp. counts.
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Fig. 5. Contour maps of percent abundances for two morphological types of a morphological variant of T. bacil-
lare (a: Ba, b: Bb) out of the total Thalassionema spp. counts.



of these morphological types. However, the dis-
tribution of Thalassionema species in the Sub-
tropical Gyre of the South Pacific is not clear be-
cause of the poor preservation of diatom valves
in the gyre.

The distribution of the Thalassionema types in
group 2 (Ba, Bb, and Ne) occurred between the
distributions of groups 1 and 3; that is, these

types were widely distributed in the sediments
under the Subtropical Gyres in the North and
South Pacific and under the Equatorial Current
System. Types Ba and Bb were distributed in the
sediments under the Subtropical Gyres of the
North and South Pacific and were more abundant
under the central to southeastern portion of the
Subtropical Gyre in the North Pacific. The north-
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Fig. 6. Distributions of percent abundances for five morphological types of a morphological variant of T. nitzs-
chioides s. l. (a–e: Nf–Nj) and for T. synedriforme (f) out of the total Thalassionema spp. counts.



ern to northeastern reaches of the distribution of
types Ba and Bb corresponded well with the
Kuroshio Front. Type Ne was primarily restricted
to the sediments within the Subtropical Gyres of
the North and South Pacific and in the Equatorial
Current System and was particularly abundant in
the sediments under the central to southeastern
portion of the Subtropical Gyre in the North Pa-
cific. The north-northeastern boundary of the dis-
tribution of type Ne also corresponded well with
the Kuroshio Front.

The observed distributions of the Thalassione-
ma species and morphological types strongly
suggest that two oceanic fronts, the Kuroshio
Front and the Subtropical Convergence, form the
boundaries for the distributions of groups 1–3 in
the Pacific. These modern fronts likely serve as
barriers to the southward migration of the species
and types of group 1 and to the northward migra-
tion of group 3.

The morphological types of group 4 (Nf and
Ng) were primarily distributed in the northeast-
ern region of the Pacific. However, we did not
observe any correlations between the distribution
of group 4 and a modern gyral circulation and/or
current system in the Pacific. Thalassionema
frauenfeldii was primarily restricted to sediments
under the northwestern part of the ocean.

We observed strong correlations between the
distributions of several Thalassionema species
and morphological types in the sediments and the
gyral circulations and current systems over the
sediments in the Pacific. These results suggest
that future studies of the distribution of Thalas-
sionema species in the 15-Ma, 10-Ma, and 5-Ma
horizons in the Pacific may elucidate the mecha-
nisms of the diversification of Thalassionema
species and of diatoms in general. The allopatric
distribution of diatom assemblages driven by the
evolution of surface water circulation systems in
the Pacific may have affected the diversification
of Thalassionema species. Indeed, allopatric spe-
ciation may explain the appearance of modern
Thalassionema species and their morphological
types through rapid speciation in isolated popula-
tions, followed by the differentiation of water

masses caused by changes in surface water circu-
lation systems. Examples of such changes in-
clude the intensification of the Subtropical Gyre
approximately 15 Ma (Kennett et al., 1985) and
the formation of the Subpolar Gyre at 2.5 Ma
(Sancetta and Silvestri, 1986).

In addition, future studies should determine
whether the observed morphological types of
Thalassionema species constitute new taxa. Such
studies should focus on the historical changes in
the distributions of these morphological types in
the Pacific, as well as their differentiation within
morphological variants of a single Thalassione-
ma species. For example, the distributions of the
morphological types within a variant of T. bacil-
lare were similar, whereas the distributions of the
types of T. nitzschioides differed. Therefore, T.
nitzschioides var. incurvatum, T. nitzschioides
var. inflatum, and T. nitzschioides var. parvum
may represent a new single taxon.

Taxonomic Notes

Thalassionema bacillare (Heiden) Kolbe 1955, 
p. 178

Two different morphological types of T. bacil-
lare were found in the Pacific sediments (Table
2), one of which (type Bb; Figs. 20–25; 58–64) is
that discerned in Simonsen (1992) from the types
of Hiden and Kolbe (1928). The second type
(Ba) is the form observed, described, and illus-
trated by Hasle (2001, p. 29–32, figs 85–100).
Valves of type Bb have a rimoportula on the
valve face near an apex, whereas the valves of
type Ba have a rimoportula close to an apex. The
valve face rimoportulae are visible under LM and
are depicted in the figures of Simonsen (1992,
plate 22, figs. 1, 6).

Thalassionema nitzschioides var. incurvatum, T.
nitzschioides var. inflatum, and T. nitzschioides
var. parvum

Except for differences in valve outline, these
three taxa exhibit the same morphological char-
acteristics (Table 2), and transitory forms among
them are commonly found in the present study.

Thalassionema spp. in the Pacific 41



42 Yoshihiro Tanimura, Chieko Shimada, and Masao Iwai

Figs. 7–33. Light microscopy micrographs of one morphological type of T. bacillare (Bb), T. frauenfeldii, four
types of T. nitzschioides (Nc, Nd, Ne and Ng), T. pseudonitzschioides, T. synedriforme and Thalassionema ?
sp. 7 & 8, Nc; 9–13, Nd; 14, T. pseudonitzschioides; 15, T. frauenfeldii; 16, T. synedriforme; 17 & 18, Ng; 19,
Ng ?; 20–25, Bb; 26 & 27, Thalassionema ? sp.; 28–33, Ne. Sample names at the bottom of each figure corre-
spond with those in Appendix 1. Each arrow labeled with the letter R in Figs. 22 and 25 indicates a rimopor-
tula.
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Figs. 34–57. Light microscopy micrographs of four morphological types of T. nitzschioides (Nf, Nh, Ni and Nj)
and Thalassionema ? spp. 34–40, Nf; 41–44, Ni; 45, Thalassinema nitzschioides var.; 46 & 47, Nj; 48 & 49,
Thalassionema ? sp.; 50–55, Nh; 56, Thalassionema ? sp.; 57, Thalassionema sp. Sample names at the bot-
tom of each figure correspond with those in Appendix 1.
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Figs. 58–67. Scanning electron microscopy micrographs of one morphological type of T. bacillare (Bb) and T.
frauenfeldii. 58–64, Bb; 58 & 59, external view of a half-valve, detail showing an external opening of rimo-
portula near the apex and external openings of marginal areolae with Y-shaped bars having fine side branches
(V21-83); 60, external view of a half-valve (MP20-2); 61, an external opening of rimoportula (MP20-2); 62,
internal view of an apex, showing a rimoportula (MP20-2); 63 & 64; internal view of a half-valve, detail
showing a rimoportula (V21-83). 65–67, T. frauenfeldii; 65, external view of a half-valve (TP-71); 66, inter-
nal view of a half-valve, showing a rimoportula (JYNII-10G); 67 external view of a half-valve, showing ex-
ternal openings of marginal areolae with I-shaped bars (V21-83).



Thalassionema spp. in the Pacific 45

Figs. 68–74. Scanning electron microscopy micrographs of one morphological type of T. nitzschioides (Nd ) and
T. pseudonitzschioides. 68–71, Nd; 68 & 69, external view of a frustule, detail showing an external opening
of rimoportula at the apex and external openings of marginal areolae (Muk12BG); 70 & 71, internal view of
a half-valve, detail showing an rimoportula at the apex (Muk12BG). 72–74, T. pseudonitzschioides, external
view of a frustule, details showing the external openings of rimoportulae near the apices and external open-
ings of marginal areolae with Y-shaped bars having no fine side branches (Muk12BG).



Kolbe (1954) placed T. nitzschioides var. incuva-
tum and T. nitzschioides var. inflatum into syn-
onymy with T. nitzschioides var. parvum. Howev-
er, we observed two different types of the mor-
phological continuity of these three varieties.
Type Nf (Figs. 34–40) has denser areolations
(7–9 in 10 mm) and thicker valves, similar to
species reported from the Gulf of Mexico and
Baja California (Moreno-Ruiz and Licea, 1995,
figs. 15, 20–22). The other type has the morpho-
logical continuity described as typical for T.
nitzschioides var. incurvatum, T. nitzschioides
var. inflatum, and T. nitzschioides var. parvum
(Figs. 28–33), similar to forms reported from the
northwest Pacific (Tanimura, 1999, plate III, figs.
1–6).

Other Thalassionema species, their varieties, and
allied forms

Hustedt (1958, p. 139) placed Spinigera capi-
tata Heiden (Heiden and Kolbe, 1928, p. 565, pl.
5, fig. 119) in synonymy with T. capitulata (Cas-
tracane) Hustedt (Basionym: Synedra capitulata
Castracane, 1886, p. 52, pl. 25, fig. 13). However,
Spinigera capitata (depicted in Heiden and
Kolbe, 1928, pl. 5, fig. 119 and photographed
from type slides by Simonsen, 1992, pl. 22, figs.
7?10) appears to differ from Synedra capitulata
(Castracane, 1886, pl. 25, fig. 13; Hasle, 1960,
fig. 3) in the shape of the apices, with the latter
species displaying much more conspicuously
capitated apices. In contrast, Spinigera capitata
exhibits the same morphological characteristics
as T. nitzschioides var. inflatum. We included
Spinigera capitata in T. nitzschioides var. infla-
tum (the morphologic type Nf ), and T. capitulata
was not found in our samples. Thalassionema
nitzschioides var. gracile Heiden and Kolbe
(1928, p. 564, pl. 5, fig. 115) rarely occurred in
the core-top samples, and we bundled it into Tha-
lassionema spp. Thalassionema nitzschioides var.
lanceolata Grunow in Van Heurck (1881, pl. 43,
figs. 8, 9) was also rare in the samples, and we
included it in the morphologic type Ni.
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Appendix 1. Sediment core-tops studied.

Ser. Sample 
Latitude Longitude

Water 
No. Name Depth

1 MUK12BG 54.46 N 168.19 W 1960
2 TP40-1 53.57 N 171.11 E 1382
3 CK8 53.01 N 176.15 W 3660
4 USSR3357 52.23 N 170.48 E 6983
5 USSR3403 52.13 N 160.55 E 4435
6 USSR3274 51.04 N 162.17 E 5437
7 CK11 49.39 N 177.39 W 4850
8 USSR3257 48.47 N 155 E 6948
9 USSR3114 48.39 N 160.51 E 5571

10 CK6 46.57 N 164.49 W 5094
11 USSR3109 45.53 N 154.47 E 5001
12 USSR3108 44.51 N 155.42 E 4902
13 CK13-3 44.45 N 173.02 W 4835
14 USSR3163 43.49 N 156.38 E 5441
15 CK4 42.29 N 162.08 W 5388
16 JYNII-10G 40.3 N 169.48 E 5550
17 JYNII-8G 40.29 N 172.33 E 4250
19 TP71 40.05 N 146.45 E 5300
20 JYNII-14G 39.19 N 156.57 E 5050
21 Takuyo6 39.06 N 143.24 E 5635
22 JYNII-17G 38.28 N 153.1 E 5690
23 USSR3449 38.19 N 145.38 E 5690
24 JYNII-6G 37.56 N 178.1 E 3449
25 USSR3225 37.51 N 144.08 E 5250
26 JYNII-19 37.46 N 149.49 E 5090
28 CK16 36.3 N 173.16 W 5910
29 USSR4084 34.59 N 172.56 W 6547
30 TP97 32.02 N 139.25 E 4195
31 USSR3478 31.17 N 148.5 E 5971
32 USSR3206 30.57 N 153.33 E 1336
33 USSR3493 29.04 N 142.34 E 6177
34 USSR3530 27.31 N 131.32 E 5194
35 CK22 26.22 N 168.53 W 5194
36 MP24 19.45 N 166.5 W 4963
37 Cap2BG1 0.43 N 169.2 E 4450
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Ser. Sample 
Latitude Longitude

Water 
No. Name Depth

38 MukB10G 53.15 N 157.02 W 5200
39 MukB21G 52.32 N 141.44 W 4320
40 MukH27G 52.31 N 142.06 W 4560
41 USSR4151 49.38 N 139.42 W 3792
42 Univ.Wash.144-10 49.04 N 133 W 3970
43 NthHol8 48.37 N 157.29 W 3970
44 USSR4158 46.57 N 144 W 3357
45 Cusp11G 45.34 N 143.11 W 5715
46 Cas2 45.02 N 127.13 W 4658
47 Cusp9G 43.58 N 140.38 W 4700
48 MukH5G 42.41 N 142.09 W 2930
49 MukB31G 42.05 N 125.39 W 4450
50 NthHol9 40.53 N 155.12 W 4290
51 NthHol1 40.31 N 147.58 W 2917
52 USSR4183 40.01 N 127.39 W 5343
53 CK3 39.56 N 158.38 W 5370
54 Csp4G 39.3 N 125.52 W 4460
55 Men18 39.3 N 133.05 W 5005
56 Men27 39.05 N 139.26 W 3733
57 NthHol12 32.27 N 154.08 W 4740
58 CK2 35.09 N 157.17 W 5920
59 Cusp24G 34.29 N 126.02 W 5582
60 Cusp2G 31.05 N 135.24 W 5627
61 FanBG7 30.43 N 119.5 W 4760
63 FanHMS5 28.35 N 118.42 W 5160
64 MP20-2 20.27 N 154.55 W 3900
65 USSR4293 19.56 N 134.05 W 5664
66 MSN155G 15.09 N 137.06 W 3470
67 Chub3 15 N 125.26 W 5100
68 Chub4 14.01 N 125.29 W 5277
69 Chub5 13.03 N 125.28 W 4992
70 ChubXIIIG 12.13 N 111.03 W 4380
71 ChubVIG 11.56 N 91.43 W 4505
72 ChubXIG 11.38 N 103.48 W 4448
73 ChubVII 11.3 N 88.04 W 3331
74 MSN150G 10.59 N 142.37 W 3563
75 ChubVIIIG 9.48 N 93.12 W 3257
76 DWBG6 9.36 N 130.41 W 4869
77 DWHT8 9.03 N 129 W 4978
78 MSN147G 8.07 N 145.25 W 3641
79 DWBG8 7.51 N 130.55 W 5003
80 Cap48BG1 5.49 N 124.02 W 4650
81 MSN142G 5.2 N 146.13 W 5100
82 MP11-1 4.39 N 140.03 W 5069
83 DWBG149 4.08 N 115.46 W 4125
84 DWBG12 3.12 N 131.31 W 5089
85 MSN141G 3.17 N 146.51 W 4400
86 DWBG13 1.01 N 132.14 W 4160
87 MSN136G 1.54 S 148.45 W 4438
88 DWHH89 4.02 S 113.18 W 4577
89 DWHH13 9.4 S 133.2 W —
90 CapHG33 10.57 S 130.29 W 4040
91 CapBG30 17.28 S 160.59 W 4710
92 CapBG6 10.5 S 170.03 E —
93 CapBG8 13.38 S 174.58 E —
94 CapBG24 19.28 S 173.44 W —
95 CapBG6 11 S 174 W 4390
96 Dolphin1 12.1 S 144.25 W 4332

Ser. Sample 
Latitude Longitude

Water 
No. Name Depth

97 MSN131PG 8 S 151.2 W —
98 CapHG19 16.05 S 169.15 W 5340
99 CapBG10-3 21.01 S 178.34 E —

100 CapBG15 19.42 S 173.49 W 3580
101 MSN125G 25.4 S 158 W —
102 MSN124G 26.3 S 157.3 W —
103 MSN123G 27 S 158.3 W —
104 MSN121G 29 S 158.4 W —
105 MSN113G 38.2 S 163 W —
106 MSN111G 41.3 S 163.4 W —
107 MSN109P 46.3 S 176.46 W 4637
108 DWBG121 27 S 109.3 W —
109 DWBG101 16.03 S 78.56 W 4280
110 DWHH58 34.3 S 79.3 W 3780
111 DWBG87 23.24 S 72.1 W 4260
112 DWBG108 12.49 S 77.51 W 2300
113 MSN100G 51.2 S 179 E —
114 MSN99G 53 S 178.3 W —
115 MSN97G 55.39 S 176.08 W 5200
116 DWBG77 44.09 S 101.34 W 3820
117 DWBG68 48.27 S 114.18 W —
118 DWBG64 46.43 S 118.2 W —
119 DWBG63 48 S 120.3 W —
120 DWBG61 46.3 S 123.2 W —
121 DWHG-36 45.3 S 119.5 W —
122 V20-148 4.44 N 128.3 E 5879
123 V20-146 5.55 N 135.31 E 4702
124 V20-145 9.08 N 136.52 E 4702
125 KH80-3-30 9.5 N 153.14 E 5480
126 KH80-3-27 12.42 N 148.3 E 5930
128 V19-110 11.52 N 140.1 E 3523
131 V19-112 11.38 N 135.5 E 5960
132 V19-113 11.34 N 134.01 E 5687
135 V19-117 11.12 N 128.46 E 5565
139 V21-125 13.41 N 128.29 E 5433
140 V21-122 15.07 N 133.2 E 4767
144 V21-118 17.23 N 136.31 E 5280
145 V21-117 17.54 N 140.59 E 4685
146 V20-142 17.11 N 133.16 E 5097
147 V21-133 18.57 N 122.23 E 1928
148 V21-134 20.43 N 126.23 E 5298
150 V21-114 22.08 N 130 E 5618
151 V21-111 24.3 N 128.31 E 5616
155 V21-101 23.33 N 131.01 E 4990
159 V21-97 23.41 N 136.05 E 4868
161 V21-95 23.57 N 138.31 E 4698
163 V21-138 26.02 N 139.29 E 4418
164 RN93, P5-1 26.09 N 125.5 E 1464
166 V21-84 27.57 N 141.22 E 4116
167 V21-83 27.54 N 140.03 E 3702
171 KH82-4-8 28.23 N 132.46 E 2630
181 KH80-3-21 31.43 N 157.27 E 3950
182 KH80-3-16 32.4 N 158.47 E 2450

Serial numbers for core samples correspond with those
in Figure 1.
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Appendix 2. Number of valves (shown as number of half-valves) and percent abundances of
Thalassionema species and their morphological types out of the total Thalassionema counts.

Ser. No. Sample name

1 MUK12BG 235 33 211 30 22
2 TP40-1 7 6 30 28 18 17 7
3 CK8 31 27 48 42
4 USSR3357 24 24 25 25 1
5 USSR3403 1 0 5 2 89 43 26 13
6 USSR3274 4 3 8 6 69 50 10 7 9
7 CK11 4 3 10 8 39 33 1
8 USSR3257 15 3 10 2 115 26 198 45 5
9 USSR3114 11 9 9 7 31 25 27 22 2

11 USSR3109 10 4 7 3 61 22 116 42 10
12 USSR3108 3 3 2 2 20 18 33 29 11
13 CK13-3 1 1 1 1 10 6 61
14 USSR3163 8 3 18 7 59 24 15 6 80
15 CK4 1 0 5 2 78
16 JYNII-10G 16 6 12 5 14 5 5 2 24 9 134
17 JYNII-8G 5 2 12 5 12 5 3 1 5 2 143
19 TP71 14 7 20 11 54 29 51 27 12
20 JYNII-14G 12 2 24 4 51 8 39 6 38 6 289
21 Takuyo6 5 2 9 4 22 9 35 14 55 22 10
22 JYNII-17G 13 6 19 8 25 11 25 11 10 4 80
23 USSR3449 36 20 30 17 9 5 7 4 37 21 35
25 USSR3225 13 5 9 4 44 17 51 20 36 14 27
26 JYNII-19 15 6 25 10 28 11 28 11 2 1 88
28 CK16 3 1 66 30 3 1 2 1 1 0 113
29 USSR4084 2 2 43 37 4 3 44
30 TP97 17 8 5 2 17 8 15 7 1 0 131
33 USSR3493 13 4 13 4 40 13 35 12 1 0 124
37 Cap2BG1 3 2 1 1 156
38 MukB10G 8 4 86 45 56 29
46 Cas2 2 1 12 3 28 7 21
47 Cusp9G 9
49 MukB31G 73 12 9 1 29
52 USSR4183 4
53 CK3 3 1 1 0 93
54 Cusp4G 2 1 2 1 38 15 15
64 MP20-2 10 4 187 81 5 2 23
68 Chub4 4 4 26 23 2 2 38
69 Chub5 19 12 35 23 5 3 74
71 ChubVIG 1 0 23 10 46
73 ChubVII 5 2 1 0 4 2 40 18 38
74 MSN150G 13 12 18 16 72
75 ChubVIIIG 1 0 11
76 DWBG6 2 1 6 4 59
77 DWHT8 15 9 12 7 96
78 MSN147G 4 3 97
79 DWBG8 5 3 7 4 88
80 Cap48BG1 3 1 180
81 MSN142G 2 1 3 2 156
82 MP11-1 1 0 2 1 203
83 DWBG149 9 4 2 1 181
84 DWBG12 2 1 4 2 141
85 MSN141G 1 0 2 1 205
86 DWBG13 1 0 196
87 MSN136G 2 2 2 2 83
88 DWHH89 204
99 CapBG10-3 1 0 57 26 142

100 CapBG15 6 3 45 23 129
109 DWBG101 3 1 50
112 DWBG108 11 5 47
113 MSN100G 2
114 MSN99G
115 MSN97G 4
118 DWBG64
119 DWBG63 7
120 DWBG61
121 DWHG-36
166 V21-84 3 2 1 1 16 8 6 3 151
167 V21-83 29 9 11 3 5 2 4 1 240

Serial numbers for core samples correspond with those in Figure 1
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Appendix 2. (Continued).

3 206 29 30 704
6 3 3 35 32 9 109
0 33 29 2 114
1 2 2 45 45 4 101
0 2 1 81 39 2 206
6 2 1 26 19 11 139
1 1 1 63 53 118
1 86 19 13 442
2 2 2 43 34 125
4 69 25 4 277

10 6 5 36 32 1 112
37 52 32 9 6 7 4 22 163
32 2 1 17 7 47 19 1 247
28 163 59 16 6 4 1 9 276
50 12 5 37 14 12 266
56 46 18 16 6 9 4 4 255
6 32 17 4 187

48 22 4 4 1 96 16 2 1 25 602
4 1 0 107 43 4 248

34 8 3 15 6 35 15 3 233
20 3 2 13 7 2 1 5 177
11 13 5 55 21 9 257
36 8 3 18 7 33 13 245
52 11 5 6 3 5 2 8 218
38 2 2 7 6 5 4 8 115
60 4 2 4 2 21 10 5 220
42 2 1 18 6 31 10 2 1 18 297
91 8 5 1 1 2 171

39 20 3 192
5 86 22 161 41 74 19 10 394
4 193 89 13 6 3 218
5 164 27 254 41 74 12 11 614
2 122 56 86 39 5 2 2 219

41 92 41 27 12 5 2 4 225
6 125 48 57 22 10 4 12 261

10 5 230
33 35 31 1 1 2 2 6 114
48 1 1 9 6 11 154
20 49 21 93 40 21 9 233
17 51 22 53 23 24 11 12 228
65 1 1 5 5 2 2 111
4 130 51 87 34 15 6 12 256

35 77 45 16 9 10 170
56 21 12 4 2 1 1 21 170
82 8 7 7 6 2 2 118
55 45 28 9 6 1 1 4 159
80 26 12 7 3 10 226
91 2 1 8 171
85 16 7 7 3 9 238
90 6 3 2 1 1 201
83 7 4 11 6 5 170
87 9 4 14 6 5 236
86 25 11 3 1 2 227
81 5 5 10 10 102
89 3 1 18 8 1 2 228
64 6 3 17 223
65 17 197
18 152 55 14 5 4 1 55 278
20 86 37 36 16 4 2 48 232
1 17 8 178 87 5 2 2 204

20 10 175 85 10 5 205
2 30 15 151 73 11 5 10 206

69 33 7 3 133 64 209
2 348 81 68 16 4 1 427

187 76 24 10 33 13 1 245
171 79 30 14 16 7 217

78 6 3 2 1 3 2 5 193
73 23 7 4 1 12 328
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