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A B S T R A C T

The taxonomic composition and abundance of siliceous microfossils in sediments is a valuable source of infor-
mation about environmental changes at the sea surface today and in the geological past. This paper presents the 
results of a study of siliceous microplankton (radiolaria, diatoms, and silicoflagellates) in the surface calcareous 
sediments (silty foraminiferal oozes and sands) of the Nintoku, Jingu, Ojin, Koko, and Yuryaku guyots at the 
southern end of the Emperor Seamount Chain (ESC). Bottom sediments were collected using an underwater 
remote-operated vehicle (ROV) Comanche-18. The study revealed the taxonomic diversity and relatively high 
abundance of siliceous microplankton. Radiolarians are represented by 237 taxa (104 taxa from 68 genera of 
Spumellaria, 120 taxa from 61 genera of Nassellaria, and 13 taxa from 7 genera of Collodaria). Diatoms are 
represented by 60 species from 29 genera, and silicoflagellates by 5 species from 3 genera. Differences in sili-
ceous microplankton reflect the northern boundary of warm water in the ESC, passing at approximately 38◦N, 
between the Jingu and Ojin guyots, which coincides with the boundary of the Kuroshio Bifurcation Current, 
confirmed by the corals and the bathyal fauna of brittle stars (Ophiura). The absence of remains of siliceous 
microplankton in some sediments is probably due to dissolution, and the presence of extinct taxa from older 
sedimentary rocks and neritic species is due to process of reworking caused by active hydrodynamics on ESC 
guyots and transport by currents.

1. Introduction

Radiolarians, diatoms, and silicoflagellates, whose skeletons and 
frustules are composed of biogenic silica, play an important role in the 
cycling of silicon and carbon in the oceans and revealing changes in the 
past and present (Nelson et al., 1995; Wong et al., 1995; Harrison, 2000; 
Zhang et al., 2015; Tréguer et al., 2018). The siliceous skeletons of ra-
diolarians and silicoflagellates, as well as the diatom frustules, are well 
preserved in sediments after cell death and participate in various 
post-sedimentary processes, including the accumulation of siliceous 
sediments (Lisitsyn, 1974, 1978). Since these organisms are predomi-
nantly planktonic, their qualitative and quantitative distribution, both 
in the water column and after burial in sediments, is an indicator of 
certain physicochemical parameters of the environment (temperature, 
salinity) in which they lived (Dutkiewicz et al., 2016) as well as hy-
drodynamic processes affecting their transport, dissolution and burial. 
Changes in environmental parameters are reflected in the taxonomic 
composition and quantitative characteristics of siliceous microplankton 

(e.g. Harrison, 2000; Zhang et al., 2015; Tréguer et al., 2018), which is 
important for monitoring modern conditions, paleoreconstructions, and 
for models of changes in the natural environment in future.

Radiolarians are exclusively marine planktonic unicellular microor-
ganisms that live at different depths, with salinity, as a rule, not lower 
than 31–32 (Kruglikova, 2013). Siliceous sediments and radiolarian 
oozes are composed of massive accumulations of radiolarian skeletons, 
which give them the status of rock-forming organisms. Their high 
abundance and rapid speciation allow them to be widely used in 
biostratigraphy. In addition, radiolarians are stenohaline organisms; 
they are highly sensitive to changes in salinity and water temperature 
(Tochilina, 1985; Afanasieva and Amon, 2006). Due to this, radiolarians 
are a good tool for establishing the stages of marine sedimentation in the 
geological past and in paleoclimatic reconstructions.

Diatoms and silicoflagellates are unicellular photosynthetic micro-
algae and are the first link in marine food webs. Silicoflagellates are 
exclusively marine, while diatoms account for a significant portion of 
the world’s ocean productivity (e.g. Wong et al., 1995; Tréguer et al., 
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2018). The distribution of diatoms and silicoflagellates in surface sedi-
ments reflects modern hydrological conditions (Sancetta and Silvestri, 
1986; Kazarina and Yushina, 1999; Tsoy et al., 2009; Ren et al., 2014), 
which allows them to be used to reсonstruct past environmental 
conditions.

The study area is located in the southern part of the Emperor 
Seamount Chain (ESC) (Fig. 1). A special feature of this area is its 
location in the transition zone of mixing water masses of the arctic- 
boreal and tropical zones. Comprehensive biostratigraphic studies of 
the sediments composing the ESC were carried out on during Deep Sea 
Drilling Project (DSDP) Legs 32 and 55, but radiolarians in these 
geological materials have not been extensively studied (Ling, 1980a). 
The Ojin (DSDP Site 430) and Nintoku (DSDP Site 432) guyots contain 
modern radiolarians, which are represented by species characteristic of 
the mid-latitude region of the North Pacific Ocean (Ling, 1980a). The 
taxonomic composition of the radiolarian community is unclear. The 
Yeoman Guyot (DSDP Site 431) yielded rare radiolarians from the 
Middle Pleistocene and is called the Stylatractus universus radiolarian 
Zone (also without taxonomic composition) (Ling, 1980a). During the 
Ocean Drilling Program (ODP) Sites 1205 and 1206 were drilled on the 
Nintoku and Koko guyots (Tarduno et al., 2002). Unfortunately, radio-
larians were not studied in these.

Despite the limited study of radiolarians on the guyots of the ESC, 
there are numerous reports on the distribution and ecology of radio-
larian species in the Pacific Ocean (Reshetnyak, 1966; Nigrini, 1970; 
Lombari and Boden, 1985; Yamauchi, 1986; Takahashi, 1991; Okazaki 
et al., 2004; Boltovskoy and Correa, 2016; Zhang et al., 2018). Near the 
ESC area, the radiolarian species diversity and abundance were studed 
in surface sediments along a 175◦E transect from north to south 
(Motoyama and Nishimura, 2005; Kamikuri et al., 2008). Radiolarian 
assemblages from different climatic zones were traced using cluster 
analysis. In most modern studies, the boreal climatic zone is part of the 
subarctic zone and is rarely distinguished as an independent zone, as 
was done earlier (Lisitsyn, 1974; Ermakov et al., 1988). In addition, 
significant information was obtained on the depths and temperatures of 
some species of radiolarians, which also contributed to 

paleoceanographic reconstructions in the northern and central Pacific 
(Renz, 1976; Kling and Boltovskoy, 1995; Yamashita et al., 2002; Oka-
zaki et al., 2005; Matsuzaki and Itaki, 2017; Matsuzaki et al., 2020).

Diatoms in the northwestern Pacific Ocean were studied in surface 
sediments (Belyaeva, 1963; Jousé et al., 1969; Sancetta and Silvestri, 
1986; Tsoy and Wong, 1999; Kazarina and Yushina, 1999; Tsoy et al., 
2009; Ren et al., 2014) and in plankton (Semina, 1974). In guyot sedi-
ments recovered by deep-sea drilling, diatoms of the 
Pleistocene-Holocene Denticulopsis seminae diatom Zone (Nintoku 
Guoyt) and Pseudoeunotia doliolus diatom Zone (Ojin and Koko guoyts) 
(Koizumi, 1980; Bukry, 1975), and modern silicoflagellates (Ojin and 
Nintoku guyots) (Ling, 1980b) were found.

The northwestern Pacific Ocean is characterized by two of the largest 
water structures – subarctic and subtropical, separated from each other 
by the Subarctic boundary (Dodimead et al., 1963). The subarctic 
boundary, located along 40◦N, is formed by the intersection of the warm 
Kuroshio Current and the cold Oyashio Current (Chen et al., 2023) and 
separates colder, fresher water in the north from warmer, saltier water in 
the south (Yuan and Talley, 1996). The subarctic front is directed to the 
northeast and corresponds to the continuation of the cold Oyashio 
Current (Itoh et al., 2010). The warm Kuroshio Current flows northeast 
ward along the coast of Japan, then turns east at about 36◦N, to become 
the Kuroshio Extension (KE) (Mizuno and White, 1983) (Fig. 1). The KE 
flows eastward at 37◦N and 145◦E, and the width of the fluctuating 
amplitude of the KE is termed the “Meander Zone” (Kawai, 1972; 
Motoyama and Nishimura, 2005). The KE usually bifurcates between 
150◦ and 165◦E (Mizuno and White, 1983). The Northern Branch (NB) 
of the KE, termed the Kuroshio Bifurcation Current, represents the 
northern boundary of the warm water carried by the Subtropical Gyre, 
flows east along 40◦N, associated with the Kuroshio Bifurcation Front 
(Kawai, 1972; Mizuno and White, 1983). The Kuroshio Bifurcation Front 
is identified between 38◦ and 41◦N (Roden et al., 1982; Zhang and 
Hanawa, 1993; Sainz-Trapaga et al., 2001). To the east of the “Meander 
Zone,” the Kuroshio Current weakens, which is linked to the bathymetry 
encountered while flowing to the east, the Shatsky Rise and the ESC 
(Bernstein and White, 1981; Mizuno and White, 1983; Sainz-Trapaga 

Fig. 1. A map of the studied sites on the ESC guyots and the scheme of major surface currents (Itoh and Yasuda, 2010; Chen et al., 2023). EKC – East Kamchatka 
Current, OYC – Oyashio Current, KC – Kuroshio Current, KE – Kuroshio Extension, KBF – Kuroshio Bifurcation Front, SAF – Subarctic Front, SAB – Subarctic 
Boundary. Climatic zones of North Pacific (Lisitsyn, 1974; Ermakov et al., 1988): NB – Boreal zone, NTrans - Transition zone, NSubt - Subtropical zone, NT- Tropical 
zone (boundary of NTrans by Kamikuri et al., 2008). 1 – studied sites, 2 – DSDP and ODP sites mentioned in this paper, 3 – the trajectory of the Kuroshio Bifurcation 
Current assumed in this study.
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et al., 2001).
The ESC, which is an underwater ridge, stretches in the meridional 

direction for 2600 km from the coast of the Kamchatka Peninsula in the 
north (Meiji Guyot) to the northwestern end of the Hawaiian Ridge in 
the south. The ESC consists of seamounts 2–5 km high, some of which 
are flat-topped guyots (Davies et al., 1972; Karpoff et al., 1980; Clague 
and Dalrymple, 1987; Volokhin et al., 1995). They are united into lin-
early elongated massifs 450–600 km long and up to 150 km wide, 
separated by deep (5500–6000 m) sections (Vasiliev, 2009). The mini-
mum depths of the mountain peaks are from 90 to 1245 m.

During DSDP Legs 32 and 55, and ODP Leg 197 several sites at Ojin, 
Yeomen, Nintoku, and Koko guyots were drilled (Clague and Dalrymple, 
1973; Clague et al., 1975; Saito and Ozima, 1977; Dalrymple and Garcia, 
1980; Jackson et al., 1980; Tarduno et al., 2002) and sediments of 
various lithology and ages were recovered (Karpoff, 1980; Karpoff et al., 
1980; Koizumi et al., 1980; Tarduno et al., 2002). On the Nintoku, 
Yeomen, Ojin and Koko guyots, Paleocene and Eocene deposits are 
common, represented by calcareous and volcanic sandstones, sands with 
basalt pebbles, and pebbles. Upper Oligocene deposits recovered on the 
Koko Guyot and are represented by sandstones. Miocene and Pliocene 
deposits were found on the Yeomen and Nintoku guyots and are 
composed of diatomites, diatom-radiolaria and nanofossil siliceous 
oozes. Quaternary sediments on the Nintoku and Yeomen guyots are 
composed of sands with pebbles and gravels, clays, and calcareous 
sandstones. Yuryaku Guyot belongs to the Milwaukee Mountains series, 
the sediments of which are coral limestones and sedimentary rocks with 
shallow Neogene fauna (Clague et al., 1975). The ESC guyots consist of a 
volcanic basement and an overlying sedimentary cover, the lower part of 
which is represented predominantly by carbonate rocks formed in 
shallow water, and the upper part by deep-sea pelagic or hemipelagic 
silts (Volokhin et al., 1995). In the ESC, a decrease in the thickness of the 
sedimentary cover and the age of basal sediments is observed from north 
to south.

In the open subarctic Pacific Ocean, there are mainly two types of 
terrestrial sediments: aeolian dust (up to 90%) and clastic sediments 
transported by ocean currents (Wang et al., 2016). Chen et al. (2021)
showed that the surface sediments of the ESC (~33◦–44◦N) are domi-
nated by clayey silts, and at 1000–2500 m the average grain size of the 
silty sediments indicates active hydrodynamic conditions in the area.

The aim of the study is to identify the distribution features of sili-
ceous microplankton – radiolarians, diatoms, and silicoflagellates in the 
surface calcareous sediments of the southern ESC guyots, in the transi-
tion zone from the arctic-boreal to the tropical region. These data are 
important for assessing the biodiversity of siliceous plankton in this zone 
and the likely migration of this zone at present and in the geological 
past.

2. Material and methods

2.1. Materials

Sediments were collected on the Nintoku, Jingu, Ojin, Koko, and 
Yuryaku guyots in the southern part of the ESC (Fig. 1) by the A.V. 
Zhirmunsky National Scientific Center of Marine Biology (NSCMB) 
together with the P.P. Shirshov Institute of Oceanology of the Russian 
Academy of Sciences during expeditions on the 86th and 94th cruises of 
the R/V Akademik M.A. Lavrentyev 2019, 2021. The bottom surface in 
most of the studied areas was an alternation of sedimentary and rock 
facies. Loose sediments are formed by eroded calcareous sand inter-
spersed with small fragments of sedimentary and volcanic rocks 
(Dautova et al., 2019). The hard substrate is represented by tuffs, tuff-
aceous sandstones, limestones, as well as pillow and cover lavas of 
varying degrees of fragmentation, covered with a ferromanganese crust. 
A remotely operated underwater vehicle (ROV) “Comanche 18” (Sub--
Atlantic, UK) was used, equipped with manipulators and samplers for 
collecting bottom sediments and geological samples. The surface layer 

(0–3 cm) of sediment was collected with the apparatus net; short cores of 
sediment were taken using plastic tubes with a diameter of 48 mm, 
followed by cutting into layers of 1 cm or 3 cm (Table 1).

2.2. Sample preparation of radiolarians

The samples were prepared for radiolarian studies according the 
methods described by Lipman (1979) and Tochilina (1985). Canada 
Balsam DC (refractive index = 1.520–1.523) was used to prepare the 
slides. The radiolarian skeletons were studied using a LOMO Mikmed 6 
Microscope (300× magnification, St. Petersburg, Russia). We calculated 
the total radiolarian content (TRC) (the number of radiolarian skeletons 
per gram of air-dry sediment) (Vasilenko and Vasilenko, 2021), the 
number of species and percentages of each species in assemblages. TRC 
= (n × wf)/(ws × wp), where n is the number of skeletons on the slide; wf 
is the weight of the >40 μm fraction (gram); ws is the weight of the 
air-dry sediment (gram); wp is the weight of portion of the >40 μm 
fraction (gram). The radiolarians were photographed under transmitted 
light using the Touptek photonics FMA050 digital camera (Hangzhou, 
China). The taxonomic framework used closely follows that of Tochilina 
(1996), Tochilina and Vasilenko (2018), and Afanasieva and Amon 
(2006) for the stauraxon radiolarians of the class Stauraxonaria. The 
radiolarian species were identified from the following main sources: 
Bailey (1856), Haeckel (1862, 1887), Hays (1970), Lazarus et al. (2005)
and Takahashi (1991). In the Results we presented only dominant and 
subdominant species in radiolarian assemblages. The full taxonomic 
composition is given in Table S1.

2.3. Sample preparation of diatoms and silicoflagellates

The sediment treatment for microscopy, as well as estimation of the 
diatom content in sediments (valves per gram of the air-dry sediment) 
were conducted based on standard procedures (Jousé et al., 1974). The 
samples were enriched with a potassium-cadmium liquid (H2O:Cd2:KI =
1:2.5:2.25) with a density of 2.6. Samples were processed only with 
distilled water. Unenriched sediment was used to determine the con-
centration of diatoms in sediments. For the preparation of slides, a 
highly refractive MOUNTEX resin (refractive index 1.67) (Darmstadt 
Germany) was used. The diatoms were identified and enumerated with 
an IMAGER.A1 light microscope (magnification =×1000; Carl Zeiss AG, 
Oberkochen Germany) and imaged with an AxioCamMrC digital video 
camera (Carl Zeiss AG). Total of 100–200 specimens were counted in 
each sample to determine the percentage of diatom species in assem-
blages. The surface sediment diatom temperature index (Td) was 
applied to estimate the influence of temperatures on changes in diatom 
assemblages from north to south. Td= (Xw/Xw + Xc), where Xw is the 
percentage of warm-water (tropical and subtropical) diatoms and Xc 
(arctic, boreal) that of cold-water and temperate diatoms (Koizumi, 
1986).

The diatoms and silicoflagellates were identified from the following 
sources: Bukry and Foster (1973), Chang et al. (2017), Desikachary and 
Prema (1996), Garcia and Odebrecht (2012), Hasle and Syversten 
(1997), Hernandez-Becerril and Bravo-Sierra (2001), Jordan and 
McCartney (2015), Jousé and Kazarina (1974), Kozyrenko et al. (2008), 
Makarova et al. (2002), Poelchau (1976), Round et al. (1990), and 
Takahashi (1987). Ecological and biogeographic characteristics of di-
atoms are after Jousé et al. (1969), Ren et al. (2014), Romero et al. 
(2005), Semina (1974), and Tanimura et al. (2007).

3. Results

3.1. Radiolarians

3.1.1. Concentration of radiolarians in sediments
The TRC in the sediments varied widely (Fig. 2). In the upper bathyal 

zone of the slope of Koko Guyot (777 m), radiolarians are rare in surface 
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sediments (interval 0–3 cm), but below (12–15 cm) the TRC and taxo-
nomic diversity increased. A large number of radiolarians (mainly 
15000-32361 skeletons per gram) were contained in the upper 3 cm of 
the lower bathyal zone (1161–2242 m) of the Nintoku, Jingu, Ojin, and 
Koko guyots. With increasing core depth, the TRC in sediments sharply 
decreased (12–15 cm), up to their complete disappearance (18–27 cm; 
Fig. 2). A low number of radiolarians were noted in the sediments of the 
Yuryaku Guyot, which are represented by foraminiferal sands.

3.1.2. Radiolarian assemblages
A diverse radiolarian fauna was found: 104 taxa from 68 genera of 

Spumellaria, 120 taxa from 61 genera of Nassellaria, and 13 taxa from 7 
genus of Collodaria. The radiolarian fauna of surface sediments of the 
Nintoku Guyot is characterized by 68 taxa (Table S1) and the maximum 
TRC (32361 skeletons per gram). It consists of almost equal numbers of 
subtropical and tropical (51%) and arctic-boreal (49%) species. Arctic- 
boreal radiolarians are represented by the species Botryostrobus aquilo-
naris (5.8%), Lithelius minor (3.9%), Actinomma delicatulum (2.4%), 
Actinomma leptodermum (1.9%), and Spurioclathrocyclas bicornis (1.4%, 

Table 1 
Site locations in the Emperor Seamount Chain and types of sediment samples collected during the 86th (2019) and 94th (2020) cruises RV Akademik M.A. Lavrentyev.

Guyot Site Latitude (N) Longitude (Е) Depth (m) Sample Sediment type

Nintoku LV86-21 40.9992 170.7247 1161 LV86-21 (0–3 cm) Silty foraminiferal ooze
Jingu LV86-12 38.7736 171.0872 1935 LV86-12 (0–3 cm) Silty foraminiferal ooze

LV86-12 (12–15 cm) Silty foraminiferal ooze
LV86-12 (18–21 cm) Silty foraminiferal ooze

LV86-14 38.7624 171.0857 1446 LV86-14 (0–3 cm) Silty foraminiferal ooze
LV86-14 (12–15 cm) Silty foraminiferal ooze
LV86-14 (24–27 cm) Silty foraminiferal ooze

Ojin LV86-18 38.0333 170.2139 1531 LV86-18 (0–3 cm) Silty foraminiferal ooze
Koko LV86-5 35.6033 171.2230 777 LV86-5 (0–3 cm) Clayey foraminiferal ooze

LV86-5 (12–15 cm) Clayey foraminiferal ooze
LV86-6 35.7840 171.0649 1995 LV86-6 (0–3 cm) Silty foraminiferal ooze
LV86-11 35.0725 171.2884 1880 LV86-11 (0–3 cm) Silty foraminiferal ooze

LV86-11 (12–15 cm) Silty foraminiferal ooze
LV86-17 35.0945 171.3182 1440 LV86-17 (0–3 cm) Silty foraminiferal ooze
LV94-12 35.789 171.048 2231–2242 LV94-12-К2-2 (1–2 cm) Silty foraminiferal ooze

LV94-12-К2-3 (2–3 cm) Silty foraminiferal ooze
LV94-12-К2-4 (3–4 cm) Silty foraminiferal ooze
LV94-12-К2-5 (4–5 cm) Silty foraminiferal ooze
LV94-12-К2-6 (5–6 cm) Silty foraminiferal ooze
LV94-12-К2-7 (6–7 cm) Silty foraminiferal ooze
LV94-12-К2-8 (7–8 cm) Silty foraminiferal ooze
LV94-12-К2-9 (8–9 cm) Silty foraminiferal ooze

Yuryaku LV94-7 32.53 172.30 1249 LV 94-7-К7-1 (0–1 cm) Foraminiferal sand
    LV 94-7-К7-2 (1–2 cm) Foraminiferal sand
    LV 94-7-К7-3 (2–3 cm) Foraminiferal sand
LV94-10 32.53 172.29 1243–1249 LV94-10-2-К3-2 (1–2 cm) Foraminiferal sand

LV94-10-4-К2-1 (0–1 cm) Foraminiferal sand

Fig. 2. Concentration of radiolarians (skeletons per gram dry sediment) in the surface sediments of the ESC guyots.
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Table S1). Most of them were found in sediments of other guyots we 
studied, except for Stichopilium bicorne, which was found only in sedi-
ments of Nintoku Guyot. The composition of subtropical and tropical 
species is also wide; there is no sharp dominance of any taxa. Repre-
sentatives of the genera Photricium (10%), Tetrapyle (5.3%), and species 
Cenosphaera sp. F.1 (3.9%), Theoconus junonis (2.9%), Hexastylus 
dimensivus (1.9%), Actinomma medianum (1.4%) were identified. 
Botryostrobus aquilonaris, Axoprunum bispiculum, and Spurioclathrocyclas 
bicornis live in the boreal and subtropical northwestern Pacific between 
200 and 3000 m (Kling and Boltovskoy, 1995; Okazaki et al., 2004, 
2005; Matsuzaki et al., 2020). Pseudodictyophimus gracilipes and Tetra-
pyle octacantha live at greater depths in low latitudes (Ishitani and 
Takahashi, 2007).

On the Jingu Guyot, the largest TRC (15941-20790 skeletons per 

gram) was recorded between 0 and 3 cm, but deeper that it sharply 
decreased, probably due to dissolution and the action of bottom currents 
(Fig. 2). The ratio of subtropical and tropical (51–55%) and arctic-boreal 
(45–48%) species is approximately the same as in the sediments of the 
Nintoku Guyot. Arctic-boreal radiolarians are represented by the taxa 
listed above with some variations in their abundance (Fig. 3). In addi-
tion, Sethodiscus macrococcus (6.7%), Spongopyle osculosa (1.4%), Sty-
losphaera lithatractus (0.9%) were found. Among subtropical and tropical 
species, the content of Tetrapyle (8.1–12.2%) and Photricium (8.4–9.1%) 
also increase. Heliodiscus asteriscus (0.5–6.7%), Larcospira quadrangula 
(0.5–2.9%), Dictyoceras virchowii (6.6%) were found.

The assemblage contains species that inhabits depths <200 m 
(Ommatartus tetrathalamus, Tetrapyle octacantha, Larcospira quadrangula, 
Spongaster tetras tetras, Spongocore puella, etc.), and deep-sea species that 

Fig. 3. Arctic-boreal, boreal, and subtropical radiolarians (Spumellaria) from sediments of the ESC guyots: A, B – Axoprunum bispiculum (Popofsky) – one specimen at 
various foci, sample LV94-12-K2-9 (8–9 cm). C, D – Stylosphaera lithatractus Haeckel – one specimen at various foci, sample LV94-7K7-2 (1–2 cm). E – Druppatractus 
pyriformis (Bailey), sample LV94-12-K2-5 (4–5 cm). F – Druppatractus irregularis Popofsky, sample LV94-12-K2-6 (5–6 cm). G – Actinomma delicatulum (Dogiel), sample 
LV86-14 (0–3 cm). H, I – Actinomma leptodermum (Jørgensen) – one specimen at various foci, sample LV86-17 (0–3 cm). J – Hexacontium pachydermum Jørgensen, 
sample LV86-12 (0–3 cm). K – Spirotunica spiralis (Haeckel), sample LV94-7K7-1 (0–3 cm). L – Larcopyle weddellium Lazarus, Faust, Popova, sample LV86-14 (0–3 cm). 
M – Lithelius minor Jørgensen, sample LV94-7K7-3 (2–3 cm). N – Larcopyle bütschlii Dreyer, sample LV94-7K7-1 (0–3 cm). O – Stylodictya tenuispina Jørgensen, sample 
LV86-11 (0–3 cm). P – Stylodictya validispina Jørgensen, sample LV86-17 (0–3 cm). Q – Stylodictya stellata Bailey, sample LV86-18 (0–3 cm). R – Larcopyle labyrinthusa 
Lazarus, Faust, Popova, sample LV86-18 (0–3 cm). S – Spongopyle osculosa Dreyer, sample LV86-14 (0–3 cm). Scale bars = 100 μm.
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inhabit depths >500 m (Saturnalis circularis, Hexacontium pachydermum, 
Actinomma leptodermum, Cycladophora davisiana (Okazaki et al., 2005; 
Ishitani and Takahashi, 2007; Matsuzaki and Itaki, 2017; Matsuzaki 
et al., 2020).

The radiolarian assemblage from the surface sediments of the Ojin 
Guyot differs substantially from those described above by a decrease in 
the number of arctic-boreal (33%) and an increase in the number of 
subtropical and tropical (64%) species. TRC = 19732 skeletons per 

Fig. 4. Arctic-boreal, boreal, and subtropical radiolarians (Nassellaria) from sediments of the ESC guyots: A – Spurioclathrocyclas bicornis (Popofsky), sample LV86-21 
(0–3 cm). B – Spurioclathrocyclas parabicornis (Hays) Tochilina et Vasilenko, sample LV86-21(0–3 cm). C – Cycladophora cornuta (Bailey), sample LV86-18 (0–3 cm). D 
– Cycladophora davisiana Ehrenberg, sample LV94-12-K2-9 (8–9 cm). E – Cornutella bimarginata Haeckel, sample LV86-18 (0–3 cm). F – Cornutella profunda Ehrenberg, 
sample LV86-18 (0–3 cm). G, H – Eucecryphalus sestodiscus (Haeckel) – one specimen at various foci, sample LV94-12-K2-2 (1–2 cm). I–K – Artobotrys borealis Cleve, I 
– sample LV94-12-K2-5 (4–5 cm), J, K – one specimen at various foci, sample LV94-12-K2-7 (6–7 cm). L – Pseudodictyophimus gracilipes (Bailey), sample LV86-12 
(0–3 cm). M – Dictyopodium trilobum Haeckel, sample LV94-12-K2-3 (2–3 cm). N – Amphimelissa setosa (Cleve), sample LV86-6 (0–3 cm). O – Carpocanarium pap-
illosum (Ehrenberg), sample LV86-18 (0–3 cm). P, Q – Siphocampe arachnea (Ehrenberg), P – sample LV94-12-K2-8 (7–8 cm), Q – sample LV94-12-K2-5 (4–5 cm). R – 
Botryocampe robusta (Kruglikova), sample LV86-21 (0–3 cm). S – Botryocampe inflata (Bailey), sample LV94-12-K2-9 (8–9 cm). T, U – Botryostrobus cf. tumidulum 
Bailey, T – sample LV94-12-K2-5 (4–5 cm), U – sample LV86-12 (0–3 cm). V, W – Cyrtopera languncula Haeckel, V – sample LV94-12-K2-2 (1–2 cm), W – sample 
LV94-12-K2-3 (2–3 cm). X – Eucyrtidium acuminatum (Ehrenberg), sample LV86-21 (0–3 cm). Y – Botryostrobus aquilonaris (Bailey), sample LV86-21 (0–3 cm). Z – 
Botryostrobus auritus (Ehrenberg), sample LV86-11 (0–3 cm). AA, AB – Lithocampe ex gr. platycephala (Ehrenberg), AA – sample LV94-12-K2-5 (4–5 cm), AB – sample 
LV86-18 (0–3 cm). Scale bars = 100 μm.
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gram. Arctic-boreal radiolarians are represented by Larcopyle weddellium 
(3.5%), Botryostrobus aquilonaris (3.5%), Botryostrobus auritus (2.6%), 
Actinomma leptodermum (2.2%; Fig. 4). For the first time, the presence of 
colonial species was noted: Acrosphaera spinosa (0.9%), Siphonosphaera 

abyssi (0.9%), Clathrosphaera circumtexta (0.4%; Fig. 5). Also, the 
assemblage contains species Pterocanium praetextum praetextum (1.7%), 
Eucyrtidium hexastichum (0.9%), Pterocorys sabae (0.4%). These species 
have not been found in the sediments of the Nintoku and Jingu guyots.

Fig. 5. Tropical and subtropical radiolarians (Collodaria and Spumellaria) from sediments of the ESC guyots: A, B – Clathrosphaera circumtexta Haeckel – one 
specimen at various foci, sample LV86-18 (0–3 cm). C, D – Collosphaera tuberosa Haeckel – one specimen at various foci, sample LV94-12-K2-4 (3–4 cm). E – 
Siphonosphaera abyssi (Ehrenberg), sample LV94-12-K2-4 (3–4 cm). F, G – Acrosphaera spinosa (Haeckel) – one specimen at various foci, sample LV94-12-K2-4 (3–4 
cm). H, I –Collosphaera macropora Popofsky, H –sample LV94-12-K2-3 (2–3 cm). i – sample LV94-12-K2-7 (6–7 cm). J – Orosphaera hyxleyii Haeckel – fragment, 
sample LV94-12-K2-6 (5–6 cm). K – Collosphaera confossa Takahashi, sample LV94-12-K2-3 (2–3 cm). L – Otosphaera cf. polymorpha Haeckel, sample LV94-12-K2-2 
(1–2 cm). M – Cladococcus cf. cervicornis Haeckel, sample LV86-18 (0–3 cM). N – Stylosphaera melpomene Haeckel, sample LV94-12-K2-4 (3–4 cm). O, P – Cenosphaera 
sp. F.1 – one specimen at various foci, sample LV86-6 (0–3 cm). Q, R – Haliomma (?) sp. – one specimen at various foci, sample LV94-12-K2-7 (6–7 cm). S, T – 
Cenosphaera sp. F.2 – one specimen at various foci, sample LV86-18 (0–3 cm). U, V – Thecosphaera greccoi Vinassa de Regny – one specimen at various foci, sample 
LV86-11 (0–3 cm). Scale bars = 100 μm.
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Ecological characteristics of species also indicate the presence of 
both surface–subsurface and deep-water species living in waters <3000 
m (Table S1). According to Motoyama and Nishimura (2005), the 
northern boundary of the species Siphonosphaera abyssi (species of the 
Siphonosphaera spp. group), Disolenia quadrata (identified as Trisolenia 
spp.), Pterocanium praetextum praetextum and Theocorythium trachelium is 
at the Kuroshio Bifurcation Front. Those data coincide with ours, except 
for the species Theocorythium trachelium, which was also found further 
north in the Jingu and Nintoku guyots.

The most diverse radiolarians were found in the sediments of the 
Koko Guyot (Table S1). At 2242 m a rich radiolarian fauna was found 
(TRС = 13424-22069 skeletons per gram; taxonomic composition = 97- 
117 taxa) (Table S1). High abundance of radiolarians and rich taxo-
nomic composition are observed along the entire length of the core, with 
a sharp drop in TRC between 3-4 and 8–9 cm (Fig. 6). In surface sedi-
ments at 1440–1995 m, the taxonomic composition is less diverse; 
35–75 taxa, and the TRC reaches 8277–21336 skeletons per gram. The 
lowest TRC was found in sediments from 777 m. The surface sediments 
of core LV86-5 contain only one species of Tetrapyle octacantha, but 
between 12 and 15 cm there were 9 taxa: Actinomma leptodermum, Tet-
rapyle octacantha, Larcospira quadrangular, Tholospyra (?) sp., Lithelius 
minor, Phorticium spp., Dictyocoryne sp., Clathrocorys sp., and Botryos-
trobus aquilonaris.

In the sediments of Koko Guyot the content of arctic-boreal species 
sharply decreases (21–30%), while subtropical and tropical species 
become more diverse and numerous (70–76%). Among arctic-boreal 
radiolarians, relatively high concentrations are reached by the species 
Lithelius minor (1.0–10.1%), Stylodictya validispina (2.4–5.8%), Botryos-
trobus auritus (1.0–3.8%). Samples LV94-12-K2 (7–8 cm), LV86-6 (0–3 
cm), and LV86-17 (0–3 cm) contain Amphimelissa setosa, which, ac-
cording to Ikenoue et al. (2016) and Matsuzaki and Suzuki (2018)
migrated to the Arctic 0.085–0.04 Ma.

Tropical and subtropical radiolarians are represented by the above- 
mentioned species, as well as species not found in the sediments of the 
other guyots: Carpocanium ruesti (2.6%), Carpocanistrum acephalum 
(0.3–1.6%), Staurotholus dodecastylus (0.3–1.1%), Tholoma metallason 
(0.3–0.8%, Figs. 7–9). The content species of the genera Tetrapyle 
(10.9–19.2%), Photricium (2.1–10.9%). The diversity of species Collo-
daria are increase significantly compared to the assemblages described 
above (Table S1). These species are widespread in the transitional, 
subtropical and tropical zones of the Pacific, while they are absent in the 
arctic-boreal zone (Takahashi, 1991; Motoyama, Nishimura, 2005; 
Kamikuri et al., 2008; Matsuzaki and Itaki, 2017). They also live in a 
wide depth range (0–3000 m; Table S1).

On the Yuryaku Guyot, sediments from 1249 m are represented by 
foraminiferal sands, which contain a low number of radiolarians, and 
species diversity is also decreased. At site LV94-10, 10 taxa of 

radiolarians were identified, represented by subtropical and tropical 
species (Table S1). TRC = 667–683 skeletons per gram.

Core LV94-7K7 showed an increase in TRC with depth from 2681 
skeletons per gram (0–1 cm) to 8254 skeletons per gram (2–3 cm) 
(Table S1, Fig. 2). Diversity also increases from 20 to 48 taxa, respec-
tively. The composition is dominated by subtropical and tropical species 
(up to 78%), the same as in the sediments of the Koko Guyot. These 
include colonial species Siphonosphaera abyssi (3.8–4.1%), Acrosphaera 
spinosa (3.1–3.8%), Collosphaera macropora (1.0%), and tropical taxa 
Heliosoma sp. (2.8%), Xiphatractus cf. cronos (1.9%), Stomatosphaera sp. 
(1.0%), Botryocyrtis quinaria (1.0%; Fig. 9), which were not found in the 
assemblages described above. The content of arcto-boreal species drops 
to 21%. Among them, Lithelius minor (3.8–10.2%), Stylodictya validispina 
(3.1–5.8%), Spirotunica spiralis (1.9–5.6%), and Larcopyle bütschlii 
(1.0–5.6%) has a high content. Due to the small number of specimens in 
the preparations, the percentage of each taxon may be overestimated.

3.2. Diatoms

3.2.1. Сoncentrations of diatoms in sediments
The content of diatoms (number of valves per gram air-dried sedi-

ment) in surface sediments is uneven (Fig. 10). The maximum content 
(2.83 mln valves per gram) was found in sediments of the northernmost 
site of Koko Guyot. A noticeable concentration of diatoms was noted in 
the sediments of the Jingu Guyot – 1.11 mln valves per gram and Nin-
toku Guyot– 0.66 mln valves per gram. At other sites, the content of 
diatoms is very low (0.26–0.03 mln valves per gram) to almost complete 
absence in the sediments of the Yuryaku Guyot. The content of diatoms 
in the lower parts of the cores on the Jingu (12–21 and 24–27 cm) and 
Koko (12–15 cm) guyots drops sharply (to 0.01–0.07 mln valves per 
gram).

3.2.2. Diatom assemblages
In surface sediments of the southern ESC guyots, 60 species and 

infraspecific taxa of diatoms belonging to 29 genera have been identified 
(Table S2). The largest number of species is characteristic of the genera 
Coscinodiscus (6 species and infraspecific taxa), Actinocyclus (6), Tha-
lassiosira (6), Azpeitia (4), Thalassionema (4), Nitzschia (3).

The diatom assemblages are characterized by a predominance of 
warm-water species Fragilariopsis doliolus, Azpeitia nodulifera, 
A. africana, Thalassiosira leptopus, Alveus marinus, Actinocyclus cunei-
formis, Roperia tesselata (Figs. 11 and 12). as well as species of Rhizoso-
lenia bergonii, Thalassiosira lineata, rare species of Pseudosolenia calcar- 
avis, Brightwellia mirabilis, Cestodiscus cinnamomeus, Nitzschia kolaczeckii, 
and N. bicapitata (Table S2), characteristic of waters of subtropical and 
tropical latitudes (Jousé, 1977; Jousé et al., 1969; Round et al., 1990; 
Kaczmarska and Fryxell, 1996; Hasle and Syversten, 1997; Garcia and 

Fig. 6. Changes in the total radiolarian content and quantitative ratios of high-rank radiolarian taxa (Spumellaria, Nassellaria, and Collodaria) in the sediments of 
Core LV94-12-K2.
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Odebrecht, 2012; Ren et al., 2014).
In all samples, the abundance of representatives of the genus Tha-

lassionema (T. frauenfeldii, T. nitzschioides, T. nitzschioides var. parvum) is 
large (Figs. 11 and 13), as they are widespread in shelf and oceanic 
waters from tropical to temperate latitudes (Semina, 1974; Konovalova 
et al., 1989). The species Thalassionema nitzschioides and its warm-water 
morphological type T. nitzschioides var. parvum are particularly 

abundant in sediments under the Kuroshio Front and under the Sub-
arctic Gyre in the North Pacific (Tanimura et al., 2007).

The diatom flora in the samples from the sediments of ESC guyots 
consisted of predominantly of planktonic species (58 species), of which 
the majority are oceanic (34 taxa), which dominate abundance (Fig. 14). 
The remaining species are neritic-oceanic or panthalassic (11 taxa) and 
neritic (9 taxa) species. Almost all diatom assemblages contain the 

Fig. 7. Tropical and subtropical radiolarians (Spumellaria) from sediments of the ESC guyots: A, B – Hexastylus dimensivus Haecke l– one specimen at various foci, 
sample LV86-18 (0–3 cm). C – Actinomma spp., sample LV86-21 (0–3 cm). D, E – Actinomma medianum Nigrini – one specimen at various foci, sample LV86-6 (0–3 
cm). F – Panicium coronatum Haeckel, sample LV94-12-K2-4 (3–4 cm). G – Staurotholus cf. dodecastylus Haeckel, sample LV94-12-K2-4 (3–4 cm). H – Tholospyra spp., 
sample LV86-12 (0–3 cm). I – Octopyle stenozona Haeckel, sample LV94-12-K2-4 (3–4 cm). J – Tetrapyle quadrilobum Ehrenberg, sample LV86-11 (0–3 cm). K – 
Tetrapyle octacantha Müller, sample LV86-17 (0–3 cm). L – Sethodiscus macrococcus Haeckel, sample LV94-12-K2-3 (2–3 cm). M – Prunopyle burbachii Dreyer, sample 
LV94-7K7-1 (0–3 cm). N – Phorticium spp., sample LV86-17 (0–3 cm). O – Circodiscus microporus (Stöhr), sample LV94-12-K2-3 (2–3 cm). Scale bars = 100 μm.
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tychopelagic species Actinoptychus senarius and Paralia sulcata, which 
are found in both the benthos and plankton and are characteristic 
mainly of shelf sediments. The content of the latter species reaches 5.6% 
in sediments of the Koko Guyot. On the Nintoku Guyots, and Koko there 
is a single benthic species Diploneis weissflogii. In addition, 3 fossil species 
were found in the sediments: Craspedodiscus coscinodiscus, which 
became extinct at the end of the Middle Miocene in the equatorial Pacific 
(Barron, 2003), Azpeitia vetustissima, extinct in the early Late Miocene 
(Tsoy and Shastina, 1999) and Proboscia barboi, extinct in the Pleisto-
cene (Pushkar and Cherepanova, 2001).

Warm-water (tropical and subtropical) species predominated, both 

in number of species (25 taxa) and abundance (52.5–86%). Most warm- 
water species (Fragilariopsis doliolus, Azpeitia nodulifera, Thalassiosira 
leptopus, Alveus marinus, Actinocyclus cuneiformis, Roperia tesselata, Rhi-
zosolenia bergonii et al.) were distributed in areas with maximum sum-
mer temperatures of 16–27 ◦C and are characteristic of the Subtropical 
factor, the influence of which is strongest in the zone of influence of the 
warm Kuroshio Current and the North Pacific Current (Ren et al., 2014). 
Cold-water species are represented by 17 species (Coscinodiscus mar-
ginatus, Neodenticula seminae, Rhizosolenia hebetata, Actinocyclus curva-
tulus, Proboscia subarctica, Thalassiothrix longissima, Thalassiosira 
antarctica, Shionodiscus latimarginatus et al.), characteristic of the 

Fig. 8. Tropical and subtropical radiolarians (Spumellaria and Nassellaria) from sediments of the ESC guyots: A – Euchitonia triangulum (Ehrenberg), sample LV94- 
12-K2-2 (1–2 cm). B – Euchitonia mulleri Haeckel, sample LV94-7K7-2 (1–2 cm). C – Spongaster tetras irregularis Nigrini, sample LV94-7K7-3 (2–3 cm). D – Euchitonia 
elegans Ehrenberg, sample LV94-12-K2-5 (4–5 cm). E – Euchitonia pacifica Ehrenberg, sample LV86-17 (0–3 cm). F – Liriospyris reticulata (Ehrenberg), sample LV94- 
12-K2-2 (1–2 cm). G – Lophospyris chenii Goll, sample LV94-12-K2-3 (2–3 cm). H – Archicircus primordialis Haeckel, sample LV94-12-K2-2 (1–2 cm). I – Phormospyris 
stabilis capoi Goll, sample LV86-17 (0–3 cm). J – Tetraplecta sp., sample LV94-12-K2-2 (1–2 cm). K – Peridium spinipes Haeckel, sample LV94-12-K2-4 (3–4 cm). L – 
Clathrocorys murrayi Haeckel, sample LV94-12-K2-3 (2–3 cm). M – Carpocanium pachydermicum Chen & Tan, sample LV86-6 (0–3 cm). N – Carpocanistrum acephalum 
Haeckel, sample LV86-17 (0–3 cm). O – Carpocanium flosculum Haeckel, sample LV86-21 (0–3 cm). P – Carpocanistrum acutidentatum Takahashi, sample LV94-7K7-2 
(1–2 cm). Q – Carpocanium prunoides Popofsky, sample LV94-12-K2-2 (1–2 cm). R – Carpocanium obliquum (Haeckel), sample LV94-12-K2-4 (3–4 cm). Scale bars =
100 μm.
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Subarctic Pacific Ocean (Kazarina and Yushina, 1999; Tsoy and Wong, 
1999; Kozyrenko et al., 2008) with summer maximum surface temper-
atures water 6.5–15 ◦C (Ren et al., 2014). Their substantial abundance 
was noted in diatom assemblages from sediments of the Nintoku (33%) 
and Jingu (11.5–19.5%) guyots, which distinguishes these from the 
Ojin, Koko, and Yuryaku guyots, located south of 38◦N. The values of the 
diatom temperature index (Td), which reflects the ratio of warm-water 
and cold-water species in diatom assemblages, increased from 0.61 to 
0.87 for the Nintoku-Jingu assemblages to 0.95–0.99 for the 
Ojin-Koko-Yuryaku assemblages (Fig. 15). The differences between the 
Nintoku-Jingu diatom assemblages, formed under the influence of the 
Subarctic waters, and the Ojin-Koko-Yuryaku ones, influenced by the 
Subtropical waters, are clear.

3.3. Silicoflagellates

Silicoflagellates were found in sediments of all guyots; their abun-
dance was uneven and decreased from north to south (Table S2). They 
are represented by 5 species belonging to 3 genera. The warm-water 
species Dictyocha messanensis, D. fibula and the moderate-cold-water 
species Dictyocha epiodon (Fig. 16) are found in sediments of all guyots 
except Yuryaku Guyot. The cold-water species Stephanocha octangulata 
and Octactis speculum are found mainly in sediments of the northern 
Nintoku and Jingu guyots. Deep-sea drilling in the surface sediments of 
Nintoku Guyot (DSDP Site 432) revealed only rare specimens of Dic-
tyocha messanensis, while Ojin Guyot (DSDP Site 430) yielded a well- 
preserved and abundant modern mid-latitude silicoflagellate assem-
blage (Ling, 1980b). In deep-sea cores drilled on Guyot Koko (DSDP 

Fig. 9. Tropical and subtropical radiolarians (Nassellaria) from sediments of the ESC guyots: A, B Eucecryphalus cervus (Ehrenberg) – one specimen at various foci, 
sample LV86-14 (0–3 cm). C – Theoconus junonis Haeckel, sample LV86-21 (0–3 cm). D – Theocorythium trachelium (Ehrenberg), sample LV86-11 (0–3 cm). E – 
Anthocyrtidium cineraria Haeckel, sample LV94-12-K2-7 (6–7 cm). F – Lamprocyclas maritalis Haeckel, sample LV86-12 (0–3 cm). G – Pterocanium praetextum prae-
textum (Ehrenberg), sample LV94-12-K2-5 (4–5 cm). H – Pterocorys sabae (Ehrenberg), sample LV94-12-K2-3 (2–3 cm). I – Siphocampium cylindrica Haeckel, sample 
LV86-21 (0–3 cm). J – Pterocorys zancleus (Müller), sample LV86-21 (0–3 cm). K – Dictyoceras virchowii Haeckel, sample LV86-6 (0–3 cm). L – Eucyrtidium anomalum 
(Haeckel), sample LV86-17 (0–3 cm). M – Theocyrtis sp., sample LV94-12-K2-2 (1–2 cm). N – Eucyrtidium hexacola (Haeckel), sample LV86-11 (0–3 cm). O – 
Botryopera babayagae Trubovitz, sample LV94-12-K2-6 (0–3 cm). P – Lithomelissa setosa Jørgensen, sample LV94-12-K2-6 (0–3 cm). Q – Lophophaena sp., sample 
LV94-12-K2-4 (3–4 cm). R – Dimelissa thoracites (Haeckel), sample LV94-12-K2-2 (1–2 cm). S – Theocorys veneris Haeckel, sample LV86-17 (0–3 cm). T – Botryocyrtis 
scutum (Harting), sample LV94-7K7-3 (2–3 cm). U – Botryocyrtis quinaria Ehrenberg, sample LV94-7K7-3 (2–3 cm). V – Lithobotrys cribrosa Ehrenberg, sample LV86- 
17 (0–3 cm). Scale bars = 100 μm.
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Sites 308, 309), no silicoflagellates were found (Bukry, 1975).

4. Discussion

The radiolarian fauna in the sediments of the ESC southern guyots 
was represented by taxa characteristic of the transition zone from the 
arctic-boreal to the tropics, and the content was different. Relatively 
high numbers of radiolarians were observed in the silty foraminiferal 
oozes of the lower bathyal zone (1161–2242 m) of the Nintoku, Jingu, 
Ojin, and Koko guyots. A reduced number of radiolarians was noted in 
the sediments of the Yuryaku Guyot, which are represented by forami-
niferal sands. This distribution of radiolarian concentrations is due to 
differential preservation of radiolarians and active hydrodynamics. The 
higher content of radiolarians in silty foraminiferal ooze may be due to 
the ability of fine particles to protect biogenic silica from dissolution 
(Zhang et al., 2015).

The content of arctic-boreal species of radiolarians decreases from 45 
to 49% on the Nintoku and Jingu guyots to 21–30% on the Koko and 
Yuryaku guyots. Significant changes in the taxonomic composition of 
radiolarian assemblages from north to south were noted on the Ojin 
Guyot. In the sediments of this guyot, a sharp decrease in the number of 
arctic-boreal species (up to 33%) and an increase in the number of 
subtropical and tropical species (64%) was noted, compared with the 
assemblages of the Nintoku and Jingu guyots. The radiolarian assem-
blage of the Ojin Guyot contains species that are not found north of the 
Kuroshio Bifurcation Front (Motoyama and Nishimura, 2005). Thus, it 
can be deduced that the northern boundary of warm waters in the ESC 
region is located between the Jingu and Ojin guyots. This boundary is 
also indicated by sharp species differences in the radiolarian assem-
blages of these guyots. Kamikuri et al. (2008) identified northern and 

southern subtropical radiolarian assemblages in the subtropical climatic 
zone, separated by a Subtropical Front. The differences in the radio-
larian assemblages also allow us to establish the northern (Nintoku--
Jingu guyots) and southern (Ojin-Koko-Yuryaku guyots) radiolarian 
assemblages in the transitional climatic zone separated by the Kuroshio 
Bifurcation Current. The distribution boundary of the tropical radio-
larian assemblage in the North Pacific in the west runs about 37◦ N, then 
in the central part it rises to 44◦ N and in the east it drops to 30◦ N 
(Kruglikova, 1981, 2013). This is explained by the variations of the 
hydrological regime, since the North Pacific Current has a large 
influence.

In the sediments of the Koko Guyot, the species Amphimelissa setosa, 
which migrated to the Arctic 0.085–0.04 Ma (Kamikuri et al., 2004; 
Matul, 2009; Ikenoue et al., 2016; Matsuzaki and Suzuki, 2018) were 
found, as well as species that are considered Neogene and were not 
previously found in modern sediments (Ellipsoxiphus atractus, Larcopyle 
labyrinthusa, Stylodictya concentrica, Eucyrtidium hexacola, Eucyrtidium 
punktatum). These species also live in the modern ocean, since the 
preservation of the skeletons does not show signs of reworking. Since we 
do not know the ages of the sediments, we cannot establish this with 
certainty. Neogene deposits were established in the Shatsky Rise 
(Bralower et al., 2002; Matsuzaki et al., 2023). These deposits may be 
the source of Neogene radiolarians to the ESC area. The active hydro-
dynamic regime, especially at 1000–2500 m (Chen et al., 2021), may 
have contributed to erosion, reworking, and transport of older 
sediments.

The sediments of the Jingu and Koko guyots contain the species 
Cycladophora davisiana, an indicator of the North Pacific intermediate 
water (NPIW) (Okazaki et al., 2003, 2004; Hays and Morley, 2003; Itaki 
and Ikehara, 2004; Matul, 2009). According to Matsuzaki et al. (2020) in 

Fig. 10. Concentration of diatoms (mln valves per gram) in sediments of the ESC guyots.
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subtropical areas C. davisiana inhabits depths below 1000 m and dom-
inates the radiolarian assemblage between 2000 and 3000 m, where the 
temperature is 3–4 ◦C. In addition, indicators of NPIW also include 
Larcopyle weddellium and Pseudodictyophimus gracilipes, which inhabit 
depths between 500–1000 and 2000–3000 m in the subtropical North-
west Pacific (Matsuzaki et al., 2020; Matsuzaki, 2023). These species are 
also present in radiolarian assemblages in sediments collected at bathyal 
depths (Table S1).

In surface sediments of the North Pacific Ocean, the content of di-
atoms is considered to be low (5–50 mln valves per gram) (Jousé et al., 
1969), which reflects the relatively low productivity in the surface wa-
ters of this region (Semina, 1974; Tsoy and Wong, 1999), but in the ESC 
their content drops almost 8 times (to 1.9 mln valves per gram) (Jousé 
et al., 1969). The concentrations of diatoms in the surface sediments of 
the ESC (from 0.1 to 2.83 mln valves per gram) are consistent with these 
data.

Noticeable amounts of Paralia sulcata, isolated finds of species Acti-
nocyclus octonarius, A. octonarius var. tenellus, A. divisus, Actinoptychus 
senarius, and Cyclotella striata, more typical for coastal areas, as well as 

benthic brackish water species Diploneis weissflogii and the freshwater 
species Pinnularia borealis, raises questions about their source. Some of 
these species were found in the Quaternary sediments of the Ojin Guyot 
and in the Neogene sediments of the Suiko Guyot, located north of the 
Nintoku Guyot (Koizumi, 1980), but Paralia sulcata and freshwater 
species were not found there. One explanation for the appearance of 
coastal species in the sediments of guyots is their transport by currents 
(both surface and deep) and with aeolian dust. The top region of most of 
the guyot sections studied was characterized by active bottom hydro-
dynamics (Dautova et al., 2019). A study of the composition and 
geochemistry of the surface sediments of the ESC showed that the hy-
drodynamic conditions there are much stronger than on the abyssal 
plain, especially at 1000–2500 m (Chen et al., 2021). Sediments of zone I 
(33–44◦N), which includes the Nintoku, Jingu, and Ojin guyots, contain 
a significant amount of terrigenous and aeolian material (ibid.), which 
came from the surrounding land with currents and wind, despite sig-
nificant distances from the continent.

The Nintoku-Jingu diatom assemblages are characterized by a sig-
nificant number of boreal elements (11.5–33%) and have a mixed flora, 

Fig. 11. Tropical and subtropical diatoms from surface sediments of the ESC guyots. A – Alveus marinus (Grunow) Kaczmarska & Fryxell, sample LV86-17 (0–3 cm). 
B, C – Fragilariopsis doliolus (Wallich) Medlin & P.A.Sims, B – sample LV86-12 (0–3 cm), C – sample LV86-11 (0–3 cm). D – Azpeitia nodulifera (A.W.F.Schmidt) G.A. 
Fryxell & P.A.Sims, sample – LV86-21 (0–3 cm). E – Thalassiosira leptopus (Grunow) Hasle & G.Fryxell, sample LV86-18 (0–3 cm). F – Azpeitia africana (Janisch ex A. 
W.F.Schmidt) G.Fryxell & T.P.Watkins, sample LV94-12-K2-2 (1–2 cm). G – Azpeitia tabularis (Grunow) G.Fryxell & P.A.Sims, sample LV86-11 (0–3 cm). H, I – 
Shionodiscus oestrupii (Ostenfeld) A.J.Alverson, S.-H.Kang & E.C.Theriot, sample LV21 (0–3 cm). J – Roperia tesselata (Roper) Grunow ex Pelletan, sample – LV86-21 
(0–3 cm). K – Roperia tesselata f. ovata (Mann) Voigt, sample LV86-12 (0–3 cm). L – Actinocyclus cuneiformis (Wallich) F.Gómez, Lu Wang & Senjie Lin, sample LV86- 
21 (0–3 cm). M – Cestodiscus cinnamomeus (Greville) Grunow, sample LV86-18 (0–3 cm). N, O – Rhizosolenia bergonii H.Peragallo, N – sample LV86-14 (0–3 cm), O – 
sample LV94-7-K7-1 (0–1 cm). P, Q – Nitzschia bicapitata Cleve, P – sample LV94-12-K2-2 (1–2 cm), Q – sample LV86-5 (0–3 cm). R – Nitzschia silicula Hustedt, 
sample LV94-12-K2-2 (1–2 cm). S – Nitzschia kolaczeckii Grunow, sample LV86-21 (0–3 cm). Scale bar = 10 μm.
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characteristic of the transition zone between the arctic-boreal and 
tropical regions (Semina, 1974). The boundaries of phytogeographical 
regions for phytoplankton are in good agreement with the boundaries in 
the surface layer of sediments (ibid.). The Ojin-Koko-Yuryaku diatom 
assemblages consist almost entirely of tropical and subtropical species 
(68–86%) with a mixture of cosmopolitan species (6–25%). In the 
Pleistocene-Holocene sediments of the Nintoku Guyot, the diatom 
assemblage was assigned to the North Pacific Denticulopsis seminae Zone, 
while the diatom assemblage from the sediments of the Ojin Guyot was 
assigned to the tropical diatom Pseudoeunotia doliolus Zone (Koizumi, 
1980), which indicates significant differences in diatom assemblages 
during this period. Differences in diatom and silicoflagellate assem-
blages from the sediments also suggest that the northern boundary of 
warm water transported by the Subtropical Gyre between the Ojin and 
Jingu guyots. Differences in the diatom and silicoflagellate assemblages 
of the Nintoku-Jingu and Ojin-Koko-Yuryaku guyots probably reflect the 
influence of the Subarctic factor on the first and warm waters of the 
Kuroshio Bifurcation Current, the northern boundary of which passes 
between the Ojin and Jingu guyots.

According to Semina (1974), the northern boundary of the phyto-
geographical tropical region in sediments is close to that in plankton and 
passes about 30◦ N. Our data indicate the difference in the assemblages 
of diatoms and silicoflagellates at 38◦ N, but are not sufficient to confirm 
the position of this boundary, but suggest its migration to the north over 
the past 50 years due to significant warming of the latter decades in the 
Northern Hemisphere (IPCC, 2021). Since the early 20th century, and 
certainly since the 1950s, global mean sea surface temperatures have 
increased (Bindoff et al., 2007; Hoegh-Guldberg et al., 2014). In the 
Pacific Ocean, average surface temperatures increased by 0.31 ◦C 
(Hoegh-Guldberg et al., 2014) and are associated with the Kuroshio 
Extension and North Pacific Current (Bindoff et al., 2007).

At approximately the same latitude (between 37 and 39◦ N) there is a 
biogeographical boundary established by corals and coinciding with the 
biogeographical boundary between the boreal and Western Pacific 
biogeographical regions by the bathyal fauna of brittle stars (Ophiura) 
(Sirenko and Smirnov, 1989; Galkin et al., 2020). This boundary co-
incides with the Kuroshio Bifurcation Current (Zhang and Hanawa, 

1993; Sainz-Trapaga et al., 2001; Motoyama and Nishimura, 2005) 
which in the ESC flows at 38◦ N between the Ojin and Jingu guyots.

5. Conclusions

In the sediments (silty foraminiferal oozes and sands) of the Nintoku, 
Jingu, Ojin, Koko, and Yuryaku guyots of the ESC, a rich fauna of ra-
diolarians and flora of diatoms and silicoflagellates were found. Radio-
larians are abundant in the lower bathyal zone (1161–2242 m) of all 
studied guyots except Yuryaku Guyot, and are rare in the sediments of 
the upper bathyal zone (777 m) of the Koko Guyot. From 18 to 27 cm 
they are nearly absent. The concentration of diatoms and silico-
flagellates in surface sediments is uneven, and below 0–3 cm decreases 
sharply. The decrease is probably due to the dissolution of siliceous 
microfossils and the action of bottom currents. The occurrence of extinct 
and relatively shallow-water neritic species is likely the result of 
reworking caused by active hydrodynamics on the ESC guyots and 
transport by currents. Radiolarians are represented by subtropical and 
tropical, as well as arctic-boreal species, and the content of the latter 
sharply decreases towards the south. Diatoms in surface sediments are 
diverse and abundant and are represented mainly by tropical and sub-
tropical oceanic species, but in the sediments of the Nintoku and Jingu 
guyots, there is a Subarctic influence. Differences in the radiolarian, 
diatom and silicoflagellate assemblages of the Nintoku-Jingu and Ojin- 
Koko-Yuryaku guyots reflect the influence of the Subarctic waters and 
warm waters of the Kuroshio Bifurcation Current. In the transitional 
zone, the Kuroshio Bifurcation Current represents a biogeographic 
boundary separating cold-water and warm-water biota. North of this 
latitude, sediments on the Jingu and Nintoku guyots are characterized 
by a mixed radiolarian fauna and diatom flora with a high content of 
arctic-boreal species. To the south there are species that live only within 
the subtropical and tropical climatic zones. Thus, two biogeographic 
assemblages are identified, separated by the Kuroshio Biffurcation 
Current. The Nintoku-Jingu assemblage consists of approximately equal 
numbers of arctic-boreal and subtropical species, and the Ojin-Koko- 
Yuryaku assemblage consists of predominantly subtropical and trop-
ical species with a minor content of arctic-boreal species.

Fig. 12. Percentage of predominant taxa in diatom assemblages in surface sediments of the ESC guoyts.

L.N. Vasilenko et al.                                                                                                                                                                                                                            Deep-Sea Research Part II 218 (2024) 105433 

14 



CRediT authorship contribution statement

Lidiya N. Vasilenko: Writing – original draft, Methodology, Inves-
tigation, Conceptualization. Ira B. Tsoy: Writing – original draft, 

Methodology, Investigation, Conceptualization. Tatyana N. Dautova: 
Writing – original draft, Methodology, Investigation, Conceptualization.

Fig. 13. Arctic-boreal, boreal, and cosmopolitan diatoms from surface sediments of the ESC guyots. A – Coscinodiscus marginatus Ehrenberg, sample LV86-21 (0–3 
cm). B – Rhizosolenia hebetata Bailey, sample LV86-21 (0–3 cm). C, D – Neodenticula seminae (Simonsen & T.Kanaya) Akiba & Yanagisawa, C – sample LV86-11 (0–3 
cm), D – sample Lv86-5 (0–3 cm). E, F – Thalassionema nitzschioides (Grunow) Mereschkowsky, E – sample LV94-12-K2-2 (1–2 cm), F – sample LV86-14 (0–3 cm). G – 
Thalassionema nitzschioides var. parvum Heiden & Kolbe, sample LV94-12 K2-2 (1–2 cm). H – Thalassionema frauenfeldii (Grunow) Tempère & Peragallo, sample LV94- 
7 K7-1 (0–1 cm). I – Thalassiothrix longissima Cleve & Grunow, sample LV86-21 (0–3 cm). J – Proboscia subarctica K.Takahashi, R.W.Jordan & J.Priddle, sample LV86- 
14 (0–3 cm). K – Actinocyclus curvatulus Janisch, sample LV86-14 (0–3 cm). L – Thalassiosira antarctica Comber (resting spore), sample LV86-21 (0–3 cm). M – Paralia 
sulcata (Ehrenberg) Cleve, sample LV86-12 (0–3 cm). N – Cyclotella striata (Kützing) Grunow, sample LV86-12 (0–3 cm). O – Actinoptychus senarius (Ehrenberg) 
Ehrenberg, sample LV86-14 (0–3 cm). Scale bar = 10 μm.

Fig. 14. Percentage of oceanic, neritic-oceanic (panthalassic), and neritic diatoms in diatom assemblages from surface sediments of the ESC guyots.
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Fig. 15. Сhanges in the diatom temperature index (Td) in surface sediments of the ESC guyots (from north to south).

Fig. 16. Silicoflagellates from surface sediments of the ESC guyots. A, B – Dictyocha epiodon Ehrenberg, A – sample LV86–21 (0–3 cm), B – sample LV94-12-K2-2 
(1–2 cm). C – Dictyocha fibula Ehrenberg, sample LV94-12-K2-2 (1–2 cm). D, E – Dictyocha messanensis Haeckel, sample LV86-21 (0–3 cm). F – Octactis speculum 
(Ehrenberg) F.H.Chang, J.M.Grieve & J.E.Sutherland, sample LV86-18 (0–3 cm). G – Dictyocha pentagona (P.Schulz) Bukry & J.H.Foster, sample LV94-12-K2-2 (1–2 
cm). F – Octactis speculum (Ehrenberg) F.H.Chang, J.M.Grieve & J.E.Sutherland, sample LV86-12 (0–3 cm). Scale bar = 10 μm.
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