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Excursion guide to the radiolarians of the East China Sea near Sesoko Island,
Okinawa, Japan: An important research station for living radiolarian studies
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Abstract

The Okinawa Radiolarian Tour, an annual workshop on living radiolarians, has been held
at the Sesoko Station, the Tropical Biosphere Research Center of the University of the
Ryukyus in Okinawa Prefecture, Japan, since 1997. More than 200 researchers and students
have joined this tour to observe living radiolarians. The tours have provided valuable
knowledge on living radiolarians, such as faunal characteristics, biological activities, skeletal
growth, and molecular phylogeny. In this guide, brief histories of radiolarian biological
research and the Okinawa Radiolarian Tour are given. Practical, latest information on
oceanographic conditions, travel, safety, and handling and storage procedures for radiolarian

studies will be given at the Sesoko Station.
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Introduction

Scientific interest in radiolaria, marine holoplanktonic protists, have goes back at least to
Tilesius (1818), who illustrated a living radiolarian cell. As the radiolaria have not only a long
geologic range (Cambrian to Recent) but also inhabit all water depths in all open oceans
including the Arctic Ocean (e.g., De Wever et al, 2001; Suzuki and Aita, 2011; Suzuki and
Not, 2015), they have played an important role in paleontology, geology, and marine ecology.
In particular, knowledge of living radiolarian biology has great potential as a source of
information to reconstruct the group's biologic history through the Phanerozoic.

One of the authors, Atsushi Matsuoka, has worked with living radiolarians at the Sesoko
Station (Fig. 1) of the University of the Ryukyus since 1992. An annual workshop on living
radiolarians in Sesoko, called the Okinawa Radiolarian Tour, has been held since 1997. As
Table 1 indicates, living specimens recovered from surface waters around Sesoko Island
have provided valuable knowledge on living radiolarians, such as faunal characteristics,
biological activity, skeletal growth, and molecular phylogeny. The Sesoko Station is in fact
one of the most important research stations for living radiolarian studies in the world.

The brief guide to observing radiolarians during this tour has already been published in
both Japanese (Matsuoka, 2002) and English (Matsuoka, 2007). In this article, we first provide
a brief history of radiolarian biological study. More practical details and latest information
such as oceanographic conditions, travel, safety, handling and storage for radiolarian studies

will be given at the Sesoko Station.
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Fig. 1. Index map of the Sesoko Station with major warm ocean currents around the station.
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Table 1. Major studies at the Sesoko Station.

Previous studies

Outline

Faunal characteristics
Matsuoka (1993a)

Matsuoka (2009)

Matsuoka (2017)

Report of radiolarian fauna, composed of more than 30 species; comparison of the fauna with living radiolarians
of the surface water near Barbados in the Caribbean Sea and indicating their similarities in the taxonomic
components

Observation of scanning electron microscopic images of radiolarian skeletons by using of sulfuric acid and
showing ca. 60 species of the radiolarians

Showing live and skeleton images of radiolarians (14 spumellarian and 15 nassellarian species) with transmitted
light microscopy and scanning electron microscopy

Activities (Inc. feeding behavior and symbiosis)

Matsuoka (1993a)
Suzuki and Sugiyama (2001)

Takahashi et al. (2003)

Suzuki (2005)

Matsuoka (2007)

Sugiyama et al. (2008)

Suzuki et al. (2009a)

Suzuki et al. (2009b)

Yuasa et al. (2012)
Suzuki et al. (2013)
Yuasa and Takahashi (2014)
Yuasa and Takahashi (2015)
Yuasa et al. (2016)

Observation of biological characters of nine species of living radiolarians; description of several biological
characters of each species, such as activities of pseudopodia and color and size of symbionts

Observation of axopodial activity of Diplosphaera hexagonalis Haeckel and recognition of cyclic extension
and contraction of axopodia

Observation of 29 species of living radiolarians to investigate their symbioses by using of epifluorescence
microscope

Observation of axopodial activity of Rhizosphaera trigonacantha Haeckel having numerous fine axopodia
(Type I axopodia) and few thick axopodia (Type Il axopodia); clarification of the differences of these types of
axopodia in shape and movement

Finding a relationship between feeding behavior and shell morphology based on observation of living
radiolarians

Observation of pseudopodial activities of Eucyrtidium hexagonatum Haeckel, Pterocorys zancleus (Miiller),
and Dictyocodon prometheus Haeckel; clarification of the relationships between pseudopodial activities and
feeding behavior

Discovery of Haliommilla capillaceum (Haeckel) with a chain of extracellular cells; description of movement
of the extracellular cells and pointed out the similarity to the sporogenesis of the host-specific parasitic
dinoflagellate Duboscquella sp.

Report of distribution patterns of nuclei and symbionts of living radiolarians collected from the surface water
around Sesoko Island and the Nansei Islands by using of CIGHI5N5 (DAPT)

Observation and molecular anlysis on cyanobacterial symbionts within Dictyocoryne profunda Ehrenberg
Discovery of novelty activity of Streblacantha sp. cf. S. circumtexta (Jorgensen)

Observation of repruductive swarmers of Sphaerozoum punctatum (Huxley)

Description Gymnoxanthella radiolariae , a symbiotic dinoflagellate from solitary polycystine radiolarians
Observation of reproductive swarmers of Didymocyrtis ceratospyris Haeckel, Pterocanium praetextum
(Ehrenberg), Tetrapyle sp., and Triastrum aurivillii Cleve

Skeletal growth
Ogane et al. (2009)
Ogane et al. (2010)

Ogane et al. (2014)

Use of fluorescent compound C,0H»3N5O5 (PDMPO) to reveal skeletal growth of polycystine radiolarians
Applicaton of PDMPO to 50 cells from 22 species; clarification that skeletal thickening growth commonly
occurs in polycystine radiolarians and that the patterns of skeletal growth differ by species

Discovery of assimilation of siliceous matter within pseudopodia; suggestion of 'pseudo silica absorption
hypothesis'

Molecular phylogeny
Takahashi et al. (2004)

Yuasa et al. (2004)
Yuasa et al. (2005)
Yuasa et al. (2006)
Yuasa et al. (2009a)

Yuasa et al. (2009b)

Examination of the Family Spongodiscidae, including Dictyocoryne profunda Ehrenberg, D. truncatum
(Ehrenberg), and Spongaster tetras Ehrenberg, with using of 18S ribosomal DNA sequence

Examination of the Class Phaeodarea, including Protocystis xiphodon (Haeckel), Challengeron diodon
Haeckel, and Conchellium capsula Borgert, with using of 18S ribosomal DNA sequence

Examination of the Family Spongodiscidae (Class Polycystinea, Order Spumellarida) and the Family
Pterocorythidae (Class Polycystinea, Order Nassellarida) with using of 16S ribosomal DNA sequence
Examination of the Class Phaeodarea, including Protocystis xiphodon (Haeckel), Challengeron diodon
Haceckel, and Conchellium capsula Borgert, with using of 18S ribosomal DNA sequence

Examination of Hexacontium pachydermum Jorgensen, Cladococcus viminalis Haeckel, Arachnosphaera
myriacantha Haeckel, and Astrosphaera hexagonalis Haeckel with using of 18S ribosomal DNA sequence
Description of a simple method for obtaining 18S ribsomal DNA sequencs from a single radiolarian specimen
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Histories of radiolarian biological research and the “Okinawa Radiolarian Tour”

There is a long history of study of radiolarian biology. Biological studies were carried out
in Messina between Catania and the Italian Peninsula by German protozoologists as early as
the 19th century (Miller, 1859; Haeckel, 1862; Hertwig, 1879), and led to discovery of
yellowish brown photosynthetic microbiota, previously called “zooxanthella”, for the first
time in a marine organism - from the collodarian radiolarian Collozoum inerme (Brandt,
1881). Parasites were described from Taxopodia and Acantharia by German protozoologists
(Koeppen, 1894; Borgert, 1898) and afterwards the cytological structure and parasites of
radiolarians were detailed by French workers at the Villefranche-sur-mer Oceanological
Observatory in 1950s-1960s (Hollande, 1953; Hollande and Enjumet, 1953, 1955, 1960; Cachon,
1964). Jean Cachon and Monique Cachon cooperated in clarifying the development of the
cytoskeleton and its function in the 1970s (Cachon and Cachon, 1969, 1971, 1972a, 1972b,
1976, 1978, 1980). A Russian cytologist, Igor B. Raikov, summarized available knowledge of
the radiolarian and phaeodarian nucleus in 1978, and the English version of this book was
published four years later (Raikov, 1982). Despite these studies' progress on radiolarian
cytology, little was known about physiological ecology at that time. Experimental physiology
was studied mainly by Americans in 1970s to 1990s. Their results and interpretations were
summarized in many publications (Anderson, 1978, 1980, 1983, 1984, 1986, 1993, 1994, 2012;
Swanberg and Harbison, 1980; Anderson et al., 1983, 1984, 1986, 1989a, 1989b, 1989c;
Swanberg, 1983; Swanberg et al,, 1985, 1986, 1990; Swanberg, and Bjorklund, 1987; Swanberg
and Caron, 1991; Swanberg and Eide, 1992; Caron et al., 1995; Michaels et al., 1995).

In the 1990s, A. Matsuoka and Kazuhiro Sugiyama independently stayed at the Lamont
Doherty Geological Observatory of Columbia University and learnt how to work on living
radiolarians under the guidance of O. Roger Anderson (Anderson and Matsuoka, 1992;
Matsuoka, 1992; Matsuoka and Anderson, 1992; Sugiyama and Anderson, 1997). Just after
coming back from the U.S., Matsuoka started making an effort to find suitable marine
stations for the study of living radiolarians in Japan. Full-color images of living radiolarians
around Japan were reported for the first time by Matsuoka (1993a) who collected these
specimens in 1992 from surface waters in the East China Sea around Sesoko Island,
Okinawa Prefecture, Japan (Table 2). From 1992 to 1996, Matsuoka prepared research
equipment for living radiolarian research with the assistance of Satoshi Funakawa and
Katsunori Kimoto. In 1997, he organized the first Observation Tour of Living Radiolarians at
the Sesoko Station, the Tropical Biosphere Research Center, the University of the Ryukyus.
The participants were K. Sugiyama, K. Kimoto, Katsuo Sashida, Osamu Takahashi, and
Hideto Okuda. Since then this “tour” or workshop has been held more than 20 times almost
every year. In 2002 the tour could not be organized due to reconstruction of buildings at the

Sesoko Station. Most radiolarian workers in Japan have attended this tour and some of them



Living radiolarian studies at the Sesoko Station 107

have become radiolarian biologists. The total number of the participants exceeds 200 people
and includes American, Chinese, Filipino, French, and other foreigners.

The “Observation Tour of Living Radiolarians at Sesoko” is occasionally simply called
“Okinawa Tour” or “Okinawa Radiolarian Tour" This tour efficiently contributed to living
radiolarian and other protistan studies such as planktonic foraminifers and dinoflagellates
(Suzuki and Sugiyama, 2001; Takahashi et al, 2003; Suzuki, 2005; Kimoto, 2005; Kimoto and
Matsuoka, 2006; Sugiyama et al., 2008; Ogane et al, 2009, 2010, 2014; Suzuki et al., 2009a,
2009b, 2013; Probert et al, 2014; Biard et al, 2015; Takagi et al, 2016). The first molecular
phylogenetic data of Spumellaria (exclusive of Collodaria) were also obtained from cells
collected near Sesoko Island (Takahashi et al., 2004). After their participation in a couple of
the tours, O. Takahashi and his colleague Tomoko Yuasa have regularly visited the Sesoko
Station and successfully continue their own research (Yuasa et al., 2004, 2005, 2006, 2009a,
2009hb, 2012, 2016; Yuasa and Takahashi, 2014, 2015).

The experience accumulated at the Sesoko Station has been transferred to other marine

Table 2. Participant numbers of the “Okinawa Radiolarian Tour” and major activities in Sesoko.

Tour Number of

Year  Month .. Publication Note
number  participants

1992 Nov. 1 Matsuoka's first visit to the Sesoko Station
1993 - - - Matsuoka (1993a)
1994 - - -
1995 Sept. 2
1996 Sept. 3
1997 Sept. Ist 6 Okinawa Radiolarian Tour starts
1998 Oct. 2nd 16
1999 Sept. 3rd 12
2000 July 4th 12
2001 May-Sept. 6 Matsuoka's 5 months stay in Motobu
2002 March 4 Matsuoka (2002)

Nov. 6
2003 May 1 Takahashi et al. (2003)

Nov. Sth 12
2004 May 2

Nov. 6th 12 58th Symposium of Society of Science on Form
2005 April 2

Nov. 7th 7
2006 Dec. 8th 11 Kouduka et al. (2006), Yuasa et al.

(2006)
2007 Nov. 9th 24 Matsuoka (2007)
2008 Nov. 10th 21 Sugiyama et al. (2008) Symposium for 10th Radiolarian Tour
2009 Nov. 11th 17 Matsuoka (2009), Ogane et al. (2009),
Suzuki et al. (2009a, 2009b)

2010 Dec. 12th 15 Ogane et al. (2010)
2011 Dec. 13th 17 Japan-France Sympoium on Radiolarians
2012 Dec. 14th 5 Yuasa et al. (2012)
2013 Dec. 15th 7
2014 Dec. 16th 5
2015 Nov. 17th 10
2016 Oct. 18th 5

2017 Oct. 19th Matsuoka (2017) Excursion of InterRad XV in Niigata 2017
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stations in Japan. Matsuoka has carried out living radiolarian research at the Sado Marine
Station of Niigata University since 2000 (Matsuoka et al., 2001, 2002; Itaki et al., 2003;
Kurihara and Matsuoka, 2004, 2005, 2009, 2010; Kurihara et al, 2006, 2007, 2008). Although
living radiolarians have been reported and studied from a variety of sampling locations (e.g.,
Sashida and Kurihara, 1999; Ishitani et al, 2011, 2012a, 2012b, 2012¢, 2014; Ishitani and
Takishita, 2015; Decelle et al., 2012a, 2012b, 2012¢, 2013, 2014), studies in 2000s-2010s

frequently used plankton samples collected around Sesoko Island (Tables 1, 2).

Location, climate, and oceanographic condition

Sesoko Island (26° 38' 46" N, 127° 51' 54"E) is located 600 m west of the Motobu Peninsula
of Okinawa Island (Honto). Sesoko Island is a 7.3 km circumference pear-shaped island with
a population of 800 people, which is connected with the Motobu Peninsula by the Sesoko
Bridge (Sesoko-Oh-hashi; 762 m in total length). The Sesoko Station is located on the east
coast of the island (Fig. 1).

Okinawa has a subtropical climate so that the air temperature is hot in summer (av.
28°C, min: 24°C, max: 33°C) and warm in winter (av. 16°C, min: 10°C, max: 25°C). Late
October is presumably 21-23°C on average. From July to early October, typhoons often
cross over Okinawa. The temperature of surface water at the sampling site off Sesoko
Island on 31 October in 2016 was 28.0° C.

Marine organisms around Sesoko are affected by the Kuroshio Current, a northward-
flowing, strong western boundary current derived from the westward-flowing North
Equatorial Current off the east coast of the Philippines (Fig. 1A). The Kuroshio Current is
characterized by warm, high salinity and low nutrients; as a consequence, the radiolarians

around Sesoko Island represent a subtropical fauna.

Travel information: transportation

The capital city of Okinawa, “Naha”, is located in the south of the island, as is the Naha
Airport. The Naha Airport is a hub airport for Okinawa and neighboring islands so that
over 100 domestic flights are available every day. International flights are also available.
The connection between the airport and city area of Naha is very easy via the Okinawa
Urban Monorail (Yui Rail).

Public transit for Sesoko Island is not so convenient. A bus network exists on Okinawa
Island but bus services to Sesoko Island are limited in number. Frequent bus services are
available between Naha and Nago, located at the base of the Motobu Peninsula (Fig. 1B).
Taking a taxi is the recommended way to get to Sesoko Station from the Nago Bus

Terminal.
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Life in the Sesoko Station

For the use of the Sesoko Station, you need to submit an application form prior to your
visit. Detailed information is available at the following web page: “User Instructions for

Sesoko Station, Tropical Biosphere Research Center, the University of the Ryukyus” [URL1].

1. Equipment

Guests can use a laboratory, a lecture room, and a galley in a building upon request. Any
equipment such as beakers and Kleenex is not provided by the station (Table 3). Thus, the
hosts or group leaders must bring all equipment and facilities including microscopes, bottles
and consumables themselves. Furthermore, the hosts or group leaders must receive and
dispatch baggage by themselves in the station. Other attendees are responsible only for

private daily commodities like extra clothes and shoes.

2. Accommodations
Accommodations for “the Okinawa Tour™ are arranged by the host or group leader.

3. Meals

There is no meal supply in the Sesoko Station, so that you need to go out for meals or
prepare food by yourself. If your group gets permission to use the kitchen in the station,
you can cook by yourself.

The day of sampling is special. In general, sampling will start in the morning (~ 9 o clock)
with the sailing of the boat. The boat will dock again by 11 o'clock. Onshore, the living
radiolarians must be picked out from the sampling bottles as soon as possible to keep them
healthy. For this reason, there is no time to have lunch, so light meals (e.g., snacks) might be

better on sampling day.

From sampling to observations

This chapter explains the processes from preparation of sampling tools before a
sampling day to observational methods and techniques for living radiolarians. For each

process, an outline is given first, followed by the detailed steps.

1. Before the sampling day: Setup of the laboratory and checking sampling tools
Outline: All equipment and facilities, including a plankton net, should be checked by each

sampling group and set up in the laboratory as compactly as possible, before the sampling

day.

(1) All equipment and facilities should be set up in the laboratory at least one day before the
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Table 3. Example list of equipment for collection and observation of living radiolarians.
Goods Notes Prepared by...
participant _host
Microscope
Inverted microscope 4X, 10X, 20X(LWD), 40X(LWD) objective lens +
Digital video (or camera) equiped to microscope +
*Binocular microscope If you pick up larger radiolarians i
*Lights for bioncular microscope +
*Upright microscope with water objective lens +
USB flash drive The people who want to bring back the captured photos +
*Tool kit including tools to assemble and di ble the microscope i
Pick-up tools
Adjustable Air Displacement Pipette P20 (0-20 uL). Using to pick up radiolarians under a microscope i
Disposable Tip for your selected air displacement pipette +
Transfer pipettes variable sizes +
Measuring pipettes Move collected water to a dish. It is preferable to use the pipettes with +
larger opening at the tip (5 mL type preferable)
Glass petri dish To find radiolairans cells from the collected water. Size is vabile for 4
your purpose and microscopes
Plastic petri dish (or cell culture dish) 35 mm in diameter or like. This plastic petrish is used instead of large +
glass petri dish
Observation tools
Flat bottom cell culture plates (=multiwell inesert 6-well (each cell diameter is 3.5 cm) and/or 12-well (2.26 cm), for +
system) hading radiolarian cells
*Glass bottom dish (= cell imaging dish) The bottom of the dish is made of cover glass +
Slide glass +
Cover glass 18 mm x 18 mm, 24 mm x 32 mm +
*Imaging plate cover glass (glass bottom well culture ~ Similar to flat bottom cultureplates but its bottom is made of cover glass +
plate)
Clear glass vials with screw caps (screw vials) SV-20 is recommended +
Consumers
Aluminium foil i
Dry wipes and cloths To wipe on the desk, microscope and anywhere with sea water +
waste bag +
Sampling tools
Cotton work gloves To use on ship +
Raincoat jacket and pants For savety, you may not ware a long rain coat. Raincoat jacket and +
pants should be weared prior to your boarding.
Shoes aviable wet conditions Slippers, moccasins, ballet flats, sandals, high-heeled, and pump are Ak
strongly prohibited on boarding
Plankton nets (hand net) with ropes The length of rope is roughly 15 m +
Wide mouth plastic bottle(jars) with screw plastic caps 1 L or 2 L. Keeping each towing sample onboard and in the labolatory i
Bucket and water tank Seawater at the sampling point is ready for labolatory work +
GPS 1
Portable salinity meter, temperture meter, etc. +
Travel sickness tablets +
Extra clothes for change after sampling The station strongly prohibts to eneter into the building with wetted +
condition
Towels See above +
Protections for sunlight sun glass, sunscreen +
Sorting tools
Sieves ca. 7.5 cm in diameter. 30-50 um, 63-65 pm, and 1-4 mm openings +
are recommended
Stationery products +
Chemicals and special equipment
Ethanol For DNA analysis A
*Formalin To examine stains +
*Hydrogen peroxide To revmoe protoplasm +
*Sulfuric acid To burn out protoplasm +
*Millipore membrane filter holder assembly +
*Manual operated vacuum pump +
*Millipore membrane filter holder assembly 0.025 um pore size for DNA and 0.45 pm pore size for other purposes A
*Microtubes To keep a single cell +
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planned sampling day.

(2) Size and material of the plankton net will depend on your research purpose. Matsuoka
(2007) used 44 or 100 um mesh plankton nets, while Suzuki et al. (2009) used a 38-43 um
mesh plankton net. We have also used larger cod-ends (the small, tip end) of the plankton
nets for collecting living radiolarians.

(3) Sampling tools should also be prepared so that they can be easily transported to the
research boat on the sampling day. The boat is so small that hosts and leaders should

minimize the duplication of sampling tools, e.g. by sharing among sampling groups.

2. On the sampling day: Decisions and sailing

Outline: Going out or canceling the sampling trip is decided by the boat's captain. If we
are given a go, we will put on our life-jackets and board on the boat with our sampling tools
and personal bags. While cruising from the port to a sampling location, everyone must
remain seated on the floor of the boat.

(1) The host will first discuss the sampling plan, date and hour with the captain of the boat
at the Sesoko Station.

(2) The final decision on going or canceling sampling is made by the captain early in the
morning of the chosen sampling day. The decision will depend largely on the weather
forecast, especially on the sea surface roughness.

(3) As soon as we have the captain's approval to go out, our sampling tools should be
brought quickly to the boat. Personal belongings will need to be put in a single
waterproof bag.

(4) Shipboard participants should take along a change of clothes as well as a normal pair of
shoes for after landing, which should be left somewhere outside of the building. Before
boarding, we need to put on a rain jacket, coat, and a pair of shipboard shoes. Bring a
drink as needed. It is obvious that while on board that we can become completely soaked
with seawater, so that electric devices which are non-water proof such as mobile phones
should be wrapped in a plastic bag or left in the building. If you get seasick easily, taking
travel sickness tablets is recommended before boarding.

(5) Once the captain arrives, you will receive and put on the life-jacket from the lateral side
of the boat (Fig. 2A), and take the sampling tools and your personal bag on board. Before
you board on the boat, the safety instructions will be provided. Please follow the
instructions to the letter for our safety.

(6) Soon after you board the boat in port (Fig. 2B), (a) you must sit down on the floor; (b)
never stand up, never move, never go to the foremost part of the boat (bow); and (c)
MUST keep your hand away from the any edge of the boat at all times (in particular,
while in port). You may stand up and move when the boat stops at a sampling location.

(7) It may take 20 to 30 minutes to reach the sampling station from the port.
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Fig. 2. Photographs of collecting and observational methods of living radiolarians. A: Sesoko Station and boat
dock. B: Research boat for collecting living plankton. C: Plankton net streaming in the current. D: Pulling up
the plankton net. E: Transferring plankton-bearing sea water to a bottle. F: Picking up radiolarians by using
a binocular microscope. G: Transfer of a radiolarian individual to a flat bottom cell culture plate.
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3. Work at the sampling station: Measuring water characteristics and collecting
plankton-bearing seawater

Outline: At the sampling station, we will begin by measuring physical oceanic data. Then
each sampling group will do their tows with the plankton net, each in their own working
space. After several minutes (typically 5 minutes), each group will pull on the rope of the
plankton net and quickly transfer the plankton-bearing seawater from a collecting bucket to

a sampling bottle.

(1) When the boat arrives at the sampling station, the captain will stop the engine to avoid
rolling the plankton nets together. People who get seasick should sit on the floor near the
edge of the boat and try not to get in the way of the sampling. In particular, you must
not lean over the boat edge all the time.

(2) At first, physical oceanic data (position, water depth, salinity, water temperature etc.) will
be acquired. While this is being done, each sampling group should get their own plankton
nets and work spaces ready. The spaces will be assigned by the host. Sampling groups
can start sampling when ready. Tie the rope firmly to the boat to avoid losing your
plankton net.

(3) Tow your plankton net carefully so as not to get entangled with other nets and ropes.
Plankton nets are gently deployed into the sea with the opening facing into the direction
of the wind (Fig. 2C). No gear to hoist the net out of the water is available on boat.

(4) The net should be towed from 3 to 7 mins (regularly 5 min) to capture a sufficient
volume of plankton. The water depth to tow the net at depends on the sampling plan.
During sampling, seawater will be collected in sampling bottles for use at the onshore
laboratory.

(5) Recover the net at the end of the towing time by pulling on the rope (Fig. 2D). Before
you completely pull it out the water, the interior cod-end of the net should be carefully
washed with seawater to recover attached plankton. This attached plankton is handled
differently depending on sampling purpose. For estimation of the total biomass, all
plankton must be put into a collecting bucket. But for observing healthy radiolarians, one
should never use the attached (= damaged) plankton from the net and the cod-end, so for
studying healthy radiolarians do not put attached plankton in the collecting bucket.

(6) Soon after the plankton net is drawn back on the boat, the plankton in the collection
bucket is gently transferred to the sampling bottle with additional fresh seawater (Fig.
2E), to decrease the planktonic density in the bottle. The bottles are kept in a cold box to
maintain the freshness of the samples. The bottles with plankton should be full of
seawater.

(7) Repeat towing several times as needed. However, we should go back to the Sesoko
Station as soon as possible to begin the separation of specimens, so sampling repetitions
should be limited.
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4. Return to the Sesoko Station: Flushing seawater before entering the laboratory
Outline: On return the port, everything exposed to saltwater should be washed with
freshwater. Participants should also take shower and change clothes.

(1) After we finish sampling, all things should be cleared up promptly as the boat may leave
again.

(2) After we return the port, all tools and samples should be brought back to the laboratory.
However, bringing things wet with seawater inside is strictly prohibited by station rules
so that everything, including the participants, needs to be washed with fresh water
before we enter in the building. A few members should be chosen to shower first so that
they can bring the samples quickly inside. The remaining people can then bring the tools
to the shower room where they are washed with freshwater. We then take our own
showers and change to dry clothes and shoes.

(3) The washed but wet items should only be brought into the laboratory after being wiped

out completely.

5. First few hours in the laboratory: First sorting and observation

Outline: The first step is to extract the fresh radiolarians from the collected seawater in
the sampling bottles using binocular stereomicroscopes and/or inverted microscopes. The
radiolarians are transferred to flat bottom cell culture plates.

(1) Living radiolarians will weaken quickly within a few hours under the “plankton soup”
conditions that exist in the collecting bottles. Fresh radiolarians must thus be extracted
as soon as possible. Due to this reason, we should separate radiolarians from other
plankton before the making any observations.

(2) In order to settle the radiolarians at the bottom of the bottle, the sampling bottles are
gently placed for 5-10 minutes near the sink for sea water in the laboratory.

(3) While waiting, fill each cell of the flat bottom cell culture plates with the seawater which
was collected at the sampling location (2/3 height of each cell is enough). The flat bottom
cell culture plates are sterilized, so they don’'t need to be washed when using a new one.
This is true as well for the other observation and picking tools.

(4) To start, bring a glass petri dish or a plastic petri dish to the sink where a bottle is
placed, transfer an appropriate volume of plankton soup into the dish, and then wipe off
the dish bottom. The bottom of the dish must a/ways be kept completely dry.

(5) The dish is carefully placed on the stage of a microscope.

(6) Two types of microscopes are used: the Niigata University research group regularly uses
the binocular stereomicroscopes, while the Tohoku University research group uses the
inverted microscopes.

6a. Binocular stereomicroscope - Good for picking large radiolarians in a wide area.

6b. Inverted microscope — Good for picking any size of radiolarians but view area is narrow.
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(7) Start to pick-out radiolarians (Fig. 2F). If you are interested in polycystines, it is better
for you to ignore acantharians because they are easily misidentified as spumellarians.
Radiolarians can be picked up with an adjustable air displacement pipette (P20 and yellow
disposable tips), transfer pipettes, or other tools.

(8) Once a radiolarian cell has been siphoned into a pipette, quickly transfer it to the flat
bottom cell culture plate (Fig. 2G). Effective techniques to avoid damage to the radiolarian
cell are as follows. 1) You don't need to check whether you successfully moved a cell or
not. 2) You don't need to be concerned if other organisms get transferred along with the
target radiolarian specimen. 3) If you use a 6-cell flat bottom cell culture plate, 10-20
radiolarian specimens can put together in a cell while 5-10 radiolarian specimens can be
placed in cells of 12-cell flat bottom culture plates. 4) It is not recommended to mix
unhealthy-looking specimens with fresh ones. The extraction process continues for

several hours until radiolarians in the plankton soup are no longer viable, or nearly dead.

6. After first observation: Second sorting
Outline: If healthy radiolarians could not be found in the first order samples, examine the
remaining liquid in the sampling bottle as a second sorting.

(1) If you could not find any healthy specimen in the first order samples, move to the second
sorting. Before starting, another flat bottom cell culture plate is prepared with fresh
seawater.

(2) Under an inverted microscope, carefully look for radiolarians (10x or 20x objective lenses
are regularly used). Radiolarians tend to stay on the bottom of the periphery of a cell in
the flat bottom cell culture plate. Very healthy-looking radiolarian specimens sometimes
float in the middle or upper level of the seawater, so these specimens may be overlooked
under an inverted microscope. In this case, carefully tap the flat bottom cell culture plate
to shrink their pseudopodia, which causes them to settle.

(3) In the second sorting, it is important to pipette individuals without contaminant

substances.

Important notice on the laboratory work

(I) When handling seawater, take special care not to spill it on the microscope, desk or
anywhere else except in the sink. All spills must be quickly wiped up. Once seawater
gets into microscopes and electric devices, they will be damaged.

(2) In the first sorting, spherical radiolarians are often found with a lot of attached organic
matter. As some radiolarians can shed this attached organic matter, pick them up and
transfer them into a separate cell of the flat bottom cell culture plate. These specimens

should be kept separated from other “clean” radiolarian cells.
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(3) Tiny radiolarians like the Plagiacanthidae, Lophophaenidae, Stephaniidae, and
Sethophormidae tend to be passed over in the first sorting not only under the binocular
stereomicroscope but also the inverted microscope.

(4) Pylonioidea specimens tend to be wrapped with gelatinous adhesive protoplasm and look
immobile.

(5) Several radiolarian species can be only found with phase-contrast imaging.

Concluding remarks

People generally find a fantastic plankton world under the microscope. We also have
been fascinated by beautiful radiolarians and have been giving more than a passing thought
to the long history of radiolarians and past climates. We believe anyone participating the
Okinawa Tour will have this experience. The Okinawa Tour is not only a simple hands-on
activity but also is one entrance to an important field in future radiolarian science. Matsuoka
(2007) pointed out that research on living radiolarians would provide us with fundamental
data for a better understanding of the past marine ecosystems. However, our knowledge on
the role of radiolarians, even in modern marine environments, is still limited. As Suzuki and
Not (2015) summarized in a recent research perspective on living radiolarians, very basic
information on their biology and ecology, such as life cycle and feeding behavior, are still
missing. As living radiolarians are found in open oceans just about everywhere in the world,
anyone can start to study them. We do hope that this paper contributes to being able to

handle living radiolarians as a first step towards your own studies.

Acknowledgements

The authors thank to K. Nakano, J. Kadena, S. Nakamura, and the staff of the Sesoko
Station of the Tropical Biosphere Research Center of the University of the Ryukyus for
their assistance during the Okinawa Radiolarian Tour over a long period of time. The
authors would like to express their gratitude to O. Roger Anderson who gave his great
guidance to A. Matsuoka in living radiolarian research. A. Matsuoka would like to thank late
Professor Hiroshi Ujiié of the University of the Ryukyus who introduced him to the Sesoko
Station in 1992 and gave helpful instructions. The manuscript was greatly improved by the
constructive comments of David Lazarus (Museum fiir Naturkunde, Humboldt University,
Germany). This work was supported by JSPS KAKENHI Grant Numbers No. 15K05329 to A.
Matsuoka and No. 16K074750 to N. Suzuki.



Living radiolarian studies at the Sesoko Station 117

References

Anderson, O. R, 1978, Light and electron microscopic observations of feeding behavior, nutrition, and
reproduction in laboratory cultures of Thalassicolla nucleata. Tissue & Cell, 10, 401-412.

Anderson, O. R., 1980, Radiolaria. /n Levandowsky, M. and Hutner, S. H. eds., Biochemistry and Physiology of
Protozoa (2nd edition). Volume 3, Academic Press, N.Y., 1-42.

Anderson, O. R., 1983, Radiolaria. Springer-Verlag, New York, 355p.

Anderson, O. R,, 1984, Cellular specialization and reproduction in planktonic foraminifera and Radiolaria. In
Steidinger, K. and Walker, L. eds., Marine Plankton Life Cycle Strategies, Chemical Rubber Co. Press,
Boca Raton, Florida, 36-66.

Anderson, O. R,, 1986, Silicification in Radiolaria-deposition and ontogenetic origins of form. /n Leadbeater, B. S.
and Riding, R. eds., Biomineralization in Lower Plants and Animals, Oxford University Press, Oxford,
375-391.

Anderson, O. R, 1993, The trophic role of planktonic foraminifera and Radiolaria. Marine Microbial Food Webs,
71, 31-51.

Anderson, O. R., 1994, Cytoplasmic origin and surface deposition of siliceous structures in Sarcodina.
Protoplasma, 181, 61-77.

Anderson, O. R,, 2012, Living together in the plankton: A survey of marine protist symbioses. Acta Protozool.,
52, 1-10.

Anderson, O. R, Hemleben, C., Spindler, M. and Lindsey, J., 1986, A comparative analysis of the morphogenesis
and morphometric diversity of mature skeletons of living Didymocyrtis tetrathalamus tetrathalamus and
Hexalonche amphisiphon. Marine Micropaleont., 11, 203-215.

Anderson, O. R, Bennett, P., Angel, D. and Bryan, M., 1989a, Experimental and observational studies of
radiolarian physiological ecology: 2. Trophic activity and symbiont primary productivity of Spongaster
tetras tetras with comparative data on predatory activity of some Nassellarida. Marine Micropaleont., 14,
267-273.

Anderson, O. R., Bennett, P. and Bryan, M., 1989b, Experimental and observational studies of radiolarian
physiological ecology: 1. Growth, abundance and opal productivity of the spongiose radiolarian Spongaster
tetras tetras. Marine Micropaleont., 14, 257-265.

Anderson, O. R., Bennett, P. and Bryan, M., 1989¢, Experimental and observational studies of radiolarian
physiological ecology: 3. Effects of temperature, salinity and light intensity on the growth and survival of
Spongaster tetras tetras Maintained in Laboratory Culture. Marine Micropaleont., 14, 275-282.

Anderson, O. R. and Matsuoka, A., 1992, Endocytoplasmic microalgae and bacteroids within the central
capsule of the radiolarian Dictyocoryne truncatum. Symbiosis, 12, 237-247.

Anderson, O. R, Swanberg, N. R. and Bennett, P., 1983, Assimilation of symbiont-derived photosynthates in
some solitary and colonial Radiolaria. Marine Biol., 77, 265-269.

Anderson, O. R.,, Swanberg, N. R. and Bennett, P., 1984., An estimation of predation rate and relative
preference for algal versus crustacean prey by a spongiose skeletal radiolarian. Marine Biol., 78, 205-207.

Biard, T. Pillet, L., Decelle, J., Poirier, C., Suzuki, N. and Not, F., 2015, Towards an Integrative Morpho-
molecular Classification of the Collodaria (Polycystinea, Radiolaria). Protist, 166, 374-388.

Borgert, A., 1898, Beitrage zur Kenntnis des in Sticholonche zanclea und Acanthometridenarten
vorkommenden Parasiten (Spiralkorper Fol, Amoebophyra Koppen). Zeit. wissen. Zool., 63, 141-186.

Brandt, K., 1881, Untersuchungen an Radiolarien. Monat. konig. Preul3. Akad. wissen. Berlin, 1881, 388-404.

Cachon, J., 1964, Contribution a I'étude des Péridiniens parasites. Cytologie, cycles évolutifs. Ann. Sci. Natur.,
Ser. 12, Zool. Biol. Animal., 6, 1-158.

Cachon, J. and Cachon, M., 1969, Révision systématique des Nassellaires Plectoidea a propos de la description
d'un nouveau représentant, Plectagonidium deflandrei nov. gen. nov. sp. Arch. Prot., 111, 236-251.

Cachon, J. and Cachon, M., 1971, Le systéme axopodial des Radiolaries Nassellaires. Arch. Prot., 113, 80-97.

Cachon, J. and Cachon, M., 1972a, Le systéme axopodial des Radiolaires Sphaeroidés. I. Centroaxoplastidiés.
Arch. Prot, 114 (1/2), 51-64.

Cachon, J. and Cachon, M., 1972b, Le systéme axopodial des Radiolaires Sphaeroidés. II. Les Périaxoplastidiés,



118 A. Matsuoka et al.

III. Les Cryptoaxoplastidiés (Anaxopastidiés), IV. Les fusules et le systéme rhéoplasmique. Arch. Prot.,
114 (3), 291-307.

Cachon, J. and Cachon, M., 1976, Le Systéme axopodial des Collodaires (Radiolaires Polycystines) 1. Les exo-
axoplastidies. Arch. Prot., 118, 227-234.

Cachon, J. and Cachon, M., 1978, Constitution infrastrusturale des microtubules du systeme axopodial des
Radiolaires. Arch. Prot., 120, 229-231.

Cachon, J. and Cachon, M., 1980, Axopod regeneration in Sticholonche zanclea: Transport and positioning
mechanism of cytoplasmic structure. Arch. Prot., 123, 84-98.

Caron, D. A., Michaels, A. F., Swanberg, N. R. and Howse, F. A, 1995, Primary productivity by symbiont-
bearing planktonic sarcodines (Acantharia, Radiolaria, Foraminifera) in surface waters near Bermuda.
Jour. Plankton Res., 171, 103-129.

De Wever, P., Dumitrica, P., Caulet, J. P., Nigrini, C. and Caridroit, M., 2001, Radiolarians in the Sedimentary
Record. Gordon and Breach Science Publishers, Amsterdam, 533p.

Decelle, J., Probert, I, Bittner, L., Desdevises, Y., Colin, S., de Vargas C, Gali, M., Simo6, R. and Not, F., 2012a,
An original mode of symbiosis in open ocean plankton. PNAS, 109 (44), 18000-18005.

Decelle, J., Siano, R., Probert, I, Poirier, C. and Not, F., 2012b, Multiple microalgal partners in symbiosis with
the acantharian Acanthochiasma sp. (Radiolaria). Symbiosts, 57 (1-3), 233-244.

Decelle, J., Suzuki, N, Mahé, F.,, de Vargas C and Not, F., 2012c, Molecular phylogeny and morphological
evolution of the Acantharia (Radiolaria). Protists, 163, 435-450.

Decelle, J., Martin, P., Paborstava, K., Pond, D.W., Tarling, G., Mahé, F., de Vargas C, Lampitt, R. and Not, F.,
2013, Diversity, ecology and biogeochemistry of cyst-forming Acantharia (Radiolaria) in the oceans. PL0oS
One, 81, e53598.

Decelle, J., Romac, S, Sasaki, E., Not, F. and Mahé, F., 2014, Intracellular diversity of the V4 and V9 regions of
the 18S rRNA in marine protists (radiolarians) assessed by high-throughput sequencing. PLoS One, 98,
el04297.

Haeckel, E., 1862, Die Radiolarien (Rhizopoda Radiolaria). Eine Monographie. Tafel 1. Reimer, Berlin, 572p.

Hertwig, R., 1879, Der Organismus der Radiolarien. Denkschriften der Medicinisch-Naturwissenschaflichen
Gesellschaft zu Jena, 2(3), Gustav Fischer, Jena, 129-277, 1-10 pls.

Hollande, A., 1953, Compléments sur la cytologie des Acanthaires et des Radiolaires. /n Grasse, P. P. ed.,
Traite de Zoologie, Anatomie, Systematique, Biologie, volume 1(2), Masson, Paris, 1089-1100.

Hollande, A. and Enjumet, M., 1953, Contribution a l'etude biologique des spherocollides (Radiolaires
Collodaires et Radiolaires Polysyttaires) et de leurs parasites. Pt. 1. Thalassicollidae, Physematidae,
Thalasophysidae. Ann. Sci. Natur., Ser. 11, Zool. Biol. Animal., 15, 99-183.

Hollande, A. and Enjumet, M., 1955, Parasites et cycle évolutif des Radiolaires et des Acanthaires. Bull. Trav.
Publ. Stat. d'Aquicul. Péch. Castigl., 7, 151-176.

Hollande, A. and Enjumet, M., 1960, Cytologie, évolution et systématique des Sphaeroidés (Radiolaires). Arch.
Mus. Nat. d'Hist. Natur., Sér. 7,7, 1-134.

Ishitani, Y., Ishikawa, S. A. Inagaki, Y. Tsuchiya, M. Takahashi, K. and Takishita, K., 2011, Multigene
phylogenetic analyses including diverse radiolarian species support the “Retaria’ hypothesis — The
sister relationship of Radiolaria and Foraminifera. Marine Micropaleont., 81, 32-42.

Ishitani, Y., Kamikawa, R., Yabuki, A., Tsuchiya, M., Inagaki, Y. and Takishita, K., 2012a, Evolution of
Elongation Factor-Like (EFL) protein in Rhizaria is revised by radiolarian EFL gene sequences. Jour.
Eukaryot. Microbiol., 59, 367-373.

Ishitani, Y., and Takishita, K., 2015, Molecular evidence for wide vertical distribution of the marine planktonic
protist Larcopyle buetschlii (Radiolaria) in a semi-enclosed marginal sea. Jour. Plankton Res., 37, 851-856.

Ishitani, Y., Ujiié, Y., de Vargas C, Not, F. and Takahashi, K., 2012b, Phylogenetic relationships and
evolutionary patterns of the Order Collodaria (Radiolaria). PLoS One, 7, €35775.

Ishitani, Y., Ujiié, Y., de Vargas C, Not, F. and Takahashi, K., 2012¢c, Two distinctive lineages in the radiolarian
Order Spumellaria having different ecological preference. Deep-Sea Res. II,, 61-64, 172-178.

Ishitani, Y., Ujiié, Y., and Takishita, K., 2014, Uncovering sibling species in Radiolaria: Evidence for ecological
partitioning in a marine planktonic protist. Molecular Phylogenetics Evo., 78, 215-222.

Ttaki, T. Matsuoka, A., Yoshida, K., Machidori, S., Shinzawa, M. and Todo, T. 2003, Late spring radiolarian



Living radiolarian studies at the Sesoko Station 119

fauna in the surface water off Tassha, Aikawa Town, Sado Island, central Japan, Sci. Rep. Niigata Univ.
(Geol.), no. 17, 41-51.

Kimoto, K. 2005. The ecology of living planktic foraminifera. (DVD) JAMSTEC Press.

Kimoto, K. and Matsuoka, A., 2006, Ecological study of living planktonic foraminifera by culture experiments.
Fossils (Kasekt), no. 79, 1-2 (in Japanese).

Koeppen, N., 1894, Amoebophrya stycholonchae nov. gen. et sp. Zool. Anz., 17, 417-424.

Kouduka, M., Matsuoka, A. and Nishigaki, K., 2006, Acquisition of genome information from single-celled
unculturable organisms (radiolaria) by exploiting genome profiling (GP). BMC Genomics, 7, 135.
doi:10.1186/1471-2164-7-135

Kurihara T. and Matsuoka A., 2004, Shell structure and morphologic variation in Spongosphaera streptacantha
Haeckel (Spumellaria, Radiolaria). Sci. Rep. Niigata Univ. (Geol.), no. 19, 35-48.

Kurihara, T. and Matsuoka, A., 2005, Shell variability of Pseudocubus obeliscus Haeckel in the early autumn
radiolarian fauna off Tassha, Sado Island, central Japan. Sci. Rep. Niigata Univ. (Geol.), no. 20, 29-45.
Kurihara, T. and Matsuoka, A., 2009, A late-winter (March 10, 2008) living radiolarian fauna in surface-
subsurface waters of the Japan Sea off Tassha, Sado Island, central Japan. Sci. Rep. Niigata Univ. (Geol.),

no. 24, 81-90.

Kurihara, T. and Matsuoka, A., 2010, Living radiolarian fauna of late autumn (November 13, 2008) in surface-
subsurface waters of the Japan Sea off Tassha, Sado Island, central Japan. Sci. Rep. Niigata Univ. (Geol.),
no. 25, 83-92.

Kurihara, T. Shimotani, T. and Matsuoka, A., 2006, Water temperature, salinity, algal-chlorophyll profiles and
radiolarian fauna in the surface and subsurface waters in early June off Tassha, Sado Island, central
Japan. Sci. Rep. Niigata Univ. (Geol.), no. 21, 31-46.

Kurihara, T., Uchida, K., Shimotani, T. and Matsuoka, A., 2007, Radiolarian faunas and water properties in
surface and subsurface waters of the Japan Sea in September 2005, off Tassha, Sado Island, central Japan.
Sci. Rep. Niigata Univ. (Geol.), no. 22, 43-56.

Kurihara, T., Uchida, K., Shimotani, T. and Matsuoka, A., 2008, Radiolarian faunal characteristics in surface-
subsurface waters of the Japan Sea off Tassha, Sado Island, central Japan in June 2007: inflowing
radiolarians on the Tsushima Warm Current. Sci. Rep. Niigata Univ. (Geol.), no. 23, 65-74.

Matsuoka, A., 1992, Skeletal growth of a spongiose radiolarian Dictyocoryne truncatum in laboratory culture.
Marine Micropaleont., 19, 287-297.

Matsuoka, A., 1993a, Living radiolarians around the Sesoko Island, Okinawa Prefecture. Fossils (Kaseki), no. 54,
1-9 (in Japanese with English abstract).

Matsuoka, A., 1993b, Observations of living radiolarians from the surface water in the Caribbean Sea. News
Osaka Micropaleontol. (NOM), Spec. Vol., no. 9, 349-363.

Matsuoka, A., 2002, Methods and research instruments for living radiolarian studies. Fossils (Kaseki), no. 71,
19-27 (in Japanese).

Matsuoka, A., 2007, Living radiolarian feeding mechanisms: new light on past marine ecosystems. Swiss Jour.
Geosct., 100, 273-279.

Matsuoka, A., 2009, Late autumn living radiolarian fauna from sub-tropical surface waters in the East China
Sea off Sesoko Island, Okinawa, southwest Japan. News Osaka Micropaleontol. (NOM), Spec. Vol., no. 14,
11-29.

Matsuoka, A., 2017, Catalogue of living polycystine radiolarians in surface waters in the East China Sea
around Sesoko Island, Okinawa Prefecture, Japan. Sci. Rep. Niigata Univ. (Geol.), no. 32, 57-90.

Matsuoka, A. and Anderson, O. R, 1992, Experimental and observational studies of radiolarian physiological
ecology: 5. Temperature and salinity tolerance of Dictyocoryne truncatum. Marine Micropaleont., 19, 299-
313.

Matsuoka, A., Shinzawa, M., Yoshida, K., Machidori, S., Kurita, H. and Todo, T., 2002, Early summer radiolarian
fauna in surface waters off Tassha, Aikawa Town, Sado Island, central Japan. Sci. Rep. Niigata Univ.
(Geol.), no. 17, 17-25.

Matsuoka, A. Yoshida, K., Hasegawa, S., Shinzawa., M., Tamura, K., Sakumoto, T., Yabe, H., Niikawa, I. and
Tateishi, M., 2001, Temperature profile and radiolarian fauna in surface waters off Tassha, Aikawa Town,
Sado Island, central Japan. Sci. Rep. Niigata Univ. (Geol.), no. 16, 83-93.



120 A. Matsuoka et al.

Michaels, A. F., Caron, D. A., Swanberg, N. R., Howse, F. A. and Michaels, C. M., 1995, Planktonic sarcodines
(Acantharia, Radiolaria, Foraminifera) in surface waters near Bermuda: abundance, biomass and vertical
flux. Jour. Plankton Res., 171, 131-163.

Miiller, J., 1859, Uber die Thalassicollen, Polycystinen und Acanthometren des Mittelmeeres. Abh. kinig.
Akad. wissen. Berlin, 1858, 1-62.

Ogane, K., Tuji, A., Suzuki, N., Kurihara, T. and Matsuoka, A., 2009, First application of PDMPO to examine
silicification in polycystine Radiolaria. Plankton Benthos Res., 4, 89-94.

Ogane, K., Tuji, A., Suzuki, N., Matsuoka, A., Kurihara, T. and Hori, R. S., 2010, Direct observation of the
skeletal growth patterns of polycystine radiolarians using a fluorescent marker. Marine Micropaleont., 77,
137-144.

Ogane, K., Suzuki, N., Tuji, A. and Hori, R. S., 2014, Pseudopodial silica absorption hypothesis (PSA hypothesis):
A new function of pseudopodia in living radiolarian polycystine cells. Jour. Micropaleont., 33, 143-148.
Probert, I, Siano, R., Poirier, C., Decelle, J.,, Biard, T., Tuji, A., Suzuki, N. and Not, F., 2014, Brandtodinium gen.
nov. and B. nutricula comb. nov. (Dinophyceae), a dinoflagellate commonly found in symbiosis with

polycystine radiolarians. Jour. Phycol., 50, 388-399.

Raikov, 1. B., 1982, The Protozoan Nucleus, Morphology and Evolution. Cell Biology Monographs, volume 9.
Springer-Verlag, Wien, 474p.

Sashida, K. and Kurihara, T., 1999, Recent radiolarian faunas in the surface water off the coat of Shimoda, Izu
Peninsula, Japan. Sci. Rep. Inst. Geosct., Univ. Tsukuba, sec. B=Geol. Sci., 20, 115-144.

Sugiyama, K. and Anderson. O. R., 1997, Correlated fine structural and light microscopic analyses of living
nassellarians Eucyrtidium hexagonatum Haeckel, Pterocorys zancleus (Muller) and Spirocyrtis scalaris
Haeckel. News Osaka Micropaleontol. (NOM), Spec. Vol., no. 14, 11-29.

Sugiyvama, K., Hori, R. S., Kusunoki, Y. and Matsuoka, A., 2008, Pseudopodial features and feeding behavior of
living nassellarians Eucyrtidium hexagonatum Haeckel, Pterocorys zancleus (Muller) and Dictyvocodon
prometheus Haeckel. Paleont. Res., 12, 209-222.

Suzuki, N., 2005, Physiological axopodial activity of Rhizosphaera trigonacantha Haeckel (a spheroidal
radiolarian, Polycystina, Protista). Marine Micropaleont., 54, 141-153.

Suzuki, N. and Aita, Y., 2011, Radiolaria: achievements and unresolved issues: taxonomy and cytology.
Plankton Benthos Res., 6, 69-91.

Suzuki, N., Kurihara, T. and Matsuoka, A., 2009a, Sporogenesis of an extracellular cell chain from the
spheroidal radiolarian host Haliommilla capillaceum (Haeckel), Polycystina, Protista. Marine
Micropaleont., 72, 157-164.

Suzuki, N. and Not, F., 2015, Biology and Ecology of Radiolaria. /7 Ohtsuka, S., Suzuki, T., Horiguchi, T., Suzuki,
N. and Not, F,, eds., Marine Protists, Springer, Tokyo, 81-108.

Suzuki, N., Ogane, K., Aita, Y., Kato, M., Sakai, T., Kurihara, T., Matsuoka, A., Ohtsuka, S., Go, A., Nakaguchi, K.,
Yamaguchi, S., Takahashi, T. and Tuji, A., 2009b, Distribution patterns of the radiolarian nuclei and
symbionts using DAPI-fluorescence. Bull. Natl. Mus. Nat. Sci., Ser. B, 35, 169-182.

Suzuki, N, Ogawa, K., Ogane, K. and Tuji, A., 2013, Patchwork silicification and disposal activity of siliceous
fragments of a polycystine radiolarian. Rev. Micropaléont., 56, 63-74.

Suzuki, N. and Sugiyama, K., 2001, Regular axopodial activity of Diplosphaera hexagonalis Haeckel (spheroidal
spumellarian, Radiolaria). Paleont. Res., 5, 131-140.

Swanberg, N. R, 1983, The trophic role of colonial Radiolaria in oligotrophic oceanic environments. Limnol.
Oceanogr., 28, 655-666.

Swanberg, N. R, Anderson, O. R. and Bennett, P., 1985, Spongiose spumellarian Radiolaria: The functional
morphology of the radiolarian skeleton with a description of Spongostaurus, a new genus. Marine
Micropaleont., 9, 455-464.

Swanberg, N. R., Anderson, O. R. and Bennett, P., 1990, Skeletal and cytoplasmic variability of large spongiose
spumellarian Radiolaria (Actinopodea: Polycystina). Micropaleontology, 364, 379-387.

Swanberg, N. R, Bennett, P, Lindsey, J. L. and Anderson, O. R., 1986, A comparative study of predation in two
Caribbean radiolarian populations. Marine Microbial Food Webs, 1, 105-118.

Swanberg, N. R. and Bjerklund, K. R., 1987, The pre-cephalic development of the skeleton of Amphimelissa
setosa (Actinopoda: Nassellarida). Marine Micropaleont., 11, 333-341.



Living radiolarian studies at the Sesoko Station 121

Swanberg, N. R. and Caron, D. A., 1991, Patterns of sarcodine feeding in epipelagic oceanic plankton. Jour.
Plankton Res., 132, 287-312.

Swanberg, N. R. and Eide, L. K., 1992, The radiolarian fauna at the ice edge in the Greenland Sea during
summer, 1988. Jour. Marine Res., 50, 297-320.

Swanberg, N. R. and Harbison, G. R., 1980, The ecology of Collozoum longiforme, sp. nov., a new colonial
radiolarian from the equatorial Atlantic Ocean. Deep-Sea Res., Part A, 27, 715-731.

Takagi, H., Kimoto, K., Fujiki, T., Kurasawa, A., Moriya, K. and Hirano, H., 2016, Ontogenetic dynamics of
photosymbiosis in cultured planktic foraminifers revealed by fast repetition rate fluorometry. Marine
Micropaleont., 122, 44-52.

Takahashi, O., Mayama, S. and Matsuoka, A., 2003, Host-symbiont association of polycystine Radiolaria:
Epifluorescence microscopic observation of living Radiolaria. Marine Micropaleont., 49, 187-194.

Takahashi, O., Yuasa, T., Honda, D. and Mayama, S., 2004, Molecular phylogeny of solitary shell-bearing
Polycystinea (Radiolaria). Rev. Micropaléont., 47, 111-118.

Tilesius, W. G. von Tillenau, 1818, Ueber das nachtliche Leuchten des Meerwassers. Ann. Wet. Gesel. ges.
Natur., 3.1.3.2, 360-372 & 4.2.1.2, plates 20a, 20b.

Yuasa, T., Dolven, J. K, Bjorklund, K. R, Mayama, S. and Takahashi, O., 2009a, Molecular phylogenetic position
of Hexacontium pachydermum Jorgensen (Radiolaria). Marine Micropaleont., 73, 129-134.

Yuasa, T., Horiguchi, T., Mayama, S., Matsuoka, A. and Takahashi, O., 2012, Ultrastructural and molecular
characterization of cyanobacterial symbionts in Dictyocoryne profunda (polycystine radiolaria). Symbiosis,
57, 51-55.

Yuasa, T., Horiguchi, T., Mayama, S. and Takahashi, O., 2016, Gymnoxanthella radiolariae gen. et sp. nov.
(Dinophyceae), a dinoflagellate symbiont from solitary polycystine radiolarians. Jour. Phycol., 52, 89-104.

Yuasa, T. and Takahashi, O., 2014, Ultrastructural morphology of the reproductive swarmers of Sphaerozoum
punctatum (Huxley) from the East China Sea. European Jour. Protist., 50, 194-204.

Yuasa, T. and Takahashi, O., 2015, Light and electron microscopic observations of the reproductive swarmers
cells of nassellarian and spumellarian polycystines (Radiolaria). European Jour. Protist., 54, 19-32.

Yuasa, T., Takahashi, O., Dolven, J. K., Mayama, S., Matsuoka, A., Honda, D. and Bjerklund, K. R., 2006,
Phylogenetic position of the small solitary phaeodarians (Radiolaria) based on 18S rDNA sequences by
single cell PCR analysis. Marine Micropaleont., 59, 104-114.

Yuasa, T., Takahashi, O. and Mayama, S., 2004, PCR primers for the amplification of the nuclear small subunit
ribosomal DNA sequences from polycystine radiolarians. Japanese Jour. Protozool., 37, 133-137.

Yuasa, T., Takahashi, O. and Mayama, S., 2009b, A simple technique for extracting small subunit ribosomal
DNAs from both the host and symbiont of a single radiolarian specimen. News Osaka Micropaleontol.
(NOM), Spec. Vol., no. 14, 1-4.

Yuasa, T. Takahashi, O., Honda, D. and Mayama, S., 2005, Phylogenetic analyses of the polycystine Radiolaria
based on the 18s rDNA sequences of the Spumellarida and the Nassellarida. European Jour. Protistol., 41,
287-298.

[URL1] User Instructions for Sesoko Station, Tropical Biosphere Research Center, the University of the
Ryukyus (http://www.thc.u-ryukyu.ac.jp/sesoko/user-information).



122 A. Matsuoka et al.

Collodaria

Spumellaria

Appendix A. Photomicrographs of major living radiolarians (Collodaria and Spumellaria) collected from the
sea water off Sesoko Island, Okinawa Prefecture, Japan.
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Nassellaria

Acantharia

Appendix B. Photomicrographs of major living radiolarians (Nassellaria and Acantharia) and other protists
(Taxopodia and Dinoflagellate) collected from the sea water off Sesoko Island, Okinawa Prefecture, Japan.
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