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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.
Key words: Okinawa Radiolarian Tour, living radiolaria, East China Sea, Kuroshio
Current, Sesoko Station, faunal characteristics, biological activities, skeletal growth,
molecular phylogeny, culture experiment

*1
*2
*3

Department of Geology, Faculty of Science, Niigata University, Niigata 950-2181, Japan
Department of Earth Science, Graduate School of Science, Tohoku University, Sendai 980-8578, Japan
Stratigraphy and Tectonics Research Group, Research Institute of Geology and Geoinformation, Geological
Survey of Japan, AIST, Tsukuba 305-8567, Japan

Research and Development Center for Global Change (RCGC), JAMSTEC, Yokosuka 237-0061, Japan
Department of Botany, National Museum of Nature and Science, Tsukuba 305-0005, Japan
*6 Graduate School of Science and Technology, Niigata University, Niigata 950-2181, Japan
*7 State Key Laboratory of Palaeobiology and Stratigraphy, Nanjing Institute of Geology and Palaeontology,
Chinese Academy of Sciences, Nanjing 210008, China
Corresponding author: A. Matsuoka,
amatsuoka@geo.sc.niigata-u.ac.jp
(Manuscript received 7 July, 2017; accepted 21 July, 2017)
*4
*5

A. Matsuoka et al.

104

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.

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.
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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 (Müller, 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 Bjørklund, 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
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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,
2009b, 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.
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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, 2012c, 2014; Ishitani and
Takishita, 2015; Decelle et al., 2012a, 2012b, 2012c, 2013, 2014), studies in 2000s–2010s
frequently used plankton samples collected around Sesoko Island (Tables 1, 2).
Location, climate, and oceanographic condition
Sesoko Island (26º 38' 46'' N, 127º 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.
28ºC, min: 24ºC, max: 33ºC) and warm in winter (av.: 16ºC, min: 10ºC, max: 25ºC). Late
October is presumably 21–23ºC 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 northwardflowing, 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.
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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 μm mesh plankton nets, while Suzuki et al. (2009) used a 38–43 μm
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 always 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
(1) 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.
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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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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.

