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Abstract. Spicaticribra kingstonii was found in Ryumon reservoir (Kumamoto prefecture),

Fukuji reservoir and Haneji reservoir (Okinawa prefecture) during the phytoplankton survey

of 107 Japanese artificial reservoirs at 2009 and 2010. A similar species was found in Mae Jork

Lung reservoir, Chiang Mai area, Thailand. It can be identified as Thalassiosira rudis by the

pattern of central areolae and the position of rimoportulae. A new combination, Spicaticribra

rudis comb. nov. was proposed for T. rudis. A strain of S. kingstonii was isolated from Haneji

reservoir, and performed molecular analysis for SSU-ITS-LSU region and constructed phylo-

genetic tree. The phylogenetic tree shows that the root of S. kingstonii exists in the C.

meneghiniana species complex, but the branch length is extremely long and the morphological

similarity was so small. S. kingstonii is distributed in tropical to subtropical region, and its

growth rate should be faster than those of species from cold regions. This could explain the

extremely long branch length of S. kingstonii.

Key words: phylogeny, Cyclotella meneghiniana, Spicaticribra kingstonii, Spicaticribra rudis,

Thailand, Thalassiosira rudis.

Introduction

Spicaticribra kingstonii Johansen et al. was

described from Fontana Lake, a reservoir in

the Tennessee River drainage, North Carolina,

U.S.A. (Johansen et al. 2008). Though this

species closely resembles the genus Thalas-

siosira, Spicaticribra does not have central

strutted processes as does Thalassiosira.

Johansen et al. (2008) also discussed the super-

ficial similarities and di#erences between T.

pseudonana and T. guillardii. Ludwig et al.

(2008) described a similar new taxon, Thalas-

siosira rudis Tremarin et al., from Brazil, South

America. This species is similar to S. kingstonii

except for its relatively regular central areolae

and the position of the rimportulae. Ludwig et

al. (2008) discussed the relationship of this

species with the Thalassiosira taxa T. gracilis,

T. visurgis and T. rudolfii. However, the rela-

tionship between these taxa and other genera

has not been clarified.

Tanaka and Nagumo (2009) and Tanaka

(2010) reported S. kingstonii from Lake Ikeda,

Kagoshima Prefecture, and Lake Fukuji,

Okinawa prefecture in southern Japan. Since

the distribution of this species is limited to

three separated areas, we could not discuss the

distribution of this species.

Materials and Methods

1. Japanese artificial reservoirs

Reservoir water samples from 107 Japanese

artificial reservoirs, shown in Figure 1, were

collected in August 2009. Additionally, sam-

ples from 50 selected sites within the 107 total

sites were also collected from March to April

2010. One to two liters of reservoir water was
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Fig. 1. Site map of Japanese reservoirs examined in this study. 1: Taisetsu, 2: Kanayama, 3: Katsurazawa,

4: Ashibetsu, 5: Izarigawa, 6: Hoheikyo, 7: Jozankei, 8: Iwaonai, 9: Kanoko, 10: Tokachi, 11: Pirika,

12: Nibutani, 13: Satsunaigawa, 14: Takisato, 15: Chubetsu, 16: Shijushida, 17: Tase, 18: Yuda, 19:

Ishibuchi, 20: Naruko, 21: Gosho, 22: Kamahusa, 23: Shirakawa, 24: Sagae, 25: Aseishigawa, 26:

Tamagawa, 27: Shichikashuku, 28: Miharu, 29: Gassan, 30: Surikamigawa, 31: Fujiwara, 32: Aimata,

33: Sonohara, 34: Shinaki, 35: Ikari, 36: Kawamata, 37: Kawaji, 38: Futase, 39: Miyagase, 40: Oishi,

41: Tedorigawa, 42: Omachi, 43: Okawa, 44: Sagurigawa, 45: Unazuki, 46: Yokokawa, 47: Miwa, 48:

Koshibu, 49: Shintoyone, 50: Yahagi, 51: Maruyama, 52: Yokoyama, 53: Hachisu, 54: Nagashima, 55:

Origawa, 56: Amagase, 57: Kuzuryu, 58: Managawa, 59: Sarutani, 60: Sugesawa, 61: Haji, 62:

Shimajigawa, 63: Yasaka, 64: Hattabara, 65: Nukui, 66: Tomata, 67: Haizuka, 68: Yanase, 69:

Ishitegawa, 70: Nomura, 71: Odo, 72: Nakasujigawa, 73: Kanogawa, 74: Nagayasuguchi, 75: Tsuruda,

76: Midorikawa, 77: Shimoke, 78: Matsubara, 79: Yabakei, 80: Kyuragi, 81: Ryumon, 82: Fukuji, 83:

Arakawa, 84: Aha, 85: Fungawa, 86: Benoki, 87: Kanna, 88: Haneji, 89: Yagisawa, 90: Shimokubo,

91: Kusaki, 92: Naramata, 93: Iwaya, 94: Agigawa, 95: Misogawa, 96: Muro, 97: Shorenji, 98:

Takayama, 99: Hitokura, 100: Nunome, 101: Hiyoshi, 102: Ikeda, 103: Sameura, 104: Shingu, 105:

Terauchi, 106: Urayama, 107: Hinachi, 108: Tomisato, 109: Takizawa, 110: Tokuyama.
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filtered using PTFE membrane filters having

1.0 mm openings (JAWP04700, Millipore) and

was dried with an incubator (ITD-20E, ALP)

at 60�.

2. Thailand artificial reservoirs

One liter of water sample from each of 4

sites in the Chiang Mai area reservoirs shown

in Table 1 was collected and fixed with weak

formalin (about a 0.5% final concentration of

formaldehyde). Each settled for one day, and

concentrated samples were kept with formalin

(about a 2% final concentration of formalde-

hyde). Sediment samples fixed with formalin

were also used. Fixed samples were cleaned

using concentrated nitric acid. Cleaned materi-

als were filtered and dried up using the same

method described above.

3. Scanning electron microscopy (SEM) ob-

servation

Filters were cut into small pieces (about 5-

mm square) and attached to the SEM stub

using carbon adhesive tape. These stubs were

sputtered with platinum, and examined using a

SEM (JSM-6390 with LaB6 gun, JEOL).

4. Isolation and culture

Water samples were collected from the

Haneji artificial reservoir on 8th July 2011. The

electric conductivity at the time of collection

was 179mS/cm, the pH was 8.3, and the water

temperature was 28.7�. Each 0.1-ml sample

was added to 1 ml of d-medium as described in

Tuji (2000) in three multi-well plates having 48

wells. The cultured strain was illuminated by

hand-made lights using red LEDs with a

photon flux density of ca. 50 mmol/m2/sec, a

photoperiod of L/D�24/0 hours, and a tem-

perature of ca. 28�. After two weeks pre-

culture, Spicaticribra kingstonii was isolated by

the pipette-washing method and cultured using

d medium in one multi-well plate having 12

wells with the same light conditions and several

Table 1. List of Thailand reservoirs in Chiang Mai area.

Specimen No. TNS-AL- Sampling date Site Area

57402 2010/3/5 MaeKuang Dam Chiang Mai, Thailand

57408 2010/3/5 Huay Tung Tao reservoir Chiang Mai, Thailand

57409 2010/3/5 Mae Jork Lung reservoir Chiang Mai, Thailand

57411 2010/3/5 Mae Jork Lung reservoir Chiang Mai, Thailand

57414 2010/3/5 Pond under Mae Jork Lung reservoir Chiang Mai, Thailand

57415 2010/3/5 Aung Krew reservoir pond Chiang Mai, Thailand

Table 2. List of primers used for PCR and sequences in this study.

Gene Primer Sequence 5�-3� Direction Reference

SSU region SR1 TACCTGGTTGATCCTGCCAG Forward Nakayama, T. et al. (1996)

443r RCGSRCCTGCTGCTGCCTTCCTTG Reverse Beszteri et al. (2001)

550f TAGGTCTGGCAATTGGAATGAG Forward

SR5 ACTACGAGCTTTTTAACTGC Reverse Nakayama,T. et al. (1996)

997r AAAACATCCTTGGWARATGCT Reverse Beszteri et al. (2001)

SR9 AACTAAGAACGGCATGCAC Reverse Nakayama,T. et al. (1996)

SR10 AGGTCTGTGATGCCCTTAGA Forward Nakayama,T. et al. (1996)

SR12 CCTTCCGCAGGTTCACCTAC Reverse Nakayama,T. et al. (1996)

ITS region ITS5 GGAAGTAAAAGTCGTAACAAGG Forward White et al. (1990)

LSU region D1R ACCCGCTGAATTTAAGCATA Forward Scholin et al. (1994)

D2C CCTTGGTCCGTGTTTCAAGA Reverse Scholin et al. (1994)

Euk34r GCATCGCCAGTTCTGCTTACC Reverse Liu et al. (2009)

LSU-R2 ATTCGGCAGGTGAGT Reverse Takano et Horiguchi (2006)
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di#erent temperature conditions (10�30�).

5. Molecular analysis

The cells were concentrated using a centri-

fuge, and DNA was extracted using the Chelex

method (Walsh et al. 1991). PCR of the SSU-

ITS-LSU regions was performed using a ther-

mal cycler (iCycler, BioRad) with Ex Taq

polymerase (Takara) using a primer set of SR-

1 forward and LSU-R2 reverse (Table 2). The

PCR product was purified with ExoSAP-IT

(USB Corporation, Cleveland) in accordance

with the manufacturer’s instructions. The cycle

sequencing samples were purified by ethanol

precipitation. Sequencing was conducted using

an ABI PRISM 3130xl Genetic Analyzer (Ap-

plied Biosystems) using the primers in Table 2.

The obtained sequences were assembled using

Chromas PRO software (Technelysium Pty

Ltd).

Figs. 2�7. Spicaticribra kingstonii from Japanese reservoirs. Figs. 2, 3, 5, 7: Fukuji R.; Fig. 4: Ryumon

R.; Fig. 6: Haneji R.

Akihiro Tuji, Pongpan Leelahakriengkrai and Yuwadee Peerapornpisal142



6. Phylogenetic reconstruction

The Basic Local Alignment Search Tool

(BLAST) at NCBI (http://blast.ncbi.nlm.nih.

gov/Blast.cgi) were used to find sequences sim-

ilar to the sequence of S. kingstonii. Phylogene-

tic and molecular evolutionary analyses of the

obtained sequences were conducted using the

MEGA 5 computer program (Tamura et al.

2011). Alignments were checked manually. A

Maximum Likelihood (ML) tree was con-

structed using software with the best fits model

(Tamura three-parameter using a discrete Gam-

ma distribution (�G) with five rate categories

and by assuming that a certain fraction of sites

is evolutionarily invariable (�I)) based on the

lowest BIC score (Bayesian Information Cri-

terion) and the substitution nucleotide matrix

parameters calculated by the software. One

thousand bootstraps were generated.

Figs. 8�13. Spicaticribra rudis from Mae Jork Lung reservoir, Chiang Mai area, Thailand. Figs. 8, 9, 11�
13: TNS-AL-57409; Fig. 10: TNS-AL-57411.
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Results

1. SEM observation

Spicaticribra kingstonii is found in three Jap-

anese reservoirs. It was found in Ryumon res-

ervoir in Kumamoto prefecture and Fukuji

reservoir in Okinawa prefecture in August

2009 and in Haneji reservoir in Okinawa pre-

fecture in both August 2009 and March 2010.

These three reservoirs are located in southern

Japan. This species has not been observed in

the northern or middle areas of Japan. SEM

photographs from Japanese samples are shown

in Figs. 2�7. S. kingstonii found in this study

agree with the descriptions in Tanaka &

Nagumo (2009) and Tanaka (2010). SEM

photographs from the isolated strain of S. king-

stonii are shown in Figs. 14�19. The sexual

reproduction and initial valves are also ob-

served (Figs. 14�15). Japanese individuals

always have irregular central areolae, especial-

ly large individuals, though the North Ameri-

can individuals presented in Johansen et al.

(2008) sometimes had regular central areolae

Figs. 14�19. Spicaticribra kingstonii. Strain examined for molecular analysis. FIgs 14, 15: Initial valve.
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(Figs. 5, 8, and 10 in Johansen et al. 2008).

A similar species was found in Mae Jork

Lung reservoir at 700th Anniversary Chiang

Mai Sport Complex, Chiang Mai area, Thai-

land. The electric conductivity at the time of

collection in this reservoir was 53 mS/cm, the

pH was 8.2, and the water temperature was

28.7�. Morphological variation of this species

is close to North American S. kingstonii indi-

viduals. Irregular and regular central areolae

were also found in this species (Figs. 8�13).

The rimoportulae of Thailand individuals are

positioned at the frustules’ edge and are

elongated and strongly curved. This position

and this curved character di#er from the North

American and Japanese individuals and can be

used to identify the species as Thalassiosira

rudis Tremarin et al.

2. Molecular analysis and phylogeny of Spica-

ticribra kingstonii

The results of the BLAST search using the

18S rDNA for S. kingstonii show high similar-

ity with the Cyclotella meneghiniana species

complex. Figure 20 shows the ML tree of 18S

rDNA for S. kingstonii and related taxa,

mainly the C. meneghiniana species complex.

Thalassiosira pseudonana is used as an out-

group. This phylogenetic tree shows that the

root of S. kingstonii exists in the C. menegh-

iniana species complex, but the branch length

is extremely long, and 92�104 bp di#erences

exist between S. kingstonii and the C. menegh-

iniana species complex. Though we have also

constructed phylogenetic trees using several

di#erent methods, the results were the same

(data not shown). The morphological similari-

ty between S. kingstonii and C. meneghiniana is

very low. S. kingstonii does not have chambers,

costae, spines or central fultoportula, but C.

meneghiniana does.

Discussion

Since the di#erences between S. kingstonii

and T. rudis were only in the pattern of the

central areolae and the position of the rimopor-

tulae, T. rudis should belong to the genus

Spicaticribra. The position of rimoportula is

well conserved, and so this di#erence is thought

to be a species-level di#erence.

Spicaticribra rudis (Tremarin, Ludwig, Becker

et Torgan) Tuji, Leelahakriengkrai et Peera-

pornpisal comb. nov.

Basionym: Thalassiosira rudis Tremarin, Lud-

wig, Becker et Torgan in Ludwig in Tre-

marin, Becker & Torgan, Diat. Res. 23: 391.

f. 1�57. 2008.

Since the genus Spicaticribra is found in

southern Japan, Thailand, North America and

South America, it seems to be harvested in

sub-tropical to tropical regions. The planktonic

florae from subtropical and tropical regions are

limited. Hence, this genus might be distributed

widely.

Because of the wide morphological varia-

tion, the S. kingstonii�rudis species complex

might be a species flock like the Cyclotella

ocellata species complex (Edlund et al. 2003).

Because of the isolated freshwater bodies by

oceans in subtropical to tropical areas, the en-

demism in these areas may occur by a di#erent

process than in cold regions.

The phylogenetic analysis suggests that the

C. meneghiniana species complex is an origin

of S. kingstonii. The branch length of S. king-

stonii from C. meneghiniana is extremely long,

which is likely caused by the very fast molecu-

lar evolution of S. kingstonii. Normally the

rates of molecular evolution are the same in

similar organisms, and this is the basis of the

molecular clock. However, if the growth rate

and/or the rate of sexual activity of S. king-

stonii are very fast, the molecular evolution

rate would be fast. S. kingstonii is distributed in

high temperature water bodies, and its growth

rate should be faster than those of species from

cold regions. This could explain the extremely

long branch length of S. kingstonii.
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