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Abstract
Remarkable diversity of diatom taxa occurs in intertidal sand-flats of the Nakdong River estuary, one of the most dynamic 

and productive ecosystem in Korea. Benthic diatoms were collected from the sandy sediments to clarify the taxonomic 

accounts and distribution of the old genus Navicula, i.e., the naviculoid flora. Total 92 taxa belonging to Navicula sensu 

stricto and 22 genera separated from Navicula sensu lato are reported with brief descriptions and micrographs, and many 

species remain unidentified. The genera are ranked by the number of diatom species: Navicula of 33 species and variet-

ies, Fallacia of 17 species, Placoneis of five species, Fogedia and Parlibellus of four species, Austariella, Hippodonta and 

Petroneis of three species, Cosmioneis, Diadesmis, Luticola, Moreneis and Sellaphora of two species and variety, Berkeleya, 

Chamaepinnularia, Cocconeiopsis, Diademoides, Dickieia, Eolimna, Geissleria, Haslea, Lyrella and Mayamaea of one spe-

cies. Through 32 samplings of the 12 areas, the important species were identified Navicula perminuta, N. gregaria, N. 

torneensis, Fallacia cunoniae, F. litoricola, F. subforcipata, F. tenera. The naviculoid diatoms constitute an average of 27% 

(range: minimum to maximum, 5−75%), of the benthic diatom assemblages. The diatom assemblages are characterized 

by the colonizing of a few dominant or frequent species and many occasional or rare species. The dominant species were 

observed to fluctuate with sampling site and time. Among the reported naviculoid diatoms, 46 taxa are newly reported 

in Korea. 
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INTRODUCTION

Many non-planktonic diatoms occur in estuarine and 

coastal areas, and they are usually confined to intertidal 

zones. They also live in a variety of substrates, including 

plants and macroalgae (epiphyton), stones and rocks 

(epilithon), and sediment or other non-living surfaces 

(periphyton) (Round 1971). Diatoms associated with 

sediments are further subdivided into those that attach 

to sand grains (epipsammon) and those that colonize the 

surface of the silty sediment (epipelon). Intertidal mud- 

and sand-flats or salt marshes along the coast and estuar-

ies are especially suitable habitats for diatoms associated 

with sediments, because sufficient nutrient and irradi-

ance are available. As epibenthic assemblages of diatoms 

exhibit great species diversity in the intertidal areas, many 

sudies have shown the presence of diverse diatom taxa in 

the intertidal zones, in Beaufort, North Carolina (Hus-

tedt 1955);  Göteborg on the west coast of Sweden (Aleem 

1973); Yaquina Estuary, Oregon; and Scripps Beach, Cali-

fornia (Amspocker 1977a, 1977b), in Northeast Asia (Park 

et al. 2012), in tropical area (Mitbavkar and Anil 2002), 

and even in Antarctica (Al-Handal and Wulff 2008). 

Intertidal sediments along coast and estuary are the 
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clarification of the Navicula diatom flora occurring in in-

tertidal sand-flats. In addition to the detailed morpholog-

ical presentations, the nomenclature and taxonomic sta-

tus of the benthic diatoms are to be presented. Temporal 

and spatial distributions of benthic diatoms in sand flats 

were investigated. Such a study will provide insights into 

the ecological characteristics and dynamics of microben-

thic assemblages in intertidal areas. 

MATERIALS AND METHODS

Sampling sites

In the mouth of the Nakdong River, tidal flats extend 

up to 10 km from the coastal sea-line and 3.8 km in 

width (Fig. 1). A plain, with nearly no altitude, no incli-

nation, and ca. 40 km2 of surface area (35°04′−35°08′N, 

128°85′−128º96′E), is formed below the estuarine barrage. 

An estuarine barrage was constructed in 1987 to prevent 

the intrusion of sea water and to secure a water resource 

for agricultural irrigation, industrial use, and drinking wa-

ter. Six bars, each of which is an elongated ridge of sand, 

are lined along the coastline. Sand bars, tidal flats be-

tween sand bars, and beaches at the marginal area of the 

most productive in aquatic and terrestrial ecosystem 

(Odum 1956), and the algal production in this area con-

tributes significantly to the energy flow of the ecosystem 

(Pomeroy 1959). Benthic algae have been recognized as 

important primary producers and play an important role 

in the ecology of marine littoral regions. Intertidal sedi-

ments in coasts are rich in flora and high in abundance 

of taxa belonging to the biraphid diatoms, particularly 

Navicula sensu lato (Hustedt and Aleem 1951, Amspocker 

and McIntire 1978, Mitbavkar and Anil 2002, Hauboisa et 

al. 2005). The Nakdong River estuary is reported to be the 

most productive in Korean ecosystems by Korean ecolo-

gists, in the research supported by the International Bio-

logical Program (IBP) (Kim et al. 1972, Kim et al. 1982). 

Microalgal studies in this estuarine area, to date, have 

been on the plankton or tychoplankton species, while 

benthic diatoms have been scarcely studied or ignored. 

The diatom flora in this area has already been shown in 

the doctoral thesis of Cho (1988). However, the data have 

not yet been published in journal articles, because a num-

ber of the reported taxa remain unidentified. The biomass 

and diversity index of benthic algae are recently reported 

by Du et al. (2009), and some species compositions of the 

genera Amphora and Navicula are shown. 

The current study aims to contribute to the taxonomic 

Fig. 1. Map showing the estuary of two rivers and the coastal area of the sea. Sampling sites on the intertidal sandflats consisted of six sand bars: JIN (Jinudo), 
SIN (Sinjado), JAN (Jangjado), DOY (Doyodeung), NAM (Namuseomdeung), BAK (Baekhapdeung), and six beaches: DAD (Dadaepo), MOL (Molundae), YEN (the 
estuary of the Yeong Stream), MYN (Myeongji), JID (Jindong), SON (Songjeong). Dotted areas between sand bars indicate the sand-flats. 
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RESULTS

The 92 diatom taxa belonging to the old genus Na-

vicula were observed in the intertidal sand-flats of the 

Nakdong River estuary. They include the genus Navicula 

sensu stricto and the revised genera separated from the 

genus Navicula sensu lato. The frustule dimensions, oc-

currence frequency, and relative abundance of each taxon 

are given in the description of each species. The abun-

dance of each taxon was presented as the dominance per-

centage of the naviculoid diatoms. Occurrece frequency 

of species among the naviculoid diatoms was divided 

into five ranks, including common (>18 occurrences in 32 

sediment samples), frequent (10−17 occurrences), occa-

sional (5−9), rare (3−4) and very rare (1−2). The taxonomic 

authorities of the taxa were added to the descriptions as 

well. The cellular dimensions are provided for local speci-

mens, and the length (L) and breadth (B) of the valves and 

the stria numbers (S) in 10 μm in the middle parts of the 

valve are shown. Additionally, the stria numbers in middle 

and in ends of the valve are divided using a tilde mark (~). 

The taxa are arranged in alphabetical order, but the pho-

tographic plates are arranged according to morphologi-

cal affinity. Most SEM observations were made at x2000 

magnification. On the diatom list (see below), the newly 

recorded 46 taxa in Korea are marked with an asterisk (*) 

in the front of each scientific name.

Austariella Witkowski, Lange-Bertalot & Metzel-
tin 2000

1.	 *Austariella admissa (Hustedt) Witkowski, Lange-

Bertalot & Metzeltin 2000 (Pl. 4, Fig. 21) (Witkowski 

et al. 2000, p 154, pl. 66: 5−9). Basionym: Navicula 

admissa Hustedt 1955. L: 15−17 μm; B: 9 μm; S: 

12−14/10. Rare, occurring only on the MOL beach. 

Newly reported in Korea.

2.	 *Austariella jamalinensis (Cleve in Cleve and Grun-

ow) Witkowski, Lange-Bertalot & Metzeltin 2000 (Pl. 

4, Fig. 22) (Witkowski et al. 2000, p 155, pl. 66: 1−3, 

10−12). Basionym: Navicula jamalinensis Cleve in 

Cleve and Grunow 1880. L: 9−23 μm; B: 5−9.5 μm; S: 

12−13/10. Rare, occurrimg in two samples from the 

MOL beach and SON sand flat. Newly reported spe-

cies in Korea.

3.	 Austariella sp. 69 (Pl. 4, Fig. 23). This species is simi-

lar to A. jamalinensis except irregular rows of puncta 

on the axial area of the valve. Rare, occurring only on 

the southern slope of the DOY sand bar. 

coast are associated as well in the area. But the sand bars 

have been influenced by the erosion and sedimentation 

by current and flows, and they are not stable. Topography 

along coastline changes frequently in spatial and tempo-

ral scales. Tidal flats are outspread between the sand bars 

and are partially covered with halophyte vegetation. The 

estuarine area that is visited by migratory birds is desig-

nated as a natural monument and a protection area by 

the government. This area is a microtidal estuary with the 

maximum tidal amplitude of 2 m during the spring tide.

Sampling sites can be divided into two areas, sand bars 

off the shore and beaches along the shore. Particularly, 

the YEN site is in the estuary of a stream and is under the 

strong influence of freshwater, while the DAD and MOL 

site under the sea water. The 32 samples have been col-

lected from the six zones, JIN, SIN, DOY, JAN, NAM and 

BAK, at sand bars, and six areas, MOL, DAD, YEN, MYN, 

JID and SON, at the beach (Fig. 1). The diatom materials 

have been collected for a long times, in 1986, 1991, 2007 

and 2013. 

Specimen preparations 

The sands or sediments were collected at a depth of 

0.5 cm from the surface by using a cylinder (3.0 cm in di-

ameter). The size of the sediment grain in the sand bars 

ranged from 0.16 mm to 0.27 mm (mean 0.18−0.23 mm) 

(Kim et al. 2007). The sand materials were oxidized using 

nitric acid and potassium dichromate in a sand bath, fol-

lowed by repeated washing with distilled water. Diatoms 

were observed under oil immersion by using two types of 

light microscopes, including an Olympus Provis AX2 mi-

croscope (Olympus, Tokyo, Japan), equipped with differ-

ential interference contrast (DIC) optics and an Axioplan 

microscope (Carl Zeiss, Oberkochen, Germany). Diatom 

frustules were counted from 300 to 350 for each sample, 

and the frequency and relative abundance of each species 

were determined. 

Some specimens were observed under a scanning elec-

tron microscope (SEM) to clarify the identification. The 

cleaned diatom frustules were dried on small coverslips, 

which were attached to aluminum stubs and coated with 

a deionized gold spray. SEM observations were made 

using the Hitachi S-4200 SEM (Hitachi, Tokyo, Japan). 

Various literatures were used as references for diatom 

identification. Taxonomic authorities referred were as fol-

lows: Hustedt (1961-1966), Krammer and Lange-Bertalot 

(1986), Sabbe et al. (1999), Witkowski et al. (2000), Lange-

Bertalot (2001), Park et al. (2012) and other literatures. 
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1990 (Pl. 6, Fig. 4). Synonym: Diadema luxuriosa 

(Greville) Kemp & Paddock 1989 (Kemp and Paddock 

1989, p 39, figs. 1−10), Navicula luxuriosa Greville 

1863. L: 40−51 μm; B: 21−25 μm; S: 9−10/10. Rare, oc-

curring in three areas, the JAN sand flat, the DAD and 

MOL beach. Newly reported species in Korea.

Diadesmis Kützing 1844

10.	 Diadesmis confervacea Kützing 1844. Synonym: Na-

vicula confervacea (Kützing) Grunow in Van Heurck 

1880 (Krammer and Lange-Bertalot 1986, p 221, pl. 

75: 29−31). L: 18 μm; B: 6.3 μm; S: 22/10. Freshwater 

diatoms, occurring rarely in the northern parts of the 

DOY sand bar. 

11.	 Diadesmis contenta (Grunow ex Van Heurck) Mann 

in Round et al. 1990 (Pl. 4, Figs. 15, 16). Basionym: 

Navicula contenta Grunow in Van Heurck 1885 

(Krammer and Lange-Bertalot 1986, p 219, pl. 75: 

1−5). L: 8.6−10 μm; B: 2.5 μm. Occasionally, occurring 

in some samples from the JAN, SIN, BAK, and SON 

sand-flats, and in the YEN, but with low abundance. 

Dickieia Berkeley ex Kützing 1844

12.	 *Dickieia ulvacea Berkeley in Kützing 1844 (Pl. 4, 

Figs. 3, 4) (Witkowski et al. 2000, p 181, pl. 108: 16, 17). 

Synonym: Navicula ulvacea (Berkeley) Cleve 1894. L: 

11−18 μm; B: 4.2−5.5 μm. Very rare, occurring on the 

MOL beach. Newly reported in Korea. 

Eolimna Lange-Bertalot & Schiller in Schiller and 
Lange-Bertalot 1997

13.	 Eolimna minima (Grunow in Van Heurck) Lange-

Bertalot in Moser et al. 1998 (Pl. 4, Figs. 7−9). Basi-

onym: Navicula minima Grunow in Van Heurck 

1880 (Krammer and Lange-Bertalot 1986, p 229, pl. 

76: 39−47). L: 8−10 μm; B: 3.5−4 μm. Occasionally, 

occurring in some samples from the SIN, NAM, BAK, 

and others, with very low abundances. 

Fallacia Stickle & Mann in Round et al. 1990

14.	 *Fallacia amphipleuroides (Hustedt) Mann in Round 

et al. 1990 (Pl. 6, Fig. 15) (Witkowski et al. 2000: 200, 

pl. 71: 43, 44). Basionym: Navicula amphipleuroides 

Hustedt 1955. L: 8.5 μm; B: 4.5 μm. Very rare, occur-

ring only on the MOL beach. Newly reported in Ko-

rea. 

Berkeleya Greville 1827

4.	 Berkeleya scopulorum (Brébisson) Cox 1979 (Pl. 4, 

Figs. 24, 25). Basionym: Navicula scopulorum Brébis-

son in Kützing 1849 (Hustedt 1961-1966, p 25, fig. 

1186). L: 200−273 μm; B: 17−19 μm; S: 13−14/10. 

Rare, occurring on only one sample from the SON 

sand-flat

Chamaepinnularia Lange-Bertalot & Krammer in 
Lange-Bertalot and Metzeltin 1996

5.	 *Chamaepinnularia clamans (Hustedt) Witkowski, 

Lange-Bertalot & Metzeltin 2000 (Pl. 6, Fig. 14) (Wit-

kowski et al. 2000, p 169, pl. 69: 12). Basionym: Na-

vicula clamans Hustedt 1939. L: 15 μm; B: 6 μm; S: 

18/10. Very rare in only one sample from the SON 

sandflat. Newly reported in Korea. 

Cocconeiopsis Witkowski, Lange-Bertalot & Met-
zeltin 2000

6.	 *Cocconeiopsis kantsinensis (Giffen) Witkowski, 

Lange-Bertalot & Metzeltin 2000 (Pl. 4, Fig. 27) (Wit-

kowski et al. 2000, p 173, pl. 67: 3−7, 68: 2, 3). Basi-

onym: Navicula kantsinensis Giffen 1967. L: 18−30 

μm; B: 11−19 μm; S: 17−19/10, L/B: 1.5−1.6. Rare, oc-

curring on the DOY sand bar, and the DAD and MOL 

beaches with low abundance. Newly reported spe-

cies in Korea.

Cosmioneis Mann & Stickle in Round et al. 1990

7.	 *Cosmioneis eta (Cleve) Witkowski, Lange-Bertalot & 

Metzeltin 2000 (Pl. 5, Fig. 8; Pl. 6, Fig. 1) (Witkowski et 

al. 2000, p 176, pl. 98: 7, 107: 3). Basionym: Navicula 

eta Cleve 1893. L: 16−35 μm; B: 9−17 μm; S: (14−18/10) 

~ (18−22/10). Rare, occurring in some samples from 

the NAM, SIN, and JAN sand bars. Newly reported in 

Korea.

8.	 *Cosmioneis grossepunctata (Hustedt) Mann in 

Round et al. 1990 (Pl. 6, Fig. 5) (Witkowski et al. 2000, 

p 177, pl. 107: 1−11). Basionym: Navicula grossepunc-

tata Hustedt 1944. L: 42 μm; B: 15 μm; S: 10/10. Very 

rare, occurring only on the northern parts of the BAK 

sand bar. Newly reported in Korea. 

Diademoides Kemp & Paddock 1990

9.	 *Diademoides luxuriosa (Greville) Kemp & Paddock 
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Plate 1. Figs. 1−3. Navicula perminuta. Figs. 4, 5. N. pseudosalinarioides. Figs. 6, 7. N. viminoides. Figs. 8, 9. N. veneta. Figs. 10, 11. N. perrhombus. Fig. 12. 
N. tridentula. Fig. 13. N. tripunctata. Fig. 14. N. cryptocephala. Fig. 15. N. agnita. Figs. 16, 17. N. recens. Figs. 18−21. N. gregaria. Fig.  22. N. germainii. Fig. 
23. N. arenaria var. rostellata. Figs. 24, 25. N. salinarum. Fig. 26. N. salinarum var. rostrata. Fig. 27. N. salinarum var. minima. Fig. 28, 29. N. erifuga. Fig. 30. N. 
gerloffii. Scale bar, 10 μm.
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(Pl. 7, Fig. 16) (Witkowski et al. 2000, p 209, pl. 70: 

1−7). Basionym: Navicula nyella Hustedt 1964. L: 

20−23 μm; B: 13−15 μm; S: 19−20/10. Rare, occurring 

on the JAN and DOY sand bars, together with F. flori-

nae. Newly reported species in Korea.

23.	 *Fallacia omissa (Hustedt) Mann 1990 (Pl. 7, Figs. 

18−20) Synonym: Navicula monoculata var. omissa 

(Hustedt) Lange-Bertalot 1985 (Krammer and Lange-

Bertalot 1986, p. 174, pl. 66: 17, 18). L: 10.5−21 μm; B: 

4.5−6.5 μm; S: 20−24/10. Rare, occurring on sand bars 

of DAD and MOL. Newly reported species in Korea. 

24.	 *Fallacia plathii (Brockmann) Snoeijs in Snoeijs and 

Balashova 1998 (Pl. 7, Fig. 5) (Witkowski et al. 2000, 

p 210, pl. 70: 30). Basionym: Navicula plathii Brock-

mann 1950. L: 21 μm; B: 10 μm; S: 28/10. Very rare, 

only one frustule is found on the MOL beach. Newly 

reported in Korea.

25.	 Fallacia pygmaea (Kützing) Stickle & Mann in Round 

et al. 1990 (Pl. 7, Fig. 17) (Witkowski et al. 2000, p 211, 

pl. 72: 28−30). Basionym: Navicula pygmaea Kützing 

1849. L: 16−23 μm; B: 7−9 μm; S: 22−28/10. Rare, oc-

curring in some samples from the MOL, SON, and 

others, but the maximum relative abundance is 21% 

at the MOL beach. 

26.	 *Fallacia scaldensis Sabbe & Muylaert in Sabbe, 

Vyverman & Muylaert 1999 (Pl. 6, Figs. 12, 13; Pl. 7, 

Fig. 29) (Sabbe et al. 1999, p 18. figs. 52−58, 71). L: 

15−22 μm; B: 6−7.5 μm; S: 23/10~27/10. Rare, occur-

ring on two sand bars, i.e., the JIN and DOY. Newly 

reported in Korea.

27.	 *Fallacia schoemaniana (Foged) Witkowski, Lange-

Bertalot & Metzeltin 2000 (Pl. 7, Figs. 3, 4) (Witkowski 

et al. 2000, p 213, pl. 70: 14−19). Basionym: Navicula 

schoemaniana Foged 1975. L: 10−16 μm; B: 6−8.5 μm; 

S: 16−22/10. Very rare, occurring only on the MOL 

beach. Newly reported in Korea.

28.	 *Fallacia subforcipata (Hustedt) Mann in Round et 

al. 1990 (Pl. 6, Figs. 16, 17) (Witkowski et al. 2000, p 

213, pl. 72: 20−23). Basionym: Navicula subforcipata 

Hustedt 1964. L: 11−18 μm; B: 6−10 μm; S: 19−24/10. 

Common, occurring on all sand bars and beaches, 

but the relative abundances are very low or rare. 

Newly reported species in Korea.

29.	 Fallacia tenera (Hustedt) Mann in Round et al. 1990 

(Pl. 7, Figs. 8−11) (Witkowski et al. 2000, p 214, pl. 

71: 52−56). Basionym: Navicula tenera Hustedt in 

Schmidt et al. 1936. L: 6.5−19 μm; B: 4−6.5 μm; S: 

17−18/10. Commonly occurring on the sand bars 

and beaches, most abundant on the northern slope 

of the BAK sand bar (72%), followed by the SIN (17%). 

15.	 *Fallacia cryptolyra (Brockmann) Stickle & Mann in 

Round et al. 1990 (Pl. 7, Figs. 1, 2) (Witkowski et al. 

2000, p 203, pl. 70: 42−45). Basionym: Navicula cryp-

tolyra Brockmann 1950. L: 8.5−15 μm; B: 4−7 μm; S: 

22/10. Rare, occurring on two beaches, the DAD and 

MOL. Newly reported in Korea.

16.	 *Fallacia cunoniae (Cholnoky) Witkowski, Lange-

Bertalot & Metzeltin 2000 (Pl. 7, Figs. 21, 22) (Wit-

kowski et al. 2000, p 203, pl. 70: 37). Basionym: Na-

vicula cunoniae Cholnoky 1963. L: 7.5−12 μm; B: 

4−5 μm. Common, occurring on many sand bars or 

beaches. The orders of abundances are as follows: 

DAD (60%), MOL (34%), JAN (11%) and DOY (9%). 

Newly reported species in Korea.

17.	 *Fallacia dithmarsica (König in Hustedt) Round et al. 

1990 (Pl. 7, Figs. 6, 7) (Witkowski et al. 2000, p 204, pl. 

71: 21, 22). Basionym: Navicula dithmarsica König in 

Hustedt 1964. L: 13−18 μm; B: 6−6.5 μm; S: 17−19/10. 

Occasionally, occurring in many samples from the 

JIN, DOY, BAK, DAD, and other sand flats, and their 

abundances are very low. Newly reported species in 

Korea.

18.	 *Fallacia florinae (Moeller) Witkowski 1993 (Pl. 

7, Figs. 12−15) (Witkowski et al. 2000, p 204, pl. 71: 

45−49). Basionym: Navicula florinae Moeller 1950. L: 

6.5−20 μm; B: 4−9 μm; S: 23−24/10. One of the most 

common species, occurring on most sand bars and 

beaches, but very low in relative abundances. Newly 

reported species in Korea.

19.	 Fallacia forcipata (Greville) Stickle & Mann in Round 

et al. 1990 (Pl. 6, Figs. 18−21) (Witkowski et al. 2000, 

p 205. pl. 72: 2−9). Basionym: Navicula forcipata Gre-

ville 1859. L: 26−34 μm; B: 11−15 μm; S: 16−17/10. 

Frequently, occurring in 11 sites from four areas, i.e., 

JAN, DOY, DAD and SON. The abundances are <4%. 

20.	 *Fallacia gemmifera (Simonsen) Mann in Round et 

al. 1990 (Pl. 7, Figs. 25, 26). Basionym: Navicula gem-

mifera Simonsen 1960 (Hustedt 1961-1966, p 543, fig. 

1580). L: 15−22 μm; B: 4−6 μm; S: 21−23/10. Rare, oc-

curring only on the sand flat of the YEN. Newly re-

ported in Korea.

21.	 *Fallacia litoricola (Hustedt) Mann in Round et al. 

1990 (Pl. 6, Figs. 6−9) (Witkowski et al. 2000, p 206, 

pl. 72: 31−34). Basionym: Navicula litoricola Hustedt 

1955. L: 12−23 μm; B: 5−8 μm; S: 19−23/10. Occasion-

ally, occurring on the DOY, BAK, DAD, and other 

sand-flats, the maximum abundance is 17% in the 

DOY and ≤4% in the remaining areas. Newly report-

ed species in Korea.

22.	 *Fallacia nyella (Hustedt) Mann in Round et al. 1990 
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Plate 2. Figs. 1, 2. Navicula luciae. Fig. 3. N. rostellata.  Fig. 4. N. amphiceropsis. Fig. 5. N. eidrigiana. Fig. 6. N. digitoconvergens. Figs. 7, 8. N. cincta. Figs. 9, 
10. N. cancellata. Figs. 11, 12. N. iserentantii. Figs. 13, 14. N. directa. Fig. 15. N. digitoradiata. Scale bar, 10 μm.
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Hippodonta Lange-Bertalot, Witkowski & Met-
zeltin 1996

37.	 *Hippodonta avittata (Cholnoky) Lange-Bertalot, 

Metzeltin & Witkowski 1996 (Pl. 4, Figs. 10−12; Pl. 7, 

Figs. 27, 28) (Lange-Bertalot 2001, p 97, pl. 76: 19−28). 

Basionym: Navicula subcostulata var. avittata Chol-

noky 1959. L: 9−13.6 μm; B: 2.3−3.8 μm; S: 14/10. Oc-

casionally, occurring in some samples from the SIN, 

DAD, MYN, and other sand flats. Newly reported in 

Korea. 

38.	 Hippodonta hungarica (Grunow) Lange-Bertalot et 

al. 1996 (Pl. 4, Fig. 14) (Lange-Bertalot 2001, p 100, 

pl. 75: 7−12). Synonym: Navicula capiata var. hun-

garica (Grunow) Ross 1947. L: 27 μm; B: 6.5 μm; S: 

10/10. Frequent, occurring in ≥12 samples from the 

BAK, JAN, JID, MYN, YEN, SON, and others, and the 

maximum abundance is 13% in the YEN, followed by 

3% in the JID.

39.	 Hippodonta linearis (Østrup) Lange-Bertalot, Met-

zeltin & Witkowski 1996 (Pl. 4, Fig. 13) (Witkowski 

et al. 2000, p 226, pl. 66: 13−16). Synonym: Navicula 

capitata var. linearis (Østrup) Kobayasi in Kobyasi et 

al. 1977. L: 22 μm; B: 5.5 μm; S: 7.5/10~11/10. Rare, 

occurring in a few samples from the JAN, YEN, and 

others. 

Luticola Mann in Round et al. 1990

40.	 Luticola cohnii (Hilse) Bukhtiyarova 1995. Synonym: 

Navicula mutica var. cohnii (Hilse) Grunow 1880 

(Krammer and Lange-Bertalot 1986, p 152, pl. 63: 

1−3). L: 27 μm; B: 10 μm; S: 16−18/10. Freshwater 

form, occurring rarely in the southern parts of the 

NAM sand bar. 

41.	 Luticola mutica var. ventricosa (Kützing) Bukhtiyaro-

va 1995 (Pl. 4, Figs. 5, 6). Synonym: Navicula mu-

tica var. ventricosa (Kützing) Cleve & Grunow 1880 

(Krammer and Lange-Bertalot 1986, p 150, pl. 61: 

9−11). L: 15−18 μm; B: 6.5−7 μm; S: 15−18/10. Rare, 

occurring in a few samples from the YEN and other 

sand-flats. 

Lyrella Karayeva 1978

42.	 *Lyrella clavata (Gregory) Mann in Round et al. 1990 

(Pl. 5, Fig. 7) (Witkowski et al. 2000, p 231, pl. 97: 6). 

Basionym: Navicula clavata Gregory 1856 (Hustedt 

1961-1966, p 445, fig. 1509a−e). L: 35−57 μm; B: 19−26 

μm; S: 11−15/10. Rare, occurring in a few samples 

30.	 Fallacia sp. (Pl. 7, Figs. 23, 24) L: 14−15 μm; B: 5.5 μm; 

S: 18-20/10. Very rare in DAD and MOL. 

Fogedia Witkowski, Lange-Bertalot, Metzeltin & 
Bafana 1997

31.	 Fogedia finmarchica (Cleve & Grunow) Witkowski et 

al. 1997 (Pl. 4, Fig. 20) (Witkowski et al. 2000, p 217, pl. 

63: 33−36). Synonym: Navicula finmarchica (Cleve & 

Grunow) Cleve 1895. L: 38 μm; B: 10 μm; S: 16/10. 

Rare, occurring in a few samples from the JAN and 

other sand bars. 

32.	 *Fogedia giffeniana (Foged) Witkowski, Lange-Berta-

lot, Metzeltin & Bafana 1997 (Pl. 4, Fig. 19) (Witkows-

ki et al. 2000, p 218, pl. 63: 1−9). Basionym: Navicula 

giffeniana Foged 1975. L: 33 μm; B: 11 μm; S: 12/10. 

Rare, occurring on the DAD and MOL beaches with 

very low abundance. Newly reported in Korea.

33.	 *Fogedia heterovalvata (Simonsen) Witkowski, 

Lange-Bertalot & Metzeltin 2000 (Pl. 4, Fig. 17) (Wit-

kowski et al. 2000, p 219, pl. 64: 8−18). Basionym: Na-

vicula heterovalvata Simonsen 1959. L: 17 μm; B: 7 

μm; S: 15/10. Very rare, occurring in the YEN. Newly 

reported in Korea.

34.	 *Fogedia krammeri Witkowski, Lange-Bertalot, Koci-

olek & Kulikovskiy in Witkowski et al. 2010 (Pl. 4, Fig. 

18) (Witkowski et al. 2010, p 50, figs. 1, 2). L: 24−44 

μm; B: 11−12.5 μm; S: 13−14/10. Rare, occurring in 

a few samples from the DOY and other sand bars. 

Newly reported in Korea.

Geissleria Lange-Bertalot & Metzeltin 1996

35.	 Geissleria decussis (Hustedt) Lange-Bertalot & Met-

zeltin 1996 (Pl. 3, Fig. 14) (Lange-Bertalot 2001, p 

123, pl. 95: 1−17, 96: 11). Basionym: Navicula decussis 

Østrup 1910. L: 22 μm; B: 6.5 μm; S: 13.5/10. Fresh-

water diatoms, occurring rarely from the JAN and the 

YEN. 

Haslea Simonsen 1974

36.	 *Haslea spicula (Hickie) Lange-Bertalot 1997 (Pl. 4, 

Fig. 26) (Witkowski et al. 2000, p 231, pl. 97: 6). Syn-

onym: Navicula spicula (Cleve & Grunow in Grunow) 

Cleve 1894 (Krammer and Lange-Bertalot 1986, p 

133, pl. 52: 5-6, 53: 1-2). L: 41 μm; B: 7.5 μm; S: invis-

ible. Very rare, occurring on the northern slope of the 

BAK sand bar. Newly reported in Korea.
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Plate 3. Figs. 1−3. Navicula torneensis. Figs. 4−6.  N. cf. torneensis. Fig. 7.  N. aff. besarensis. Fig. 8. P. rhombica. Fig. 9. Placosneis constans. Figs. 10, 11. P. 
clementis. Fig. 12. P. clementioides. Fig. 13. P. neglecta. Fig. 14. Geissleria decussis. Figs. 15, 16. Sellaphora pupula. Fig. 17. S. rectangularis. Fig. 18. Navicula 
flabellata. Scale bar, 10 μm.
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(Pl. 2, Figs. 7, 8) (Lange-Bertalot 2001, p 26, pl. 41: 

1−29). L: 28−30 μm; B: 5.5−6 μm; S: 11−12/10. Occa-

sionally, occurring in some samples from the BAK, 

YEN, and some other sand flats. 

51.	 Navicula cryptocephala Kützing 1844 (Pl. 1, Fig. 14) 

(Lange-Bertalot 2001, p 27, pl. 17: 1−10, 18: 9−20). L: 

29 μm; B: 5 μm; S: 14/10~17/10. Occasionally, occur-

ring in some samples from the DOY, JAN, YEN, and 

others. The maximum abundance is 2%. 

52.	 *Navicula digitoconvergens Lange-Bertalot 1999 (Pl. 

2, Fig. 6) (Lange-Bertalot 2001, p 31, pl. 42: 7−14). L: 

40 μm; B: 8 μm; S: 7/10~11/10. Very rare, occurring 

only on the NAM sand bar. Newly reported in Korea.

53.	 Navicula digitoradiata (Gregory) Ralfs in Pritchard 

1861 (Pl. 2, Fig. 15) (Witkowski et al. 2000, p 274, pl. 

114: 1−6). L: 65−89 μm; B: 12−13 μm; S: 7/10~9.5/10. 

Occasionally, occurring in some samples from the 

DOY, BAK, SON, and others. The maximum abun-

dance is 5%. 

54.	 Navicula directa (W. Smith) Ralfs in Pritchard 1861 

(Pl. 2, Figs. 13, 14) (Witkowski et al. 2000, p 275, pl. 

143: 1−4). L: 50−65 μm; B: 7.5−8.5 μm; S: 8−9/10. Oc-

casionally, occurring in five samples from three sand 

bars, i.e., the DOY, DAD and MYN sand flat, with very 

low abundances. 

55.	 *Navicula eidrigiana Carter 1979 (Pl. 2, Fig. 5) (Wit-

kowski et al. 2000, p 276, pl. 121: 1−6, 133: 3−4). L: 

46 μm; B: 8 μm; S: 10/10. Very rare, occurring on the 

northern slope from the BAK sand bar. Newly report-

ed in Korea.

56.	 Navicula erifuga Lange-Bertalot 1985 (Pl. 1, Figs. 28, 

29) (Krammer and Lange-Bertalot 1986, p 116, pl. 38: 

5−9). L: 40 μm; B: 6 μm; S: 11/10. Frequently, occur-

ring in 12 samples from the BAK, JAN, YEN, JID, MYN, 

and other sand flats, and the orders of the abundance 

the YEN (38%), BAK (7%) and MYN (9%). 

57.	 *Navicula gerloffii Schimanski 1978 (Pl. 1, Fig. 30) 

(Krammer and Lange-Bertalot 1986, p 212, pl. 80: 

18−21). L: 22 μm; B: 6 μm; S: invisible. Only one frus-

tule in the YEN. Newly reported species in Korea. 

58.	 *Navicula germainii Wallace 1960 (Pl. 1, Fig. 22) 

(Lange-Bertalot 2001, p 85, pl. 38: 8−18, 64: 4, 71: 4). 

Synonym: Navicula viridula var. germainii (Wallace) 

Lange-Bertalot 1993. L: 28 μm; B: 7 μm; S: 13−15/10. 

Very rare, occurring on the northern slope of the 

BAK. Newly reported in Korea. 

59.	 Navicula gregaria Donkin 1861 (Pl. 1, Figs. 18−21; Pl. 

7, Fig. 31) (Lange-Bertalot 2001, p 85, pl. 38: 8−18, 64: 

4, 71: 4). L: 15−32 μm; B: 4.8−7.5 μm; S: 15−19/10. One 

of the most common species in the intertidal area of 

from the JIN, SIN, and other sand bars. Newly report-

ed in Korea. 

Mayamaea Lange-Bertalot 1997

43.	 Mayamaea atomus (Kützing) Lange-Bertalot 1997 

(Pl. 4, Figs. 1, 2). Synonym: Navicula atomus (Kütz-

ing) Grunow 1860 (Mayama and Kobayasi 1988, p 

429, figs. 1−40). L: 7.5−9.5 μm; B: 3−5.5 μm; S: invis-

ible. Rare, occurring in two sand flats, i.e., the YEN 

and JAN. 

Moreneis Park, Koh & Witkowski 2012

44.	 Moreneis coreana Park, Koh & Witkowski 2012 (Pl. 5, 

Figs. 5, 6) (Park et al. 2012, p 190, figs. 2a−l). L: 23−42 

μm; B: 13−17 μm; S: 12/10 ~ 16/10. Occasionally, oc-

curring in some samples from the JAN, BAK, NAM, 

DOY, and other sand bars. 

45.	 Moreneis sp. 01 (Pl. 4, Fig. 28). L: 27−45 μm; B: 15−16 

μm; S: 12/10−16/10. Rare, occurring on the southern 

slope of the DOY sand bar with 3% abundance of the 

naviculoid diatoms. 

Navicula Bory de Saint-Vincent 1822

46.	 *Navicula agnita Hustedt 1955 (Pl. 1, Fig. 15) (Wit-

kowski et al. 2000, p 266, pl. 136: 21, 142: 10). L: 41 

μm; B: 5.5 μm; S: 10/10 ~ (14−16/10). Rare, occurring 

in a few samples from the JIN and other sand bars. 

The maximum abundance is 13%. Newly reported 

species in Korea.

47.	 *Navicula amphiceropsis Lange-Bertalot & Rumrich 

in Rumrich et al. 2000 (Pl. 2, Fig. 4) (Lange-Bertalot 

2001, p 83, pl. 34: 8−15, 71: 2). L: 33 μm; B: 8.5 μm; 

S: 11/10. Very rare, occurring in the YEN and others. 

Newly reported in Korea.

48.	 Navicula arenaria var. rostellata Lange-Bertalot 1985 

(Pl. 1, Fig. 23) (Witkowski et al. 2000, p 267, pl. 116: 

18−20, 129: 29). L: 40 μm; B: 6 μm; S: 11/10. Rare, oc-

curring in some samples from the SIN and other sand 

bars. 

49.	 Navicula cancellata Donkin 1872 (Pl. 2, Figs. 9, 10) 

(Witkowski et al. 2000, p 271, pl. 138: 1−3, 144: 1−7). 

L: 21−32 μm; B: 6.5 μm; S: 10/10. Occasionally, oc-

curring in eight samples from typical sand flats, i.e., 

the JIN, DOY, NAM, DAD, JID and others. The most 

abundant in the DAD (10−13%), followed by the DOY 

(8%) and the JID (3%). 

50.	 Navicula cincta (Ehrenberg) Ralfs in Pritchard 1861 
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Plate 4. Figs. 1, 2. Mayamaea atomus. Figs. 3, 4. Dickieia ulvacea. Figs. 5, 6. Luticola mutica var. ventricosa. Figs. 7−9. Eolimna minima. Figs. 10−12. 
Hippodonta avittata. Fig. 13. H. linearis. Fig. 14. H. hungarica. Figs. 15, 16. Diadesmus contenta. Fig. 17. Fogedia heterovalavta. Fig. 18. F. krammeri. Fig. 19. F. 
giffeniana. Fig. 20. F. finmarchica. Fig. 21. Austariella admissa. Fig. 22. A. jamalinenesis. Fig. 23. Austariella sp. 69. Figs. 24, 25. Berkeleya scopulorum (Fig. 24, 
x400; Fig. 25, x1500). Fig. 26. Haslea spicula. Fig. 27. Cocconeiopsis kantsinensis. Fig. 28. Moreneis sp. 01. Scale bars, 10 μm.
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abundances are ≤6%. 

67.	 Navicula salinarum Grunow 1880 (Pl. 1, Figs. 24, 25) 

(Lange-Bertalot 2001, p 65, pl. 45: 1−8). L: 31−36 μm; 

B: 10−11.5 μm; S: 13.5−15/10. Occasionally, occur-

ring in five samples, and very abundant on the YEN 

sand flat with 55% relative abundance. 

68.	 *Navicula salinarum var. minima Kolbe 1927 (Pl. 1, 

Fig. 27) (Lange-Bertalot 2001, p 65, pl. 45: 15−19). L: 

21.5−26.5 μm; B: 7−8 μm; S: 16−17/10. Rare, occur-

ring in only a single site, the YEN. Newly reported in 

Korea.

69.	 *Navicula salinarum var. rostrata (Hustedt) Lange-

Bert 2001 (Pl. 1, Fig. 26) (Lange-Bertalot 2001, p 65, 

pl. 45: 9−14). L: 28 μm; B: 10 μm; S: 15/10. Rare, oc-

curring at only one site, the YEN. Newly reported in 

Korea. 

70.	 Navicula schroeteri Meister 1932 (Lange-Bertalot 

2001, p 91, pl. 39: 1−7) L: 42−44 μm; B: 7.3−8 μm; S: 

11−12/10. Brackish species, but very rare, occurring 

in one sample from the JAN sand bar. 

71.	 Navicula tridentula Krasske 1923 (Pl. 1, Fig. 12) 

(Krammer and Lange-Bertalot 1986, p 210, pl. 80: 

1−3). L: 12−14 μm; B: 3.5μm; S: invisible. Very rare, 

occurring in only one sample from the JAN sand bar. 

72.	 Navicula tripunctata (O.F. Müller) Bory 1822 (Pl. 1, 

Fig. 13) (Lange-Bertalot 2001, p 73, pl. 1: 1−8, 67: 3, 

4). L: 30 μm; B: 6 μm; S: 12/10. Rare, occurring in two 

samples from the YEN and MYN sand flat, with very 

low abundance. 

73.	 Navicula veneta Kützing 1844 (Pl. 1, Figs. 8, 9) (Lange-

Bertalot 2001, p 78, pl. 14: 23−30, 65: 3). L: 11−22 μm; 

B: 4.5−5 μm; S: 18/10. Rare in some samples from the 

JAN and a few sand bars. 

74.	 *Navicula viminoides Giffen 1975 (Pl. 1, Figs. 6, 7) 

(Witkowski et al. 2000, p 315, pl. 136: 27−33). L: 9−11.5 

μm; B: 4−4.5 μm; S: 15/10. Commonly, occurring in 

many samples, and Abundance orders are as follows, 

the SON (14%), DAD (10%), BAK (4%) and DOY (3%). 

Newly reported species in Korea.

75.	 Navicula alpha Cleve 1893 (Pl. 5, Fig. 12) (Hustedt 

1961-1966, p 688, fig. 1686). L: 35−61 μm; B: 18−24 

μm; S: (8−10/10) ~ 12/10. Occasional, occurring in 

some sand bars, but the abundance very low or rare. 

Variable forms (Pl. 5, Fig 11, 13−15) different with the 

typical N. alpha are found frequently in the sand-

flats, and further examination is required for the 

taxonomic clarification. 

76.	 *Navicula forcipata var. densestriata A. Schmidt in A. 

Schmidt et al. 1881 (Pl. 6, Figs. 10, 11) (Schmidt 1881, 

pl. 70: 14−16). L: 14−21 μm; B: 6.5−8.2 μm; S: invis-

the Nakdong River estuary, occurring in 25 of 32 sites. 

The orders of relative abundances are as followed, 

13% in the DOY and NAM, 11% in the YEN, 10% in 

the BAK and ≤10% in the remaining sites. Before the 

estuarine dam construction, N. gregaria was the first 

dominant taxa in benthic diatom assemblages in the 

freshwater zones of the river mouth (Cho 1988). 

60.	 *Navicula iserentantii Lange-Bertalot & Witkowski 

2000 (Pl. 2, Figs. 11, 12) (Witkowski et al. 2000, p 284, 

pl. 115: 1−5). L: 28−50 μm; B: 12.5−14 μm; S: 8−10/10. 

Rare, occurring only on the northern slope from the 

NAM sand bar. Newly reported in Korea

61.	 *Navicula luciae Witkowski & Lange-Bertalot in 

Lange-Bertalot and Genkal 1999 (Pl. 2 Figs. 1, 2) (Wit-

kowski et al. 2000, p 288, pl. 17: 7−10) L: 39−44.5 μm; 

B: 10−11 μm; S: 8−9/10. Rare, occurring in only the 

BAK sand bar, with very low abundance. Newly re-

ported in Korea. 

62.	 Navicula perminuta Grunow in Van Heurck 1880 (Pl. 

1, Figs. 1−3) (Lange-Bertalot 2001, p 54, pl. 33: 20−27). 

L: 8.2−14 μm; B: 2.6−4 μm; S: 14−16 /10. The most 

common and dominant species among the benthic 

diatoms of the intertidal area. The orders of domi-

nance are as follows, DOY (88%), JID (48%), NAM and 

BAK (59%), MYN (45%), DAD (43%), SIN (33%), BAK 

(26%), NAM (25%), JAN (22%), SON (14%), and ≤10% 

for the remaining sites. 

63.	 *Navicula perrhombus Hustedt ex Simonsen 1987 

(Pl. 1, Figs. 10, 11) (Witkowski et al. 2000, p 298. pl. 

141: 24−26). L: 23−34 μm; B: 10−11 μm; S: 9/10~11/10. 

Occasionally, occurring in some samples from the 

JAN, YEN, JID, and other sand flats. Newly reported 

in Korea.

64.	 *Navicula pseudosalinarioides Giffen 1975 (Pl. 1, Figs. 

4, 5) (Witkowski et al. 2000, p 300, pl. 130: 20−22). L: 

10−13.5 μm; B: 5−5.5 μm; S: 18−20/10. Rare, occur-

ring in three samples from the DOY, NAM and SON 

sand flats, with very low abundances. Newly report-

ed species in Korea. 

65.	 Navicula recens (Lange-Bertalot) Lange-Bertalot 

1985 (Pl. 1, Figs. 16, 17) (Lange-Bertalot 2001, p 62, 

Pl. 1: 16−22). L: 19−44 μm; B: 6−8 μm; S: 12−13.6/10. 

Occasionally, occurring in some samples from the 

SIN, JAN, MYN, and others, and the maximum abun-

dance is 8%. 

66.	 Navicula rostellata Kützing 1844 (Pl. 2, Fig. 3) (Lange-

Bertalot 2001, p 91, pl. 35: 1−6). Synonym: Navicula 

viridula var. rostellata (Kützing) Cleve 1895. L: 31−45 

μm; B: 9−10.5 μm; S: 8−13/10. Frequently, occurring 

in the JIN, YEN, DOY, JAN, and others; the relative 
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Plate 5. Fig. 1. Parlibellus delognei. Fig. 2. P. crucicula. Figs. 3, 4. P. ceuciculoides. Figs. 5, 6. Moreneis coreana. Fig. 7. Lyrella clavata (x1500). Fig. 8. 
Cosmioneis eta. Fig. 9. Petroneis marina (x1500). Fig. 10. Parlibellus protracta. Fig. 12. Navicula alpha (x1500). Figs. 11, 13−15. Different forms with the 
typical N. alpha (x1500). Scale bars, 10 μm.
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et al. 2000, p 324, pl. 134: 13, 14). Basionym: Navicu-

la protracta Grunow 1880. L: 26−28 μm; B: 7 μm; S: 

16−20/10. Rare, occurring in two sand bars, the YEN 

and DAD, with very low abundances. 

Petroneis Sticke & Mann in Round et al. 1990

83.	 Petroneis granulata (Bailey) Mann in Round et al. 

1990 (Pl. 6, Fig. 2) (Witkowski et al. 2000, p 327, pl. 97: 

1, 2). Basionym: Navicula granulata Bailey 1854. L: 

32 μm; B: 17 μm; S: 10/10. Very rare, occurring rarely 

in the SON and a few area.

84.	 Petroneis humerosa (Brébisson) Stickle & Mann in 

Round et al. 1990 (Pl, 6. Fig. 3) (Witkowski et al. 2000, 

p 327, pl. 101: 2−3, 103: 3). Basionym: Navicula hu-

merosa Brébisson ex W. Smith 1856. L: 53−55 μm; B: 

25−26 μm; S: 12/10 ~ 16/10. Very rare, occurring in 

only the JAN sand bar.

85.	 Petroneis marina (Ralfs) Mann in Round et al. 1990 

(Pl. 5, Fig. 9) (Witkowski et al. 2000, p 328, pl. 102: 1). 

Basionym: Navicula marina Ralfs in Pritchard 1861. 

L: 29−49 μm; B: 17−27 μm; S: 11−12/10. Occasionally, 

occurring in five samples from the SIN, BAK, and JAN 

sand bar, with very low abundance. 

Placoneis Mereschkowsky 1903

86.	 Placoneis clementis (Grunow) Cox 1987 (Pl. 3, Figs. 

10, 11). Basionym: Navicula clementis Grunow 1882 

(Krammer and Lange-Bertalot 1986, p 139, pl. 47: 

1−9). L: 22−38 μm; B: 11−15 μm; S: 8/10 ~ 13/10. Oc-

casionally, occurring in eight samples from the DOY, 

NAM, JAN, and YEN sand flat; the abundance is ≤6%. 

87.	 *Placoneis clementioides (Hustedt) Cox 1987 (Pl. 3, 

Fig. 12). Basionym: Navicula clementioides Hustedt 

1944 (Krammer and Lange-Bertalot 1986, p 140, pl. 

48: 3−8). L: 22 μm; B: 8.5 μm; S: 14/10 ~ 18/10. Very 

rare, occurring on the northern slope of the NAM. 

Newly reported in Korea.

88.	 *Placoneis constans (Hustedt) Cox 2003 (Pl. 3, Fig. 9). 

Basionym: Navicula constans Hustedt 1944 (Kram-

mer and Lange-Bertalot 1986, p 140, pl. 48: 10−14). 

L: 35 μm; B: 13 μm; S: 10/10~12/10. Only one frustule 

on the YEN sand-flat. Newly reported in Korea.

89.	 Placoneis neglecta (Krasske) Tuji 2003 (Pl. 3, Fig. 13). 

Synonym: Navicula neglecta Krasske 1929 (Krammer 

and Lange-Bertalot 1986, p 136, pl. 46: 8, 9). L: 22 μm; 

B: 7 μm; S: 13/10. Very rare, occurring on the YEN 

and JAN sand flat. 

90.	 *Placoneis rhombica (Brockmann) Lange-Bertalot 

ible. Occasionally, occurring in five samples from 

two sand bars, the JAN and JID; the maximum abun-

dance is 19% in the JAN sand bar. Newly reported 

species in Korea. 

77.	 *Navicula flabellata Meister 1932 (Pl. 3, Fig. 18) 

(Schmidt 1936, pl. 405: 12). L: 34−49 μm; B: 15−20 μm; 

S: (10−13/10) ~ (15−18/10). Very rare, occurring in 

two samples, the JAN and MOL sand flat. The relative 

abundance is ≤1%. Newly reported species in Korea.

78.	 *Navicula torneensis Cleve 1891 (Pl. 3, Figs. 1−3; Pl. 7, 

Fig. 30) (Cleve-Euler 1953, p 120, fig. 740A). L: 15−30 

μm; B: 7−9.5 μm; S: 13/10. The most common spe-

cies, occurring in most samples. The order of the 

relative abundances is JAN (22−87%), NAM (6−64%), 

BAK (4−61%), DOY (24−46%), JIN (20%), DAD (17%), 

and SIN (14%). The group diatoms vary in term of 

their valve shape and the strial density (Pl. 3, Figs. 

1−7), and some may be separated into new varieties 

or species. This taxon resembles Aneumastus minor 

(Hustedt) Lange-Bertalot (Lange-Bertalot 2001, p 

155, pl. 124, figs. 1-16), but differ in some morpho-

logical features, apically slit-formed areolae and api-

cally linear arrangement of areolae, and the straight 

raphe lines (Pl. 7, Fig. 30). Newly reported in Korea.

Parlibellus Cox 1988

79.	 Parlibellus crucicula (W. Smith) Witkowski, Lange-

Bertalot & Metzeltin 2000 (Pl. 5, Fig. 2) (Witkowski et 

al. 2000, p. 321, pl. 103: 11-13). Synonym: Navicula 

crucicula (W. Smith) Donkin 1871. L: 37 μm; B: 12 

μm; S: 18-20/10. Very rare in the freshwater zone in 

the estuary. 

80.	 Parlibellus cruciculoides (Brockmann) Witkowski, 

Lange-Bertalot & Metzeltin 2000 (Pl. 5, Figs. 3, 4) (Wit-

kowske et al. 2000, p 321, pl. 134: 17−20). Basionym: 

Navicula cruciculoides Brockmann 1950. L: 22−39 

μm; B: 5−8.5 μm; S: (13−16/10) ~ 19/10. Frequently, 

occurring in 15 samples from six sand bars, i.e., the 

DOY, BAK, JAN, JID, MYN and SON; the abundances 

are ≤6%. 

81.	 *Parlibellus delognei (Van Heurck) Cox 1988 (Pl. 5, 

Fig. 1) (Witkowski et al. 2000, p 321, pl. 104: 1−5) Ba-

sionym: Navicula grevillei (Agardh) Heiberg 1863. 

Synonym: Navicula delognei Van Heurck 1880. L: 

35.5 μm; B: 11 μm; S: 20/10. Very rare, occurring only 

on the southern slope from the DOY sand bar. Newly 

reported in Korea.

82.	 Parlibellus protracta (Grunow) Witkowski, Lange-

Bertalot & Metzeltin 2000 (Pl. 5, Fig. 10) (Witkowske 
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Plate 6. Fig. 1. Cosmioneis eta. Fig. 2. Petroneis granulata (x1500). Fig. 3. P. humerosa (x1500). Fig. 4. Diademoides luxuriosa (x1500). Fig. 5. Cosmioneis 
grossepunctata. Figs. 6−9. Fallacia litoricola.  Figs. 10, 11. Navicula forcipata var. densestriata. Figs. 12, 13. Fallacia scaldensis. Fig. 14. Chamaepinnularia 
clamans. Fig. 15. Fallacia amphipleuroides. Figs. 16, 17. F. subforcipata. Figs. 18−21. F. forcipata. Scale bars, 10 μm.
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Plate 7. Figs. 1, 2. F. cryptolyra. Figs. 3, 4. F. schoemaniana. Fig. 5. F. plathii. Figs. 6, 7. F. dithmarsica. Figs. 8−11. F. tenera. Figs. 12−15. F. florinae. Fig. 16. F. 
nyella. Fig. 17. F. pygmaea.  Figs. 18−20. F. omissa. Figs. 21, 22. F. cunoniae. Figs. 23, 24. F. sp. Figs. 25, 26. F. gemmifera. Scale bar (Figs. 1-26), 10 μm. Figs. 
27−31. Images under SEM (Scale bars, 3 μm). Figs. 27, 28. Hippodonta avittata. Fig. 29. Fallacia scaldensis. Fig. 30. Navicula torneensis. Fig. 31. N. gregaria.
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the mean number is 27%. Although a few unidentified 

diatoms are illustrated in this floristic study, the more dia-

toms remain unidentified. 

DISCUSSION  

The naviculoid diatoms in the sandy sediment of the 

Nakdong River estuary are abundant, and the floral com-

positions are highly diverse. The floral composition at the 

Nakdong River estuary show great similarity to those of 

the other regions (e.g., northern and eastern Europe (Hus-

tedt and Aleem 1951, Aleem 1973, Ribeiro et al. 2003) and 

northern America (Amspoker 1977a). The Fallacia spe-

cies at the Nakdong are more diverse than in at any other 

region. The benthic diatom assemblages in this study are 

characterized by the colonization of a few dominant or 

frequent species and many occasional or rare species. In 

particular, the Navicula sensu stricto and Fallacia taxa are 

the most rich in naviculoids flora and the most abundant 

in cell counts. Fallacia is known to be the most diverse 

component of benthic assemblages in brackish and ma-

rine sand-flats worldwide (Sabbe et al. 1999). Naviculoid 

species compositions of diatom assemblages are not 

stable across the sampling sites and times, being domi-

nated by same taxa throughout the sampling periods, and 

fluctuations of the dominant taxa are more pronounced 

in the local area. 

Navicula gregaria is one of the most important spe-

cies at the Nakdong, and has been reported as the leading 

species in many countries (Round 1960, Amspoker 1977a, 

Sabbe 1993, Underwood et al. 1998, Ribeiro et al. 2003, 

Underwood and Barnett 2006). This species is tolerant of 

nutrient-rich conditions or eutrophication under the ef-

fects of discharge from sewage treatment plants (Agatz et 

al. 1999). This diatom taxon is classified as an oligohaline, 

a highly mobile, and epipelic species rather than an at-

tached form (Sabbe 1993). N. perminuta has been record-

ed as the dominant taxon in many regions (Méléder et al. 

2007), and Fallacia tenera has also been reported as im-

portant species in the some localities (Méléder et al. 2007). 

Dominant taxa, which are highly ranked in frequence and 

abundance, show the wide range of morphological varia-

tions, particularly, in the dimensions and strial punctas 

on the valve are varied. They are Navicula and Fallacia 

group, e.g., N. gregaria, N. perminuta, N. torneenensis and 

Fallacia tenera. 

In addition to the naviculoid taxa, the overall diatom 

assemblages of this estuary exhibited a high diversity in 

floral composition and are composed of > 450 taxa, in-

in Metzeltin, Lange-Bertalot and García-Rodríguez 

2005 (Pl. 3, Fig. 8). Basionym: Navicula clementis var. 

rhombica Brockmann 1950 (Krammer and Lange-

Bertalot 1986, p 139, pl. 47: 6). Only one frustule on 

the southern slope of the DOY sand bar. Newly re-

ported in Korea. 

Sellaphora Mereschkowsky 1902

91.	 Sellaphora rectangularis (Gregory) Lange-Bertalot 

& Metzeltin 1996 (Pl. 3, Fig. 17) (Lange-Bertalot and 

Metzeltin 1996, p 102, pl. 25: 10−12, 125: 7). Synonym: 

Navicula pupula f. rectangularis (Gregory) Hustedt 

1961. L: 38 μm; B: 10.5 μm; S: 19/10. Very rare, occur-

ring on a sand flat of the YEN.

92.	 Sellaphora pupula (Kützing) Mereschkowsky 1902 

(Pl. 3, Figs. 15, 16). Basionym: Navicula pupula Kütz-

ing 1844 (Krammer and Lange-Bertalot 1986, p 189, 

pl. 68: 1−2). L: 27−28 μm; B: 7.8−8.5 μm; S: 18−24/10. 

Rare, occurring in two samples from two areas, the 

YEN and JAN. 

Ninety-two naviculoid diatom species are encountered 

through the sampling periods. They are found to belong 

to 23 genera, which included the old genus Navicula, but 

is currently revised as a new genus. The richest genera 

containing many species are ordered in decreasing order 

as follows: Navicula of 33 species and varieties, Fallacia of 

17 species, Placoneis of five species, Fogedia and Parlibel-

lus of four species, Austariella, Hippodonta and Petroneis 

of three species, Cosmioneis, Diadesmis, Luticola, More-

neis and Sellaphora of two species and variety, Berkeleya, 

Chamaepinnularia, Cocconeiopsis, Diademoides, Dickie-

ia, Eolimna, Geissleria, Haslea, Lyrella and Mayamaea of 

one species. The dominant species in all 32 samples in 12 

areas in the estuary are Navicula perminuta, N. gregaria, 

N. torneensis, and Fallacia subforcipata. The important 

diatom groups in the naviculoid diatom flora, dominant 

at least in one sample, include eight taxa (i.e., Navicula 

salinarum, Navicula viminoides, Fallacia cunoniae, F. 

litoricola, F. tenera, Fallacia pygmaea, Navicula forcipata 

var. densestriata, Navicula erifuga). The abundance of 

each species fluctuates depending on the sampling site, 

and abundance in a certain sampling site varies depend-

ing on the season. Some species are found in only one 

sample and observed by a single individual. As this study 

focuses on the naviculoid diatoms, the occurring percent-

ages of the naviculoids in the diatom assemblages range 

widely from 5% (on the southern slope of the DOY sand 

bar) to 75% (on the northern slope of the DOY sand bar); 
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sive studies and frequent samplings, ≥ 390 taxa have been 

counted by microscopic observations (Hustedt 1939, Am-

spocker 1977a). However, lower floristic compositions, 

from 74−97 taxa, have been reported by some studies of 

benthic sediments in coastal areas (Round 1960, Stidolph 

1985, Kosugi 1987, Sabbe 1993, Méléder et al. 2007). 

It is found that the benthic diatom assemblages are 

composed of diverse taxa in the naviculoid group as 

well as in the community level, and they are attached or 

motile forms. The dynamic environments in the estuary 

would support the diversity of the diatom assemblages. 

The present study will directly provide an assistant to the 

identification of diatom taxa and contribute to the eco-

logical interpretation of the microphytobenthos in the 

intertidal area. 
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