J. Korean Soc. Oceanogr. Vol.29, No.1, pp.42-55, 2024 FREE ACCESS

https://doi.org/10.7850/jks0.2024.29.1.042
Article pISSN : 1226-2978 eISSN : 2671-8820

Newly Recorded Diatoms from the Tidal Flats of Korea

BYOUNGSEOK KIM', SOYEON KIM', JEONGYUNG JIN', BYEOL KIM" AND JONG-GYU PARK?**
'Graduate Student, Department of Oceanography, Kunsan National University, Gunsan 54150, Korea
2professor, Department of Marine Biology, Kunsan National University, Gunsan 54150, Korea

*Corresponding author: rtjgpark@kunsan.ac.kr
Editor Jung-Ho Hyun
Received 4 December 2023; Revised 31 January 2024; Accepted 13 February 2024

ABSTRACT

21 s ol] BASKE 1]7]% F2FE WASH] 9150 20169 5-E] 20236747] 57) 2740 Sholl A S, mel, A2k AP skt
AN Azl A 275 e vigete] AAFuE o2 ALY A2 RIS 2, 35 57 750 2 HAH S 7| S 4%
F 7%= DASIATE: Gomphoseptatum aestuarii, Rhoiconeis pagoensis, Seminavis exigua, Plagiolemma distortum, Staurotropis
seychellensis, Biremis sigmoidea, Liriogramma sarcophagus. ©] % 47 <5, Rhoiconeis, Plagiolemma, Staurotropis, Liriogramma=
oA Ao 2 HAsh= &0t} L. sarcophagus+< S H=U5F Asteromphalus| A 22| =0 Liriogramma 2 2 0150t R AT
o} 1 AEER A 92| Bekelr S ook

To discover unrecorded diatoms, seawater, sand, and pebbles were collected from the intertidal zone of five tidal flats from 2016 to 2023.
Diatoms were isolated from the collected samples, cultured, and the ultrastructure of the cells was observed using a scanning electron
microscope. 7 species of unrecorded diatoms, consisting of 3 orders, 5 families, and 7 genera, were discovered: Gomphoseptatum
aestuarii, Rhoiconeis pagoensis, Seminavis exigua, Plagiolemma distortum, Staurotropis seychellensis, Biremis sigmoidea,
Liriogramma sarcophagus. Among these, four genera, Rhoiconeis, Plagiolemma, Staurotropis, and Liriogramma, are reported for the
first time in Korea. L. sarcophagus was separated from the central diatom Asteromphalus and transferred to Liriogramma, but its
phylogenetic position has not yet been clearly established.

Keywords: Tidal flats, SEM, Bacillariophyceae, Benthic diatoms, New records
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O 2R SlloF ABATRFO] 40-45%E AR5t H AlA| RE Ao =2 AMdS 71 Ao R FAE| 1 glom,
EtA0L A4 0] Bl =81t} o -fA o]l T h AR T Mann, 1999). 0|5 T RN ZF/L] 7= Al
B 1179 oF 20%E AFA]sto] ol BhA etol] F-a 3t 7]o1E Stal(Field ef al., 1998), 748 AlES] FQ7 QA=A
(Allan and Castillo, 2007) 5Fd, %, E|&8= 5 2= 732 44 el HHA 0 = FISITH(Al-Yamani and Saburova,
2011).

A T 2 T s 2 v &gl Eol Rttt 2= 25, Y, 9YE 5 =F] efobA &7 Hshrt
A dofutal 7k Aol BEr - ok AA ROl tl-¢- 71t A4 @72 Alsk=tl(Kim er al., 2017),
of3toll MAlskE AA iR olH A4 Aol vigH M4 ggo) BT A5t FE= & 4 Ati(Admiraal, 1984;
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Underwood and Kromkamp, 1999).

=R 0 2= T 3719] Z(class) 2.2 73T Algaebaselh=Bacillariophyceae 14,7025, Coscinodiscophyceae
1,644°&, Mediophyceae 1,916, =754 Yx|7F =252t EFv(Bacillariophyceae incertae sedis) 48752 E o6t &
18,749%0] &4 JthGuiry and Guiry, 2023).

ol A= 201501 2,015F(NIBR, 2015), 20221d9]] 2,263Z(NIBR, 2022)°] 7540 2 H 1 E|QIct 8171 248%9]
F7HE O] TR R Q7S] AAE MRS G 4 Ak SEAIRE R 7| @S T o &2 JF Aol il of
ot 221 s el tiet A= miu|ekgint. A 2] E/do] IA| Hhg = 270 s o] 53 A4 eFdat A4 1z
O] 58 2Q1 o5 W 919 AlRM-Z areloh ZXH| sl ol M= =] mI7 |55 A1E 0] 8 7Fsdo] = wul sl <
O A= T SHOAE o B2 27 s el tiste] B g2 7t Z 8 st

%] 397t Bacillariophyceae®]] i3t =] 714 2 Sf|F A4S AHE A, 202091 Kim er al.(2020a)0] Gsfjofl Zo| &
ASP= Navicula spartinetensis-= 171550 2 WHSIL, Im et al.(2020)0] 2171 2] 704 )| v} Hoto] el ZHHof A 2
Z9| Tryblionella M712%-& B Kim et al.(2020b)2 EiQYONAN Proschkinia 5415 TSI 2021'H0]
Joh(2021)+= AlFE. A3 RESk= Cocconeis 25801 thote] 7151901, An ef al.(2021)2 SHETHe] ZHHo|A] =1
0715821 Surirella atomusE SIS, 2022 Kim e al.(2022)-2 Aolj2] A ZZYol| X Fogedia orientalis A&
BAISHIAT An e al. (2022)2 FH 2 EAMYESHE A4S 55101 Halamphora minima A1&-2 "BESIITE FollA=
20204 Miao et al.(2020)°] 3] X172 5E Achnanthidium A& 255 W51 2021'H0f Kwon ef al.(2021)°] 671
9| 45 2RE Cosmioneis citriformis, Diploneis didyma 5 17155 1152 W15}, 9™, 2022 Hwang et al.(2022)°]

Hannaea librata, Gomphonema seminulum, Nitzschia inclinata 3% 21502 W5k

=2 = 2 sl 25k AA RS EE6h] skl A, Eell, AlFo] 54 21t 5
A= o Aok 2 7o A4 282 2 s 9ol £2] siehdt A5 el Al o7
e ol whet vh= 7] wizofl Ao, Jalieh, ATt o] 23 s o= 242t v A A 27 EFte] A4 7t
540] =t} o7]olA= Al sl GellA WA =W |75 2R/ 7E, Gomphoseptatum aestuarii, Rhoiconeis pagoensis,
Seminavis exigua, Plagiolemma distortum, Staurotropis seychellensis, Biremis sigmoidea, Liriogramma sarcophagus2)
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A& 201605 2023W7E2] Alofiet gell 9 Al5-0] 57] 270 sdol|A] 2346tk Table 1). T sl dellA] sl
e, ZRe 2P ARet Al A Ao A oA E|Z T3l(Hilgenberg GmbH, Germany) 2 2 1375 Ee|oto] 24 well
(ISO 13485, SPL, Korea)©ll 12} HFotSiTt. viefl-2 Hat all4=of| 72 i z]2} SiE 7 ote] AlZotaiet. v 455t &
o E2]E5-2 125 ml PC bottle (20150125, Nalgene, USA)°ll ‘201 4~ 18°C, L:D cycle 16:8, 3= 100 zmol/photons X
ZAo)| A vljoFstet. AR AFA 1] 7(S-4800+EDS, Horiba : EX-250, Hitachi, Japan) 1% 2]+= Hasle and Fryxell(1970)
ol HhS Wk, FH]H A| 23S WF 0 2 4027 [on Sputter (E-1045, Hitachi, Japan)&® T &S & 7} skva
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Table 1. Sampling information in Korean tidal flat

Sites Sampling location Samples Latitude (N) Longitude (E)

1 Bieung-ro, Gunsan-si, Jeollabuk-do Sand 35°56'41.00 126°31'47.54

2 Wangpo-gil, Jinseo-myeon, Buan-gun, Jeollabuk-do Mud 35°35'06.30 126°33'24.66

3 Songgong-ri, Aphae-eup, Sinan-gun, Jeollanam-do Mud 34°50'54.35 126°13'35.43

4 Dongbu-daero, Mijo-myeon, Namhae-gun, Gyeongsangnam-do Mud 34°44'53.67 128°03'21.88

5 Noeulhaean-ro, Daejeong-eup, Seogwipo-si, Jeju-do Sargassum 33°16'40.40 126°10'09.60
3.2 &

Algaebase(2023) AIA 7155239 119) 0.2 27} 35 534 745 789 =i w7155
o) BRoH B4, ey AA@n ofulx|, FIEY, Fe 54 U BEE st
Phylum Heterokontophyta
Class Bacillariophyceae
Order Cymbellales
Family Rhoicospheniaceae
1. Gomphoseptatum aestuarii (Cleve) Medlin 1986
Order Naviculales
Family Naviculaceae
2. Rhoiconeis pagoensis Lobban 2015
3. Seminavis exigua Changping Chen, Suqing Zhuo & Yahui Gao 2019
Family Plagiotropidaceae
4. Plagiolemma distortum Nézan 2018
5. Staurotropis seychellensis (Giften) Paddock 1988
Family Scoliotropidaceae
6. Biremis sigmoidea Al-Handal 2019
Class Bacillariophyceae classis incertae sedis
Order Bacillariophyceae ordo incertae sedis
Family Bacillariophyceae familia incertae sedis

7. Liriogramma sarcophagus (Wallich) D.Z.Lan 1995

20 s oA]
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Gomphoseptatum aestuarii (Cleve) Medlin 1986 (Fig. 1A-P)

Basionym: Gomphonema aestuarii Cleve 1893

Synonym: Gomphonema valentinica Nikolajev 1969; Medlin 1981

11 B: Medlin and Round(1986), p. 212, fig. 16-18, 55-59
Li e al.(2020), p. 277-280, fig. 18-41

71&EMAA]: G, Hastings

FE HS: MABIK DI00043475

3L 2023'9 29 Hol 48, HE patch

Je| EA: G. aestuariiv=2] ©FEH7} H]THA 21 heteropolar EF] 02 valve 7F-dl= 2P o|z|wt £0 2 4 T2t
0] 14-159 um, Z2.4-2.9 ym, 10 zm ©]4 transapical striae+=19-227]ct.

Fig. 1. Light (LM) & Scanning electron microscopy (SEM) images. (A-P) Gomphoseptatum aestuarii. (A-E) cleaned specimens in
LM. (F) External view of whole valve. (G) Internal view of whole valve. (H) Externally central raphe endings expanded, broad
hyaline fascia. (1), (J) Close-up apical raphe ending, strongly hooked in the same directions, foot pole with radiated areolae
(white arrow). (K) Externally central raphe endings expanded, broad hyaline fascia. (K) Internal raphe endings slightly hooked.
(L), (M) Foot pole with a strongly developed pseudoseptum (white arrow), small helictoglossae. (N), (O) Girdle with several
band, composed of single poroid. (P) Reticulated areolae (white arrow). Scale bar (A-G, N) 5 um, (H-M, O, P) 1 um.



46 * "The Sea, Journal of the Korean Society of Oceanography Vol. 29, No. 1, 2024

Rhoiconeis pagoensis Lobban 2015 (Fig. 2A-K)

Z11 B: Lobban(2015), p. 14, fig. 131-138

71&AAA]: &, Pago Bay

BFE W3S MABIK DI00043476

;20219 118 Al AH2EA] 5 Al 2], s 27 (Sargassum)

G| EA: Valve linear-elliptical 51 £0| T2t} striaet= valve S 541.0.2 HAFF O™ areolat slit-likeTh. HPZZ:
valve 2] raphe+= central raphe endings©] EASFA| T QFE-2 747 SPtS] raphe 2 AZHTE AL o] dol=
23.4-26.0 #m, &27.7-8.8 ymCtt. 10 x#m U striae= 18-207l|ct.

=
S

Fig. 2. Light (LM) & Scanning electron microscopy (SEM) images. (A-K) Rhoiconeis pagoensis. (A-D) cleaned specimens in LM.
(E-K) SEM. (E) External view, linear-elliptical with obtusely rounded apices. (F) External raphe endings expanded, tear-drop
shaped. (G) Internal raphe endings strongly curved. (H) Internal view, ‘butterfly’ shaped central area, strongly radiate striae. (1)
The siliceous ribs near the raphe. (J) Small hole above helictoglossae. (K) Slit-like areolae at external valve. Scale bar (A-E, F) 10

m, (F, I-K) 1 pm.



Seminavis exigua Changping Chen, Suqing Zhuo & Yahui Gao 2019 (Fig. 3A-K)

Z1 B3: Chen er al.(2019), p. 87-90, fig. 2-25

ANEAAA): 5, A, Folokd

32 WS: MABIK DI00043477

H3: 20219 49 AP HIS L, Bl

P EA: Valve= £ F1720] 2FF 5 semi-lanceolate© T}, HFZ2Z: valve 2] raphe ending®] 7351 T-5-214] Q131 40|
+12.9-18.3 ym, =2 3-4 ymtt. Terminal raphe ending< 75| $10] 2™ ventral striaet=1712] areola =
TAE0] Utk 10 #m W striae= 5 ¥ dorsal)]l 18-21, Bl Hek(ventral)ofl= 19-227Hct.

Fig. 3. Light (LM) & Scanning electron microscopy (SEM) images. (A-K) Seminavis exigua. (A-D) cleaned specimens in LM. (E)
External view of whole valve with single row in the ventral side. (F) Girdle composed of plain band with wide valvocopula
(white arrow). (G) Transapical striae elongate, parallel, central raphe slightly hooked. (H) External raphe endings strongly
hooked in the dorsal view, single row of pores around raphe endings. (I) Internal view of whole valve. (J) Central raphe endings
positioned within a rib, small central nodule (white arrow). (K) Apical raphe ending with distinct helictoglossae. Scale bar (A-F, 1)
5um, (G, H, J,K) 1 pm.
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Plagiolemma distortum Nézan 2018 (Fig. 4A-J)

Z1 BR: Nézan ef al.(2018), p. 3-10, fig. 2-32

Z|&AAA]: TFA Ouessant 7, Bay of Lampaul

FE A5 MABIK DI00043478

wE: 2022 128 AT HIS R FRF A, e, HE

e EA: Valves 7FEAE7T 7180] At Zdgt o ch. oS- A H T central raphe 9121 1709
pseudostauros”} =A%} Raphe= 733t SZ FEfo]™ central raphe”} ZO1A|A] il shz AZAHC
areolaet= Navicula®llX B 4= Q) slit F20]t}. A|Z] Zo|E=31.1-39.5 xm, = 11-12 #xmO|H 10 zm W
striae 2] = 22-277l|th

—

Fig. 4. Light (LM) & Scanning electron microscopy (SEM) images. (A-)) Plagiolemma distortum. (A-C) cleaned specimens in LM.
(D) External valve view with strongly sigmoid raphe. (E), (G) Central raphe endings undulated, slit-like areolae. (F) External
raphe endings with rounded pore (white arrow), beyond single row of elongated areolae (black arrow). (H) Internal valve view

with short pseudostauros (white arrow). (1), (J) Apical raphe endings distinct helictoglossae in the internal view. Scale bar (A-D,
H) 10pum, (E-G, I, J) 1 pm.
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Staurotropis seychellensis (Giffen) Paddock 1988 (Fig. SA-J)

Basionym: Tropidoneis seychellensis Giffen 1980

Synonym: Tropidoneis seychellensis Giffen 1980, Plagiotropis seychellensis (Giffen) Kennett 1984
F31 F: Ashworth et al.(2016), p. 59-62, fig. 9, 10

71X A 5L 7HR Ee) A

FE WS: MABIK DI00043479

I 20179 89 A4S, ey

waisted °§EHE]'. o1& valveol = F74& stauros7]- ZA5 areola™= /‘]' °§°ﬂ 4- 77H—4 velum= 7]-3(]_7’_ Qlct
A3 o] o] 68-72 ym, = 10-13 £m©]™ 10 xm W2 striae=27-297]c}.

Fig. 5. Light (LM) & Scanning electron microscopy (SEM) images. (A-)) Staurotropis seychellensis. (A-D) cleaned specimens in
LM. (E) Exterior valve in valve view. (F) Central raphe elevated raphe keel. (G), (H) Interior valve of central valve showing distinct
stauros with rounded pore. (1), (J) Slightly quadrate cribra on valve face, 4-7 areolae pore. Scale bar (A-E) 30 um, (F-J) 1 um.
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Biremis sigmoidea Al-Handal 2019 (Fig. 6A-N)

a1 B9: Al-Handal and Al-Shaheen(2019), p. 1-252, incl. 62 pls (652 figs).

7142 A): o]2t3, Shatt Al-Arab estuary

FE H3S: MABIK DI00043480

H3E: 20229 128 T WA, Aok efi, HE

Fef| EA: Valve= linear-elliptical 5P 2412]0]11 To] T FEE 5kl Ut} Raphe= M1 SA HERE 51T Q)
O ™ valve HPZZ raphe ending®] 73$H 211 2] ROFO & Floj A It M|IEo] Zo]=19.5-20 ym, Z25 ym

Fig. 6. Light (LM) & Scanning electron microscopy (SEM) images. (A-N) Biremis sigmoidea. (A-D) cleaned specimens in LM. (E)
External valve view. (F) Internal valve view with sigmoid raphe. (G) Central raphe endings slightly expanded (external). (H)
Central raphe endings straight with distinct central nodule (internal). (1), (J) Foramina on the valve face, apical raphe endings
strongly hooked. (K) Internal raphe endings with small helictoglossae. (L), (M) Frustules slightly rectangular in girdle view,
valvocopula composed of single row. (N) The chambers porous in the interior wall. Scale bar (A-F, L) 5 pm, (G-K, M, N) 1 upm.
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Liriogramma sarcophagus (Wallich) D.Z.Lan 1995 (Fig. 7A-L)

Basionym: Asteromphalus sarcophagus Wallich 1860

Synonym: Asteromphalus sarcophagus Wallich 1860

31 F9: Rivera and Barrales(1990), p. 38-44, fig. 1-30

Z|&A A A): Q1%=QF, Salpae

FE WS: MABIK DI00043481

H32: 20239 28 Follt 7, 22> A

& 5/3: Valve+=elongate©|™ LA EFH@Z7HA] thfoiet. Al2o] Aoli=33-35 ym, F 11-12 gmO[t} 10 y#m4
ol 9-11709] striae =S 7121 Ut} 6719] F-& hyaline rays= valve 7F3A2]714] k=T

Fig. 7. Light (LM) & Scanning electron microscopy (SEM) images. (A-L) Asteromphalus sarcophagus. (A-D) cleaned specimens in
LM. (E) External valve view. (F), (G) All hyaline rays extend near to edge of the valve, rounded ends. (H) Close-up external cribra,
slightly rounded. (I) Largely labiate process expanded in the external raphe ending. (J) Internal valve view. (K), (L) Rounded
pores within internal foramen, each rays distinct labiate processes. Scale bar (A-E, J) 10 um, (F-I, K, L) T um.
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4. E &

o[t AFE Tl Feluetoll 715 HA] 92 7E-2 v vl e, FobE ZIAH, A9k o olite, ol A8, A7
A A ] 270 sl o] el 2b, sl Foll A WABHATE. ©| & Rhoiconeis, Plagiolemma, Staurotropis, Liriogramma 4
N &2 =rollA A& 08 HAljh,

Rhoiconeis pagoensist=2021d 114 A5 A7 22| YIX|5F A= EAO] Sargassum O 2 FE WA Folt}. Rhoiconeis
= Grunow(1863)7} R. bolleanas BIESPAA |2 H119E 402 A R pagoensis, R.sponsalia, R. trigonocephalas
okt ch4Ent B 1 E|o] Q1T Rhoiconeis=FENH O 2 Achnanthes 53} -+AFSEA|RE Achnanthes+=raphe”} 5P HHH,
Rhoiconeis+=raphe”} 5 7| ©]cHLobban, 2015). o] Lo A WA E-2 R, bolleanaith 40|} Z0] ZE2HHH 10 ym
Y striae <= 2F 28l 71F ERITE R sponsaliab= 7012t 0] H]Z=0FZ|TH 10 m W striae <= 2F 1,48} EITH Table 2).
Lobban(2015)°] ®FE3St R, pagoensis+= St valve AP0 GlolA] B A7 et 2|4 H|wshr| oG Z|gt dolet & 10 xm W
striae Fof|A] 5 FLSH HOIE H At

Plagiolemma distortum-2 20223 129 A 8- 3 0] wejapatof| Al WASIALY. Plagiolemma+s 7 AAZH 02 P.
confusum, P. distortum & 255 7155 £0|th. P. distortum-<Nézan et al.(2018)°] 4150 2 HFsl o] 5 = fjof| 4| HHA
S| 7R = g o o ol AT = QU siHioll A B P. distortum-S FH] R uIATEE, RIeFSHA| Hol=
pseudostauros 5 T2 FE EAJO] Nézan et al.(2018)0] IS Ft F U5 E A 5+=20221 129 w4 HQto A
] vt Al o] ] ,ola] 20161 128t 2 A-7lo] SlRPAL s8] sizFoll A Este] BRI Folrt. o
ErRol &£ 743 A =] Afslietel] Z8 A EaLst= 2 o2 IETh

Staurotropis seychellensis~= A} F=ol4d, EfHY & o], ZgAel FYo|E Sl BAlH &0 Z(Ashworth ef
al., 2016), =Wl A=2017'd 98 4t HI-S= O] majapgolAnt dhae] T w ik,

Liriogramma=1954'd Kolbe7} 2082 W1¥ £02 AR L. petterssonii®t L. sarcophagus 257t 7| 5&]0] Qlct
(Guiry and Guiry, 2023). L. sarcophagus+ Wallich(1860)7} Asteromphalus sarcophagus = X ESFIAT Lan et al.(1995)
of| oI Liriogramma <502 o7 ]I, kA9t oF2] 11 Alg e 912 = getelA| S =|2] ¢Skt L. sarcophagus=Th
MY, 55, O, HIBY 5 AAAIR SR o/ Rash= Fol A9t sljol A= ofjloll 5.0 & KR, Liriogramma
Z ERtmUflod Aglo® BAlsh= £olot

Gomphoseptatum aestuariix="goll 2} 2|4 2Ll DEANX E2ISIATE. Gomphoseptatume @A AXAHCE G.
aestuarii®t G. pseudoseptatum T 2E70] 7155 QIth. G. aestuarii= Cleve(1893)°]l 2lall Gomphonema 522 %%
FEHE AT Medlin and Round(1986)°] TF= Gomphonemoid 53 22| foot pole 2] pseudoseptum©| FE=2Z| 3 head

Table 2. Comparison of Rhoiconeis species

Character R. bolleana R. sponsalia R. pagoensis This study
Lengh («m) 40-60 20-42 16-49 23.4-26
Width (2 m) 9-10 5-7.5 6.7-7.9 7.7-8.8
Striae in 10 xm 8-11 13-15 16-22 18-20
On concave valve quadrate, On concave valve quadrate, Both valves 2-5 short striae, Both valves 3-5 short striae,
3-5 shorter striae; on 3-4 shorter striae; on both can have quadrate both can have quadrate

Central area .. ..
convex elliptical, 1-3 short ~ convex elliptical, fewer central area, narrow area central area, narrow area

striae short striae seen only on convex valve seen only on convex valve
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