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Temporal Variation and Identification of a Centric Diatom, Stephanodiscus spp. during Winter-spring
Blooms in the Yeongsan River. Jeong, Byungkwan, Yongjae Kim', Seung Won Jung®, Hakyoung Lee’
and Yongsik Shin* (Department of Environmental Engineering & Biotechnology, Mokpo National
Maritime University, Mokpo 530-729, Korea; 'Department of Life Science, Daejin University, Gyeonggi
478-711, Korea; “South Sea Institute Library of Marine Samples, Korea Institute of Ocean Science &
Technology (KIOST), Geoje 656-830, Korea; *Department of Biological Science, Chonnam National
University, Gwangju 500-757, Korea)

Abstract We conducted the weekly monitoring (December 2012 ~ April 2013) to evaluate the temporal
variation and identification of Stephanodiscus spp. that are generally dominant during winter in the Yeongsan
River. Phytoplankton species were identified and counted using the optical microscope and scanning electron
microscope (SEM). Phytoplankton in the river were grouped into 6 classes (bacillariophyceae, chlorophyceae,
cryptophyceae, cyanophyceae, dinophyceae, euglenophyceae), 30 genus and 41 species. Phytoplankton com-
position showed high abundance of diatoms in winter and Aulacoseira sp., Cyclotella sp. and Stephanodiscus
spp. were dominant. Among the species, Stephanodiscus spp. was relatively abundant compared to other diatom
species. Stephanodiscus spp. appeared from December 2012 to April 2013 and their abundance peaked in Jan-
uary. Abundance of diatoms especially peaked (21,080 cells mL™") in January 15, 2013 when Stephanodiscus
spp. also bloomed (20,560 cells mL™"). The abundances of Stephanodiscus spp. were gradually decreased from
March and reached as low as 60 cells mL™" in April 26. Cyclostephanos (C. invisitatus), Cyclotella (C. mene-
ghiniana), Discostella (D. pseudostelligera, D. woltereckii) and Stephanodiscus (S. hantzschii, S. minutulus, S.
parvus) were classified in the circular diatoms. Abundance of S. hantzschii was extremely high compared to S.
minutulus and S. parvus.
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2 2011960 407 Alden s Bl
iAol sEue} Fahus A4ER. ola
2, WzA ﬁﬂJ— Bel 22 QFgEEY B9 35S
AANA $40taE A5 B oheh 4 87
oM MAlees AELS WEke 2T
mel et al., 1994; Courrat et al., 2009; Ponti et al., 2011).
T AR e e AAE FAdA A i A
Tvﬂ ABE B da ARl ) ok
2719k 714 BAeIA Do) Qo] 430 25 o
WhAof| 7]eJ3}A o} (Fay, 1983; Klapper, 1991). 04/\1—
7 A A A 0% e o Zlel He e
k3t A3 A A2 A AbAE A (hypoxic) o] B
A= 3 gloem (Youn et al., 2003), A wa} A=
g3 £ S3}8A}o] ulEE 1 9)r}(Song ef al., 2012).
S AN ABEAIEE A ZAREA) Hel B
T s BB ohle} 5] Ak FFITE 2
AAel A&dS FskR| e (Kemp and Boynton, 1981;
Sundback e al., 1990; Thorp and Delong, 1994) o] E-2]
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HutAy (blooms)2 ZEL AL EA| (o]F 1], 7=
9w ohfeh AAA £ (A% A3, A4ADE

A, AFFHADE o] & 5 glom, EA e A o
o] AR 2 <la AEAS] fle] & 4 3ok (Sund-
back et al., 1990; Oh et al., 2007). wa}r], gAY A] 2]
A FL HEE s %’3“/\]7]3} A 47) 7kl
43 ARE i‘iﬁ} A A B 34 el le]
A3 = o]oF & F a3t FA| o]t

A 9 ii-% AEEHIE FAHS diHoz 4
Zo| B A7l FRFIF s, 0] F718E
T AZlE d2Fe 52F77F $A-Ee o] BH
o]t} (Hutchinson and Edmondson, 1957; Bailey-Watts,
1988). eJ A7} X = Cyclotella, Stephanodiscus&3} 7+
< &% FAE FERFV A5l A, g
27| = Scenedesmus, Micractinium, Coelastrum, Dic-
tyosphaerium<:3} 742 =279} Merismopedia<:2) &
27 o] $8¢ nlozn Yirel S} 349 5
A& ehy o} (Kim, 2003; Jeong et al., 2010; Son et al.,
2013). o] & Stephanodiscus&-2 A A &A
FRRAE S Foud B ER TR
ozt sl7el saelix oo Widel vud v
21} (Bailey-Watts, 1988; Cho and Shin, 1998a; Kim et
al., 1998; Jung et al., 2003). =3+ 43 FAE F274
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Stephanodiscus hantzschii= FZ5 Microcystis aeru-
ginosash I 4 AeAS) 99 AzFos g
o] $t37(Reynolds, 1984), o] &¢] e H 755 g3}
v e g 2 shlE T 4 ek el A
EAol A= Stephanodiscuss-S Stephanodiscus
hantzschii . tenuis®} Stephanodiscus parvus 2. 553}
o kg %R ut 23Ape 7 kel Hgt
vkez Al So] AA|E i} (Cho, 1995; Cho and Shin,
1995: Cho and Shin, 1998). 319t ©JAk7}e] 7 oo
oo BE Al va) olF ABELES W
T 2 A Ag A3} = EF_E AA oot Stephano-
discwde AANE FAN ASR0% ST
& dodle For HuET glo & 7] A
Huto] F2 AAFYS & (Kim, 2003, Jeong et al.,
2010; Son et al., 2013), & 5o E7F2} ez EA
o e gu 33 ARGl Gepd, 2 el
g3l

—]

= A oA 2Ql Stephanodiscus spp.] Z3 Ak
717kl AFA Q] BUEIEE A st A3 23770
& selsla, AAEn) AL ol gse] FAkE T
o) sATozH A 3 A Bad 7|2

Aue} A5 g AFstaat g,
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A GAEelA dEAe dodle 4 FAE
Z59 Stephanodiscus spp.2] &35 ,j% 5
3 oJabd Bt Qe & e A
129 493 2013 49 26971%] & 21;] Ex L}g
(weekly) ZUER& &3Fol|4 AAJstsiet (Fig. 1). A}
717F F9te] 422 FAS4 FAEAR (AR B3
A B A2~ http://www.water.nier.go.kr)2] A2 o]&
slgom, 7|2 28x 7| (hitp://www.kma.go.kr) A}
28 o459l

2. MEEY3E BR
ABZaggEo] A4 g2 2L 3 AAH A==
1L A4 wte} Lugol’s solution 5mLE& Heo] 2 &

g F AeA of 2~39 A= AAAIAAFH
Peristaltic pump (Masterflex, Cole Parmer™)2 ]88 =}
AN Ae] AEAE AT e 9 200

mLE 2 £385}e] 50 mL Conical tubedl] &7 29t}
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Fig. 1. Monitoring station in the Yeongsan River.

A3 AgE ] 1~29 A= FF5A7 F 45mL9
AEdE F7H= AAst 2 SmLe Al® F 1mL
& SR chambersl] Y31 A4315ch A4 Botsn 7
Axioskop 2 MAT (ZEISS®)Z o] 4-3}c}.

HAA oA A% A|8E glutaraldehyde 402 37
A (final concentration 1%)3F % 5 mL-S membrane filter
(@ 47 mm, pore size 0.2 um, Millipore®)e]] o 7}3}c}.
oJz}5 FEJA = 108 Auto Sputter Coater (Cressington”™)
2 A2 skl AAE e A JSM-7600F, JEOL®)<-
o) 4510] BeIsielct. AN Bl AHEE we
201349 14 1597} 39 83le] A H A52 o433
o} 93 Fx72 e BEF= Cho(1995), Hikan-
sson (2002), Houk and Klee (2004) Z22]32 Jung et al.
(2010)& Farshodet

ZAe = 67] 7}9] (bacillariophyceae, chlorophyceae,
cryptophyceae, cyanophyceae, dinophyceae, euglenophy-
ceae), 304 415 gl on, A3 AEZIFIE

o] A= 850~21,160 cells mL™'2] #<]= el
(Figs. 2,3). 8% 5 727+ 59~100%2] HH&<
Bozm AP F 7MY B EEE By, 53
1ol A 34 Alolell= 4 97.7% = 59483} (Fig.
2). &8 Fz257F F¥ Aulacoseira, Cyclotella 12 31
Stephanodiscus (S. hantzschii complex) 9} 72 913 =
AE F2F7E T EHFoR FAELH, o] F Ste-
phanodiscus spp.7} AA3] =2 NA4ES By} (Fig
3). A2 F 2RV A BE2E Bole 7k
710l F7Fshs 201349 39 FuPRE: Ha 52
283 SHEERVF TR e Bola A
Mo qfExFv Ao 201349 44 39 2APIAM=
G2 F (Anabaena sp.)7} 23.0%, 49 19Ye]= 23 m
Z5 (Cryptomonas sp.)7} 33.1%=2 7]o]&o] Z7}3}9d
o, Coelastrum microporum, Monoraphidium contor-
tum, Scenedesmus acuminatus®} 72 =27 A&
£ Z7behe S vehieh (Fig. 2). olsh 2 Az
HFEFe 525 o8 A6 8 B2 25 A
gt} ¥ 37 (Fujimoto and Sudo, 1997; Kanoshina et al.,
2003; You et al., 2013)8} FE2FE F& F2olA] £
7AAEH & 71Ag= ¥ 31 (Tryfon and Moustaka-Gouni,
1997)¢} UA]5k3] )

ZF 2271 RS EE2E B, 2012 129 49
ZAL M= F2F Aulacoseira italicaz} 3,150 cells
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Fig. 2. Relative phytoplankton composition (Bacill; bacillariophyceae, Chloro; chlorophyceae, Crypto; cryptophyceae, Cyano; cyanophy-
ceae, Dino; dinophyceae, Eugleno; euglenophyceae) of Yeongsan River during weekly monitoring.
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Fig. 3. Weekly variations of phytoplankton abundance (CD; centrinc diatom except Stephanodiscus spp.) and temperature (AT, atmosphere;
WT, water) during the monitoring.

mL™'2 AF 2d=9] 60%= $AFch(Table 1). A.  1978; Chung, 1993), 37t} F4t5, AAtE, 45
italica’= AV&moFe] ZAS FAse Fog Hoos  FelA FAL A AF Fdse Fo= HaEd]
) Ao} 34 Sofr] AAlsle Foz oz glo o} (Kim et al., 1997; Hwang et al., 2005; Yoon et al.,
™ (Hutchinson and Edmondson, 1957; Stoermer et al., 2008). 3kAIRF 179 Fal 129 11dolE= A. iralicas}
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Table 1. Dominant and subdominant species in the Yeongsan River during weekly monitoring in the cold season.
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Year Month Day Dominace sp. % Sub-dominace sp. %
4 Aulacoseira italica 60.0 Fragilaria crotonensis 17.5
11 Aulacoseira italica 28.6 Fragilaria crotonensis 13.1

2012 Dec. Stephanodiscus spp.

19 Stephanodiscus spp. 76.8 Aulacoseira sp. 7.5
26 Stephanodiscus spp. 85.7 Cyclotella meneghiniana 4.2
2 Stephanodiscus spp. 84.1 Aulacoseira sp. 4.6
8 Stephanodiscus spp. 96.0 Aulacoseira sp. 0.9
Jan. 15 Stephanodiscus spp. 97.2 Asterionella formosa 0.6
22 Stephanodiscus spp. 95.3 Asterionella formosa 0.7
29 Stephanodiscus spp. 94.4 Cyclotella stelligera 1.1
8 Stephanodiscus spp. 94.4 Aulacoseira italica 1.2
Feb. 13 Stephanodiscus spp. 91.2 Aulacoseira italica 2.0
) 21 Stephanodiscus spp. 84.5 Cyclotella stelligera 2.5
013 1 Stephanodiscus spp. 87.4 Aulacoseira italica 6.0
8 Stephanodiscus spp. 94.2 Cyclotella stelligera 1.3
Mar. 14 Stephanodiscus spp. 69.8 Cyclotella stelligera 7.4
22 Stephanodiscus spp. 91.7 Cyclotella meneghiniana 2.1
28 Stephanodiscus spp. 80.9 Anabaena sp. 6.9
3 Stephanodiscus spp. 45.4 Anabaena sp. 23.0
Apr 12 Stephanodiscus spp. 38.7 Aulacoseira granulata 25.7
’ 19 Cryptomonas sp. 33.1 Aulacoseira italica 19.1
26 Aulacoseira italica 37.6 Cryptomonas sp. 16.5

Stephanodiscus spp.7} 28.6%% 3% $-Aslg=d A

italica®) MNA$= F43] 244
spp-2] WA= 3w oA Z7}8}

g
%

vk, Stephanodiscus
©} (Fig. 3). Horn et al.

2w 9 A4t 2eld A, 7]
7kt 490 $AE 9 fHST 34
(Table 1, Fig. 3). ¢jAb7ks} 72 Hojok

&
3]
P
2

Tl 2
a8}3ic}
A 5

(2011)2 Aulacoseiras & 4R FLo] Z3 u}Es}t
Age AsDehy wusks. LUHE AR o F
e A3 sk FAQL FA 24 Al 3Col
A 0°C= ZFA3}3l} (Fig. 3). o|=3h 7|2 W3y} &+
E209 AA 3 e F Aow BRAD 2012
Q129 19Yell= Stephanodiscus spp. (76.8%)7} &%
o7 A8, o3 A A 2013 44 12¢
ZAMA] A &E ek (Fig. 3). 129 F43E 49 <
7VA| Stephanodiscus spp. 9] 97.2%2] $3& HYo
™, Y 82.8%°] $3-& Hth(Table 1). As) el
A Stephanodiscus sp.= A o] 4~8°Cel 2
oAl HAE} 2 (Kim et al., 2008; Jung et al., 2009),
2 gulel] w2 wiok Aol ook Algte] ol
739 10°CellM HHAAEE, 5°Cellr FHAZ 22
AAES B9lSo] wi¥ v}l g} Jung et al., 2011).
=3t Jeong et al. (2003)2 Stephanodiscus hantzschii®)
HAAAYA L= 13°ColAT A 3 eqle] F5H
W o] 3°CE it ® FE3 Aol 7hsdt A
22 Byt & AFlAM = JAatel Z3 g Ste-
phanodiscus spp.= 71-&3 Hp-o] W A7)l

9] o 7|23 $L-L8 Stephanodiscus spp.2] A4 e
A eqlez zHgalgle 7oz WAeks. 3¢
28U} 44 3Y0ll= Fx7}el Anabaena sp.7} 27} 6.9,
23.0%= 2A$AZF0 2 2339, 49 1993} 269
= 2Hm %7} Cryptomonas sp.7} 38.7, 16.5% % %
Ao AT oz ZHFoRA 2050 F Aol
o 33k 1A 7 (e.g. Fujimoto and Sudo, 1997; Kano-
shina et al., 2003; You et al., 2013) 2.2 5t}

A gl

2. 3= AZRe| FHH EY g

m
Ho

A Z-ZTE0| G2} Stephanodiscus spp.2] 7N A
S7 9 201349 19 1593} 39 899 AEE A
ARdu AL o] 88l AT A3, FA3 43 FAF
Z5oll = Stephanodiscus, Cyclostephanos, Cyclotella,
Discostella®ro] 233t o] F U3 FAS 27
9] ) ¥Ho] Stephanodiscus hantzschiiz &= gl o,
Stephanodiscus minutulus$} Stephanodiscus parvus7}
Adx =Ax=)odo} (Fig. 4). S. hantzschii= F2 @&
B A AdSs A Jlow MEe dRtEckow
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Fig. 4. External valve and girdle view by SEM. Scale bar=1 wm but B, D=5 um (A, B; Stephanodiscus hantzschii, C, D; Stephanodiscus
parvus, E, F; Stephanodiscus minutulus, G, H; Cyclostephanos invisitatus, 1, J; Cyclotella meneghiniana, K, L; Discostella pseu-

dostelligera, M; Discostella woltereckii).

=7 (valve face)2 3olm A=zl AL 5~30
ume|el, F719] EHLE F3o] ¢l AHFH Y (interfas-
ClCle)t EF—”‘-% FAlA 7R 7R oloj A H, A5
Hdo] U= 79 7FAAIE] el ZHE (valve mantle)
o] ®E2AE7] (strutted process)”} Zz] 3k} (Hakansson,
2002). S. parvus’= A 7o) 5~11umZ F74H FA4o
A k7t vlAG 9JFel] FAIMEAE7] (central strutted
process)7t ZA k] A2 S, hanizschiiol 1]9)
B (LER areolae)o] Wi FARZ 245 AAE
e vepd ) (Cho, 1995; Hakansson, 2002). S. min-
utulus’= 273 o] 2~12 umi S. hantzschiidl B8] =7]
7} stew) o) mHl Fopol B wi FEHo] 9
on] v mES oA BAE wjde el
o} AR Aolo = 2~37]2] ATy it (fascicle)

o] Zx)3} (Hakansson, 2002).

a9 HY FAE Fx2Fele
C. invisitatus®} Cyclotella%2] C. meneghiniana, Dis-
costella4:2] D. pseudostelligera, D. woltereckii7} 32
H9lom (Fig. 4), S. hanizschii®t FAFSE C. invisitatus
WAE1S] 7o) weh TR AL 013
o ZAE F2EEO] /AE 20~910 cells mL™'e] ¥
& Stephanodiscus2-2] WA 5= A3 2o)& B
qom, Z3 e} =3k Aol sl (Fig. 3).

AN . hantzschiiz} ooz WS AA
g A7 W sl AAEe] Al 9o} Ryu et al.
(1981)ell oJs) AAIR 35 7144 54 A Aol
A B 4ol EaakA 9k, G5 Aol w U
A A oAl B &2 Z3o] RuEA oghonvt

Cyclostephanos<-2]

=
—
o°
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19913 A3t Zle s B 3= ¢t} (Cho and Shin,
1995). 38t S. hantzschii= &= 02 Cyclotella®}
Ferdu|A Aoz SAREl|e] 25A H A= Q)
o} whebA] wkxA] - R sh77F SR o] F Hgde]
Ao wlel P 27 Stephanodiscus4o) &3}
7] AEHE Aelgt FAHARE AEsE &3 gl el
st 712k F7HEel AP 28d ez Als o
574]-—%2“ of AA AabtelM MAHE 27 4%
"P7]7J % 9 76.7ug L) $A W 2§71

JAHE st EeAAE B3 £ Ak
e A of3ke] flgloz 24 4 glom,
213} (remineralization) & 538t °JoFd 32 F7}
oAy 2 PL"JEE 245 -’F— U7] ool ) FA]

H—?‘ 23

> of
rlo

ﬁ:ﬁ

fle o 2 ot ki m{n _l
1o o g wy fo

it
£0]

Y| =418 sl= Stephanodiscus
420 237179 £ 7S $18) 20129 12€9%E 2013
A F B9l 21509 mERe Axae,
B SIS qa o) A I 284
Boow, Fx7F F A3HF=E Aulacoseira, Cyclotella,
Stephanodiscus4:0] F2 3 ZF o2 AT o] &=
Stephanodiscus spp.= =54 F2FEA 129 x| &
3l7] AlRtete] 1€l HY AASE e, 397t
A e FEE BYh 7|2e] ST ARk 44
R NAS7F F438] g i sx27h 327 9
2x7} 5ol /e A% vehld £385> 719
BE AR 98 FAE A5 (S hantzschii)7}
A 2 AeAFo R FAENeH, 3Y T 4 Fo
= Jx7kel Anabaena sp.2} =HRZZ7}F Cryptomo-
nas sp.7b $4 2 A9AFoR ZUFoRH AE W
Stof] wp2 F Ho|7l IAFSGIT. 27 33 9
3 TAE FEFY HEE F ERE 98 AA=EA
< B3] A3 A, Stephanodiscuss 2 S. hantz-
schii7} 938 7}y ¥»EH o= S minutulus®} S.
parvus TA = er, Jntel ¥ FAE FERFele
Cyclostephanos4:2] C. invisitatus®} Cyclotella%:2] C.
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meneghiniana, Discostella%2] D. pseudostelligera, D.
woltereckii7} EA = 9}

Ab AL

FEF AATE BEE 9T ALY e @
FALAA £ AP SEAB] ISMTG00F 2213
& o8l e o TEL 20134 % 7 Ay

o= FFATATE ALg o} 5
o] (No. 2012R1A1A2044565)0] 31, &=
P RN (A8 G
24 9 WA £ Agozw 499,

—r(—u-*o"‘j
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