creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

BAtKER HEELEBMmI

REBE A BHEES A B 8 L

2011% 64

Bl X2EK KRB



S FLEME L RO R S

KEE A RHET A B H

mf

i

éi\/

/

RAEHE & P

pEfne] FEME L By Gm S ARUES

20114F 64
AR @
@
@
@

BALRER KEREEZRE



Hr

o

1. }_/\}x] 7]]%]-

10
12
12
13
13
13
-15

H
NE

L A

oo
<N

AL
0°

AL
0°

mK

il

N
I

.
Nd
oo
<N

AL
0°

15

16
16
16
23
27
30
30
42

o7



111, .’.}:i}&o /K‘j% Synura p@t@rs@l’ll’l'gl /KE)] ;g— l:i'xé] ............................................ 70

1. &% pH, 3 %7} Synura petersenii®] 7d7ol v X i= FaF ooveeee 70
2. Xg]ﬂ‘%ﬂ O] Synura pel—ersenii‘gl /K‘j ;g—oﬂ 1]] 5(] l;:: Og 601: ............................. 71
3. ?l)ﬂ:%ﬂ O] Synura petel”sem'l'gl /K‘j ;g—oﬂ 1]] ‘] l;:: Og 601: ............................. 77
7‘:]2% ............................................................................................................................. 84
%.ﬂ{r{‘ :i ..................................................................................................................... 85
Abstract ...................................................................................................................... 95



Table contents

Table 1. Information of the 37 sampling sites in Gyeongsang Province. ===+ 7

Table 2. Water temperature (WT, C), pH, electrical conductivity (EC, uS cm ),
and altitude (m) of the 13 sampling sites at Jeju Island. «eeeeeeeeeeeeeeneen 11

Table 3. Strains used in the culture experiments and their isolation sites. === 14

Table 4. List and distribution of silica—scaled chrysophytes found at 37 sampling

SiteS in Gyeongsang PrOVinCG. ......................................................................... 17

Table 5. List and distribution of silica—scaled chrysophytes (Synurophyceae) found
at 13 Saﬂlphng SiteS at Jeju ISland ................................................................. 24

Table 6. Comparison with silica—scaled chrysophytes between in Gyeongsang
Province and at Jeju Island. GS: Gyeongsang Province, JJ: Jeju Island
and H: a DOI’ld and bogs at Mt Hwawang‘ ................................................ 29
Table 7. Physical and chemical factor in four reservoirs [Total nitrogen and total
phosphorus referred to Water Information System (http://water.nier.
Table 8. Seasonal occurrence of silica—scaled chrysophytes in four reservoirs

during the Study pel‘iod. .................................................................................... 36

Table 9. Seasonal occurrence of silica-scaled chrysophytes in Jinchon swamp

during the Study pel‘iod. .................................................................................. 48



Table 10. Seasonal characteristics of silica-scaled chrysophytes in Jinchon swamp.

Table 11. List of silica-scaled chrysophytes in Yong pond and bogs at Mt.
Hwawang‘ ............................................................................................................ 63

Table 12. Growth conditions of Synura petersenii [Data of three strains from

Korea (JCSP, JDSP and WMSP strains) referred to Kim et al. (2008)].

_iv_



Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure contents

1. Scale types in Paraphysomonadaceae. A: Chrysosphaerella, B:

Paraphysomonas, C: Spiniferomonas [Figures referred to Wee (1982)]. -

2. Scale and bristle types in Synurophyceae. A~D: Mallomonas (A-
Dome scale, B-collar scale, C-domeless scale, D-bristles), E~F:
Synura (E-scale type of Section Petersenianae, F-scale type of

Section Synura) [Figures referred to Wee (1982) and Kristiansen

(2002)] BT R PR PRR IR 2
3‘ Map Of Sampling SiteS in Gyeongsang PrOVinCG. ...................................... 9
4‘ Map Of Sampling SiteS at J’eju ISland. ......................................................... 12

5. Number of sites at which each species were found in Gyeongsang

PrOVince. .................................................................................................................. 22

6. Number of sites at which each species were found at Jeju Island. - 26

7. Cell density (cells ml?)  of phytoplankton in four reservoirs. A:
Gyeongcheon, B: Deokdong, C: Otae, D: Yongyeon; Bac.= Bacillariophytes,
Chl.=  Chlorophytes, Chr.= Chrysophytes, Cry.= Cryptophytes, Cya.=
Cyanophytes, Eug‘: Euglenophytes‘ ................................................................. 33

8. Species number of silica-scaled chrysophytes in each sampling

reserVOirS. ............................................................................................................... 39



Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

9. Physical and chemical factors of Jinchon swamp. A: water
temperature (WT, C) and pH. B: electrical conductivity (EC, uS cm ™).
C: total nitrogen (TN, ug 1) and total phosphorus (TP, ug 1), 43

10. Cell density (cells ml™") of phytoplankton (A) and Synura petersenii (B)

from August, 2004 to August, 2005 and February to November, 2007 in
Jinchon swamp; Bac.= Bacillariophytes, Chl.= Chlorophytes, Chr.=
Chrysophytes, Cry.= Cryptophytes, Cya.= Cyanophytes, FEug.=
Euglenophytes‘ ....................................................................................................... 46

11. Total species number of silica—scaled chrysophytes in each season.

12. Physical and chemical data of Yong pond and bogs at Mt. Hwawang. A:

water temperature (WT, C), B: pH. C: electrical conductivity (EC, uS em ).

13. Cell density (cells ml'") of silica-scaled chrysophytes from April,
2008 tO May, 2009 in Yong pond‘ .................................................................. 61

14. Species number of silica-scaled chrysophytes in Yong pond and

Bogs at Mt Hwawang‘ ..................................................................................... 66

15. Population growth of S. petersenii strains (JCSP, JDSP, WMSP,
CAUPD5, CCMP854 and NIES1007 strains) at various nitrate

Concentrations. ...................................................................................................... 73

16. Growth rate of S. petersenii strains (JCSP, JDSP, WMSP, CAUPD5,

CCMP854 and NIES1007 strains) at various nitrate concentrations. -+ 76

_Vi_



Figure 17. Population growth of S. petersenii strains (JCSP, JDSP, WMSP,
CAUPD5, CCMP854 and NIES1007 strains) at various phosphate

Concentrations. ...................................................................................................... 79

Figure 18. Growth rate of S. petersenii strains (JCSP, JDSP, WMSP, CAUPD5,
CCMP854 and NIES1007 strains) at various phosphate concentrations.

- Vi -



QW B2
& Fgstau sk
ANE Qo) 3ThS) ZAAHAA ABY FAEFE F B8FOE, o] F 1B

9%S X338t ©o] F  Paraphysomonss 4% (P. caelifrica, P. eiffelii, P.
homolepis, P. subrotacea), Spiniferomonass 1%(S. crucigera), Mallomonas<: 3
< (M. acaroides var. obtusa, M. crassisquama var. papillosa, M. verrucosa),
Synura% 1&(S. leptorrhabda) % 9%&°] = n|7|&F | o™, M. corymbosa’}
Fato = 2SS #FEAJY. AFE Mallomonas koreana sp. nov.= AA % 47 =%
AR "o EdsEATE 4 FE59 &3 YWEo A Synura petersenii f. petersenii
7 AdA 2AAE T 260 2ARAE(T0%) 0.2 7 Ekew, thgo = M.
elongata(257) ZAFA A, 68%), M. crassisquama var. crassisquama(227) ZA}FA]

A, 859%) o2 yeuten o] FE52 HAAAACRE §A EEst= FEoIAH

=
U el ofddid 71 AFES 130 ARS HAAste] AWAd FExF
(Paraphysomonadaceae¥ #|2])o] ZF4S AR A3 QHA 3427 F 315

o, o ¥ WEAE 43¢ xFAT o F =

Mallomonas<;:©] 26%, Synuras:©
5% 9|t} Mallomonas adamas, M. bronchartiana, M. favosa f. favosa, M. favosa
f. gemina, M. morrisonensis, M. multisetigera, M. ouradion, M. portae—ferreae,

M. splendens, M. striata var. serrata 5 Mallomonas< 2] 10&2 $t=r A 7] &

ojAtt. Egk AF%= Aol AFQA Mallomonas jejuensis sp. nov.s &4 « &
Frotol HEEAT. 2 A9 Ay AR Al 2R B olde Bud A
Azpel gt 2ol E YERYSITE BEE Ay F4AxF{ Ui FES DA
Hog QA E¥3= FTEo|Y, M. bronchartiana, M. morrisonensis®t < =
53 ddid FTEo] #EHJY 4 FEY = WEE M. matvienkoae, S.
curtispina, S. echinulata, Mallomonas sp. 8°] 5~7/] ZAFA] A (38~54%)2. 2 =

A el AAE Ao 8 =7 =39 M. caudata, M. crassisquama

- viii -



e =A

= o

var. crassisquama—c

b A L

EEA #F
UERU LT

I

=B

ki3

A= GA fA

)
)

=3

=9 == A

5 9]

gl

Z

e pH =& deERlde. 4

&z

A

1

I

o]

A

beleh 913

S

Z}A]

9

oy

=

T4 vl

N
ol
JJA
A

—_

e

T vhe 25 (<21.5T)0l A

Al 7] Fot & 1.75~332T & Ueston, pHE oF

LHER Lo,

ol =2 AxEEE

3} 7}

ol

—
fite)

—_
fite)

—

<
Njo

&

Synura petersenii’}

bl ot

RS

d

[e]
s

I

X
4

LER AT 8] 2

25C)&

g A7 tha we (o

o ge A ARG o

ki3

A9 2008 443 64, §x1¢] 20099 493} 545 A9

< YERHAT

(pH 5.62~6.68)

FA 71 o

Chrysosphaerella brevispina’} $-373%

gA sk AN tha Aol

Aol

=0
o

-
1

o]

SER R

=
=

S
T

UEl At 53] &4 9
I M. caudata

=
=

j
a-

£

, M. elongata, M. tonsurata~—

-

-
1

ol A

A
N
~3

7}
et 9 . Synura petersenii®] 7

Aol A Synura peterseniis=

=

e
He 2 F3t

47

(¢}

0
o
%0

0

15T =

2

Fit

S UyAE 2 el 4b S petersenii 6

=
R

Avtol A A ow o

112 pymol m™* s "ol A H A

T
T=

20/21°C, pH 75~82, #% 80 ymol m > s '

-
1

LHER A e

KeX
=

(strain—specific adaptation)

_ix_



w

I
—_
fite)
)
el

ABZXOF S petersenii

O 2 ERT



A =

AAA FaEF(silica-scaled chrysophytes)= B9 AEZFIAE 79 F8
T84 T styolt o5 H5I HAFEE JHA = rAbE Y W (scale) &
2 AEE SHMaL oY, o EFe Wl F5 T

Hoh(Figures 1 & 2). Fott(1955)7F Fadxdn 7 B2 =2 Mallomonass 131 <]
WAl FZ2E A5 Bagh o2, HAAFnAS o] &3 JdHA Fad xR FoY
A B EFeH dgse] @dsiA WA foh(Kristiansen 2002, 2005;
Kristiansen & Preisig 2007). ©]€< WxH o= Mallomonass:, Synurass
Chrysosphaerella?:, Paraphysomonas<:, Spiniferomonas< < F3atw, A A A

Ao g2 oF 2500 F o] HIHT

A
Spine
spine r scale
[l
i -
. 0 Plate scale
disc
B
|
| spine

( base/ Spine scale

Plate scale
Spine scale

Figure 1. Scale types in Paraphysomonadaceae. A: Chrysosphaerella, B:

Paraphysomonas, C: Spiniferomonas [Figures referred to Wee (1982)].
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Figure 2. Scale and bristle types in Syurophyceae. A~D: Mallomonas (A-
Dome scale, B-collar scale, C-domeless scale, D-bristles), E~F: Synura
(E-scale type of Section Petersenianae, F-scale type of Section Synura)

[Figures referred to Wee (1982) and Kristiansen (2002)].



Folx gom(Pick et al. 1984; Eloranta 1936;
Roijackers & Kessels 1986; Kristiansen 1988; Hoffmann & Wille 1992; Siver &
Hamer 1989, 1992; Gutowski 1997), o]&¢9] #g] - mdS T3 A A8y &
S sty fg A7 o]Fo A v (Klavencess & Guillard 1975,
Knowles & Zingmark 1978; Healey 1983; Martin-Wagenmann & Gutowski 1995;
Sandgren et al. 1996; Saxby-Rouen et al. 1997; Gavrilova et al. 2005, Kim et
al. 2008). dWrH o2 QHEA FAXF= Fo] U2 WAL AA AFAoE
FdIga g ot (Kristiansen 1975; Kristiansen & Takahashi 1982), ]
o 30 EF AA AA oA e et AT ES F o' S SUiA A WgYR
R FEEE, EUAY B 2dAGe] A5EE
FohA =dsta ol ¥ A A rtH(Kristiansen 1986, 1988; Gutowski 1997,
Wei & Yuan 2001; Kristiansen 2002; Barreto 2005; Kristiansen & Preisig 2007).

AA A dedAes 233 g FAdA AdeA AT er &3
gk #uk o}y 2} (Pick et al. 1984; Eloranta 1986 ; Sandgren 1988; Hoffmann &
Wille 1992), Mallomonas<:3} Synura%o] 22 FE52 AzE3t 4315 WA 7]y
(Clasen & Bernhardt 1982; Nicholls & Gerrath 1985 ; Siver & Chock 1986;
Kurata 1986; Jones 1988; Kim et al. 2008), o] & <la] &5 &3 utz} i
A& FEskar lth(Nicholls & Gerrath 1985; Nicholls 1995; Watson et al. 2001).
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Table 1. Information of the 37 sampling sites in Gyeongsang Province.

1 January 9 and February 29, 2008 Suya reservoir 128° 39" 05" E 35° 40" 40" N
2 January 9 and February 8, 2008 Yudeungyeon reservoir 128° 41" 48" E 35° 40" 17" N
3 March 11~18, 2007, A small pond in Imsil 128° 53" 55" E 35° 37" 20" N
February 8, March 14 and October 29, 2009
4 February 8, 2009 Hwagang reservoir 128° 42" 37" E 35° 38" 33" N
5 February 8, 2009 Daebi reservoir 128° 56" 02" E 35° 39" 44" N
6 March 1, 2008 Dalchang reservoir 128° 28" 23" E 35° 38" 11" N
7 March 2, 2008 and October 15, 2009 Songrim reservoir 128° 54" 44" E 35° 48" 00" N
8 March 2, 2008 Sinwol reservoir 128° 47" 12" E 35° 48" 28" N
9 February 24, 2007, March 2, 2008 Jeokje 128° 50" 21" E 35° 48" 13" N
10 March 9, 2008 Songnae reservoir 128° 49" 26" E 35° 46’ 33" N
11 March 9, 2008 Ugeum reservoir 128° 50" 26" E 35° 46’ 33" N
12 February 13, March 9 and April 6, 2008 Uksu reservoir 128° 42" 40" E 35° 49" 50" N
13 March, 2008 Yongseong reservoir 128° 54" 39" E 35° 48" 08" N
14 September, 2006, September, 2007 and March 22, Sangwon reservoir 19%° 39’ 50" E 950 40’ %" N
2008
15 | March 29, 2008 and April, 2009 A small pond in Urari 129° 02" E 35° 50" N
16 January 19 and April 6, 2008 Jogok reservoir 128° 48" 46" E 35° 46" 11" N
17 May 27, 2008 Jusan reservoir 129° 11" 20" E 36° 21" 45" N




Table 1. Continued.

18 September 22, October 2, 2008, August 27, 2009 Gaecheon reservoir 128° 27" 31" E 36° 23" 07" N
19 October 12, 2007 Dalseong Swamp 128° 28" 58" E 35° 49" 20" N
20 October 21, 2007 Daesu reservoir 129° 18" 38" E 37° 05" 35" N
21 October 22, 2007 and September 29, 2008 Gidong reservoir 129° 13" 24" E 36° 05" 18" N
22 October 22, 2007 Yuktong reservoir 129° 13" 07" E 36° 01" 23" N
23 October 22, 2007 Euncheon reservoir 129° 08" 28" E 36° 06" 11" N
24 October 4, 26, 2008, August 27, 2009 A small pond near Gaecheon reservoir | 128° 27" 17" E 36° 23" 08" N
25 April~December 2008 Gyeongcheon reservoir 128° 28" 30" E 36° 42" 30" N
26 April~December 2008 Deokdong reservoir 129° 19" 30" E 35° 50" 00" N
27 April~December 2008 Otae reservoir 128° 07" 30" E 36° 29" 00" N
28 April~December 2008 Yongyeon reservoir 129° 17" 30" E 36° 07" 00" N
29 ZAOIE)g?USt 20047 August 2005, February =November | o 1 Swamp 128° 25' 3450" E | 35° 42’ 42" N
30 March 1, 2008 Maetan reservoir 128° 28" 30" E 35° 35" 08" N
31 March 1, 2008 Namjeon reservoir 128° 43" 03" E 35° 24" 28" N
32 | March 1, 2008 Beongae Swamp 128° 29" 30" E 35° 26" 06" N
33 November 11, 2007 Gucheon reservoir 128° 38" 03.02" E 34° 49" 26.98" N
34 November 11, 2007 Mundong reservoir 128° 38" 59" E 34° 51" 08" N
35 | November 11, 2007 Yeondam 128° 37" 55" E 34° 48" 31" N
36 | April 9, 2008~ April 5, 2009 Yong pond at Mt. Hwawang 128° 32" 05.52" E 35° 32" 40.38" N
37 | April 9, 2008~ April 5, 2009 Bogs at Mt. Hwawang 128° 32" 05.52" E 35° 32" 40.38" N
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1
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Figure 3. Map of sampling sites in Gyeongsang Province.
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S5} vlaste] AFEE S5 A ARd 54 AAT AFE A $Eo
S 2T ZAE olFoH o (Kim 1968; Chung et al. 1972a, 1972b; Lee

1987; Lee & Chang 1991), 194 F2ZxFel tidk XAl Takahashi(1978)7}
Mallomonas 5% (M. actinoloma E. Takahashi, M. tonsurata Teiling,
Mallomonopsis elliptica Matvienkol[=Mallomonas matvienkoae (Matvienko)
Asmund & Kristiansenl, Mallomonas sp. 2%)3 Synura®: 15(S. petersenii)<
Haug ol = Ay AAolty. 2 AFtelAe= 20059 493 7Y, 2007 104,
2008 10€ ol 137 ZAA Aol A A BE AH - AR T (Table 29 Figure 4).
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Table 2. Water temperature (WT, °C), pH, electrical conductivity (EC, uS cm ),
and altitude (m) of the 13 sampling sites at Jeju Island.

Small pond in

1 . October 20, 2007 - - - 10
Dumori

2 Dumo  reservoir October 20, 2007 - - - 10

3 Yeokkwi  pond October 20, 2007 20.3 - 146.3 80

Small pond near
4 October 20, 2007 194 - 211 110
Gama—oreum

5 Sammoeso October 20, 2007 194 - 58 350
6 Muljangol April 29, 2005 22 5.72 38.3 890
7 Mulchat-oreum July 21, 2005 285 6.79 - 690
July 21, 2005 31.6 6.02 -
8 Dongbaek-dongsan 110
October 20, 2007 16.4 - 108.8
Small pond in
9 . July 21, 2005 31 6.47 -
Haengwonri
Small pond in
10 . October 20, 2007 16 - 134.7 130
Deokcheonri
11 | Geochin-oreum July 21, 2005 335 6.44 - 290
October 20, 2007 16.5 - 90.6
Small pond 1 near
12 . 120
Micheongul
October 21, 2008 25.6 6.9 374

Small pond 2 near
13 . October 20, 2007 14.5 - 83.3 110
Micheongul

_11_
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L !
= AL Fstdv| 43 AAA v A (electron microscope, EM)S A3tk 5
AP A U] 7 (scanning EM, Hitachi S-4300) ##2 9lste] vl Alg 3 #H2S

AW ZFets Yo "dojmega A A2z ¥ WMFon 3Estch #uE A
= SEMo =2 AZS #HHste FAsAY. F3dAd v (transmission  EM,

Hitachi H-7100) &4 AR E formvar®Z FZEHE grid Yol AEE dojxmgx
7A%xsle] B4 7Y T TEMO=Z AHS #FHdsle] HAHs9 .

b

3. WlF A%

b, 5 £ 4 uF

F39dF Synura petersenii® F3FA U E TF-5olH HIEAES e
71 9184 6¢F & 3 o, JCSP, JDSP, WMSP #F& 3

g AlEolA FE st APE ANEE EEdol=ol "oy =YAuW A (Zeiss,
Axiovert25) shollA #zelA A FaFo] I3l (Pasteur-type capillary pipette)<
183 RABRHOR ddF9 S petersenii TTFES A (Table 3). 7
sk 7 w9 BHEu]Y(stock culture)> MES(2-[N-morpholino] ethanesulfonic
acid)® pH 6.7= <52171 DYII #®§A|(Lehman, 1976)14 16h : 8h W+ +7],
3% 60 umol m? s '(cool white fluorescent light), &% 15+1C<9 Z7Ad A X
A A, = o2 371 5, CAUPD5, CCMP854, NIES1007 #% Z+Z} A=, "
=, Do W FAH A FFedon T 37 FFok FAF oA witet
ATH

o
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Table 3. Strains used in the culture experiments and their isolation sites.

Synura

petersenii

Jinchon
. November,
JCSP swamp in 15 6.7 48~80
2004
South Korea
id d i ly 14,
jpsp | 1de pendin | July 15 6.7 43~80
South Korea 2005
Unmun .
L April 24,
WMSP Teservoir in 15 6.7 48~ 80
2005
South Korea
Czech
CAUPD5S . - 15 6.7 48~80
Republic
CCMP854 USA - 15 6.7 48~80
NIES1007 Japan - 15 6.7 48~80
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I. 2% 2 AFE 49 JHA Fdx/7Y =274

1. A% A J¥EAY Fdx/FY =274

2 AFNA 68F9 A F42FES 54 - 79T, o] F vsAET 9F
(Paraphysomonas<s ., Mallomonas% 5%, Synura® 1%)& ¥ 339 tHTable

4). Paraphysomonadaceaeiﬂrl:— 240 % Chrysosphaerella®: 2%, Paraphysomonas
% 13%, Spiniferomonas%: 9F°o 2  TFAFHo 9omn  Mallomonadaceae¥}
Mallomonas<; 36%, Synuraceae¥ Synurass 8Fo] #&H Ut} ol F = w]7]
=502 Paraphysomonss 4% (P. caelifrica, P. eiffelii, P. homolepis, P.
subrotacea), Spiniferomonas< 1%5(S. crucigera), Mallomonas% 3% (M. acaroides
var. obtusa, M. crassisquama var. papillosa, M. verrucosa), Synuras 1&(S.
leptorrhabda) % 9%°] ZAE R o™, Mallomonas corymbosat™ Kristiansen et
al.(1990)°ll oJaff H3holl A AL Ao ekl A= & ATolA Ag AU
wal B AGgE B AR Ao AEF<Q Mallomonas koreana sp. nov.& %
A - BHslo] Bastdtt = &8 Hxol X S petersenii f. petersenii’t A FA}
AH T 267 ZAAAHANN EdeH, 0% NEZ Mg mgoen, ggo® M
elongata(257) ZAF A A, 68%), M. crassisquama var. crassisquama(227) ZAFA A,
59%), S. trioralis217) ZAMAA, 57%), P. vestita(207] ZAMAH, 54%), M.
caudata(197) ZAFA A, 51%) =2 & e oH(Figure 5).
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Table 4. List and distribution of silica-scaled chrysophytes found at 37 sampling sites in Gyeongsang Province.

Paraphysomonadaceae

Chrysophaerella

C. brevispina Korshikov + cf. + | cf| + + + + + cf. +| o+ + |+

C. coronacircumspina Wujek et.

Kristiansen

Paraphysomonas

P. bandaiensis Takahashi + 4 +

P. bourrellyi (Takahashi) Preisig
& Hibberd
P.

. caelifrica Preisig & Hibberd* +

!

. eiffelii Thomsen* +

P. gladiata Preisig & Hibberd + |+ +

P. homolepis Preisig & Hibberd* +

P. imperforata Lucas + + + + o+ + cf. | o+

P. punctata ssp. atrema Balonov +

P. subrotacea Thomsen* +

P. vestita (Stokes) deSaedeleer E + | o+ + [ I of| + e o + i

P. vestita (Stokes) deSaedeleer

SSp.
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Table 4. Continued.

Paraphysomonas sp. 1 +

Paraphysomonas sp. 2 +

Spiniferomonas

S. abei Takahashi +

S. bilacunosa Takahashi cf.

S. cornuta Balonov + + I

S. crucigera Takahashi* +

S. septispina Nicholls + -

S. serrata Nicholls + +

S. silverensis Nicholls +

S. takahashii Nicholls + +

S. trioralis Takahashi + | cf. o+ + o+ o+ o+ ]+ + cf. + o+ + + o+ + | cf.

Mallomonadaceae

Mallomonas

M. acaroides Perty emend.
Ivanov var. acaroides

M. acaroides var. obtusa Itox +

M. akrokomos Ruttner in Pascher| + | + | + | +| + | + |+ + o+ + + o+ + +

M. alpina Pascher & Ruttner
emend. Asmund & Kristiansen
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Table 4. Continued.

M. annulata (Bradley) Harris + + "
M. areolata Nygaard o+ + o+ + | cf.
M. caudata Ivanov emend.
+ +| +| + + + + | A ] | ]+ + | |+ + +| +| +
Krieger
M. clavus Bradley +
M. corymbosa Asmund &
cf. + + +
Hilliardsx*
M. crassisquama (Asmund) Fott
i + + cf. +| +| + +| +| + + + + +| o+ |+ + cf. +| cf.| +| +| +
var. crassisquama
M. crassisquama var. papillosa
+ + o+ * cf. T
Siver & Skogstad=
M. elongata Reverdin + + cf. + | +| +| + + | + + | + + | + R e I o B S I + | + + | 4+ +
M. grata Takahashi in Asmund ¢
cf.
& Takahashi
M. heterospina Lund + + |+ R R + + + ot
M. koreana Kim & Kimsskk + + + +
M. lelymene Harris & Bradley +
M. mangaofera Harris & Bradley
+ + + | +
var. mangaofera
M. mangafera var. foveata . .
(Diirrschmidt) Kristiansen
M. matvienkoae (Matvienko)
+ + cf. + |+ cf
Asmund & Kristiansen
M. oviformis Nygaard +
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Table 4. Continued.

M. papillosa Harris & Bradley + cf.| + +

M. parvula Diirrschmidt cf. +

M. peronoides (Harris) Momeu &
Péterfi var. peronoides

M. peronoides var. bangladeshica
Takahashi & Hayakawa

M. portae—ferreae Péterfi &
Asmund

M. punctifera Korshikov + + + + + + +] + + o+

M. splendens (West) Playfair
emend. Croome, Diirrschmidt & cf.
Tyler

M. striata Asmund var. striata cf. o+ + + + | cf. +

M. tonsurata Teiling emend.
Krieger

M. trummensis Cronberg + + 4 4 . NN

M. verrucosa Vignax +

Mallomonas sp. 1 +

Mallomonas sp. 2 +

Mallomonas sp. 3 +

Mallomonas sp. 4 +

Mallomonas sp. 5 +
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Table 4. Continued.

Synuraceae

Synura

S. curtispina (Petersen & Hansen)
Asmund

S. leptorrhabda (Asmund)
Nicholls in Nicholls & Gerrathx*

S. petersenii Korshikov f.
petersenii

S. petersenii f. kufferathii
Petersen & Hansen

S. sphagnicola (Korshikov)
Korshikov

S. spinosa Korshikov + cf. + R T R A +| cf. o+ o+

S. wuvella Ehrenberg emend.
Korshikov

Synura sp. N

Total 101 13) 7|12 13| 8| 2| 1| 4|15/ 17/ 14| 6| 6| 13| 16| 13| 12| 4| 4| 10| 4| 5|12/ 12/ 21|18 8| 40| 5| 6| 4| 8| b| 4|13|18

*. the first record in Korea
#%. the first record in South Korea
#%% New specles

cf.: confer
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C. coronacircumspina
P. bandaiensis

P. bourrellyi

P. caelifrica

P. eiffelii

P. gladiata

P. homolepis

P. imperforata

P. punctata ssp. atrema
P. subrotacea

P. vestita

P. vestita ssp.
Paraphysomonas sp. 1
Paraphysomonas sp. 2
Spin. abei

Spin. cf. bilacunosa
Spin. cornuta

Spin. crucigera

Spin. septispina

Spin. serrata

Spin. silverensis

Spin. takahashii

Spin. trioralis

M. acaroides var. acaroides
M. acaroides var. obtusa
M. akrokomos

M. alpina

M. annulata

M. areolata

M. caudata

M. clavus ‘
|

|

M. corymbosa

M. crassisquama var. crassisquama
M. crassisquama var. papillosa
M. elongata

M. cf. grata

M. heterospina

M. koreana

M. lelymene

M. mangofera var. mangofera

M. mangofera var. foveata

M. matvienkoae

M. oviformis

M. papillosa

M. parvula

M. peronoides var. peronoides

M. peronoides var. bangladeshica
M. portae-ferreae

M. punctifera

M. cf. splendens

M. striata var. striata

M. tonsurata :

M. trummensis .

M. verrucosa
|

|

\

Mallomonas sp. 1
Mallomonas sp. 2
Mallomonas sp. 3
Mallomonas sp. 4
Mallomonas sp. 5

S. curtispina

S. leptorrhabda

S. petersenii t. petersenii
S. petersenii f. kufferathii
S. sphagnicola

S. spinosa

S. uvella

Synura sp.

Figure 5. Number of sites at which each species were found in Gyeongsang Province.
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Aol 137F AHES AAste] dAd &4
ol Al 37 % F (Paraphysomonadaceae™} #|9])+=
% "s A" Mallomonas% 4% & 33813 tH(Table
26%, SynuraZre] 5&°1Th. Mallomonas<< M.

adamas, M. bronchartiana, M. favosa f. favosa, M. favosa f. gemina, M.

5). °] % Mallomonas<:©

morrisonensis, M. multisetigera, M. ouradion, M. portae-ferreae, M. splendens,
M. striata var. serrata & 10&7F< = w7 S5Fo|Ath T3 AFE el A
A - ot T Eeslth
oA A BEE HA F4xR di e FE2 A AAdeR §@A %
St 50U, EAXC duA FEE AEIHUY. Mallomonas bronchartiana,
M. morrisonensis®t M. splendensi= @4 T olduld Fo=z dulx gon
(Kristiansen & Preisig 2007), M. portae—ferreae 9+ M. guttatar= 7 A|A Ao =2
WA A, A o2 x| oA F@ S (Cronberg 1989). & Aol A
o5 dH E= AEVF #HEFHACH

X152l Mallomonas jejuensis sp. nov.&

Z &9 N5 A S curtispina= TN ZAPA A A Edst 54%9 WE= 7+
o T3 % Mallomonas sp. 8(7T7] ZAYA A, 54%), M. matvienkoae(67Y
ZAMA A, 46%), S. echinulata(57) ZAMA A, 38%)2] =o = e tHFigure 6).
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Table 5. List and distribution of silica-scaled chrysophytes (Synurophyceae)

found at 13 sampling sites at Jeju Island.

Mallomonadaceae

Mallomonas

M. adamas Harris & Bradley* +

M. bronchartiana Compere* + + +

M. crassisquama (Asmund) Fott

var. crassisquama

M. elongata Reverdin + + 4

M. favosa Nicholls f. favosa* +

M. favosa f. gemina Diirrschmidt

& Croomes*

M. guttata Wujek + +

M. jejuensis Kim & Kims#x* +

M. lelymene Harris & Bradley + +

M. mangofera K. Harris & D.E.

Bradley var. mangofera

M. mangafera var. foveata

(Diirrschmidt) Kristiansen

M. matvienkoae (Matvienko)
Asmund & Kristiansen

M. morrisonensis Croome &
Tylers

M. multisetigera Diirrschmidt= +

M. ouradion Harris & Bradley* +

M. papillosa Harris & Bradley

emend Harris

M. portae—ferreae Péterfi &
Asmund*
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Table 5. Continued.

M. pumilio Harris & Bradley
emend. Asmund, Cronberg & cf.
Diirrschmidt

M. punctifera Korshikov +

M. splendens (West) Playfair
emend. Croome, Diirrschmidt & + + +
Tyler=

M. striata var. serrata Harris &
Bradley*

M. tonsurata Teiling emend. Willi

Krieger

Mallomonas sp. 6 +

Mallomonas sp. 1 +

Mallomonas sp. 7 +

Mallomonas sp. 8 + + T T + 4 I

Synuraceae

Synura

S. curtispina (J.B. Petersen & J.B.
Hansen) Asmund

S. echinulata Korshikov + + + + +

S. petersenii Korshikov f.

petersenii

S. petersenii f. kufferathii ].B.
Petersen & J.B. Hansen

S. spinosa Korshikov +

Total 2| 4 1 1 1 6 1| 13| 6| 6 71 12| 8

*. the first record in Korea
*%1 new species

cf.: confer
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Number of sites

M. adamas

M. bronchartiana

M. crassisquama var. crassisquama
M. elongata

M. favosa f. favosa

M. favosa f. gemina

M. guttata

M. jejuensis

M. lelymene

M. mangofera var. mangofera
M. mangofera var. foveata
M. matvienkoae

M. morrisonensis

M. multisetigera

M. ouradion

M. papillosa

M. portae-ferreae

M. cf. pumilio

M. punctifera

M. splendens

M. striata var. serrata
M. tonsurata
Mallomonas sp. 6
Mallomonas sp. 1

Mallomonas sp. 7

Mallomonas sp. 8
S. curtispina

S. echinulata
S. petersenii f. petersenii

S. petersenii f. kufferathii

S. spinosa

Figure 6. Number of sites at which each species were found at Jeju Island.
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T AU Q¥ FFEF ZFAL -4

= ol =33 ZFA(Paraphysomonadaceaed= ] 2])&
Table 60 e AT

A% @ AFE e &8 PR TE2 AAAF R de Fxee F
S o]t (Kristiansen & Preisig 2007). 43 %= dojoA widslA €3 (5 &9
H%E 50% ol S. petersenii f. petersenii, M. elongata, M. crassisquama
var. crassisquama, M. caudata® ©]7 =] AF(Kim et al. 1995; Kim 1997)¢l
Al ERE ofy el A 71 F o W B A oA S5t HAEHE TEOIH
(Takahashi 1978; Cronberg & Kristiansen 1980; Wee 1982; Nicholls & Gerrath
1985; Kiss & Kristiansen 1994; Wei & Kristiansen 1994). A% oo Al v
SHAl =33 F(F FAWE 50%°14)2 S, curtispina®t Mallomonas sp. 8%, S.
curtispina®] 75 A4 %E 4ol @ dAAH R de FES= F o] tH(Kristiansen
& Preisig 2007).

Synura petersenii f. petersenii®}t M. elongata= 74°3% Ao 377 ZAMA A
S 217} 2670 ZARA A (70260) 3 2570 ZARAI A (68%) A EA H o 7} S5kl =
Ko, AFE= Aol 1371 =AMAA T 37 ZAPA A (23%) 4 2 o] H]
v ZENEE YER AT

Mallomonas caudata®t M. crassisquama var. crassisquama+ T2 U4 &
obA A Aol AH AFe dolde #FHA FAY B =4 HEHS
H(Diirrschmidt & Croome 1985; Saha & Wujek 1990; Kristiansen & Tong
1991; Wujek & Bicudo 1993; Menezes et al. 2005; Vigna et al. 2005). ©] <
caudata’= AF= 4 B wel 1A stake] 270 AR A Ol = w4
FAUTE AFEet st VIS Ao R Aolrt doy, AgHow StEEo R
AARAE A= F5 42 54 7Y Barreto(2005) 9] 28 ZAME Pilis/Visegrad
Mountainst= 3Hit&soz A E AERZ, o 3o X3k FikAd el FAl A= M.
caudata?t "TAH A &t spAe] F 2AAA AF 3 A7l dEEAdS U
Bld Ae A9t b 2 (pH 5.63~6.68)S WERNATE AT Lo A
pHE =A3 57 ZAA Ao A 224 (pH 5.72~6.79)2 YEFW AT Mallomonas
caudata®l 38S pH 6~759 HYolA A= =&sy, pH 5 v pH =7

Rl & of
_lZi_?L

Fl(‘
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A= AA Eddctn G A Jdo(Siver 191), wiFE S F3) pH 59
< pHlA®= & AEAES Uetly F2o] 73 Ao= Uewthlee &
Kim, 2007). Mallomonas caudata®l Z3¥-& pHeF e el A2l 54
59 YIS e Jdom Holu o9 AUAAE rEeE] AdAE o B2
ATEol astH, FF F7HA A7 s ojoF & Aot
A FEo| A wAS sh=ral v 7| 2F Mallomonas%: 10EF & 8%<2 M. adamas,
M. bronchartiana, M. favosa f. favosa, M. favosa f. gemina, M. morrisonensis,
M. multisetigera, M. ouradion, M. striata var. serratay 744%= Ao oA
HA e FEoLh °olE F 53] M. bronchartiana, M. morrisonensis, M.
splendensy @A Tx= oldiAd Fo7 delx ¢l ow(Kristiansen & Preisig
2007), M. favosa f. geminat ©oFEUAd A2 Zo]Alol L{F(endemic
species) ©] t}.
Mallomonas portae—ferreae= HAAAZX R WA BE3AT, dxH oz x|
Aol A WA AT (Cronberg 1989; Kristiansen & Preisig 2007). 2 Aol A 7

Aot AT ddf 5 BAEd oY, A A AT

=

=
AAE dust AFE Ave] AR FRER
o

q

FEE YA, J1F 2 AGPH Ao] For g 7 Ade] E58tm 5

ZSo] s Aoz Yyeyy. a8y AFE duys HA FazFo] o

A7 wig- WeFshy] wpire] @A 2T Ei % el - AHH 542
1
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Table 6. Comparison with silica-scaled chrysophytes between in Gyeongsang Province and at Jeju Island. GS:

Gyeongsang Province, JJ: Jeju Island and H: a pond and bogs at Mt. Hwawang.

M. crassisquama var. crassusquama | M. acaroides var. acaroides M. acaroides var. obtusa M. adamas M. lelymene | M. clavus
M. elongata M. akrokomos M. alpina M. bronchartiana M. verrucosa
M. mangofera var. mangaofera M. annulata M. areolata M. favosa f. favosa
M. matvienkoae M. caudata M. corymbosa M. favosa f. gemina
M. mangofera var. foveata M. crassisquama var. papillosa M. cf. grata M. guttata
M. portae—ferreae M. heterospina M. koreana M. jejuensis
Mallomonas M. punctifera M. oviformis M. parvula M. morrisonensis
M. splendens M. peronoides var. peronoides M. peronoides var. bangladeshica | M. multisetigera
M. tonsurata M. striata var. striata M. trummensis M. ouradion
M. papillosa M. cf. pumilio
M. striata var. serrata
S. curtispina S. leptorrhabda S. echinulata
S. petersenii f. petersenii S. sphagnicola
Synura S. petersenii f. kufferathii S. uvella

S. spinosa
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Table 7. Physical and chemical factor in four reservoirs [Total nitrogen and

total phosphorus referred to Water Information System(http://water.nier.go.kr)].

Gyeongcheon Spring 15.2 75 98 1,278 13
Summer 259 8.4 35 1,137 18
Autumn 20.9 75 80 1,499 16
Winter 45 8 65 1,679 12
Deokdong Spring 16.2 8.1 114 1,295 7
Summer 24.8 75 80 663 28
Autumn 20.2 7.7 85 372 16
Winter 45 79 100 - -
Otae Spring 16.2 7.6 95 562 1
Summer 25.6 85 105 327 25
Autumn 19.2 7.8 105 580 24
Winter 5.6 85 105 - -
Yongyeon Spring 175 8.85 254 1,866 6
Summer 26.5 9.1 204 1,336 30
Autumn 215 85 150 232 8
Winter 55 8.2 150 300 13
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2) AEEFIAEY AEH AF

47 Zhe) AEEFFAE AHA WEL Figure 79 HERASIT

ARz AEEFAE AFEUEE FSo] HA2A 362 cells ml A AL
el 1,222 cells ml e W2 YEtyth(Figure 7A). EFTE AL TEF
7F A A AA 7P =4 deEt SUERERY SExRE i
GaZzFE 7haol v A =& AXUEE YERA

HEso] ARITYIE AEUrE AL 419 cells ml 2 7P weron
895 cells ml'2 7} %A Jeldth(Figure 7B). EHFaE AL &l 27
7 7w AEEEE YEed S AlQsta, xR P =4 et

ZzHe B, dZRE o wud ¥ ATUES b}wom

kl
S
“}—‘
—
[00]
(@)
(@)
S,
o
3
fo
4
o
T
i

%
o
o,

ﬁd
N
)
9
g rlo ©

(Figure 7C). +#7 w4
L AYsta %

B_oﬂ;qg m

=27

FaE AXUEE B3 oJFo] 77t 14445 cells ml '3} 12,370
cells ml'2 wf$ =A Ve, 7hSe 395 cells ml'2 F2438] 7HasgoH, A
Soll 1,312 cells ml 'S WEFAtH(Figure 7D). ZAF 713F 9 FERFIF b =
Al vebton, & 7HY TahekeE vEA FEx2[FIF 55 HAste] Thsol

=0 /\-”11‘1:11\: OX-] ]_ r,]_

0.

Ao 47fe] sadA Azl 7t "Usse H& At dgxie

&
4
A HBEFAE TANA S e A e AARAL
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Figure 7. Cell density (cells ml") of phytoplankton in four reservoirs. A:
Gyeongcheon, B: Deokdong, C: Otae, D: Yongyeon; Bac.= Bacillariophytes, Chl.=
Chlorophytes, Chr.= Chrysophytes, Cry.= Cryptophytes, Cya.= Cyanophytes,
Eug.= Euglenophytes.
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Figure 7. Continued.
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3) WA FZxF +JTA

A7) B ol thek AE A B X9} £4E Table 87 Figure 8o YEH AT
AHAZAA AHA SFdFxFE= F 1250 ZAE A Y. Paraphysomonadaceae¥} 2]
Chrysosphaerella®; 2%°] =d3t0 2™, Mallomonadaceae® 2] Mallomonass 6%,
Synuraceae?} @] Synura® 4%Fo] ZALE AT AdE 5= HHIA AL
1Eoz 7HE gokow, 53 ofFd 747t 1§ = 7HE A3l

HE3oA QHA SFaxF= £ 201F0R2 o F wEAHHE Paraphysomonass:
1%0] EZ& %t} Paraphysomonadaceae = 105 S 2, Chrysosphaerella®:©] 1%,
Paraphysomonas?©] 43, Spiniferomonas°] 5&°] ZA5 %12, Mallomonadaceae
3ol Mallomonas<:°] 7%, Synuraceae® | SynuraZ:o] 4Fo] ZAME AL AddE
T HesdA 7hed 17522 7HE Bskon, ool EdskA skt

Rl

QEfA oA AAA FAXFE T 18Fo = o T HF Mallomonas%;: 1%

o

o\

i

O

=

o]  E3EAY. o] F  Paraphysomonadaceae®} 2]  Spiniferomonas<s =
Mallomonadaceae®} 2] Mallomonas<s 10%, Synuraceae®}2] Synuras: 4F°] ZA}
HAth AAE T QHAAA Fd 9FoE UMY Bgkoen, qFol= =4t
A gko, 7SIt Aol zhzt 8F 3 TF o] FAFH A

AR NA AH\AAY FdxFE= F 8Fo] #E SR Paraphysomonadaceae¥} =
35902  Chrysosphaerella:©] 1%, Paraphysomonas<°] 2%9°] ZAIE A oH,
Mallomonadaceae® 2] Mallomonas< 3%, Synuraceae™®] Synurass 2%°] =9
shltt. EAA oA THE FE FE50] 563)H AE@F)d A=, o
T4 7hede QA FExFIE FA8HA FokHh
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Table 8. Seasonal occurrence of silica-scaled chrysophytes in four reservoirs during the study period.

Paraphysomonadaceae

Chrysophaerella

C. brevispina Korshikov cf.
Paraphysomonas

P. bandaiensis Takahashi +

P. gladiata Preisig & Hibberd

P. imperforata Lucas + +

P. vestita (Stokes) deSaedeleer + +

P. vestita (Stokes) deSaedeleer ssp. +

Spiniferomonas

S. bilacunosa Takahashi cf.

S. cornuta Balonov + +

S. septispina Nicholls + +

S. serrata Nicholls + +

S. takahashii Nicholls + +
S. trioralis Takahashi + cf. + cf.
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Table 8. Continued.

Mallomonadaceae
Mallomonas
M. acaroides Perty emend. Ivanov N N
var. acaroides
M. akrokomos Ruttner in Pascher + + cf.
M. alpina Pascher & Ruttner N
emend. Asmund & Kristiansen
M. caudata Ivanov emend. Krieger + + + + + +
M. corymbosa Asmund & Hilliard +
M. crassisquama (Asmund) Fott
+ + cf. + +
var. crassisquama
M. elongata Reverdin + + + + + + + + + +
M. grata Takahashi in Asmund & of
Takahashi .
M. matvienkoae (Matvienko) of
Asmund & Kristiansen '
M. parvula Dirrrschmidt cf.
M. punctifera Korshikov +
M. striata Asmund var. striata + cf.
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Table 8. Continued.

M. tonsurata Teiling emend. Krieger + + + +
Mallomonas sp. 3 +
Synuraceae
Synura
S. curtispina (Petersen & Hansen)
" + 4 + cf
Asmund
S. petersenii Korshikov f. petersenii + + + + + + + +
S. petersenii f. kufferathii Petersen
4
& Hansen
S. spinosa Korshikov + + + +
S. uvella Ehrenberg emend.
+ +
Korshikov
Total 1 1 4 11 6 0 17 10 9 0 8 7 2 0 0 6
cf.: confer
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Figure 8. Species number of silica-scaled chrysophytes in each sampling

reservoirs.
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o
7hgel HstA e, A ddxFe AdY 2de UE AE
oAEFH 729 FxFol 93 shading, 73 (competition) 59 IS W= Ho
2 H I (Kristiansen 1983).

A Zho FEF YHES AAAF R HA E¥E3E FE] A (Kristiansen
& Preisig 2007). Mallomonas caudata= 9% Z3A3tH, 3434 % (indifferent
species) 0.2 Fooks o} Hlgudso| sty LdelA Urh(Siver 1991). o] =&
pH 6~759 WHeldA Hd= =sHA%, pH Hel A= A A d T
Mallomonas caudata™ W= FFFsoax wIHsA =&, dF 28k
32 FdA 7% rHGutowski 1997; Kim & Hwang 2001). Lee & Kim(2007)
o) widAE AN M. caudata= 5 % A AFS el en, 18T
EE 21CoAA A ES HeEPS 3 pHel disiA b2 pH HeelA A
S YElle, 53] pH 5~74 HUAEES UYEFW AT Kim et al.(2009)
g AAE S WS dIE 5 HHAA AES HEdd e, 82 uM E
165 M A2 (NO»T 115 uMe] 14H (PO, o] Hodok oo =7
AM HAFES YEHATL Basdth & A9 NG/ TIEFEd 4 &
2o A SAAE AYstaL M. caudata= 7V AL AR Mallomonas
elongatay™= A4 Z(cold water taxon)o. & delx 9o, sdAA AZFS 7}
2 pH #34$4%(pH indifferent species) 2 & x ¢ tH(Siver 1991; Siver &
Smol 1993). Lee et al.(2005)2 & A 23 M. elongata’} #A-=(12~18T) %
Azl d 27 (pH 84~95)S YERH FAA &2 A7 < 35 AT
B3k}, wal vhoksk ’“iﬂoﬂ/ﬂ M. elongatas w2lste] WA d S {%l/\]f?}
I, 15T e 21TCY 92 2=oA HAdGES HEAS Y 25T =
Lol Al dEbubA] gkew, pH 69 ofbA FxelA Hu A
S Yetdtk(Lee et al. 2005 Lee et al. 2007). ¥ A9 FHZ A o &(25.
9C)l M. elongata®l Q1¥Ho] =EA TAH RS ALsta 47 TholA= 21T
ko]l A 2o AAoA LAEJY. Synura curtispina= 9.0~223C9 <%, pH

ol
=)
o

flo o
l

s

o M R

2 u
it
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6.4~8.62 WX EAs ] (Barreto 2005), W< FU4d T HMAEFEL 186~
669 ug 1", &< 7~130 ug 1'HollA &4 v (Barreto 2005), ¥ 24 o
Aty oz Yepdoial s TH(Siver 1995). 2 AFoA = 47 4 BT AS B
= 7S AL =33t Mallomonas crassisquama var. crassisquama, S.
petersenii f. petersenii= % Ao &3, &% pHe} 22 374 8l tish
FASAFER dHA ot (Siver 1991, 1995), 2 AFol M= oIES AT 7
o A3
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2 655~99= bAoA = dZE Aol HAVIHAEEE 209~916 | !
2 Yehydt 449 F902 } oo

FHE YER AT

p=1
1} 7 -
747y 1755~4,921 ug 1'3} 24~346 ug '8 ¥4 %
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Figure 9. Physical and chemical Factors of Jinchon swamp. A! water
temperature (WT, C) and pH. B: electrical conductivity (EC, uS cm ). C: total
nitrogen (TN, ug 1) and total phosphorus (TP, ug 17).
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2) AEEFIE E U8 FZEFY AEF ¥

A2 WH%& Figure 10°] YERH AT
L 2005 190l H2¢1 1,210 cells ml ol A
2009 11€ell Haxel 25514 cells ml o] W¢ = el chFigure 10A). BH

rp
el
1o
)
o
il
o
W
i
1o
X
e

H O AAA HFoA FERF MELETE A Al-de AAH =4 dEiston, =z
FE B oEd, SHEEHFE B =2 AXEEE YJEYAY. S22 FE &
I 7S =& AEUEE YERNRITE ©] £ Synura petersenii f. petersenii:=

109 3(162~196C, pH 83~850°] w4 =& ANTUEE el (H X
25514 cells ml™) 82 34319 tH(Figure 10B).

o,
ol
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Figure 10. Cell density (cells ml™?) of phytoplankton (A) and Synura petersenii
(B) from August, 2004 to August, 2005 and February to November, 2007 in
Jinchon swamp;, Bac.= Bacillariophytes, Chl.= Chlorophytes, Chr.= Chrysophytes,
Cry.= Cryptophytes, Cya.= Cyanophytes, Eug.= Euglenophytes.
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N\ xR ALY W AL F T Table 99 Figure 11 e}

2 dAFdA e U dExRe T O4A0FLeE, o T vEAET 5FE
(Paraphysomonas% 2%, Mallomonas<: 2%, Synurass 1%)o] %35 AtH(Table
7). Paraphysomonadaceae™ = 113 ° =2, Chrysosphaerella®: 2%, Paraphysomonas
& 7% Spiniferomonas%; 2%E°] #ZEQ o™ Mallomonadaceae®t Mallomonas:
23%, Synuraceae¥ Synura% 6%&°] #F AT}

AR FHaxFo AdE =d T T 3TLE A7 MY BRew, 1
t&og o 23F, 7F&ol 19F¢] ZAMEACH, 2534 7h&ed 12502 713

27 vhebek o (Figure 11).
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Table 9. Seasonal occurrence of silica-scaled chrysophytes in Jinchon swamp during the study period.

Paraphysomonadaceae

Chrysosphaerella

C. brevispina Korshikov + + +

C. coronacircumspina Wujek
et. Kristiansen

Paraphysomonas

P. bourrellyi (Takahashi)
Preisig & Hibberd

P. caelifrica Preisig &
Hibberdx

P. eiffelii Thomsenx* 4

P. subrotacea Thomsen* +

P. vestita (Stokes) deSaedeleer + + + + + + ¥

Paraphysomonas sp.1 +

Paraphysomonas sp.2 +

Spiniferomonas

S. silverensis Nicholls +

S. trioralis Takahashi + + ¥ ¥ +
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Table 9. Continued.

Mallomonadaceae

Mallomonas

M. acaroides Perty emend.
Ivanov var. acaroides

cf.

M. akrokomos Ruttner in
Pascher

M. alpina Pascher & Ruttner
emend. Asmund & Kristiansen

cf.

M. annulata (Bradley) Harris

M. caudata Ivanov emend.
Willi Krieger

cf.

M. corymbosa Asmund &
Hilliards

cf.

cf.

cf.

M. crassisquama (Asmund)

Fott var. crassisquama

M. elongata Reverdin

M. heterospina Lund

M. mangofera Harris &
Bradley var. mangofera
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Table 9. Continued.

M. mangofera var. foveata
(Diirrschmidt) Kristiansen

M. matvienkoae (Matvienko)
Asmund & Kristiansen

cf.

cf.

M. oviformis Nygaard

M. parvula Dirrschmidt

M. peronoides (Harris) Momeu
& Péterfi var. peronoides

cf.

cf.

cf.

M. peronoides var.
bangladeshica Takahashi &
Hayakawa

cf.

M. portae—ferreae Péterfi &
Asmund

cf.

M. punctifera Korshikov

M. striata Asmund var. striata

cf.

cf.

M. tonsurata Teiling emend.
Willi Krieger

cf.

cf.

cf.

M. trummensis Cronberg

cf.

Mallomonas sp. 4

Mallomonas sp. 5
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Table 9. Continued.

Synuraceae

Synura

S. curtispina (Petersen &
Hansen) Asmund

cf.

S. petersenii Korshikov f.
petersenii

cf.

S. petersenii f. kufferathii
Petersen & Hansen

S. sphagnicola (Korshikov)
Korshikov

S. wvella Ehrenberg emend.
Korshikov

Synura sp.

Total

10

10

16

14

12

20

13

12

*. the first record in Korea

%! the first record in South Korea

cf.: confer
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AEFY JAAA 2427 T2 A2oA Brtb oyt oAk =353

t}. Gutowski(1997)& HHE =& A7 AE%(521~1,044 4S cm HE HEd 5

r-{

d
it

o] 297 R gse dZEA TaEC U FExFE B Sl SR
ow, oFde e 27Tl oA Eﬂiﬂﬂﬁ’iﬂ‘ri Bk £ e 2o
thar ® 89 th Kristiansen(1988)& 4o oF 3} %

e
i)

Mo M ki
oX,

o

AAAY xR T wol M &

X2
k]
o
&
N
N

=
=%
A Ee FTFE YEd
59 Tystrup Seoll A

3

Aejstar A A7 TTe 0~5%9 WAAR yeutew, of g 7P AA u
Ehyktta ®aekgth Kiss & Kristiansen(1994)& Q184 4275 d9F v 2
S5 YERAT wuj2 B3 7hSe] BE FEo] WISt EdskH, F3tE A4
Sttt R sty B Ao A FaEFE 5 e AEEEVE EokoH, &
3] 7}Sol= S petersenii f. petersenii’t S3tE FAFIATE o] AFEL o)A
A= Aot dAd. 1Yy T AEA Wste ojde Aiete tha
ol 7b ATk B AFolA = B VMR E 5C2715T0)d ¥ Be TES
AR, dibdor FPGFTAME FxF 2/ AdH R 52 N
45 A3} (Eloronta 1986; Naselli-Flores & Barone 2000), %771 % o &
T 953 7S 59 $H 3 tH(Kristiansen 1988; Kim 2001; Kim & Kim 2004).
3 Kristiansen(1988)2 194 F4x79 A2 A& A5H 7HSel 24 &
el 2 AT B Al dojdtia Bt vE FdYdE FAeke
O2A &5 AEZSHIAE 77 AF F277F MHUSA EdsAY 435
Row, G277 oS XA BE AM AA ¢ =200 984 g2 x

o
e s %?}‘iﬂr WA T A A (population growth)ol] QA A &S A& A w1t
AFH 7S 23 F8 FHFo] ofygd, AAA

o}
RARR S HH*?‘ ARk 33C 9 22 w2 SrdAE B FEo] 8 Aot

Kristiansen(1988)2 -4 k3 ¢l TystrupSeol A <1AHA SazxFo A-d4 =9
(occurrence)oll 3l 370 A4 3 (seasonality types)S YWEFITI 3Fic); & =3
(in spring only), &/7F &% (in spring and autumn), 15 ¥3 A AHd =3
(during the whole year including summer). =3 15 £ divgss 2855 X3
g e 2RoA FE2 EFFIT s £ dATdAE iR TS50 6

<= HefelA SdadAR 28 F52 54 AdS A3z st (Table 10).



Table 10. Seasonal characteristics of silica-scaled chrysophytes in Jinchon swamp.

Paraphysomonadaceae | Chrysosphaerella C. brevispina C. coronacircumspina
Paraphysomonas | P. vestitia P. bourrellyi
P. caelifrica
P. eiffelii
P. subrotacea
Spiniferomonas S. trioralis S. silverensis
Mallomonadaceae Mallomonas M. caudata M. acaroides var. acaroides M. akrokomos M. crassisquama var.
M. corymbosa M. heterospina M. alpina crassisquama
M. tonsurata M. mangofera var. mangofera M. annulata
M. mangofera var. foveata M. eléngatq
M. matvienkoae M. oviformis
M. parvula
M. peronoides var. peronoides M. striata var. striata
M. peronoides var. bangladeshica
M. portae—ferreae
M. punctifera
M. trummensis
Synuraceae Synura S. petersenii f. petersenii S. curtispina S. sphagnicola
S. petersenii f. kufferathii
S. uvella
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Paraphysomonas vestitia, Spiniferomonas trioralis, Mallomonas caudata, M.
corymbosa, M. tonsurata, Synura petersenii f. petersenii~= A AAQd ZAx 3z
Het s F5¢ BE Be AToNE oA Wid Addel 9k Aew u
E} sk tH(Roijackers 1986; Gutowski 1989, 1997; Siver 1991; Siver & Hamer 1992;
Lee & Takahashi 1993; Ikavalko 1994; Kim et al. 1995, Kim & Hwang 2001;
Franceschini & Kristiansen 2004).

2 FEL2 A9 AA(cool/cold season) ¥ o}yl o E(warm season)o] =
=d3lAt. Siver(1991)3 Gutowski(1997)2 M. acaroides var. acaroides, M.
heterospina, M. matvienkoae, M. punctifera’} 5 < =% WA WS HERH
. BHystgon B AgAznE AX eIt M. mangofera var. mangofera®t
M. mangofera var. foveata, M. peronoides var. peronoides®} M. peronoides
var. bangladeshica, M. portae—ferreaer= <53 T Fg Add Fdadvta <&
A A hIto 1991; Siver 1991, Gutowski 1997; Kim & Takamura 2001; Barreto
2005). HERF 252 dUAY E= ofduiA G 2uiAH e msd AE Sl =
=33t B ¥ A (Cronberg 1989; Saha & Wujek 1990; Péterfi & Momeu
1996; Siver & Vigna 1996, Gutowski 1997, Wei & Yuan 2001; Vigna et al.
2005; Kristiansen & Preisig 2007, Kim et al. 2009). Mallomonas trummensist
Aol A oA AR O Y (Cronberg 1975; Némcova et al. 2003), ¥ -0l A
T M. cf. trummensis$t M. trummensis® A\ 7+ E (bristle)E ZH2F o £ (30.
7C)3 ZBo #EHJC}. Synura curtispina®t S. wella’= A A Ao #AZHEH
(Roijackers 1986; Gutowski 1989; Ikavalko 1994), ¥HH S. petersenii f. kufferathii
= ALY} B(05~200)d =331 (Gutowski 1989), A E=&= wiedt 44
e =EA HAEY ®uFEtH(Saha & Wujek 1990; Kim et al. 2009).
Chrysosphaerella brevispina 5 8% A2 A& (cool/cold seasons)el] = a3}
AT}, Chrysosphaerella brevispinay & A9 FA|d A %3 3% v (Cronberg
& Kiristiansen 1980; Roijackers 1986; Roijackers & Kessels 1986; Kristiansen
1988; Wee & Gabel 1989), &5 &dstv, 53] 693 7¥(23~2927) AH&
Ueldtty H ¥t (Lee & Takahashi 1993). Mallomonas akrokomos, M.

annulata, M. striata var. striata, M. elongata™ W33 +4 T BE A 2
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A4 29 & oy (Hallfors & Hallfors 1988; Ito 1991; Siver 1991; Calado &
Craveiro 1995; Barreto 2005; Kim et al. 2009), ¥dxtx oz A8 Hz3c}
(Takahashi 1978; Cronberg & Kiristiansen 1980; Kristiansen 1985, 1988; Ito
1988; Siver 1991; Gutowski 1989, 1997). Gutowski(1997)= M. alpinaSt M.
parvula= == W FHFHFTHL st 2y 2 A= cold
seasonsol| A 7t #ZE AT}t Mallomonas oviformisye A 24 % (cold water form) <.
2 deA dow, Fgeksty Gz d AXolA ASHE B7FA X5 (Siver
1991; Gutowski 1997), o]&= ® -9 Axle} A st

%2 Paraphysomonadacea®2] 53 Mallomonas crassisquama var. crassisquama,
S.  sphagnicola= 2% o]E(warm season)ol%t #ZEHST  Chrysosphaerella
coronacircumspina= R ZAldl Z3stH, polythermal® &F¥thal st oLt
(Roijackers 1986; Ikdvalko 1994), ¥ o] AFEL T2 oFo Zdstha s
tH(Hallfors & Hallfors 1988; Ikdvalko 1994). Paraphysomonas bourrellyi= &
Ao Fdsttar 3 tHIto & Takahashi 1982; Preisig & Hibeerd 1982; Lee &
Takahashi 1993). Paraphysomonas caelifrica?t P. subrotacea~= 5= AZo| W3}
Al EdsHAIRY, P eiffeliiz= w15 == A #2EH(Preisig & Hibberd 1932a, 1982b).
Barreto(2005)= S. silverensis7t A-=(9.6TC)el A AL 3tk Mallomonas
crassisquama var. crassisquamas 5= Al &Y, Y& 2% HooA U
de 7HI(Siver 1991). 12yt & Aol = o FEol AAFow =FsAth
Synura sphagnicola= 114 %F(warm water taxon)o = # &gzl glow
(Kristiansen 1975; Siver & Hamer 1992), o]+ & o] Aol o x]3}9)t}.
AEAORE FFEFSS] EFAA AL FAEFY AED == A9 AH

=A veErsth 53] S petersenii f. petersenii= 7<) & AXUEE e

H F3tE FAskAH i TE°] B 2% HedA EdsAu, 2E F
58 EA AAS HA5EAvt. Paraphysomonadaceae® o] tii-iE F=E3 S
sphagnicola= o &7 AL TH T8 FIUgse g, JEHoA SIAA 3

2z5e AAA gEegaEe] 5449 ARAQ

2 4 2 2
Sleg 5%, pH $)° BHAe 45480 JFL W2 Aotk 53 F5o I
% 3 H

| e W ow

L

oy

o
2
1
K3
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3. 343t £A 9 FAA AWA FLExF ALH AF

1) 373289

oo A 3t 829 X9 4 2¢ WES Figure 120] YeERRAT. 5
=2 7 57~252TCH 74~256C° H9= vebgth(Figure 12A). pH %2 &
A7} 5.63~865, AI7F 575~7992, FrEA oA L %gwg% UER o,
SA oA 20080 7TEHE 11€97HA] oFatA Aol A 2008 4€
7 69S AL BE A A7 ok E YER I tH(Figure 12B). A7 EE
= gAolA 57.7~888 uS cm !, FA A 489~320 uS cm ‘2 UEFREO W 2008
d 1080l A9 ANHAEETL = b}E} e Azl 93] Eo] 7HEY] o
w9l Ao 2 Bvk(Figure 12C). €49 F2 43 F902 217 118~640 ug 1'%
69~136 ug 1'% YEFN A THno Figures).
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Figure 12. Physical and chemical data of Yong pond and bogs at Mt.
Hwawang. A: water temperature (WT, C), B: pH. C: electrical conductivity
(EC, uS cm ™).
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Figure 12. Continued.
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AeEETaE % 994 ¥

¥+ Figure 139 YERA AT

gA AN AEZYaE F AZUEE 2008 69 H A<l 203045 cells ml™

S YER e, SxF7F SAskdh JIAHAd FEEFE Fol =A e
o] Hax9 12,183 cells ml'S YERAAC

il

2009 4€¥€o] A&
W 1 % Chrysosphaerella brevispina’} F 56%2] 4 v &= 43}
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Figure 13. Cell density (cells ml") of silica-scaled chrysophytes from April,
2008 to May, 2009 in Yong pond.



3 VU FZ=FY oHTA
Gab A} FANA AR FHEF F 20Fo] #FHUJH(Table 11).

Paraphysomonadaceae®+= 7% 2.2, Chrysosphaerella®; 2%, Paraphysomonass: 3%,

2

Spiniferomonass; 2&S X335 2™ Mallomonadaceae® Mallomonass < 12%

Synuraceae?} Synura:2 1Folth. . AFoA b= 07| 5 FL 20099 443}
1€ FA A M. verrucosaE &7 - 73t th

ARG A T A T BAVF 3~10F, A7 1~-1159 W=
e tH(Figure 14). 53] Synuras& 54 o A% T&%Qi’i‘jr. | ek FA ol A
55 Paraphysomonas vestita, Mallomonas crassisquama var. crassisquama, M.
punctifera’} 717 HIHSHA A3 Y. 53| M. crassisquama var. crassisquama
9} M. punctifera= SA A EE ZAF Al7| Ax EdEUrk wrHo
Chrysosphaerella coronacircumspina, M. cf. matvienkoaet= &A% &3
o ™. Mallomonas akrokomos, M. clavus, M. papillosa, M. verrucosa, Synura
petersenii f. peterseii A oA T =& 3%t

Mallomonas verrucosa= Vigna(1981)ell ela] ©n] oF=3lE Y (Argentina)ol A
A AR, AA7MA AFFToR dHA AATH 2 AFolA o] Fo
Ao g AEAFsHA el 2 (biogeographical distribution) =4 2 uE XA
fRA=g
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Table 11. List of silica-scaled chrysophytes in Yong pond and bogs at Mt. Hwawang.

Paraphysomonadaceae

Chrysophaerella

C. brevispina Korshikov 4 + + . R

C. coronacircumspina Wujek et.
Kristiansen

Paraphysomonas

P. bourrellyi (Takahashi)

+ + + + + cf. +
Preisig & Hibberd
P. imperforata Lucas + +
P. vestita (Stokes) deSaedeleer + + + + + + + + + + + + + + T T
Spiniferomonas
S. septispina Nicholls +
S. trioralis Takahashi cf. + + + + + cf. cf. +
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Table 11. Continued.

Mallomonadaceae

Mallomonas

M. akrokomos Ruttner in
Pascher

M. clavus Bradley

M. crassisquama (Asmund)
Fott var. crassisquama

M. crassisquama var. papillosa
Siver & Skogstad

cf.

M. heterospina Lund

M. lelymene Harris & Bradley

M. mangofera Harris & Bradle
var. mangaofera

M. matvienkoae (Matvienko)
Asmund & Kristiansen

cf.

M. paillosa Harris & Bradley

M. punctifera Korshikov
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Table 11. Continued.

M. trummensis Cronberg + + + +
M. verrucosa Vigna* + 4
Synuraceae
Synura
S. petersenii Korshikov f. N N
petersenii

Total 4 3 5 3 6 8 6 8 6 10 7 4 3 2 2 7 8 1 1 9

*. the first record in Korea

cf.: confer
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Figure 14. Species number of silica-scaled chrysophytes in Yong pond and

Bogs at Mt. Hwawang.
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stebal 81 9F FA= =2 Auj(ef 756 m)oll fAste] AT dAHoR e 5
£(<2527C)= e e a4
A 5o G =S HEd AS AQstal 7 FAE oMY 23S
EfUiSlth &AM AEEHAE THAA FHAEFE A2 A =
= Yell e, 53] Chrysosphaerella brevispina’?t 7F4 =2 A¥Xd:

11,896 cells mlI')= A3t old AFEAA C brevispinas A< FA 9
A EZdeta 5 oY (Kristiansen  1988; Wee & Gabel 1989), Lee &
Takahashi(1993)= ©] Fo| dF &5, 53] 23~293TC 9 #& 2=olA AA
S yehdiga s B AFol A C brevispinas B Al7]dWF Zd 5o,
128C9] Ao xAelA HAd AMxdE= H5te] Lee & Takahashi(1993)9]
Aol dA| sk okt

B Ao Paraphysomonas vestita, Mallomonas crassisquama — var.
crassisquama, M. punctiferat= &*9} FA A 71 HIHEHA &8 Foly, U
BB ZAF A7l #EEH AT Spiniferomonas trioralis®} M. crassisquama var.
papillosa= &, 95, 7FS A7l &3t o] & diFE2 wWask AdA o]
Y W 2= ®edA Wds Uedle 2os %Eﬂxﬂ ATH(Siver 1991; Kim

et al. 1995). Chrysosphaerella coronacircumspina, Spiniferomonas septispina,

oo
Ry
S
oy
o
DO
(@)
o
(0%e]
"
&~
e,
i
[@))
e

o
Ry
o
DO
(@)
(@)
o)
an

lr'f% /\-ﬂ hvalsi]

Mallomonas clavus, M. heterospina, M. lelymene, M. cf. matvienkoae, M.
trummensis, Synura petersenii f. petersenii= & A7|dw Z=&HsIA T}
Chrysosphaerella coronacircumspina, M. matvienkoae, S. petersenii f. petersenii
= BE Add FdaAY, BE83 AdA e Aoz A Jdow(Siver
1991; Ikdvalko 1994), 9 ¥5<Qd JAEFNAME 2 2o Edse Aoz
el ok Kim et al.(1995)2 S. septispinaS 5714 92 (7FS)dl #4592
U B dAFoE 20099 59 (E)e A AY. Mallomonas  clavus$t M.
lelymene= 4Fd 2] Ao A FF 7% o= ¥ (Takahashi & Hirose 1972; Siver
1991; Barreto 2005), ¥ AFAlA % 2008 493 6¥€& AlQsta 4AHde] =&
et A FA o AT A AT, Mallomonas  heterospinaY~= #=%%(cold
water species)C.® 4 A QoW (Siver 1991), ¥ Ao Aol U st

Mallomonas trummensiss A <9 FA A LAREE Zo=z d#zx gon
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(Cronberg 1975; Némcova et al. 2003), ¥ A9 Aol AX A qE Fogudks9l
AEzZAAME M. trummensis®] 729} Q1H-S % & (early spring) ¥4k ofye} 11
2(30.7C)9 o5 A7l = &dst= Aoz YENYT. Mallomonas mangofera
var. mangoferat= 71-&3 Fo] A9 AlAd Aoz WAL= A F(acidic
organism) S 2 T E A M (Siver 1991), ¥ AFo M= 7S Al7]d] AbAle] A
oA Z&HsA . Paraphysomonas bourrellyi, Mallomonas akrokomos, M.
papillosa, M. verrucosa= =3 71 A7l &=d39Y.  Paraphysomonas
bourrellyix= RE Ado &= Aom delx YriIto & Takahashi 1982;
Preisig & Hibberd 1982; Lee & Takahashi 1993). Mallomonas akrokomostT %
2 2% He oM (eurythermal) = &34 WH(Siver 1991), A& Hol =& A2
T2 Yehy, o E(mid-summer)e] HAE  VEPGTH(Siver 1991; Kim &
Takamura 2001). T3k o] F2 Y2 pH ®HG2~80)0A4 #HFHW, AHHF
(acidophilous species) B+ pH #4343 (pH indifferent species) o 2 & # <l
tH(Siver 1991). Mallomonas papillosa+= Xﬂ%% Azst, pHol tha M F
(acidobiontic & acidophilous species) =+ #4-SAF o2 =3 3cH(Siver 1991).
2 AFAN T T BT A 219 FA A 1 o] HI 7hSdd HAHAT.
Mallomonas verrucosa™ %7 ¢] ol2ZdE}e] nHEoz a8 9o H(Vigna
1981), & AFolA FAA A= Al7]Q] 2008 4€ (82T, pH 7.99, 589 uS
em DY 11€(7.4°C, pH 575, 220 uS cm ell A= i},

|9} FAH oA Mallomonas caudata, M. elongata, M. tonsuratax= 2% A
gort}. o] FEL HAAARE Ty FE¥stH, dZ] A F(alkaliphilic species)
T+ pH F484dFe= dHA )t (Takahashi 1978; Siver 1989, 1991; Péteri
et al. 1998). E3F A= Ao e AR A A WA de= FECI
1tk Barreto(2005)= &7kgle] skl o8] AAE Pilis/Visegrad Mountains
o] HEY FAELS HFILsd #e A FAFE(acidic bog pond) S Z, M.
caudata®} M. tonsurata?} LA A kvt H sk th 28y Novakova et
al.(2004)+= pH 6.5%1 2F2H4 2] Kachemoorol Al M. caudata®t M. tonsurata® <1H
S BFEA Tt HaE g o, Némcova et al.(2003)& pH 469 2*& pH =4S
Ueld Hledor ®ala(Lake Cerné)l X M. caudatad #2349 cha Rasbe)o)

L
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Mallomonas caudata®t M. elongata= WY HA3HS T3 pH 5~62 thih *& pH
ZA9NA HAPAFES YHEUHAH(Lee & Kim, 2007, Kim et al. 2009).

Mallomonas caudata, M. elongata, M. tonsurata® A&Z Z3 3} F ¥

3101
S pH o] A3l & A7 gQlo=m ZGspARt Aol &2 Aow
Btk EZE o= pHOF 22 ©de] &g aclo] ofd & &4 a(2x, 9%
A S dEEIH] ¥ T Ao Helvh
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1. 334 F Synura peterseniid 3 54

1. €%, pH, } %7} Synura petersenii® A7l X 9F

B Aol AA&E Synura peterenii & =Wl FACNA &3 371+, JCSP,
JDSP, WMSP®] =%, pH, d=of g AFEAD A7+ Kim et al. (2008)°] &
dgk HFE AMEste] FdEglen,  melA  EE¥E CAUPDS(A ),
CCMP854(7] =), NIES1007(¥£) 59 3/ #F5 F7I8t = dis 45
e ZAEEA Y 2%, pH, #=o W3t Synura petersenii®l 37 Z7L Table

129} 2ot

Table 12. Growth conditions of Synura petersenii [Data of three strains from

Korea (JCSP, JDSP and WMSP strains) referred to Kim et al. (2008)].

5 5 6~112 pmol m % s™! 80 umol m 2 s
JCSpP 9~27C 15T 55~82 8.0 3 )
at 9, 15 and 21T at 15C
i i 6~112 pmol m 2 s} 80 pmol m? s’}
JDSP 9~27C 15T 55~82 82 . .
at 9, 15 and 21T at 15T
B B 6~112 umol m?s? 112 pmol m?s?!
WMSP 9~27C 15, 21C 55~80 75 5 .
at 9, 15 and 21T at 15T
CAUPD5 5~25T 20T - - - -
CCMP854 5~25T 20T - - - -
NIES1007 5~25T 20T - - - -
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2. AAtFG o] Synura petersenii® A 7o v X J3F

Synura petersenii®] ZAArA Fxo st A% 52 Figures 159 163 2t}
Synura petersenii 3 i JCSP, JDSP, WMSP 5% 0~10 uM AA+4

oNA vt AT S YERNI oY 25 uM o]/de] HAakd e FReA =2 T
At AAFS YRt gtHe] CAUPDS, CCMP854, NIES1007 oA+ 0~
250 uMe] A4k sEolA AAEE WEtlATE Synura petersenii 6 T+ 50
uM HE= 100 M A4k sl HAd g ES HERl Lo

JCSP #F+ 0~10 uM 24 FZelA wi¢ w2 AT s UEhdiAY

<
o\
—
(0e]

©,
=
w
(@]
O

T HE F AEUETE SUMEE HE 149 B 169 9
7<E1

=
FEAE Fet wmE VAT A U

] =

] A Ao AEEE 217,700 cell ml'E ERW AT
WMSP #5F% 0~10 uM H2bd oA e MAT A4S vepgdlen, 25
% &

uM ©] 2R, A4S YER A tHFigure 15C). 25 uM3+ 100
pM A2 sxellA HE § AxdErt Svbett A% 149 ol MAT 4%
o] A9 gIAY FasArh 50 uM AAtA FEolA HE F wE ANAT 4TS
Ueliilen, HE 12¢ ol F Attt WMSP w5 250 uM Ak F &
A dE T e AT S deEdden, FF 18Yed Ao AEUE 272,800

H
A F7kske]l HF 169 § #2825, 50, 250 uM 2t F =
T w2 AAT e dErlen, HAEEEE 250 uM 2 sl A
Z]
H

Z 18Y0l| 176,400 cells ml'& v}ERY
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CCMP854 w5 3 e A s=odA =& /AT A4s Hetl A H(Figure
15E). 0~05 uM} 5 uM AAd F=odA HE F AxD=rt Stz JE
el A FERAAE HAE S AL
A FEO A 204,133 cells
ml "2 e

NIES1007 5+ 0~25 uM, 100 pMe] A4 sEoA HE 149 =+ 1697t
UE7F FrtstRen, o] 7HA3st th(Figure 15F). 50 pM¥} 250 uM &
F7 st e, 250 uM FAkd FXe

g 289,333 cells ml '2 H S el
A s Weld wE AFES S petersenii 6 TFE UAa #olE YERA

Eis i

9} JDSP #F = 10 ,UM o] ¢ AAh

oo EL AFES Yt en, WMSP 5% 5 uM o]4e] At o
A 04 d' oolde AEES Yehdth. CAUPDS, CCMPS854, NIES1007 w3+
o FroME AFE 04 d' o w2 AFES Yehudoh NIES1007
F7F 05 uMAlA HPAAFES YERH AS AQsta, ZF 100 uM =2 H2k
5

oL
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Figure 15. Population growth of S. petersenii strains (JCSP, JDSP, WMSP,
CAUPD5, CCMP854 and NIES1007 strains) at various nitrate concentrations.
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Figure 15. Continued.
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Figure 15. Continued.
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Figure 16. Growth rate of S. petersenii strains (JCSP, JDSP, WMSP, CAUPD5,
CCMP854 and NIES1007 strains) at various nitrate concentrations.
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3. 1At o] Synura petersenii® 7o v X &= J3F

Synura petersenii®] 14t FZo tidt A 5L Figures 17% 18] el
ATH

Synura petersnii 6 ¥ 0.04~04 uM Q2 sEolA A Aol YERY
A A WA UEgew, 1 o]4te] FeA wE AES YEhAT 29y
b wrko] tigk 2 dFEe A v v Aol E YEh I

JCSP w5+ 004~01 pM Q14 FXolA AR AAs UEWA &t
(Figure 17A). 04 uM 124 FZdA = w2 AT A4S YeEIY. 1 uM

B4 M QNG FEANE A% F AZUEL Shdgom, 3% 1Y wE

16 % zFaskalvh 20 uM~40 uMe] At solA HE F Axdr=rt 571
s om, 40 uMol A HoAEYE 316,800 cell ml 'S e

JDSP w5+ 0.04 uM 149 FxolA WA d%o] yehubAl ke, 0.1~
1 uMe] JAHE % WelelA e AT S YEl Aok (Figure 17B). 4
UM Q1A FRolME HE F AELEEI Sk ew, HE 149 o) F AT
d7gol A dojubAl FUTh 10 uM o]Fe] QLA oA e HF ol AE

= =)
Db AlE S7ketslom, 20 uM 1Ak Fxol A AlEE =7 Hof 407,400 cells

WMSP #F= 004~1 uM <14+d s

(Figure 17C). 4 uM Q14 sXoA HE $F AxdE+ AS S7tsidoy, o
2 MAT A4S JERATE 10 uMZ 40 pMe] A E FRdA HE F AE
L7t A& Srtstd o, 149 o]% ZAasdvh 20 uM A FxolA HF
T AEAET AL S7Fekdth. WMSP #59] fAla A3 40 uM 14k =
ol A HAEAE 174,067 cells ml'S e AT

CAUPD5 # 5+ 0.04~04 uM 149 skl = JHA A detliA 2%
tH(Figure 17D). 1 uM QI3 FXolA=

AE 149 T A AT). 4~40 M| A E
& S7tston, AWM ED == 20 p A
cells ml'2 yebton} 40 uM At Fxol el AMEEE=er A FAReA U
Eput
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CCMP854 5+ 0.04~
o, 4~40 uM J4HE &1}

(Figure 17E). CCMP 854 9] 7WA+d 42 40 uM 14 s A oA
2= 161,833 cells ml 'S YERAITH

NIES1007 #3F& 0.04~1 uM 14+ Zol A AT AgE YERA skt
(Figure 17F). 4 uM 14 FXolA & w2 MAT A4S eI ATE 10~40
pM 14 s EellA AxEEs g 29 ¢ AL SUkskdlen, 40 uM
A wro A HYAEEE 224800 cells ml 'S

Synura petersenii®] Q4+ F% wWslol] gt AHELS T 5o wek ZolE Yy
EF 2 tH(Figure 18). JCSP, JDSP, WMSP, CAUPD5 5ol 24t sx7F &

puM 14t ol JRAlE Aol YEhA] gke

1
FEAA WY AW B AL

2 oR

Zhstoll wet gl SFske]l 4 uM o] de] FXkol A 3t Tk NIES1007
T AdFE "YdA HAFES] AL 7Y CCMP8M4 I+ & FF
SR v AAE Uetiglon 2ty w7t S7tEE A5 FU)e)

o
o] 10 uM ol%e] sxelA vt 24 7 AW LES JCSP, WMSP,
NIES1007 #5+& 4 ot
Yom, CCMP834 w7+ T2 #F9e o274 10 uM Qb sZeA] H oA
FES HJE AT
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Figure 17. Population growth of Synura petersenii

WMSP, CAUPD5, CCMP854 andNIES 1007 strains)

concentrations.
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Figure 17. Continued.
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Figure 17. Continued.
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Figure 18. Growth rate of S. petersenii strains (JCSP, JDSP, WMSP, CAUPD5,
CCMP8>4 and NIES1007 strains) at various phosphate concentrations.
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283k tH(Siver 1995; Kristiansen 2005). Synura
peterseniiy JHrA o7 o w2 NI Aoz delx ¢o v (Kristiansen
1975; Roijackers 1986), ol 5@ % HIWsIAl &dsle & HS 2% HY A =
#3}al 9ltH(Takahashi 1978, Gutowski 1989). =3+ S. petersenii= % pH ¥ 9
oA THHE Aoz dHA dH(Kristiansen 1986; Dixit et al 1988; Siver
1989). Synura peterseniit= pH 4.17~722 *HA - 54 Z7AdA Eak ofyz}
(Siver 1988; Eloranta 1989), pH 6~9¢ «ZgjAl ZHddA = Ao At}

(Takahashi 1978; Gutowski 1989). o|&2 HIg <3t 4= yk ofye} F-o L3}
FAAAME BHaE 5 lom, A FAYs 279 A e 2dEE YEd
tH(Kristiansen 1975, 1981; Hartmann & Steinberg 1989). & 79 &3 XA}

A S. peterseniiv= 7374 % AW FACA THE WIHEA EdE Folw, 53
Fdgst A AEFAAM = 7ol P S48t 35 487 = ATk
o] Z9] Al 3 AR EALS BA37] 98] Kim et al.(2008)& =] 374
o] & FAlolA Eed 370 F ol s wiYF AFES AAS A olge v
g 2%, pH, F& WA S Yo, HAAEES 25 s 1
5C, pHol s &za]d =71, F=o s 15CelA 112 ymol m 2 s ‘el A e}
oh S o] 4 5L dFuit i AolE YER e
train-specific adaptation)& 7Ftharl stith 2 v A F

d (s
ol = HAA I QIAkdol W3t S petersenii®] AFEAS s dth Synura

peterseniit= A dldl 0~250 uMe] 52 FX WHelolA, Qi dis 1
M HE= 4 pM o3 s HeedA A4S yHetdidr HAdAddES dAkd
100 uM, S12FE 10 uM o]A+e] =& FwolA Yelyo] S petereniic < %
o] FYHS Mzste Aoz Yeiyt. ey HA AATAEE 2 QA GE
AolA S, petersenii 670 W Froll FAMRE AIE YEUd o, 7 999 v &
ol wE 671 %"‘4 g thA xolE YUEUAT o= olHY uE A
Qolo] thet Ag AyEexy st o g S peteresniic dTE o d#F-5

R

=
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(Abstract)

The aim of the study was to elucidate the taxonomy and ecology of silica-scaled
chrysophytes in the water bodies of Gyeongsang Province and Jeju Island using scanning
electron microscopy. The effects of various environmental factors on the growth of six
strains were studied under batch culture conditions to elucidate the physiological
characteristics of Synura petersenii, which forms dense blooms.

In total, 59 species of silica-scaled chrysophytes and 9 unidentified scales were found in
Gyeongsang Province. This is the first record for 9 species including Paraphysomonas
caelifrica, P. eiffelii, P. homolepis, P. subrotacea, Spiniferomonas crucigera, Mallomonas
acaroides var. obtusa, M. crassisquama var. papillosa, M. verrucosa and Synura
leptorrhabda in Korea. Mallomonas corymbosa was recorded for the first time in South
Korea. A new species, Mallomonas koreana sp. nov. was foundd at 4 sites. The
frequency of occurrence was highest for S. petersenii f. petersenii (26 sites, 70%),
followed by M. elongata (25 sites, 68%) and M. crassisquama var. crassisquama (22 sites,
59%).

Silica-scaled chrysophytes (other than Paraphysomonadaceae) have been studied at 13
sites at Jeju Island, and included 27 species and 4 wunidentified Mallomonas species.
Among the species found, 10 Mallomonas species are reported for the first time from
Korea: M. adamas, M. bronchartiana, M. favosa f. favosa, M. favosa f. gemina, M.
morrisonensis, M. multisetigera, M. ouradion, M. portae-ferreae, M. splendens, and M.

striata var. serrata. The new species, Mallomonas jejuensis sp. nov., was found at 1 sites

# A thesis submitted to the Council of the Graduate School of Kyungpook National University

in partial fulfillment of the requirements for the degree of Ph.D. in June 2011

_95_



at Jeju Island. The flora of silica-scaled chrysophytes from Jeju Island differs considerably
from that of Gyeongsang Province and previous studies in Korea, and includes both
temperate and tropical species.

Six sites of 37 sampling sites in Gyeongsang Province were studied in relation to the
seasonal occurrences and distributions of silica-scaled chrysophytes. In 4 oligotrophic/
mesotrophic reservoirs, the pH were high during the study period. Chrysophytes including
silica-scaled taxa were present in the phytoplankton community at low cell densities
except at Gyeongcheon (spring and autumn) and Deokdong (spring) reservoirs. The
species number of silica-scaled chrysophytes was high in cool/cold seasons (<21.57T).
Silica-scaled chrysophytes were not found in summer except in the sample from
Gyeongcheon reservoir. The water temperature in eutrophic Jinchon swamp varied from
1.75 to 33.2C, and the pH ranged from slightly acidic to alkaline. The cell density of
silica-scaled chrysophytes was high in spring and autumn, and Synura petersenii formed
a dense bloom in autumn. The total species number was highest in summer samples,
followed by spring samples. Relative to other sampling sites the water temperature at
Yong pond and bogs at Mt. Hwawang (altitude 756 m) was low in summer
(approximately 25C), and the pH ranged from slightly acidic to alkaline. The highest cell
density of silica-scaled chrysophytes occurred in spring at Yong pond, and
Chrysosphaerella brevispina was the dominant species. The species composition differed
between Yong pond and bogs at Mt. Hwawang, and also between at Mt. Hwawang and
in Gyeongsang Province. Mallomonas caudata, M. elongata, and M. tonsurata were not
observed at Yong pond and bogs.

Synura petersenii occurred very frequently at 37 sampling sites in Gyeongsang Province,
and formed a dense bloom in Jinchon swamp. To understand the growth characteristics of
S. petersenii, the effects of temperatures (5~30TC) and nutrients (NOs and PO4) on the
growth of six strains were studied under batch culture. The strains had slightly different
responses to nutrient concentration, but most grew better at high concentrations. In
conclusion, for the control of blooms of silica-scaled chrysophytes including S. petersenii,
the growth characteristics and strains—specific characteristics of the species should be

investigated in relation to various environmental factors.
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Appendix 1

List of Silica—Scaled Chrysophytes

in Gyeongsang Province and at Jeju Island
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Genus Chrysosphaerella Lauterborn emend. Nicholls

C. brevispina Korshikov (Plate 1, Figures 1-4)

This species is cosmopolitan species (Barreto 2005).

This study: 14 sites in Gyeongsang Province. Scales and spines were found in
early spring and spring at Jinchon swamp, Yong pond and bogs at MLt.

Hwawang, and in autumn at Deokdong reservoir.

C. coronacircumspina Wujek & Kristiansen (Plate 1, Figures 5 & 6)
This study: 2 sites in Gyeongsang Province. Scales were found in summer at

Jinchon swamp and in spring at Yong pond at Mt. Hwawang.

Genus Paraphysomonas De Saedeleer

P. bandaiensis Takahashi (Plate 1, Figures 7 & 8)
Paraphysomonas bandaiensis is found sporadically from February to June and
at October (Preisig & Hibberd 1982a).

This study: 3 sites in Gyeongsang Province.

P. bourrellyi (Takahashi) Preisig & Hibberd (Plate 2, Figures 9-12)
Paraphysomonas bourrellyi is a widely distributed species (Barreto 2005).

This study: 10 sites in Gyeongsang Province. Plate scales and spine scales of
this species were found in autumn at Deokdong reservoir and in the summer
at Jinchon swamp. Two plate scale morphologies were observed at Jinchon
swamp, one without a central concentric elevation (Plate 2, Figure 9) and the
other with this feature (Plate 2, Figure 10). The spine scales were short or

long funnel-shaped. The specimen in Figure 9 (Plate 2) was identified as P.
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bourrellyi, but the specimen in Figure 10 (Plate 2) resembled P. corynephora.
However, there were the differences between P. corynephora and our specimen.
Paraphysomonas corynephora has short spine scales with knob-shaped tips and
flat plate scales with no distinct central concentric elevation. Our specimen had
short spine scales that tapered toward the tip, but had plate scales with a

distinct central concentric elevation.

P. caelifrica Preisig & Hibberd (Plate 2, Figure 13)
This species is found frequently in all seasons (Preisig & Hibberd 1982a).
This study: 1 site in Gyeongsang Province. This species was only found in

summer at Jinchon swamp and this is the first record from Korea.

P. eiffelii Thomsen (Plate 2, Figure 14)
This species is found rarely (Preisig & Hibberd 1982b).
This study: 1 site in Gyeongsang Province. Scales were only found in

summer at Jinchon swamp and this is the first record from Korea.

P. gladiata Preisig & Hibberd (Plate 2 Figures 15-16)
This species is found frequently in all seasons (Preisig & Hibberd 1982a).
This study: 3 sites in Gyeongsang Province. Scales were found in winter at

Yongyeon reservoir.

P. homolepis Preisig & Hibberd (Plate 3 Figure 17)
This species is found frequently in all seasons (Preisig & Hibberd 1982b).
This study: 1 site in Gyeongsang Province. This is the first record from

Korea.

P. imperforata Lucas (Plate 3, Figure 18)

This species is found very frequently in all seasons (Preisig & Hibberd
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1982a).
This study: 9 sites in Gyeongsang Province. This species was found in

cool/cold seasons.

P. punctata spp. atrema Balonov (Plate 3, Figure 19)
This species is found frequently in all seasons (Preisig & Hibberd 1982b).

This study: 1 site in Gyeongsang Province.

P. subrotacea Thomsen (Plate 3, Figure 20)
This species is found frequently in all seasons (Preisig & Hibberd 1982b).
This study: Scales were only found in summer at Jinchon swamp and this is

the first record from Korea.

P. vestita (Stokes) deSaedeleer (Plate 3, Figure 21)

This species is found very frequently in all seasons (Preisig & Hibberd
1982a).

This study: 20 sites in Gyeongsang Province. This is a cosmopolitan species
(Barreto 2005). Scales and spines were found in all seasons at Jinchon swamp

and Yong pond and bogs at Mt. Hwawang.

P. vestita (Stokes) deSaedeleer ssp. (Plate 3, Figure 22)

This study: 1 site in Gyeongsang Province. There were two types of scales of
P. vetita in autumn at Deokdong reservoir; typical P. vestita and P. vestita
ssp.. In contrast to typical P. vestita, P. vestita ssp. had eight struts on the

base of spine scale radially and was similar to P. vestitia form No. 1 reported

by Takahashi (1978).
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Paraphysomonas sp. 1 (Plate 3, Figure 23)
This study: 1 site in Gyeongsang Province. Incomplete scales had numerous

apertures. These were only found in summer at Jinchon swamp.

Paraphysomonas sp. 2 (Plate 3, Figure 24)

This study: A spine scale found in the summer at Jinchon swamp consisted
of a baseplate with a central spine that had a large perforation on the proximal
part, and tapered toward the tip. The tip shape of spine could not confirm.
This spine scale resembled that of Spiniferomonas septispina, but the basal
part of the spine was not swollen and no a septum between the base plate and
the central spine was observed. The spine scale was also similar to that of
Chrysosphaerella annulata var. yahurii, but the ultrastructure of this scale was
consistent with the genus Paraphysomonas, but not genus Chrysosphaerella.
The approximate baseplate dimension was 2.75 um, spine length was 7.5 pm, and

spine thickness was 0.44 pym.

Genus Spiniferomonas Takahashi

S. abei Takahashi (Plate 4, Figure 25)

This study: 1 site in Gyeongsang Province.

S. cf. bilacunosa Takahashi (Plate 4, Figure 26)

This study: 1 site in Gyeongsang Province.
S. cornuta Balonov (Plate 4, Figures 27 & 28)

This study: 4 sites in Gyeongsang Province. Scales were found in autumn at

Deokdong and Otae reservoirs.
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S. crucigera Takahashi (Plate 4, Figures 29 & 30)
This study: 1 site in Gyeongsang Province. This is the first record from

Korea.

S. septispina Nicholls (Plate 4, Figures 31 & 32)
This study: 3 sites in Gyeongsang Province. Spine scales were found in
spring at Yong pond at Mt. Hwawang and in autumn at Deokdong and Otae

reservoirs.

S. serrata Nicholls (Plate 5, Figures 33-35)
This study: 2 sites in Gyeongsang Province. Scales were found in autumn and

winter at Deokdong reservoir

S. silverensis Nicholls (Plate 5, Figure 36)
This study: A plate scale and a spine scale were found in summer at Jinchon

swamp.

S. takahashii Nicholls (Plate 5, Figures 37 & 38)
This study: 2 sites in Gyeongsang Province. Scales were found in autumn and

winter at Otae reservoir.

S. trioralis Takahashi (Plate 5, Figures 39 & 40)
This is a cosmopolitan species (Barreto 2005).
This study: 21 sites in Gyeongsang Province. Scales were found in all

seasons at Jinchon swamp.
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Genus Mallomonas Perty
Sectio Planae

Series Caudata

M. caudata Ivanov emend. Willi Krieger (Plate 6, Figure 41)

This species is a widely distributed species (Kristiansen & Preisig 2007).

This study: 19 sites in Gyeongsang Province. Scales and spines were found
frequently in Gyeongsang Province. However, we could not find this species in

Mt. Hwawang and at Jeju Island.

Series Matvienkoanae

M. matvienkoae (Matvienko) Asmund & Kristiansen (Plate 6, Figures 42-48)

This species is a cosmopolitan species (Kristiansen & Preisig 2007).

This study: 6 sites in Gyeongsang Province. Scales were found in summer,
autumn, and winter but not complete at Jinchon swamp.

Scales were found at 6 sites (Sites 6, 8, 9, 10, 11 & 12) at Jeju Island. We
found considerable variations in scale shape and in the elaboration of the
secondary reticulation between scales. Secondary reticulations in the scales was
either not developed or well developed. The ribs of reticulations on some scales
were smooth, whereas others had papillae located at the intersections of the
ribs. Several scales from Site 11 differed slightly from typical M. matvienkoae,
with struts located between the proximal rim and the posterior area of the

shield (Plate 6, Figure 48, arrow).

M. oviformis Nygaard (Plate 7, Figure 49)

This species is distributed in northern temperate and arctic areas (Kristiansen
& Preisig 2007).

This study: Scales and bristles were found in early spring and spring at

Jinchon swamp.
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Series Teilingianae

M. bronchartiana Compeére (Plate 7, Figures 50 & 51)

Mallomonas bronchartiana has been recorded from North and South America,
Asia, and Africa (tropical and subtropical regions) (Kristiansen & Preisig 2007).
This study: Several scales were observed at Sites &, 10, and 13 at Jeju Island.
Scales are similar to those of M. bronchartiana with an internal reticulum,
closely and evenly spaced papillae on the shield, internal struts under the
proximal rim and an asymmetrically positioned proximal rim. The presence of
the internal reticulum and struts was confirmed by SEM in our study (Plate 7,

Figure 51, arrows).

Series Peronoides

M. peronoides (Harris) Momeu & Péterfi var. peronoides (Plate 7, Figure
52)

This species has a cosmopolitan distribution, but is mainly found in warmer
regions (Kristiansen & Preisig 2007).

This study: 1 site in Gyeongsang Province. Scales were found in spring,
summer, and autumn at Jinchon swamp. They were not complete except in

July 2005.

M. peronoides var. bangladeshica Takahashi & Hayakawa (Plate 7, Figure
53)

This species is distributed in many tropical areas (Kristiansen & Preisig 2007).
This study: 2 sites in Gyeongsang Province. Scales and bristles were found in

spring and summer at Jinchon swamp.
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Sectio Multisetigerae
M. multisetigera Diirrschmidt (Plate 7, Figures 54 & 55)

This species has a cosmopolitan distribution (Kristiansen & Preisig 2007).

This study: Scales found at Site 11 at Jeju Island represent the first record in Korea.

Sectio Papillosae

Series Papillosa
M. guttata Wujek (Plate 7, Figure 56)

This species 1s widely distributed, and is commonly recorded from all
continents except Europe (Kristiansen & Preisig 2007).
This study: Scales and bristles were found at Sites 8 and 13 at Jeju Island.

M. papillosa Harris & Bradley emend. Harris (Plate 8, Figures 57 & 58)
This species has a cosmopolitan distribution (Kristiansen & Preisig 2007).
This study: 4 sites in Gyeongsang Province. Scales were found in autumn and

spring at bogs at Mt. Hwawang.

Scales and bristles were found at Sites 12 at Jeju Island.

Mallomonas sp. 7 (Plate 8, Figure 59)

This study: Several scales and bristles were found at Site 13 at Jeju Island.
No complete cells were found. This species resembled M. guttata. Scales had
regularly arranged papillae on the shield and a solitary circular pore on the
shield in the angle of the V-rib. Anterior submarginal ribs were absent.

The body scales of this species differed from those of M. guttata in several
ways: the shield had 5-7 regularly arranged transverse rows of pits, each
transverse row consisting of 3 -7 pits. The posterior border of the dome and
shield was delimited by a transverse row of pits. Scales were 5-6 x 3.0-3.6

um in size and bristles were 9 - 12 pm.
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Mallomonas sp. 8 (Plate 8, Figures 60 & 61)

This study: Several scales and bristles were found at 7 sites at Jeju Island.
Some sites yielded only scales, and some yielded scales with bristles. Scales
were similar to those of M. rasilis Dirrschmidt. All scales had domes,
regularly arranged papillae on the shield, and a large circular pore in the angle
of the V-rib. The V-rib had a rounded base. Anterior submarginal ribs were
absent. One scale from Site 13 was small and had a wing-like projection (Plate
8, Figure 60, arrow). The bristles differed from typical M. rasilis bristles.
Bristles found at Sites 9, 11, and 13, were curved, smooth, and taper to a fine
point without uniserration. These bristles resembled those of M. guttata. Scales

were 3.0-4.6 x 20-27 um in size and bristles were 4.5 - 6.2 pm.

Series Ouradiotae

M. parvula Diirrschmidt (Plate 8, Figure 62)
This species is a widely distributed species (Kristiansen & Preisig 2007).
This study: 2 sites in Gyeongsang Province. Scales and bristles were found

in autumn at Jinchon swamp.

M. ouradion Harris & Bradley (Plate 8, Figures 63 & 64)
This species has a scattered distribution, having been recorded in Europe,
North America, and East Asia (Kristiansen & Preisig 2007).
This study: Scales found at Site 13 at Jeju Island represent the first record of

this species in Korea.

Sectio Quadratae

Series Allorgei
M. adamas Harris & Bradley (Plate 9, Figure 65)

This species shows a scattered distribution, and has been recorded from
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Europe, Asia, and Australia (Kristiansen & Preisig 2007).
This study: A single body scale was found at Site 8 at Jeju Island,

representing the first record of this species in Korea.

M. splendens (West) Playfair emend. Croome, Diirrschmidt & Tyler
(Plate 9, Figures 66-68)

This species has a scattered distribution. It has been reported in Europe, Asia,
and Australia (Kristiansen & Preisig 2007).

This study: 1 site in Gyeongsang Province.

Cells and separated scales were found at Sites 8, 12, and 13 at Jeju Island.

This is the first record of this species in Korea.

Sectio Punctiferae

Series Punctifera
M. punctifera Korshikov (Plate 9, Figures 69 & 70)

This species is distributed in northern temperate regions including Arctic and
subarctic areas (Kristiansen & Preisig 2007).

This study: 11 sites in Gyeongsang Province. Scales and bristles were found
in spring, summer, and autumn at Jinchon swamp, Yong pond and bogs at Mt.
Hwawang.

Scales and bristles were found at Site 12 at Jeju Island.

Sectio Heterospinae

M. heterospina Lund (Plate 9, Figures 71 & 72)

This species is widely distributed (Kristiansen & Preisig 2007).

This study: 11 sites in Gyeongsang Province. Scales were found in early
spring, spring, summer, and winter at Jinchon swamp and in spring at Yong

pond and bogs at Mt. Hwawang.

- 107 -



Sectio Akrokomae
M. akrokomos Ruttner in Pascher (Plate 10, Figures 73 & 74)

This species is a cosmopolitan species (Kristiansen & Preisig 2007).
This study: 16 sites in Gyeongsang Province. This species was found in

cool/cold seasons.

Sectio Striatae

Series Striatae

M. striata Asmund var. striata (Plate 10, Figures 75-78)

This species has a cosmopolitan distribution (Kristiansen & Preisig 2007).
This study: 8 sites in Gyeongsang Province. Scales and bristles were found in
early spring, spring, and winter at Jinchon swamp. A scale found in December
2004 was not complete. The scale found in March 2007 was not observed it's a
unique bristle with a single, small, subapical tooth. Scales and bristles found in
February 2007 (Plate 10, Figures 76 - 77) were slightly different from those
found in April 2007 (Plate 10, Figure 78). The former had scales with a
reticulated dome but the latter had a dome with conspicuous longitudinal dome
(Figures 76 & 78, arrows). In addition, these differed with respect to the
location and shape of a single subapical tooth that occurred on the shaft of

each bristle (Figures 77 & 78, arrows).

M. striata var. serrata Harris & Bradly (Plate 10, Figures 79 & 80)
This taxon has a cosmopolitan distribution (Kristiansen & Preisig 2007).
This study: Scales and bristles found at Sites 8, 9, 10, and 13 at Jeju Island

represent the first record of this species in Korea.
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Series Actinolomae

Mallomonas sp. 6 (Plate 11, Figures 81-85)

This study: Scales and bristles were found at Site 6 at Jeju Island. No whole
cells were found. Scales had pores in the base plate, a weakly developed or
well-developed reticulum on the shield, a V-rib with a well developed hood,
and bristles that had a single subapical tooth.

This species had four scale-types, apical scales, dome-bearing and domeless
body scales, and rear scales. Apical scales had a dome and anterior flanges
with struts unilaterally. The submarginal rib without struts was anteriorly
raised, extended on the dome, and projected. The dome of apical scales was
partly covered with ribs. Apical scales were 3.0 x 24 pm in size.
Dome-bearing body scales had longitudinal ribs on the dome, a V-rib and
broad anterior flanges that are wing-like, marked with struts, and extended
forward along the sides of the dome. This scale was 3.1 X 2.3 pm in size.
Domeless body scales had anterior flanges with struts bilaterally and an
acute—angled V-rib. These scales were 2.8-3.75 x 1.8-2.25 um in size. Rear

scale was small and asymmetric and was 1.8 x 1.6 pym in size.

Series Retiferae

M. verrucosa Vigna (Plate 11, Figure 86)
This species is an endemic species (Kristiansen & Preisig 2007).
This study: This species was found only in spring and autumn at bogs at

Mt. Hwawang and this is the first record from Korea.

Sectio Mallomonas

Series Alpinae

M. alpina Pascher & Ruttner emend. Asmund & Kristiansen (Plate 11,
Figure 87)
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This species is a cosmopolitan species (Kristiansen & Preisig 2007).
This study: 8 sites in Gyeongsang Province. Scales and bristles were found in
early spring, spring, and winter at Jinchon swamp and in spring at Yongyeon

reservoir.

M. areolata Nygaard (Plate 11, Figure 88)
This species is widely distributed (Kristiansen & Preisig 2007).

This study: 7 sites in Gyeongsang Province.

M. elongata Reverdin (Plate 12, Figures 89 & 90)

This species is widely distributed (Kristiansen & Preisig 2007).

This study: 25 sites in Gyeongsang Province. Scales were found in spring and
autumn at Jinchon swamp and in all seasons at Gyeongcheon reservoirs. We
could not found scales in materials at Yong pond and bogs at Mt. Hwawang.

This species 1s was found at Sites 3, 5, and 12 at Jeju Island.

Series Tonsuratae
M. corymbosa Asmund & Hilliard (Plate 12, Figures 91 & 92)

Mallomonas corymbosa has a bipolar distribution (Kristiansen & Preisig 2007).
This study: 4 sites in Gyeongsang Province. This species was found as cells
or scales in all seasons at Jinchon swamp. This is the first record from South

Korea.

M. tonsurata Teiling emend. Willi Krieger (Plate 12, Figures 93-95)

This species is a cosmopolitan species (Kristiansen & Preisig 2007).

This study: 11 sites in Gyeongsang Province. This was found in all seasons.
We could not found scales at Mt. Hwawang.

Several dome-bearing and domeless scales and bristles were found at Sites 6

and 8 at Jeju Island.
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Series Portaferreanae

M. morrisonensis Croome & Tyler (Plate 12, Fig 96 & Plate 13, Figures 97
& 98)

This species has a scattered distribution in tropical and subtropical regions,
having been reported from South America, Asia, Africa, and Australia
(Kristiansen & Preisig 2007).

This study: Scales and bristles found at Site 8 at Jeju Island represent the

first record of this species in Korea.

M. portae-ferreae Péterfi & Asmund (Plate 13, Figures 99 & 100)

This species has a cosmopolitan distribution, but is mainly found in warmer
regions (Kristiansen & Preisig 2007).

This study: 2 sites in Gyeongsang Province. Scales and bristles were found at
Site 12 and in summer and autumn at Jinchon swamp,

Scales found at Site 2 at Jeju Island represent the first record of this species

in Korea.

M. trummensis Cronberg (Plate 13, Figures 101-104 & Plate 14, Figure 105)
This species is distributed in northern temperate regions (Kristiansen &
Preisig 2007).

This study: 7 sites in Gyeongsang Province. Scales and bristles were found in
early spring and summer at Jinchon swamp and in spring at Yong pond and
bogs at Mt. Hwawang. The bristles were different from typical bristle of M.
trummensis. Typical bristles of M. trummensis are two types; short serrated
bristles and long smooth bristle that taper to an extremely thin pointed distal
part posteriorly. However, the scales found in our study had long serrated
bristles with three pointed teeth (Plate 13, Figure 102, arrows) and a bifurcated
bristle tip (Plate 13, Figure 103, arrow).
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Mallomonas sp. 4 ( Plate 14, Figure 106)

This study: This species was found in spring, summer, and autumn at
Jinchon swamp. These scales had weakly developed transverse ribs on the
shield. Several domeless scales had the disconnected arms of V-rib (Plate 13,

Figure 106, arrow). The scales were 4.63 - 6.48 x 2.88 -4.73 um in size.

Series Mallomonas

M. acaroides Perty emend. Ivanov var. acaroides (Plate 13, Figures
107-109)

This species has a wide distribution (Kristiansen & Preisig 2007) and is
mainly found in eutrophic localities (Siver 1991).

This study: 9 sites in Gyeongsang Province. Scales and bristles were found in
spring, summer, and winter at Jinchon swamp, in autumn at Deokdong
reservoir and in wither at Otae reservoir. Some scales had slightly more

developed reticulum on the shield.

M. acaroides var. obtusa Hiroyuki Ito (Plate 13, Figure 110)
This species is only known from Asia (Japan) (Kristiansen & Preisig 2007).

This study: 1 site in Gyeongsang Province.

M. crassisquama (Asmund) Fott var. crassisquama (Plate 13, Figures 111
& 112)

This species has a worldwide distribution, and is especially common in
temperate regions (Kristiansen & Preisig 2007).

This study: 22 sites in Gyeongsang Province. This species was found in all
season.

This species was found at Sites 7 and 12 at Jeju Island.
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M. crassisquama (Asmund) Fott var. papillosa (Plate 14, Figures 113 & 114)
This species is distributed in northern temperate regions (Kristiansen &
Preisig 2007).

This study: 7 sites in Gyeongsang Province. Scales and bristles were found in

spring, summer, and autumn at Yong pond and bogs at Mt. Hwawang.

Sectio Pseudocoronataee

Series Lelymenae
M. lelymene Harris & Bradley (Plate 14, Figures 115 & 116)

This species i1s widely distributed, but scattered. It has been recorded in
Europe, North and South America, and East Asia (Kristiansen & Preisig 2007).
This study: 1 site in Gyeongsang Province. Scales were found in spring at
bogs at Mt. Hwawang.

Scales and bristles were found at Sites 6 and 12 at Jeju Island.

Sectio Annulatae

M. annulata (Bradley) Harris (Plate 14, Figure 117)
This is a widely distributed species (Kristiansen & Preisig 2007).
This study: 3 sites in Gyeongsang Province. This was found in early spring

and spring at Jinchon swamp.

Sectio Torguatae

Series Pumilio
M. clavus Bradley (Plate 14, Figures 118-120)

This species is distributed in northern temperate regions (Kristiansen &
Preisig 2007).
This study: 1 site in Gyeongsang Province. Scales were found in spring at

bog at Mt. Hwawang.
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M. cf. pumilio Harris & Bradley emend. Asmund, Cronberg &
Diirrschmidt (Plate 16, Figure 121)

Mallomonas pumilio has a bipolar distribution (Kristiansen & Preisig 2007).
This study: Scales of M. cf. pumilio were found at Site 6 at Jeju Island. The
scales were rhombic and had several rows of small papillae on the anterior
submarginal flange, and a reticulum on the shield; however, we did not observe

the characteristic three or four pores in each mesh of the reticulum.

Series Mangoferae

M. mangofera Harris & Bradley var. mangofera (Plate 16, Figures 122 & 123)
This species is a cosmopolitan species (Kristiansen & Preisig 2007).

This study: 4 sites in Gyeongsang Province. This species was found in early
spring, summer, and autumn at Jinchon swamp and in autumn at Yong pond
and bogs at Mt. Hwawang.

Cells or scales were found at Sites 8 and 11 at Jeju Island.

M. mangofera var. foveata (Diirrschmidt) Kristiansen (Plate 16, Figure 124)
This species has a cosmopolitan distribution (Kristiansen & Preisig 2007).
This study: 2 sites in Gyeongsang Province. Scales and bristles were found in

summer and autumn at Jinchon swamp.

A single scale was found at Site 11 at Jeju Island.

M. favosa Nicholls f. favosa (Plate 16, Figures 125-128)
This species has a cosmopolitan distribution (Kristiansen & Preisig 2007).
This study: Scales and bristles found at Site 11 at Jeju Island represent the

first record of this species from Korea.

M. favosa f. gemina K. Harris & D.E. Bradley (Plate 17, Figures 129-132)

This taxon was previously reported only from Malaysia (Dirrschmidt &
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Croome 1985).
This study: Scales and bristles found at Site 9 at Jeju Island represent the

first record of this species from Korea.

M. cf. grata Takahashi in Asmund & Takahashi (Plate 17, Figures 123 &
134)

Mallomonas grata has a scattered distribution (Kristiansen & Preisig 2007).
This study: 1 site in Gyeongsang Province. Scales of M. cf. grata was found
in winter at Yongyeon reservoir represent the first record of this species from
Korea. A scale of M. cf. grata was rhombic and asymmetric, and did not have
a dome. The shield on the scale had papillae connected by short ribs and 1 or
4 subcircular depressions. The anterior flange had short struts. We could not

find collar scales, rear scales and bristles of M. grata. The scales were

3.16-3.39 x 1.83-2.41 um in size.

Mallomonas sp. 1 (Plate 17, Figure 135)

This study: 1 site in Gyeongsang Province.

A cell and several scales were found at Site 12 at Jeju Island.

The cell is small and ellipsoidal (10.0 x 4.5 um). Scales were arranged in spiral
rows and each scale was overlapped by the scale positioned behind it in the
same row and by the scale in the row above. Regularly arranged papillae were
located on the shield of scale, and body and rear scales had minute teeth at
the apical edge of the base plate.

Collar scales were similar to those of M. mangofera var. mangofera. Collar
scales were elongated and curved, with a dorsal and ventral edge. The shield
had rows of regularly arranged papillae. The dome of collar scales had a
forward-pointing peak and papillae. Body scales were rhombic and domeless.
They had a V-rib and a narrow proximal rim that encircles about half of

margin of the scale. The arms of the V-rib were fused with the anterior
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submarginal ribs forming a continuous submarginal rib. The distal half of the
continuous submarginal rib was broad and ornamented with several rows of

weakly developed papillae. Rear scales were small and had a short spine.

Mallomonas sp. 2 (Plate 17, Figure 136)
This study: 1 site in Gyeongsang Province. A scale found at Site 17 was
rhombic. It had a window on the shield, a single pore, weakly—developed

papillae on the shield and V-rib. The scale was 2.54 x 154 pm in size.

Mallomonas sp. 3 (Plate 18, Figure 137)
This study: 1 site in Gyeongsang Province. A scale found at Yongyeon
reservoir have not a dome. It has ribs on the shield, weakly—-developed anterior

submarginal ribs and papillae, and struts in the anterior flange. The scale was

4.22 x 242 um in size.

Mallomonas sp. 5 (Plate 18, Figure 138)

This study: 1 site in Gyeongsang Province. A single scale was only found in
March 2007 at Jinchon swamp. This domeless scale was rhombic and
asymmetrical, and was approximately 3.97 x 2.00 um in size. It had a rib
pattern with papillae and slightly—developed grooves on the shield. The V-rib
was acute—angled and the posterior flange was narrow. The posterior

submarginal rib was broad and strongly hooded.

M. jejuensis Kim & Kim sp. nov. (Plate 18, Figures 139-144 & Plate 19,
Figures 145-146)

This study: This species was found at Site 12 at Jeju Island.

The specific epithet ’jejuensis’ refers to the fact that the species was first
found at Jeju Island.

The cells (Plate 18, Figure 139) are small (4.6-4.8 x 10.5-11.3 gm), ovoid to
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ellipsoid with a broadly rounded posterior end, have a rather widely protruding
collar, and are provided with three types of scales. The scales are arranged in
spiral rows, and each scale is overlapped by the scale positioned behind it in
the same row (Plate 18, Figure 139). The three scale types are: 1) apical
domed scales forming a protruding collar, 2) domeless body scales, and 3)
small rear scales with a short spine. They can be seen on the left, center and
right portions of the cell, respectively, in Figure 139 (Plate 18). The shield of
all scales is covered with a thick continuous layer with pits (Plate 18, Figures
142 & 143, center arrows). All scales have a shield ornamented with small,
evenly spaced papillae.

The collar consists of approximately six forward-pointing, dome-bearing
tripartite scales that are asymmetrical, elongate triangular, and have a broad
proximal and narrower distal end (Plate 18, Figures 139 & 141). The dome of
the collar scales is small, asymmetrical rectangular, and marked with a papilla,
pits, ribs, and a stout, sharply-pointed peak apex (Plate 18, Figures 139-141,
arrows). The submarginal rib is well-developed, extending to the side of the
dome. The dorsal flange extends the length of the dorsal margin and
terminates near the base of the dome. The shield is marked by a secondary
layer ornamented with small evenly—spaced papillae, a circular, subcircular or
irregular shaped depression, and one or two struts (Plate 18, Figure 140, central
arrow; Plate 18, Figure 141, left arrow). Several large circular pores are located
along the dorsal part of the submarginal rib (Plate 18, Figure 140, right arrow).
The flanges are smooth.

The body scales (Plate 18, Figure 139, Figures 142-144; Plate 19, Figure 146)
are rhomboidal. The shield of body scales is ornamented with small evenly
spaced papillae in somewhat parallel rows, and has one to six subcircular to
elongated depressions arranged along the margin of the shield (Plate 18,
Figures 142-144). The window is in the angle of the posterior submarginal rib

and has one or two large circular pores in the base plate (Plate 18, Figures
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142-143, right arrows). The posterior submarginal rib is slightly hooded and
smooth, or ornamented with a row of small papillae. The anterior submarginal
ribs are not well defined. The posterior flange is smooth. The anterior flange is
ornamented with small papillae arranged in approximately one to four rows,
and has a delicately serrated edge (Plate 18, Figure 142, left arrow). The
proximal border is broad and asymmetric. The rib structure on the shield of
body scales and struts on the anterior flanges are not developed (Plate 19,
Figure 146).

Several of the rear scales are small, asymmetric rhomboidal, and have a short,
stout spine (Plate 18, Figure 144, arrows). The morphological features of the
rear scales are similar to those of the body scales. However, the shield has one
or two circular to subcircular pits, and the flanges are not well defined.

The bristles (Plate 18, Figure 139; Plate 19, Figure 145) attached to the apical
collar scales are short, slightly curved, serrated with teeth along the convex
margin (Plate 19, Figure 145, arrows), strongly tapering, acute or subacute, and
shorter than the cell.

Dimensions: cells 4.6-4.8 x 10.5-11.3 um, collar scales 2.0-2.3 x 3.3-3.6 umm,
body scales 1.4-1.8 x 2.3-2.8 um, rear scales 09-1.1 x 14-1.7 pm, bristles
55-7.1 ym.

M. koreana Kim & Kim sp. nov. (Plate 19, Figures 147-152 & Plate 20,
Figures 146-159)

This study: 4 sites in Gyeongsang Province.

The cells (Plate 19, Figure 147) are ellipsoid, 9.2-105 x 13-14 um and
armored with four types of scales. These scale types are (1) apical domed
scales forming a protruding collar, (2) domed body scales, (3) elliptical to
rhomboid domeless body scales and (4) small obovate rear scales. All scales
have a base bate evenly perforated with small pores, a narrow posterior rim

that encircles about one-half of the scale and a distinct V-rib. Both anterior
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and posterior flanges are smooth.

A few forward-pointing apical scales(Plate 19, Figures 149 & 150) form a
collar around the proximal part of the emergent flagellum. they are subovoid,
shorter than body scales, and asymmetric. The dome on apical scales is large
in relation to the scale size, and usually smooth or ornamented with a rib. A
u-shaped submarginal rib, extending to the side of the dome is present. Scales
lack a secondary layer on their shield and flanges. At the anterior part of the
submarginal rib, there is a row of regularly-spaced large pores separated by
short struts from the submarginal rib (Plate 19, Figure 150, arrows).

Domed body scales (Plate 19, Figures 151 and Plate 20 Figures 154 & 155)
are elliptical, 2.7-3.1 x 3.7-45 um in size, and have a large pronounced dome
and a V-rib that extends to the base of the dome. This V-rib becomes fused
with slightly developed anterior submarginal ribs, and the small base plate
pores are evenly distributed in transverse rows on the shield. The dome is
smooth or ornamented with several small papillae, short spines and small pores
(Plate 19, Figure 151, arrows). Several circular pores are located on both side
of the posterior border of the dome and along the anterior submarginal ribs.
Domeless body scales are elongate elliptical or rhomboid, 2.1-2.9 x 3.5-4.3 um
in size (Plate 19, Figures 148 & 152). the shield of domeless body scales is
covered with a secondary layer consisting of an irregular reticulum (Plate 19,
Figure 152). the secondary layer is often absent at the base of the V-rib and
the window has a base plate with unevenly spaced pores (Plate 19, Fig 149,
arrow). This layer is not well developed in the dome-bearing scales. The V-rib
1s obtusely angled, the arms are very short and the anterior flange is
inconspicuous. A few rear scales are small and asymmetric subovoid to
triangular, 2.3-2.5 x 25-29 un in size (Plate 19, Figure 148, arrow).

There are two types of bristles associated with the domed scales on the
anterior portion of the cell (Plate 19, Figure 147). Bristles associated with the

apical collar scales are short (7-9 um long), slightly curved, and have a row of
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relatively long and slender teeth (2-4) along the convex margin (Plate 20,
Figure 153). These bristles have a longitudinal groove along the convex margin
(Plate 20, Figure 154) The bristles positioned immediately behind the apical
scales are approximately twice longer (14-22 um) than the short bristles, and
have a smooth shaft (Plate 20, Figure 155), with a single tooth a short
distance below the tip (Plate 20, Figure 157), terminating in an even bifurcation
(Plate 20, Figure 157). Both types of bristles have a blunt tip (Plate 20,
Figures 153 & 156 arrows).

Distinctive characteristics of M. koreana are a regular row of 1-4 circular
pores on both sides of the posterior dome border and along the submarginal rib
of the domed scales. In addition, the bristles have a blunt tip at the end of the
shaft. The stomatocyst is spherical, 89-10.1 um in diameter with a short
cylindrical to obconical collar surrounding a conical pore (Plate 20, Figures 158
& 159). the cyst surface is ornamented with a regular to variable reticulum.
The reticulum lacunae are spherical to polygonal. Small, echinate spines are

located at the reticular interstices of mature specimens (Plate 20, Figure 159)

Genus Synura Ehrenberg

Sectio Synura

S. curtispina (Petersen & Hansen) Asmund (Plate 20, Figure 160)

This species has a wide distribution (Kristiansen & Preisig 2007).

This study: 10 sites in Gyeongsang Province. Scales were found in almost all
seasons.

This species was found at Sites 1, 2, 8, 9, 10, 11, and 12 at Jeju Island.

S. echinulata Korshikov (Plate 21, Figure 161)

This species i1s widely distributed, almost cosmopolitan, in temperate,
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subtropical and tropical regions (Kristiansen & Preisig 2007).
This study: Cells and separated scales were found at Sites 2, 8, 10, 12, and
13 at Jeju Island.

S. leptorrhabda (Asmund) Nicholls in Nicholls & Gerrath (Plate 21, Figure
162)

This species is widely distributed, but scattered (Kristiansen & Preisig 2007).
This study: 4 sites in Gyeongsang Province. This represent the first record of

this species from Korea.

S. sphagnicola (Korshikov) Korshikov (Plate 21, Figure 163)

This species is widely distributed from the Arctic to the tropics (Kristiansen
& Preisig 2007).

This study: 3 sites in Gyeongsang Province. Scales were found in summer at

Jinchon swamp.

S. spinosa Petersen& Hansen (Plate 21, Figures 164-166)

This species is widely distributed, but scattered (Kristiansen & Preisig 2007).
This study: 13 sites in Gyeongsang Province. This species was found in
spring and winter at Gyeongcheon, Deokdong and Otae reservoirs.

Several scales were observed at Site 8 at Jeju Island. Scales have a long
spine (4.6-5.0 pm), but not longer than the plate. Typical S. spinosa f. spinosa

spines have two or three teeth, whereas spines of our sample have four teeth.

S. uvella Ehrenberg emend. Korshikov (Plate 21, Figure 167)

This species is widely distributed, but not common (Kristiansen & Preisig 2007).
This study: 7 sites in Gyeongsang Province. Scales were found in spring,
summer, and autumn at Jinchon swamp, in winter at Deokdong reservoir and

in spring at Otae reservoir.
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Synura sp. (Plate 21, Figure 168)

This study: 1 site in Gyeongsang Province. A single scale was found in the
summer at Jinchon swamp and observed in its back side. The scale was 5.52
x 2.88 pm in size including the spine, which was approximately 1.96 um long
and had approximately 6 apical teeth. The scale was similar to that of S.

nygaardii.

Sectio Petersenianae

S. petersenii Korshikov f. petersenii (Plate 22, Figures 169-172)

This species is a cosmopolitan species (Kristiansen & Preisig 2007).

This study: 26 sites in Gyeongsang Province. Scales were found in all
seasons.

Scales were found at Sites 1, 2, and 9 at Jeju Island. A few longitudinal ribs

were present on some scales.

S. petersenii f. kufferathii Petersen & Hansen (Plate 22, Figures 173 & 174)
This species is widely distributed (Kristiansen & Preisig 2007).

This study: 5 sites in Gyeongsang Province. Scales were found in spring,
summer, and autumn at Jinchon swamp and in winter at Gyeongcheon
reservoir.

One scale was found at Site 4 at Jeju Island. The scale has longitudinal ribs

connecting the transverse struts to a variable extent.
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Appendix 2

Plates

- 123 -



Plate 1

Figures 1-4. Chrysosphaerella brevispina
Figures 5-6. Chrysosphaerella coronacircumspina

Figures 7-8. Paraphysomonas bandaiensis
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Plate 2

Figures 9-12. Paraphysomonas bourrellyi
Figure 13. Paraphysomonas caelifrica
Figure 14. Paraphysomonas eiffelii

Figures 15-16. Paraphysomonas gladiata
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Plate 3

Figure 17. Paraphysomonas homolepis

Figure 18. Paraphysomonas imperforata

Figure 19. Paraphysomonas punctata ssp. atrema
Figure 20. Paraphysomonas subrotacea

Figure 21. Paraphysomonas vestita

Figure 22. Paraphysomonas vestita ssp.

Figure 23. Paraphysomonas sp. 1

Figure 24. Paraphysomonas sp. 2
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Plate 4

Figure 25. Spiniferomonas abei

Figure 26. Spiniferomonas cf. bilacunosa
Figures 27-28. Spiniferomonas cornuta
Figures 29-30. Spiniferomonas crucigera

Figures 31-32. Spiniferomonas septispina
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Plate 5

Figures 33-35. Spiniferomonas serrata
Figure 36. Spiniferomonas silverensis
Figures 37-38. Spiniferomonas takahashii

Figures 39-40. Siniferomonas trioralis
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Plate 6

Figure 41. Mallomonas caudata

Figures 42-48. Mallomonas matvienkoae
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Plate 7

Figure 49. Mallomonas oviformis

Figures 50-51. Mallomonas bronchartiana

Figure 52. Mallomonas peronoides var. peronoides
Figure 53. Mallomonas peronoides var. bangladeshica
Figures 54-55. Mallomonas multisetigera

Figure 56. Mallomonas guttata
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Plate 8

Figures 57-58. Mallomonas papillosa
Figure 59. Mallomonas sp. 7
Figures 60-61. Mallomonas sp. 8
Figure 62. Mallomonas parvula

Figures 63-64. Mallomonas ouradion

- 138 -



B AR
eeees
e




Plate 9

Figure 65. Mallomonas adamas
Figures 66-68. Mallomonas splendens
Figures 69-70. Mallomonas punctifera

Figures 71-72. Mallomonas heterspina
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Plate 10

Figures 73-74. Mallomonas akrokomos
Figures 75-78. Mallomonas striata var. striata

Figures 79-80. Mallomonas striata var. serrata
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Plate 11

Figures 81-85. Mallomonas sp. 6
Figure 86. Mallomonas verrucosa
Figure 87. Mallomonas alpina

Figure 88. Mallomonas areolata
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Plate 12

Figures 89-90. Mallomonas elongata
Figures 91-92. Mallomonas corymbosa
Figures 93-95. Mallomonas tonsurata

Figure 96. Mallomonas morrisonensis
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Plate 13

Figures 97-98. Mallomonas morrisonensis
Figures 99-100. Mallomonas portae-ferreae

Figures 101-104. Mallomonas trummensis
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Plate 14

Figure 105. Mallomonas trummensis

Figure 106. Mallomonas sp. 4

Figures 107-109. Mallomonas acaroides var. acaroides
Figure 110. Mallomonas acaroides var. obtusa

Figures 111-112. Mallomonas crassisquama var. crassisquama
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Plate 15

Figures 113-114. Mallomonas crassisquama var. papillosa
Figures 115-116. Mallomonas lelymene
Figure 117. Mallomonas annulata

Figures 118-120. Mallomonas clavus
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Plate 16

Figure 121. Mallomonas cf. pumilio
Figures 122-123. Mallomonas mangofera var. mangofera
Figure 124. Mallomonas mangofera var. foveata

Figures 125-128. Mallomonas favosa f. favosa
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Plate 17

Figures 129-132. Mallomonas favosa f. gemina
Figures 133-134. Mallomonas cf. grata
Figure 135. Mallomonas sp. 1

Figure 136. Mallomonas sp. 2
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Plate 18

Figure 137. Mallomonas sp. 3
Figure 138. Mallomonas sp. 5

Figures 139-144. Mallomonas jejuensis sSp. nov.
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Plate 19

Figure 145-146. Mallomonas jejuensis sSp. nov.

Figures 147-152. Mallomonas koreana sp. nov.
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Plate 20

Figures 153-159. Mallomonas koreana sp. nov.

Figure 160. Synura curtispina
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Plate 21

Figure 161. Synura echinulata
Figure 162. Synura leptorrhabda
Figure 163. Synura sphagnicola
Figures 164-166. Synura spinosa
Figure 167. Synura uvella

Figure 168. Synura sp.
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Plate 22

Figures 169-172. Synura petersenii f. petersenii

Figures 173-174. Synura petersenii f. kufferathii
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