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A Study on the Freshwater Algal Flora Occurring in Temporary Ponds around
the Dasan Arctic Station, Ny-Alesund (Norway), and the Molecular
Characteristics of Chlamydomonas 18S rDNA
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Abstract : Freshwater algal studies in North polar environments are relatively few. This study presented the
algal-flora, -biomass and genetic features of dominant cells collected from temporary ponds around the
Polar Research Station (PRS), Norway. Water samples were collected from 4 stations around PRS, and
analyzed for their environmental and biological variables. Water temperature, salinity and conductivity
ranged from 5 to 10°C, 0.1 to 0.3%0 and 0.21 to 0.36 uS/cm, respectively. Chlorophyll a concentration
ranged from 1.8 to 11.1 gg/l, and that of the size-fractionated cells was recorded from 0.7 to 1.1 ug/l in
picoplankton, 0.3 to 6.5 g/l in nanoplankton, and 0.4 to 3.9 ug/! in microplankton, respectively. Algal flora
in the present study was recorded as 10 genera, in which Chlamydomonas, particularly, was dominant in all
studied sites. By comparison of Chlamydomonas 18S rDNA sequences, including two isolates from PRS,
they formed a distinct clade against others: sequence similarity was significantly low (<97.2%) with C.
noctigama, being the highest score by BLAST search in GenBank. This study was valuable for basic
knowledge regarding the freshwater algae around PRS and their genetic information.
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Fig. 1. Sampling sites around the Dasan Polar Station at
Ny-Alesund, Norway.
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Table 1. A list of Chlamydomonas species included in this study for phylogenetic analysis and GenBank accession num-
bers for their 18S rDNA sequences. (up) represents the unpublished data.

Species Acc. no. Strain Length (bp) used Reference
C. sp. DQ399675 HYNPO007 1074 Present study
C. sp. DQ399676 HYNP009 1072 Present study
C. acidophila AJ628978 UTCC 354 1073 Huss et al. (up)
C. asymmetrica U70788 1068 Buchheim et al. (1997)
C. baca U70781 1068 Buchheim et al. (1997)
C. bipapillata U70783 1067 Buchheim et al. (1997)
C. chlamydogama AY?220560 1059 Buchheim ez al. (up)
C. cribrum AF517099 1015 Hoham ez al. (2002)
C. culleus U70594 1067 Buchheim ez al. (2002)
C. debaryana AF008240 1067 Buchheim et al. (1997)
C. dysosmos U13985 1067 Buchheim et al. (up)
C. fimbriata Uu70784 1067 Buchheim ef al. (1997)
C. globosa AY781663 1068 Buchheim and Buchheim (up)
C. hedleyi DQ009746 John Lee 1052 Buchheim et al. (up)
C. humicola U13984 1068 Buchheim et al. (up)
C. incerta AY 781664 1068 Buchheim and Buchheim (up)
C. macrostellata uU70785 SAG 72.81 1067 Buchheim et al. (1997)
C. mexicana AF395434 1056 Buchheim et al. (2002)
C. moewusii U41174 1070 Buchheim ez al. (up)
C. monadina U57694 1047 Buchheim et al. (1996)
C. mutabilis U57695 1054 Buchheim et al. (1996)
C. nivalis U57696 1060 Buchheim et al. (1996)
C. noctigama AF008238 1069 Buchheim et al. (1997)
C. parkeae ABO058373 MBIC10599 1072 Sudaet al. (up)
C. pitschmannii AJ628980 DBV 238 1072 Huss et al. (up)
C. pseudogloeogama AF517097 1018 Hoham ez al. (2002)
C. pseudopulsatilla AF514405 1070 Leya et al. (up)
C. pulsatilla AF514404 1070 Leyaet al. (up)
C. radiata U57697 UTEX 966 1049 Buchheim et al. (1996)
C. rapa U70790 1069 Buchheim et al. (1997)
C. reginae DQ009749 SAG 17.89 1061 Buchheim et al. (up)
C. reinhardtii AY665726 CC-1418 1064 Buchheim and Buchheim (up)
C. rubrifilum AJ410455 SAG 3.85 1071 Proschold ez al. (2001)
C. segnis U70593 1069 Buchheim e al. (2002)
C. uva-maris DQO009757 SAG 19.89 1055 Buchheim et al. (up)
C. zebra U70792 1068 Buchheim e al. (1997)
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Table 2. Water temperature, conductivity, and salinity at

each site.
. Water temp.  Conductivity Salinity
Station
(°C) (S/cm) (%o)
St.2 11 0.363 0.17
St.3 8 0.699 0.34
St.4 9 0211 0.11
St.5 10 0.338 0.16
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Fig. 2. Chl. a concentrations of the size-fractionated cells
from temporary ponds around the Dasan Polar
Station.
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Table 3. A list of microalgal taxa observed in the sam-
ples collected from 4 stations around the Dasan
Polar Station at mid August, 2005.

Phylum species
(Cells/mi)

Bacillariophyta

Navicula spp. 92

Nitzschia sp. 144

Pinularia sp. 14
Chlorophyta

Chlamydomonas sp. 385 12

St.2 St.3 St.4 St.5

Scenedesmus sp. 52

Unidentified sp. 47 11
Chrysophyta

Dinobyron sp. 35
Cyanophyta

Unidentified sp. 80
Euglenophyta

Trachelomonas sp. 52 214

Euglena sp. 14
Unclassified

Nano-sized flagellate 52 161 246 489

Total (cells/m/) 420 760 340 580




Freshwater Algal Flora in the Arctic Station 111

Fig. 3. LM micrographs of algae presented in temporary ponds of Svalvard. A, B: Cymbella sp., C: Navicula sp., D, E:
Pinnularia sp., F: Scenedesmus sp., G: Phacus sp., H: Chlamydomonas sp., I: Pediastrum sp., J Trachellomonas

sp-

Fig. 4. SEM micrographs of diatoms presented at temporary ponds. A: Nitzschia sp., B: Navicula sp., C: Diatoma sp.,
D: Cymbella sp., E: unidentified diatom. Scale bar = 5 .
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e 24},

FAIZE GEA A uRFE ST 11EFS] EF2
o] LFEPTHTable 3). ZHzhe] REFL FEFIF 5%
(Navicula, Pinularia, Cymbella, Diatoma, Asterionella)>-
2 7P 99k, 5325 35 (Chlamydomonas, Scenedesmus,
Pediastrum), 5295 2% (Trachelomonas, Phacus), 3
EZF 15 (Dinobryon), $E5F 15010 cKFig. 3). B4 2
B 750] A o] AT T B Fo] 28RS
o, oh & HHL 2-3408 A= I vHERe
AEAE B{t). Cymbella, Diatoma, Asterionella,
Pediastrum MPN(most probable number) W& ©]§
3 U FA) BollA BREH ov, @A LA T A5l
Ae FEEA] AJTHEIER ALR).

AR A& o] g3l FRFY vATFRE FRIA
o} AR AHNA 298 2T FEAE Ee 2
| Navicula spp., Nitzschia sp7F A= CHFig. 4). 1
2ub F8 fn)FelA] BaAs7] oj#Y Diatoma spE
A+ A

Chlanmydomonas ¥ %¥3)12] 18S rDNA 27144 £
2E AHANA $AHRE e 7] mAIEFR] Chlamy-
domonass E2]MI31e], 0152 18S IDNAE #4383
t}. PCR W22 18STDNA 9F 1,100 bpE 5-E3IUS
o, o] o]t wlgF HYNP007, HYNPOO9ZH-
Bl Z}z} 1,074 bp, 1,072 bpd} F7/IMES FE3kAH.
% 79 9714 S GenBankell DQ399675(HYNP007),
DQ399676(HYNP009)C. 2 5=3}5t}.

B2 thibr)A] 9 @epR|ol A #el§ Chlamydomonas
o] F32F 54E etslr] 9181 GenBankoll 555
A= 3452 Chlamydomonas 188 tDNA H7|XE5} H)
23l o)F 37 1 F A=k €71 FAEE &
& th(Table 4). £ AolA £ 3 HYNPOO7
HYNP0092] 18S rDNASH 7 &2 d7] FAREE 8]l
FL C. noctigama(GenBank accession no. AF008238)%.
z}z} 97.2%( A2 A2l 0.020), 96.8%(0.055)Z. Ztzt
4519tk HYNP0073 HYNP0092] 18S rDNA 714
H M E 99.4% F7FHAREHAA Al <0.00DE &
A=At

B3k, Chlamydomonas 48 +3%< 79 A%
AE setatr] Yske], NJMPE S o83t B4
(Fig. 5). Chlamydomonasc 37 47)|8] AT &
3528, HYNP007, HYNP0O09= C. noctigama, C.
pseudogloeogama, C. parkeae, C. hedleyi¢t 728 15%
skt 22y HYNP007:} HYNP009E GenBank
o ¥ug FEI= Foleh R £RTS A
thFig. 5).

-]

G

AR, C aesdophik
AJZBIE0, C prsuhonmrenti
U414,

DQOY?48, & hadleyi
ABOSB373 C parkace
AFDGE238, & noctipena

AFSL097, C pieudoghbecps
DQ399675, HYNPOGOT
DQ399676, HYNPOUO9
AYTRISHA, C ireena
SHIAY 78163, C ghobosa
S AV665725, C revbardnii
U792,  zebre
AFO0RI40, C debaryona
100 AFSIW, C cribnen
V0781, C baca
AFI9OSAM, C maricoma
V0790, C rapa
U088, ¢
AY220560, C chlampdegama
7 DQOOTIES, C regince
AFS14408, & prendnpubiosila

kl 97 AFS14408, C pubsanfio

H DQOOGTS?, C uvamaris
H::—UM & mimading

100; U184, C humsieok

‘% V1985 C drownos

o U70893, C segnss
_@:Ima C finbrion
U70894, C cullaus

o0t

Fig. 5. Phylogenetic relationship of Chlamydomonas
species, inferred by Maximum Parsimony (MP)
and NJ methods using Kimura 2-distance model
and partial 18S rDNA sequences (around 1,070
bp) revealed in the present study (2 strands)
and from the database (34 strands). NJ and MP
bootstrap values (>50%) were indicated at each
branch node. Numbers in branches represent
percentages of 1,000 bootstrap replications, and
bootstrap values are shown above the intern-
odes when higher than 50%.

4. 321

AB7HA) Bl 7 7 iR AGFE THE
AAEHAE, B A7E T8l A 712 Fd g
2] E)/818H 47 v 2R YEAET $HE
k.

Al U A99] 7122 10°C )9 gho g 2tiA]
o] B3} v|%d 548 ¥k a2 ol gle wiok
2 N84 dad FEY FYE U= o] &
golct, olg} 212 BHA|¢) 2317 7152 U3k, A 7]



Freshwater Algal Flora in the Arctic Station 115

Fet w3 Do R Wt ol ARl
FAE A Fok. AR 28 IR ok % sk
3 QIS el FAE FEAIRA, F o7/ A
zh e Holla JAE| Y Fagas ol &Hrke A
EAolr}. 3 10m BEY & A= vivkel £e5
o] A AEwe}t G B AL A A ¢
T UAATHTable 2). B3 2= oh& AP v, OF
& AEHTE )R] FEEA. B3], d8] F9] 448
Z59 FEEYIE Daphnia sp.(P1EE AR)E S
g AAch. ol R A 27} skl HX|3FAL o] Fol
7] AlZFske 2719 B4EALH, FFEHIE 2HY
v Eol o3 AgetA FEEHW] dELE AhE R
ok wHE, 717] ARl fXE AA 49k s vl ¥4
AZN7F B FFEF Tl 988A] ot g AE
g Zte ALE AdERIth AY 3 AFo 2T
o B9 o3 FAE HAHo] 10 m A= §H0]
o} 3 g2 AfEo] & A SEiA RosE XL
2, 279 wjdEo] 3 vigtela = =
2, 37 3& JYEF TE°l €IS ZoE udH
o, AA 22 HEEF o +31E #2 ¥ <+ U
o} E3 GEALE 0|88 VEF SN M =2 3
& 7 A ¢ F Ul

271 B BE AN v 2] ¥R /S
o] A2 $H3AE ASA ool A3 27 YEFS
A 38 AL 2 gyl ol R g BT F,
UgE Ay A @A Yo 2EFaEe] A
3o Aoz B2 A& ¢ 4 Ak 53], 279
5ol FAst] vidEo] ol IRAHUL HA 39 ¥
JolollA e e 7] v RY] S 3FE F AN
th 2718 QEA of] 2 APV TR FFE AN
t} olo} 72 W 4 gho = e o, SX] g
o] FAL& WG dege A& ¢ & UM oA
Laybourn-Parry9} Marshall(2003)2] 97} dx]3l=H],
ol GEA g V1FL R 7R EE FFIIE X
AR 99 +22 99 %(oligotrophic) e Z B3}
=

£ A7E LS A 3] SR 2/ ES] 10
o F ol&t] vlg e -2E At S AYE
Ak =g FE Ve 27)9) HRRRIL FE 29
= ZAog AN Laybourn-Pary$} Marshall(2003)
< AR 49 SRS s AAF AtdiA o]
Dinobryon, AR 2H, SHARZHII EH3= A2 B
23t APME AR LS AR,
i 3719) %27 Chlamydomonas sp7t 3331 &
dalsion, A 49X Dinobryons T2t a2y
JHURZFE FET T At B d7dA 71E5E e

ool

o]
o]

F~& Navicula, Pinularia, Cymbella, Diatoma, Asterionella,
Chlamydomonas, Scenedesmus, Pediastrum®]31 2.5, 35
TR, A BY 52 B 340 #7473
L3}t

e A9 sl mAlzRe 27017 Ja, 4279

< ulAgk @] oY) F FEoE FH I
oJgar, olEe] Ay 54L& ety ojHh 132
2 18S IDNA A4S ol &3l o5 33 54&
geotagnt, ¥ ddie ZE FAdAN $HYA
Chlamydomonas} tDNA @714 €& vxstged), 71&
o] Ry® 3 o F14 53 & BAKFig. 5). 53,
Chlamydomonas “$3.7+2) §-72} vl HYNPOO7+
HYNP0097} 71&e B e £3 742} <97.2%, <96.8%2
g fAER FEE pEEHe AS #AEAG
(Table 4). o] 5= V¥ A Ho] fIFL2HE £
Ho] BEE31A &H-3H Chlamydomonas2] 18S rDNA--
AR BEAZE Zhe 702 o=y, A7MA] BILEHZ|
UL N2ZE £Y 7FeNol Btk FF o5 AT
5887] fiatel, ol5e) WA =4, wA FEAD,
ITS9} 28S tDNA ¥4 F F7F @771 838t =&,
HYNP0073} HYNP0092] 51|24 18S rDNA H7]
MEL 52 HAIEE BYo, AAZ o2 A2 tE
Y 7hs7de] &t o|2L& HYNPOOTH] 2] 3¢ oF
10 zm AIX371E BQl wHH HYNP009:= <F 5. me] =
718 BYTHEIEE A8). £3, 5858 FIshe AA)
ITS(internal transcribed spacer) €714 g9-& W23 A&
o, F71HARESE ol 2 (48.7%) A2 EAHAUT
OLE AR). AAZ, Chlanydomonas®] 73-% 18S IDNA
9] FIIFARETL 99.0% ol dollA thE & B, C.
globosa®} C. incerta; C. dysosmosSt C. humicolaydts= 3
€ AT F UK Table 4).

£ ATE B3 UL TR 3 G mAERRe
B #e 712287 SFHEUT E3, BE AR
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olF AJEo] IS RIHA ¥ 55T /A 5L
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AAsl Agd YESHLE AIREHY, FF o]EL
B3] 95k A=A 54 2 e 34 awh g8
e
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