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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 wg/l, and that of the size-fractionated cells was recorded from 0.7 to 1.1 ug// in
picoplankton, 0.3 to 6.5 ug/l in nanoplankton, and 0.4 to 3.9 wg// 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-

Species Acc. no. Strain Length (bp) used Reference
C. sp. DQ399675 HYNPOO7 1074 Present study
C. sp. DQ399676 HYNPO009 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 ef al. (1997)
C. bipapillata uU70783 1067 Buchheim et al. (1997)
C. chlamydogama AY220560 1059 Buchheim et al. (up)
C. cribrum AF517099 1015 Hoham et al. (2002)
C. culleus U7059%4 1067 Buchheim et al. (2002)
C. debaryana AF008240 1067 Buchheim et al. (1997)
C. dysosmos U13985 1067 Buchheim et al. (up)
C. fimbriata U70784 1067 Buchheim ef al. (1997)
C. globosa AY781663 1068 Buchheim and Buchheim (up)
C. hedleyi DQO009746 John Lee 1052 Buchheim et al. (up)
C. humicola U13984 1068 Buchheim et al. (up)
C. incerta AY781664 1068 Buchheim and Buchheim (up)
C. macrostellata u70785 SAG 72.81 1067 Buchheim et al. (1997)
C. mexicana AF395434 1056 Buchheim et al. (2002)
C. moewusii U41174 1070 Buchheim et al. (up)
C. monadina U57694 1047 Buchheim et al. (1996)
C. mutabilis U57695 1054 Buchheim et al. (1996)
C. nivalis U57696 1060 Buchheim ef al. (1996)
C. noctigama AF008238 1069 Buchheim et al. (1997)
C. parkeae ABO058373 MBIC10599 1072 Suda et al. (up)
C. pitschmannii AJ628980 DBV 238 1072 Huss et al. (up)
C. pseudogloeogama AF517097 1018 Hoham et al. (2002)
C. pseudopulsatilla AF514405 1070 Leya et al. (up)
C. pulsatilla AF514404 1070 Leya et al. (up)
C. radiata U57697 UTEX 966 1049 Buchheim et al. (1996)
C. rapa U70790 1069 Buchheim ef al. (1997)
C. reginae DQ009749 SAG 17.89 1061 Buchheim et al. (up)
C. reinhardtii AY 665726 CC-1418 1064 Buchheim and Buchheim (up)
C. rubrifilum AJ410455 SAG 3.85 1071 Proschold et al. (2001)
C. segnis U70593 1069 Buchheim et al. (2002)
C. uva-maris DQO009757 SAG 19.89 1055 Buchheim et al. (up)
C. zebra u70792 1068 Buchheim ef al. (1997)
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Table 2. Water temperature, conductivity, and salinity at

each site.
. Water temp. Conductivity Salinity
Station ©C) (4S/cm) (%)
St.2 11 0.363 0.17
St.3 8 0.699 0.34
St.4 9 0.211 0.11
St.5 10 0.338 0.16
12
10 F W Microplankton
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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

St.2 St.3 St.4 St.S

Navicula spp. 92

Nitzschia sp. 144

Pinularia sp. 14
Chlorophyta

Chlamydomonas sp. 385 12

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
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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 zm.



Table 4. Genetic distance (below diagonal) estimated by the Kimura 2-parameter model and similarity scores (above diagonal) between pairs of the aligned

sequence data of the partial 18S rDNA from Chalamydomonas genus. Similarity score = %.

No. Acc. no. Species 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
1 AJ628978  C. acidophila 9% 91 8.6 92 8.5 97 8.4 91 92 896 918 99 896 911 8 91.8 8838
2 U70788 C. asymmetrica 086 971 923 922 99 935 955 935 933 957 912 934 957 93 963 87 99
3 U70781 C. baca 087 .028 929 928 98 947 959 945 944 956 98 944 956 936 966 871 0912
4 U70783 C. bipapillata 093 .07  .065 93 877 951 929 952 949 928 95 951 928 973 916 889 927
5 AY220560 C. chlamydogama 077 064 06 .054 807 943 927 952 94 923 931 951 923 939 935 882 924
6 AF517099  C. cribrum 093 043 .046 072 .06 8.2 935 892 886 933 879 8.1 933 886 914 836 86.1
7 U705%4 C. culleus 08 062 .05 .042 .043 .058 947 96.6 981 943 916 965 943 958 933 89 94
8 AF008240 C. debaryana 092 045 .042 065 .059 013 .05 942 943 992 912 941 992 937 944 878 0914
9 U13985 C. dysosmos 08 063 .052 .039 .036 .059 .029 .055 9577 942 922 999 942 958 929 89.6 943
10 U70784 C. fimbriata 088 .062 .051 .046 .045 .063 015 .053 .037 939 912 957 939 955 929 888 934
11 AY781663 C. globosa 092 043 046 065 .063 .015 .054 .004 .058 .058 914 941 100 93.8 942 87.6 0912
12 DQ009746  C. hedleyi 048 068 075 .074 065 .072 .067 .067 .062 .069 .065 921 914 914 916 884 95
13 U13984 C. humicola 08 063 .052 .039 .036 .059 .029 .055 0 037 058 .062 941 958 928 896 943
14 AY781664 C. incerta 092 043 .046 065 .063 .015 .054 .004 .058 .058 0 065 058 938 942 876 0912
15 U70785 C. macrostellata 078 065 .061 .025 .045 .065 .036 .059 .034 .043 .056 .066 .034 .056 925 91 935
16 AF395434  C. mexicana 086 .023 .022 063 .057 .044 051 .042 056 054 .044 073 .056 .044 058 86.2 8938
17 U41174 C. moewusii 083 121 122 105 1 J16 099 111 094 104 045 087 094 .115 .091 .119 87.2
18 U57694 C. monadina 082 067 .064 .045 042 067 .035 .063 .03 .043 .046 .061 .03 .063 .038 .067 .099
19 U57695 C. mutabilis 09 074 068 0I5 .053 .068 .039 .062 .04 045 .047 .074 .04 062 .024 .065 .1 043
20 U57696 C. nivalis 079 067 .062 026 .048 067 035 .06 037 .044 048 068 .037 .058 .003 .059 092 .04
21 AF008238 C. noctigama 043 066 .073 066 .06 069 062 .067 .062 .064 .049 022 .062 .065 .059 .067 .079 .062
22 ABO058373 C. parkeae 054 073 .08 076 .071 076 074 .074 .064 075 .050 0I5 .064 072 .066 .078 .093 .063
23 AJ628980  C. pitschmannii 02 .09 .101 .092 .085 .103 .08 .102 .086 .091 .051 .061 .086 .102 .076 .095 .074 .09
24 AF517097  C. pseudogloeogama .08  .101 113 .103 .093 .097 .107 .101 .102 .107 .052 .064 .102 .09 .09 .107 .103 .105
25 AF514405 C. pseudopulsatilla 072 063 .062 .054 .042 065 .043 .066 .04 .051 .053 .059 .04 .066 .042 .058 .102 .026
26 AF514404 C. pulsatilla 077 071 .064 .047 .046 .069 .034 .068 .034 .045 .054 056 .034 .068 .039 .069 .095 .024
27 U57697 C. radiata 089 .07 065 .024 .053 .067 037 .059 .036 .042 055 .068 .036 .061 .026 .061 .1 045
28 U70790 C.rapa 087 .018 .018 .067 .063 .045 057 .04 .06 .058 .056 069 .06 043 .061 .016 .119 .07
29 DQO009749 C. reginae 081 074 069 .06 051 073 .046 073 .043 .056 .057 .062 .043 .075 .053 .072 .109 .03
30 AY665726 C. reinhardlii 092 045 046 065 .066 .019 .054 .006 .06 .058 .058 .067 .06 .004 .056 .044 .115 .068
31 AJ410455  C. rubrifilum 09 074 072 049 067 081 05 072 051 .056 .059 .08 .051 .073 .032 .068 .106 .055
32 U70593 C. segnis 095 066 .06 051 .04 065 015 .057 .037 .011 .060 .079 .037 .061 .045 .057 .107 .043
33 DQ399675 C.sp. 044 063 .069 074 .059 063 067 .068 .063 .072 .061 .029 .063 .063 .065 .068 .081 .063
34 DQ399676 C.sp. 044 063 .069 074 059 063 067 .068 .063 .072 .062 .029 .063 .063 .065 .068 .081 .063
35 DQO009757 C. uva-maris 078 .07 061 .043 .037 068 .035 .064 .03 .04 063 .056 .03 .067 .036 .066 .098 .015
36 U70792 C. zebra 09 042 043 068 .063 .016 .057 .01 062 .06 .064 .071 .062 .007 .059 .04 .118 .068
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Table 4. Continued.

No. Acc. no. Species 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
1 AJ628978 C. acidophila 8 94 936 933 973 86.8 91.8 915 885 B899 8.9 832 9.1 8.7 937 935 899 897
2 U70788 C. asymmetrica 91 924 93 923 89.1 842 929 925 99 98 912 953 923 929 93 92,6 91.6 959
3 U70781 C. baca 91.6 929 927 92 892 837 932 932 915 982 91.7 954 92,6 936 928 924 926 96
4 U70783 C. bipapillata 972 966 93 919 899 845 934 944 96 92,6 924 926 949 945 92 916 93.8 927
5  AY220560  C. chlamydogama 92.1 929 933 922 89.6 863 941 941 915 923 945 926 919 945 927 923 956 925
6  AF517099  C. cribrum 87 877 88.1 874 849 893 879 88 86.6 9.7 834 935 872 8.6 882 884 839 934
7 U7059%4 C. culleus 943 952 93.6 926 93 843 947 959 939 94 938 942 945 98 929 025 947 943
8 AF008240  C. debaryana 92 929 929 922 887 844 925 928 918 958 913 98.8 925 939 924 92 921 989
9 U13985 C. dysosmos 94.1 948 939 939 9.7 848 953 963 939 937 943 936 944 957 93.6 932 953 93.8
10 U70784 C. fimbriata 941 946 934 923 899 842 94 948 939 937 929 937 942 985 924 92 942 939
11 AY781663  C. globosa 919 93 93.1 926 889 847 927 93 916 957 O9I.1 99 925 936 93 92,6 919 99.1
12 DQO009746  C. hedleyi 895 98 958 967 98 8 921 925 898 912 929 917 91 94 946 943 933 O91.1
13 U13984 C. humicola 94 947 938 93.8 9.6 847 952 962 938 936 942 935 944 957 935 932 952 937
14 AY781664  C. incerta 919 93 93.1 926 889 847 927 93 916 957 911 99 925 936 93 926 919 99.1
15 U70785 C. macrostellata 9.4 987 937 93 912 853 946 952 956 934 93 936 96.8 953 929 0925 944 938
16  AF395434  C. mexicana 95 918 919 99 884 847 923 916 94 971 92 948 915 926 91.6 913 927 947
17 U41174 C. moewusii 883 893 9.7 897 929 8.1 888 896 879 872 875 872 888 886 95 92 882 874
18 U57694 C. monadina 925 927 91.7 916 882 826 947 953 931 96 937 9.6 919 932 911 97 952 91
19 U57695 C. mutabilis 959 92 99 894 837 93 934 961 913 91.6 915 938 939 913 99 93.1 917
20 U57696 C. nivalis .025 929 92 95 845 938 944 952 928 923 928 9 944 921 918 937 929
21  AF008238  C. noctigama .065 .06 972 933 884 942 939 916 93 928 93 91.8 927 972 96.8 929 933
22 ABO058373  C. parkeae .076 .068 .024 925 872 941 939 96 923 928 92 915 916 959 955 929 923
23 AJ628980 C. pitschmannii .086 .078 .048 .063 8.4 91 9.6 888 892 893 885 893 894 929 926 894 89.1
24 AF517097  C. pseudogloeogama  .102 .097 .06 .071 .086 852 849 83 841 855 8 841 839 884 885 855 849
25 AF514405  C. pseudopulsatilla .047 .044 .055 .059 .08 .097 97 927 929 959 919 933 941 941 937 958 92.7
26  AF514404  C. pulsatilla .046 .039 06 .063 .089 .099 .026 929 924 958 924 941 946 934 931 963 926
27  U57697 C. radiata .016 .027 .063 .073 .087 .102 .044 .046 914 914 914 939 933 97 93 92,6 0915
28 U70790 C. rapa 071 .062 .067 .074 .098 .105 .065 .073 .065 913 955 925 929 926 922 91.7 96.1
29  DQO009749  C. reginae .058 .053 .065 .063 .091 .104 .027 .029 .054 .073 914 918 927 92 91.6 968 914
30 AY665726  C. reinhardtii .065 .058 .065 .074 .102 .098 .071 .07 .061 .043 .078 92.1 93.1 922 919 923 989
31 AJ410455 C. rubrifilum .051 .03 .08 .085 .101 .109 .058 .053 .043 .07 .067 .073 93.8 913 99 928 923
32 U70593 C. segnis .046 .046 .073 .085 .099 .114 .051 .047 .046 .067 .059 .063 .061 923 92 94 933
33 DQ399675  C. sp. 069 .066 .02 .036 .055 .059 .054 .061 .07 .069 .067 .068 .085 .074 994 922 929
34 DQ399676  C. sp. 069 .066 .02 .036 .055 .059 .054 .061 .07 .069 .067 .068 .085 .074 O 91.8 925
35 DQO009757  C. uva-maris .04 .038 .06 .059 .086 .1 .024 022 .038 .069 .026 .069 .054 .043 .061 .061 91.9
36 U70792 C. zebra .067 .06 064 .075 .1 096 .066 .073 .064 .039 .074 .007 .075 .066 .065 .065 .069
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FANZE GEA A mARFE ST 11EY RS
o] Yelsith(Table 3). zt7+e] E/F+S F2F/7F 55
(Navicula, Pinularia, Cymbella, Diatoma, Asterionella)>-
2 7P B, B25F 3&5(Chlamydomonas, Scenedesmus
Pediastrum), S-28lU5 25 (Trachelomonas, Phacus), 3
EZ57 15 (Dinobryon), ‘G327 150 th(Fig. 3). 4 2
& 730 2AlEo] AR TP BE Fol 2AIAL
H, e AAe 23508 TAHE v nHzRe
AESFS BAT Cymbella, Diatoma, Asterionella,
Pediastrum< MPN(most probable number) W< ©o]&

S FAIEoA AR o, AT A LT Al 5ol
M AR FUTHELE AFR).

AAm 7L o] g8t F2FO vAFRE AFEA
th AR OA 28T xR BEAvAE ERe 72
o] Navicula spp., Nitzschia sp.”} ZAVEItHFig. 4). =

2l 33t dAn Ao A #Falr] o]HUY Diatoma spE
HESE Uk

Chlamydomonas wjokAle] 18S rDNA 9714d #-4
< AN A v 27] wMZFR] Chlamy-
domonasE F2]M|sle], o]52] 18S rDNAES F4I351%
T} PCR R 22 18SDNA ¢F 1,100 bpE SE31H 2
H, o]Z& o]&3te] wjgF HYNP007, HYNPOO9= %
Bl Zz+z} 1,074 bp, 1,072 bpel F71HES #9439
F /el 4714 €S GenBankell DQ399675(HYNP007),
DQ399676(HYNP009)C & 5=3}31t}.
5= 7R 8 @pR|olA 28 Chlamydomonas
o] A 5L #Hetstr] 918t GenBankdl 555 ¢
= 34%2] Chlamydomonas 18S rDNA 3714 E 3} 1]
war] o5 Ezre] HA7 Azl W) FAES =
A3t tH(Table 4). & <AtollA] #2]$H HYNP0O73%
HYNP0099] 18S rDNA®} 7Fd =& 7] frAleE Hel
<2 C. noctigama(GenBank accession no. AF008238)=
Z}zF 97.2%(FAAF 712 0.020), 96.8%(0.055)= ZtzF -
A=tk HYNP0073} HYNP0092] 18S rDNA 971414
HZAME 99.4% A71-FARE (A A2 <0.001)E
A=At
T3, Chlamydomonas 425 3 38te &7+ Asd
AE getetz] flke], NI S ©]-83h %‘:d 5+ T
(Fig. 5). Chlamydomonas= A 479 AlFL2 F4
3992, HYNP007, HYNP009+= C. noctigama, C.
pseudogloeogama, C. parkeae, C. hedleyi®t 73S 155
FAstA . 28y HYNP0073 HYNP009+= GenBank
o HiE FEde Folsh EelE SR I49513
tH(Fig. 5).
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ABO5E373, C pavkeas

AFO08238, C noctigana

AF517097, C pseudoghbeogona

DQ399675, HYNP0OOO7

#?IpQ399676, HYNPOODY
% AY7BI664, C dcerte

A av781663, € globosa
3L AY665726, (0 reimbardni
2 UT0792, ( zebra
AFO0E240, C debaryana
100 AF517093, & enibron

e V70781, C baca
‘3%5‘395434, C mexicana
- U70790, C rgpa
100) U70788, & 2
bk

AY220560, C chiampdogama
7 DQO0S743, C reginae
@ﬂﬂs, C pendopulsaniia
97 AFS14404, C pulsanila
T b DQOOF75T, C uva-mards
Ei U574, C momadinag
}EHIUIBM, C hmicola
U13585 C draosmos

98 T70593, & sepuis
_E%E?Ewmau, € finbriaw
70594, C cullas
U598, C amivalis
U083, & macrostellan
AJ410455, 0 rubrifilen
U57697, C radiata

TS5, C munabilis
U707e3, C bipapillata

9

001

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%.
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S Navicula, Pinularia, Cymbella, Diatoma, Asterionella,
Chlamydomonas, Scenedesmus, Pediastrum®] 321, 5
AT, Ak B 5 BE $rEel 27 497t 3
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HYNP0097} 71&e) ®i18 53 2bz} <97.2%, <96.8%2]
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(Table 4). °|A& 5= UgE Aol YIHFOoZHE £
Hol 553 4-8% Chlamydomonas2] 18S rDNA-f+
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