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On the Thermal Plants of Noboribetsu Spa

Hiroyuki HIrROSE
(Depatment of Biology, Faculty of Science, Kobe University)

Field investigations were carried out four times from 1942 to 1956 at Noboribetsu
spa in Hokkaido, especially from the view points of algal, oecology, and taxonomy. The
results are as follows:

1. Plants investigated total 21 species: 2 bacteria, 11 blue-green algae, 2 red algae, 4
green algae, and 2 diatoms.

2. The most dominant thermobiotic species here found are Mastigocladus laminosus
Cohn, Cyanidium caldarum (Tildeh) Geitler and additionally thermobiotic ones were
found such as Thiobacillus sp., Chroococcus minutus (Kuetz.) Naeg. var. thermalis
Copeland, Synechococcus viridissimus Copeland, Oscillatoria yuhuensis Yoneda, Oscilla-
toria geminata Menegh. var. sulphurea Strzeszewski. A single species, Phormidium
laminosum (Ag.) Gom., is found as a thermophilous alga. As most of the area of the
spa is occupied with strongly acidic spring waters, merely two species, Cyanidium
caldarium and Pinnularia braunii var. amphicephala, predominate there. The tolerance
limits of the pH value of the former species is 2.4 and that of the latter is up to
2.2. Batrachospermum arcuatum Kylin and its Chantransia stage was found in
mineral water of 22°C.

3. Annual succession of the algae was witnessed. Namely, no other alga than Syne-
chococcus elongatus and S.viridissimus were found within a stratum of Mastogocladus
laminosus in January 1942. Colonies of one more species, Chroococcus minutus var.
thermalis, appeared much more massively than the above two species, when observed
in July 1943. And moreover in December 1943, -one more species, Synechocystis aquat-
ilis var. minor was abundantly added within the above mentioned stratum.

4. With observations on the temperature of the algal growth area, the ranges of

temperature tolerance were considered to be as shown in Fig. 2.
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THIWMEXWITLET 22, NG 2FEPAOHEMNET X TESHX T b bIRRTHEN
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I  HHE§%H Schizomycetes

1. Gallionella ferruginea Ehrb. g 1 f&

HEEFT @ 3K 7 *E—EARBISEERAE X Y OFBEHE/NER(31°C, pH=6.6).

2. Thiobacillus sp. THFEME D 1 &
HEEFT 2 XIS KEEMEER (39.5°C, pH=2.8). 2 HiXI5KEHE & ¥ DBURIE (49°C,
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pH=4.4).
IO #d Cyanophyceae

3. Chroococcus minutus (Kuetz.) Naeg. var. thermalis Copeland

AR 3R 4 JbRGBEDNIEAMEE EPOBMEMY (46°C, pH=7.2).

4. Synechococcus elongatus Naeg.

R 3K 4 Jb kOB NEARSREE &hO B Y (46°C, pH=7.2;52°C, pH=
7.6;53.5°C, pH=7.2), 3#X 5 JbRAFBEE KB & ORIDEER ORFRI O RERBENG
i (62°C, pH=4.6).

5. Synechococcus viridissimus Copeland

HEEFT 3HIR 5 Jb RSB & KB & o o o SO M RENEW (62°C, pH=
4.6). 34X 4 JbKRDEEDJIFAREE ST OB Y (46°C, pH=7.2; 52°C, pH=7.6;
53.5°C, pH=7.2). 131X 8 HuAA LC)IIBEE R KKK (57°C, pH=6.6).

6. Synechocystis agnatilis Sauvag. var minor (Kol.) Geitler

HEEET  THIX 8 MBS A OISR B & (57°C, pH=6.6).

7. Mastigocladus laminosus Cohn

HEEFF THIK 8 MRS ADNIBEERBARK (67°C, pH=6.6). 3#X 5 JbRobe&
KIS & DO OB ORBEFEOMBRENEGN (62°C, pH=4.6). 3#X 4 JER5BED]IEE
Rl E R OB Y (46°C, pH=7.2; 35°C, pH=7.2). 3H#iIX 1 FE_EAEA~DIIEEE
VNS (40.5°C, pH=6.6).

8. Oscillatoria geminata Menegh. var. sulphurea Strzeszewski

R D 3HIK 7 B—EAKRGEEAEL Y OBH/NE GREGE).

9. Oscillatoria yuhuensis Yoneda

HEEFT D 3HIR 7 H—REARBEREIAEL Y 0BEER/NR (31°C, pH=6.6)

10. Phormidium fragile Gom.

HERRT D 3HIXK 2 BEBRNGOMY (38°C, pH=6.4).

11. Phormidium laminosum (Ag.) Gom.

AEBEFT LK 8 HURAAD JIBEER (57°C, pH=6.6). 3#1K 4 JLkSEEDIEA
st OBI Y (53.5°C, pH=7.2).

12. Phormidium subfuscum Kuetz. var. inaequale Naeg. ?

EEFT  2H#IK15 B, L0BKRERS CGREE).

13. Phormidium uncinatum (Ag.) Gom.

HEEFT C 3HIK 7 B—iEAKBEEIAE LV OBEH/NE CREE).

Il #r#E%E Rhodophyceae

14. Cyanidium caldarium (Tilden) Geitler {1 F2 2= 2

EEFT THK 9 HRRIAZREE [ (23°C), 1#K12 HWRA/NSmH (51°C, pH=
2.6). 1K1l HURARAR (46°C, pH=4.6). 2#iX13 KREFEMEFHR40°C, pH=2.8).
2 X114 KEBWEBER 37°C, pH=2.4). 2#iX15 KBHEL Y OB (39°C). 3H#HiX 6
JERABEDIFEEEE F (44°C, 57°C).

15. Batrachospermum arcuatum Kylin K {'AFE?D Chantransia stage

HEAFT  SHIR 7 SF—EAKRREREIAEX VOBEH/NE (22°0). ABORERNE 19
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A2E 1 H29H THh 572735, 7038 22°C DREER - T DHEAKRIER L Q72 2 s
NREBETHD. AHRRELEORE L LTE, & FILA - LHEOHE L2HE o Chan-
transia chalybea Lyngbye var. thermalis Rabh. & MF7& 7513 Tk 5.

IV fg#3H Chlorophyceae

16. Hormidium rivulare Kuetz,

HEED 3HX 7 HEAKRBGEEAE L VOBEH/NRE (31°C, pH=6.6, 22°C).

17. Oedogonium sp. # % I Fem 17 .

R 3R 7T BmAKBEEEAEL VO BH/NE (20~30°C, pH=6.6). 34Hi
X3 JERSGBEDNEAEL Y DBNEGFER (12.5°C, pH=4.4, 19424 1 H29H$R).

18. Rhizoclonium hieroglyphicum (Ag.) Kuetz. A v 7B 1 7&E

HER 3R 3 JLRABEDJIFEAE LV OBNEEN (12.5°C, pH=4.4, 194241 §
20HER).

19. Zygnema sp. ®xv ¥ FuED 1

HEEF 3K 3 dERABIFAE L Y OEEERN (12.5°C, pH=4.4, 194241 29
HED.

V  =:#3H Bacillariophyceae

20. Pinnularia braunii (Cleve) Grun. var. amphicephala (Mayer) Hustedt

HEREFT L THIK10 Hog (22°C, pH=2.2). 1ihX12 FRHRMZnARFE (34°C, pH=
2.4). 2#X13 KREBEOMEAE (33°C, pH=2.8). 2HX15 [EEL Y DIEEKIAKEE
VZEAT BT (49.2°C, pH=4.2),

21. Synedra ulna (Nitzsch.) Ehrb.

HEEFT SR 7 B—EARBGHEEAEX Y OFEH/NE (22°0),

0 ZRREEHOEERZHNME

Db ofEE R R CRE R B L CORD EROBVIIL Y T

1. HERRH thermobiotic T7h b, RRKBPIINIIE L2 WHBDEREME, 17
274 ¥ FY Mastigocladus laminosus & 4 72 2= 4 Cyanidium caldarium (Tilden)
Geitler 55 E L, I FME Thiobacillus sp. Chroococcus minutus .(Kuetz.)
Naeg. var. thermalis Copeland, Synechococcus viridissimus Copeland, Oscillatoria yuh-
uensis Yoneda, Oscillatoria geminata Menegh. var. sulphurea Strzeszewski » 7 <T5 2.

2. JFERM thermophilous T4 b HLEAE L URERIEL Z L2 L4228, %LED
Yok z 4 (2o FEE 2 1L Phormidium laminosum (Ag.) Gom. 3% 5.

3. MERM: thermoxenous T2 HIFHAIE L CEBORKEIIEL 2 & 2 BEEE T2 23,
K& LTRBRHPCO RBZSNDERCE LR TR LR RV ISEDOTRTAZ IEY L
ESr

T 7 MIRR IR WIS D7 o TREBEEKEA SO T2 2%, 2 i L7-BEEEhRo 8
i ofLEE A 7 =2 2 2 Cyanidium caldarium® & 2:#:¢> Pinnularia braunii var. amphi-
cephala** D 2 TH 2. FIE L pH E2.4% F2ER LTz L, %313 pH F 2.2%F o g

*EEGERBREISGER T PH 1.4 1 CABOER L A7,
R ER R A EIRAS TRA C pH M L4V IRBEOAREHRL U5 L, HEE IIBEEE
EEIRA T PH 1.4 ROKHEEERRR T oH E 1.7 1248 2 2 L 072,
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LTz

I ZHEROREDEHEIEY DR

WIB B IERIET D HURA, KEBED 2 00K EF LRBIEBEHIEOH D 2 & 035D K E LR
WA ET.

ki L SRR Z AFOES 52 2 o 2 Cyanidium caldarium (Tilden) Geitler 23
JE<HEBRBLT, SEROREELL > T T

MR O ERE T H HE%E Pinnularia braunii (Cleve) Grun. var. amphicephala
(Mayer) Hustedt »BEEYT 5 Z & L YBREBEMORE ZERTHY 7.

72 [BEIK % Tt STHE V£ 27 B0 1 FE Batrachospermum arcuatum Kylin & Z 0
Chantransia stage #3725 22°C OBFRRHR SN LVERDHIFRTH 572

IV BREHROBFR

1M424EGTEN K & BEDEH, i CRENKLITh 7z > TOBREDOERERR 2K T 5
ZERTET

KBV, HEAIIB T, fLE4 52 2 2 Cyanidium caldarium 042 BARILRHZ Z D
BHEDEREII OV TEIIE &AL B b SN 57223, E# Pinnularia braunii var.
amphicephala (31 FI22 LWERY 2 28 T BHEN 7 BIC@3E LB LTz 32
kSN NEEROEGEENBNAEHE YA MRHBES4) OBEOHEEAD L, E
x4 7274 ¥ F ) Mastigocladus laminosus T#H 57243, DB IR T DFEMN,
1 A1ztx Synechococcus elongatus & S. viridissimus & 723 THh 572 DAY, BIET ALz
13317 Chroococcus minutus var. thermalis OEHEHEL < - THY, MG EAVIET
13 Synechocystis aquatilis var. minor M {REAE L Tz 2 & 2H -7z, RS HIZE 3
W D ERBES AT BIEREY R OEECEEOSHD I ENEILSE NI T LIFERDS
ZEERNET.

IV EHEOWMRRRCET S 2 DDHE

1. HEEE e 33°C pH 2.8 & 40°C pH 2.8 & 2 @R H b DIRRIE L SR O KEHEN
EE-LFNSHD (FEIKHESL, B2HMA)., bLSEEFIAL FERBECEREEICE
7% LT\~ 25 Pinnularia braunii var. amphicephala 73 KEBOETHZDEWAT HbhD
BEOENYNEZ S & ZADKBERE Lzs T=49.2°C, pH=4.2 Th 7. WEREF
1N TIEZF DBFOKIEET 50, CO:, ZDMOBRLERDERDD Z EITMTH
A0, BBLIZTORYE LTE
BOWERALZRTIDEEL
B ENTED.

2. HIBRAADT, RRIE
FIUBEBRANRD 572 (B1H
hEE 8,5 2KB). Z DINFR

5,89¢

/ Y/
T
«—

ElZEEE Mastigocladus lami- B T
-
S I e ————
nosus DEFLBIEN - THY,
JRAEFE & L T Synechococcus W2 EREOTHEMRAY KT 2 4l
P T . \ P A 3 Pinnularia braunii var. amphicephala Oz
viridissimus 2AZEE LTz B % Mastigocladus laminosus g (FHRT/RT) &AL

ESRIE T T=89°C, pH=6. 6 f&Synechococcus viridissimus (&5 C/R3) DM R
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TH -7z, BEPBERBICRDECINERT 25OKEE 78°C ThHY, FERT IR
KGO KR 39°C TH 57, FRRIBENBEREIIRLECELT 2BTOKIEG 57°C TH
S72. 2D E M5 EE Synechococcus viridissimus DMHIERF D _FRRIZHK 78°C T FFRIX
#39°C ©H v, B Mastigocladus laminosus DRI D R 57°C ©h o Z &N
WETE2, ZOMEESBEEDBEREELEICL {—F LT 5.

V 452373 Cyanidium caldarium OB

RS BEEFBEEERN EO®FRICL Y, AIEEOWEREANT, HREOEAELED L T8
BT, EREF OEE I -V, AEOFBREE CERWI 280 F Lz, Hic
KD aa T 4 V¥ 27 4 2y 7 ¥ RPRENLEEIEAEAAIBEIBRELE L.

VI & & D% =&

BAENMER ZEE LT Lo 19564E (BFISLAE) 7HANERTLAEDT, BREDFD
BOEMPZUE > THB Y FE Lz, 48 (6 AILH) LI LIS, THIK 3DER L,
SHIX 7 DE—TERARBGEIRAEL VOBH/NRA UL TBYET. T LT, HU
B & L CREEFINCRE LB 0B8R0 7 e —I 06252 822 £ 7 25, K
L, BERENOMLNMIGEGEORWTEELTWEINbANTIEA. —IEBI DY LT
HENRSEHLIT.

* JRMEBASE (1947): Bk EEEE Cyanidium OBFEMKIZ N T, BEEREREEE, 1, 43~45,

# —(1950): Studies on a thermal alga, Cyanidium caldarium. fi#54EsE, 63, 107~111,

Aok (1958) Rearrangement of the systematic position of a thermal alga, Cyanidium caldari-
um. FEEEEMEE, 71, 347~352.






