MR FHE (J. Hot Spring Sei.), 65, 142-151 (2015)

BAXRBRRPFSROERE

RE VR S U 7 S bRk o il - RIRVEIOR IS B UT B
JEA% A e AR D 2 W 2% R PR S Al

i #ow T
G 27 4 11 H 26 H=2A, PR 27 4F 12 A 25 H2 81

Prokaryotic Community Structures and Biodiversity in
the Highly Acidic Hot Springs in the Kirishima
Geothermal area, Kagoshima Prefecture

Tomoko Saton”

Abstract

The biosphere in terrestrial, highly acidic hot springs is composed solely of chemo-
trophic prokaryotic communities. The major environmental factors affecting these
organisms are expected to be temperature and chemical composition. The bacterial and
archaeal 16S rRNA gene composition and environmental characteristics of four distinct
solfataric-acidic ponds in the Kirishima geothermal area, Kagoshima Prefecture, Japan, were
compared. The four ponds were selected based on differences in temperature and the total
concentration of examined chemical components : 1) Pond-A : 93C and 57.9mmolL " ; 2)
Pond-B : 66C and 734mmolL™" ; 3) Pond-C : 88C and 6.73mmolL " ; and 4) Pond-D : 67C
and 11.5mmolL™". In total, 372 clones of the bacterial 16S rRNA gene were classified into 35
phylotypes. The dominant bacterial group was the class y-Proteobacteria. Bacterial species
diversity was greatest in Pond-D, and the dominant phylotype detected (37% of all clones)
was closely related to Acinetobacter junii. Pond-B had the relative highest total concentra-
tion of examined chemical components, where the bacterial species diversity was the lowest
despite the greatest genetic diversity among the four ponds. The bacterial community was
dominated by a phylotype closely related to Acidithiobacillus caldus as well as an uncul-
tured species of 6-Proteobacteria. Pond-A and Pond-C had the relative highest temperatures
and were dominated by a phylotype closely related to Acinetobacter johnsonii (accounted for
more than 57% of the identified clones). On the other hand, total 431 clones of the archaeal
16S rRNA gene were classified into 26 phylotypes. In Pond-B, the archaeal genetic diversity
and the species diversity was the highest among the four, and the member of order
Sulfolobales were dominant. The Pond-D also shown relatively high species diversity and
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the most frequent group was uncultured thermoacidic spring clone group. In contrast to
Pond-B and Pond-D, much less diverse archaeal clones were detected in Pond-A and Pond-C
showing higher temperatures. Especially in Pond-A showing relatively high total concentra-
tion of examined chemical components, the archaeal genetic diversity and the species
diversity was the lowest among the four ponds. The dominant archaeal groups in these
ponds were also different. The members of the order Sulfolobales shared of 89% of total
clones in Pond-A, and the uncultured crenarchaeal groups shared 99% of total Pond-C
clones. This study highlights the different bacterial and archaeal species composition and
biodiversity present in solfataric-acidic ponds characterized by different temperatures and
chemical components.

Key words : Kirishima geothermal area, bacteria, archaea, community structure, diversity,
statistical analysis, environmental factor
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Fi (60CLLE) - BERME (pH4 Kii) O /ERRICART AMi—0AWE, 1Lk
I ERAEWTHY, TNOHICHKRIEELG5 2 5 FEREERITREL L OMLHESTH S &
EZbND. KFFETIE, RERLILFER SR ZRREEICBT 2 EEAEYOBREMEB X
WS M % 5 - LIRS % 720, BIREIRE SISO T 5 4 O OEEBEERIETRICBIT S
A B X O ARG %, 16S rRNA M T- 7 0 — Vs, B X OWEHNTEE v
TN L7z, BIR L 7z OB X O k%5113, 1) Pond-A 93T, 57.9mmol L™}, 2)
Pond-B : 66C, 734mmolL™", 3) Pond-C : 88C, 6.73mmolL"', 4) Pond-D : 67C, 115
mmolL™' TH o7z, 4 ODMRHKOFT 372 M 7 0 — 13 35 RMAEICHT SN, Mol
RIZBWTDH p-Proteobacteria A L Tz, MIEOML R IR D Edh > 7201%, RE
&AL DA A I Pond-D TH Y, I DR TIZ Ainetobacter junii 21T
GRS 4 s a— 2D 31% & 5O T2, PondD & [EIFEE DRI 2 25 5 #AL - 20 5 ASAH R Y
2%\ Pond-B T, BIEMZ MDD W L, Acdithiobacillus caldus DT ixfE B L O
8-Proteobacteria 128§ 2 RIFFEMBHE 235 L T 7z IREAH 92 E v Pond-A & C T,
Acinetobacter johnsonii &7 0 — D 57% U Lx Ko Tnwiz, —J, 5H431 HfE 7 v0— >~
1 26 RFREIC S Nz R OMIEN B X OSSR D F > 72D Pond-B T, 2
DR TlZ Sulfolobales HIZ/E$ % &l B A% 52% % 5T 72, Pond-D ¥ LAY = W EIER
BIXUOHEZEEZRLZD, S TEL L TW2DIE uncultured thermoacidic spring clone
group (UTSCG) & FFIZN 2 R85 ME TR D 58% % 5o Tz, RESHIFHIZE W
Pond-A & CIZBIFHHE 55X 2 DO MEH TIEFRKE {874, Pond-A Tl Sulfolobales HiZ
JE& T A EHHE AT 89% % 5 TWzdDIZxf L, Pond-C Tl Crenarchaeota PR 5 KksaE
MRS EIRD 99% % DTz, REFFEIC LD, FBEMIBOMERILFH 5 AR % 5 BT
W BT BT B X O OBRERE & WL RO BARI 2 WS S b 7 o 7.

F—U— 8 BREREE, AE, SR, TEEME, ZRE WEHARMT, BREEER

1. U &I

it L&D &9 2B Lo KILPERSR LM O BRI FLE L O X 9 7 5l B A R 0 —
DEMEDITONS. 29 LRI MBI S N EWOELFIT L o TR IBEE:
BEBTHLH. BAETTICID L) BB RIS XL MEWOFADMR SN
TWaH, T WL, O &) BRI L KT 2 LA oS HEMRw Z E s T
Wb, o, MIRREIAFANSE LCORIRT 2 2 &0k, AR OB ER LR o)
FBYEZW S 22T 5 ETHAD L v, FEBE, 60T LLEB X OF pH 4 i 2 7R3 85l - SRR,
MDA E R ZAT ) EREM O A THR SN, WA R AERERTH S (Madigan et al., 2005 ;
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Cox et al, 2011). JEAZHEW) & 1X DNA AR & U CHEAES S Ml s ikl 2 B e A T 1,
MRS X OEMRE D 2 DDRL L REOEMRIZ L o TN SN TS, ZO72O IR - THHEMER
RICAET MW B L OHMN A2 WA RAWICT L2 LICLD, HH-20EBREMET 24
EMRED LRV RECH B L HEZ b D, 7z, Hil - WEREER T8y, &8, 7y 1%
@@%ﬁ%ﬁéﬂét . 2O XD RARBRIIBWTEBEY ISR G EEE G R H ERRREEN
E, MEBIMEERGTHLEEZONE. DEoZ b, &2 KINVEMEMI 251§ 2 i
BEB LML DA R & Bk 2 B W - MBRMERIR 28NS H 2 L12X ), HAHEERICE
J B EEMTEO L L & ERBREN & OBRIEICOWTH LI TE S EER 5N

ARFETIE, 1) BRI SN 3 2 KIS K DL R R BU B 2 W58 (Satoh
et al, 2015), 2) EB L CMLARDAKRE K e D 4 D ORBIERIAIZHB VT, 16S rRNA (=
T u = VIR D W GIE TR O M S R (RS, BB RREE, M ARED) Ok -
HBIZB Y 278 (Satoh et al, 2013b), 3) MMRHRSEMA & W —E 2B MR EE O LN %
FRPERTANC B3 219 (Satoh et al, 2013a), 4) ME B L OHHIE L DAL Hrlt & T RBIHHE
& DB#EYE (Satoh et al, 2013a, b) XDV THISNT 5.

2. MEBLUTE

2.1 HEOEFER
TR, EIRE - EIRWELOREICAE T 5 ARICBIT ik d K& 2 EMLOKINEFEO—
O2TH5SH (Fig.l). 74V VT L =B =57 7L — MILARL I EIZL > THRELR
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Fig. 1 Map of the sampling site in and near the region of the Tearai hot spring in the Kirishima
geothermal area. The dotted box shows the area sampled in this study.

144



55 65 & (2015) JEE I WL R s R 0D iR« IR VIR 36 1) B ISR R 4 D 2R W 25 R M AT

31°55'00” N

31°54’40” N

130°48'47” E 130°49'10” E

Fig. 2 Location of pond-water sampling stations in the Kirishima
geothermal area.

ERSHEOITIMELTEY, 20 D Eo/MIBEKIITHRINS., THit»SHAECEL F
TR RKIUNEB 2T WD, RAFETIE, 20054E7 H, 200642 HB X 06 HDEF3HIZh
720 % R HEMIN O YRV IRR X O 1km? KIBPIZ54§ 5 21 R OMR KB & O RS
AR ICRIL 72 (Fig. 2). COBFTIIRAMTH 2720 N\OBADHBENL TV L L HITL
TAIERE R BT G725 w7z, AAMIEEIC X 21580883tz ol ik
BB XU pH 3BIE T L, BAHI T I ARFE VICANFEREICHE LR - 72, HFo—#13 022
um A Y7Ly 74V —=THBL, 1% (v/v) (5 CRELHEE, (LRS- 0HT21T) T T4CT
L7 — 0, JRIERREHIER Y O WS AR ERAT 2 47 ) £ T - 25C CTHRAF L 72

2.2 BRKOIEZERS

21 58 M O KDBEAF TR AL % ICP 8565k (ICP-AES, ICP-7000 Ver. 2, Shimadzu)
WCEDIE Lz T2 F e g e L@t TR S L7z 21 FifHoc#E (Li, Na, Mg,
Al Si, P, S, K, Ca, Cr, Mn, Fe, Ni, Cu, Zn, As, Rb, Sr, Cd, Cs, and Pb) 22\ TERGH %17 72.

2.3 16S rRNA BZF 7 O— U BIEICE D HIE & KO HHE OB EBSHER

EB L MRS K E K R b 4 EHOMBEIRIR % ERHIC L 0 #IRL, KRHE S
5328 DNA % UltraClean Soil DNA Kit Mega Prep (Mo Bio Laboratories) % FvCTHiH - #58LL
7o THESEME L, MEB X OHHEREER £ D 16S rRNA B(ZF 28R L7z, MH L2794
< —IIRDEY TH A, MBEFFRANE ST 5 4 ~— B27F (5-AGAGTTTGATCCTGGCTCAG-3'),
IR AR R NES 75 4 ~—  A2IF (5-TTCCGGTTGATCCYGCCGGA-3), M dB X OVl
WBOM 77 4 ~—  Ul492R (5-GGYTACCTTGTTACGACTT-3). 16S rRNA i#tfz1 27
O—>54 75 2tk MAELICERIRLZ2 a— 0 oo ERS 2 e Uiz, HIERA oM
FPEAS97% DL E&Z R L7227 v — YL & F—R60E (EE Lo —f) LeERl, MBI
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HHH O BERI O B E AR A M E#ZE (BLASTN ; http://www.ncbinlm.nih.gov/BLAST/)
WD HOREZIT- 72, TOHK, wIEHEIC K ) EILRGEH 2 ER L, Bl S 7z Rt o Rk
BREMLICT S L EHIT, FRFEIIBUT HME B L OHAIHAEEORAE 2 B 522 L.

2.4 S£YLHEBEROEL S LUHEFRENT

T B LB HIR A 50 9 5 21 SE MO TEBR M IR K O F RN, B X OB C R 2 BRI
B LCERGOHEITH) L THLMIZ L EMEHM 2T 2 28R E LT, £W%
KeVERE B %, FEZ RRFETE% (Shannon-Wiener index), #EEMi$ (Chaol nonparametric richness
estimator), EIRMWZAEETREL (nucleotide diversity) Z#iH L7z, S 512, FEREZERBOM
Rt & NS, M B L O TEE O LS ARtk & FRBRBEZIN & OBIREIZE T v v OFEFM
BIRE s & ONIEHEAHBI AT IS & D sk 7.

3. MRBLUEBE

3.1 EREEZEMEMIEICHET 3 NUMERKDILENE

21 SEHOWBKDOIRSE, pH, BILFR A= OHPAIL, %4 63-94C (P4 83C), 1.8-4.0 (25),
31-82mmol L™ (26mmolL™") TdH o 72720, 7% 5 HE IR O TPk 8 1 X P 504 5 5 Tt
IR EE M IR Td - 72 (Satoh et al., 2015). ElRMEAKICHET 2 FEILRIEISBLIUSITH - 72,
RSN ZAT - 72 21 e, RS20k 12 56#% (Fe, S, Al Mg, Si, Ca, P, Na, K, As, Rb,
Cs) THotz. TNHDH) bD755#% (Fe, S, AL, Mg, P, Rb, Cs) 13# b2 58 & A EKHAE 1% T
MWAHBIBIR A /R L7z, 518, MIBEN/nH L IRE DR 13 DBBEE A AV CERG 0T %
fTolkE H—BIXUOE T (PClBLUPC2) 2SN, WE CEEREENICBI
HEZEFD 56% & L7z (Fig. 3). PC1 B XU PC2 1T % 5 2 Tnw/z0id, 8 itk (Fe, S,

1 Variables (axes F1 and F2: 56 %) Observations (axes F1 and F2: 56 %)
2
N=21
0.75 Temp. 18 of3 8 509
1 46 010 1 10
o o 144 o7
= 04
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< 5 |17
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g O
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(a) (b)

Fig. 3 Principal component analysis showing the environmental variables of the 21 ponds.
(a) Factor loadings on principal components 1 and 3. (b) Relationships between the 21 ponds
and the principal components.
F1 and F3 indicate Factor 1 and Factor 3, respectively. Arabic figures in (b) denote sampling
stations.
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Al Mg, P, As,Rb, Cs) BIUETH 72, o T, ZRMBMIBTIHAG TS 21 » okt
TR KIZR L7238 ) O 4 O AR 2 A3 SR S 7z - PCL B L OV PC2 28k
WA E Wi (Type A) : PCL 2SHIRAGICE <, PC2 2SI I Wil # (Type B)
PC1 2SR AL <, PC2 2SHHA IR WlREE (Type C) 5 PCL B & U PC2 A3 IR 1Y 1%
Wik # (Type D).

3.2 HEOHEBEHNTS LUEMSHEMN

A O FIEF A A T 5 iR B2 SR B X ONHHTE O BB G B X O AL RE
DD 4 1 BT OlR 2 #IRL, Pond-A (=St. 8), PondB (=St. 2), Pond-C (=St. 16),
Pond-D (=St. 15) & L7z, TNHORBITREL X OLFERSIEIKRES RL L 2 LRSI
(Table 1) (Satoh et al., 2013b).

4O DR IR OFE 372 HOME 7 1 — 213 35 R E 7z (Table 2). T %%
FEIX IR T 108 12 )% L T\ 72 : y-Proteobacteria, f-Proteobacteria, 8-Proteobacteria, Bacilli,
Actinobacteria, Flavobacteria, Aquificae, Thermotogae, a-Proteobacteria, Nitrospirae. &R (235
5 AW BRI E BR1Z 085-090 2R L TV iz7z, ok ru— v HE@iicE L ERZ bR
7o F7z, BEAIOEERGINR T 2 HEBRRE 2T 28R, &7 a— o 23% % 595
16 RbthEE, REZRBEN TR VIR BME TH S LHE I N2, AIETIEI4ERD
NDOWFEIZ BT B p-Proteobacteria fiAEE 5 L T 7z (Fig. 4a). DR D Ed o> 72D,
W L AL D AR YIS W Pond-D TH V), Z Ot T Acinetobacter junii \2Tix 7l
WEZH—D 37% % DTz, Pond-D & FFEEE DL 72 5% S LA 5 DS 1912 & v Pond-B
TIE, EEMZRED RS 5 L, Acidithiobacillus caldus DITFFFLE X OF 5-Proteobacteria Ml 12 )&
TLREEMAS 27 0 — D 4% EEELTWie —7, mEIHHIZE W Pond-A &
Pond-C Tl&, Acinetobacter johnsonii 47 10— > D 57% Ll Lz o Twiz,

3.3 HHBEOHEBEHENS JUEMSHM

WEEB & LAWK E L B B 4 OOk OF 431 O HHITE 7 1 — 2 1d 26 SRkthEIC
S E M (Table 2), 215 1% Crenarchaeota P38 & UF Euryarchaeota [ ® 2 F§12)8 L Tv» 7z (Satoh
et al, 2013a). KA B 2 EWEZHMERE F1E 088-095 278 LT\ /2720, MImEEREE, +454

(a) (b)

Pond-A | y-Proteobacteria 80% (6 phylotypes) Sulfolobales 89% (3 phylotypes)

8-Proteobacteria

Pond-B | y-Proteobacteria 46% (3) 44% (1) Sulfolobales 52% (6) 22% (3) ‘
Pond-C | y-Proteobacteria 58% (2) B'Pm;i‘;z’?;)te'ia UTSCG* 58% (3) HWCG** 42% (1)

Pond-D | y-Proteobacteria 47% (5)

0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%

Fig. 4 Prokaryotic phylogenetic distribution in each pond of the Kirishima geothermal area.
(a) Bacterial clonal frequency in the class level. (b) Archaeal clonal frequency in the order level.
*UTSCG : Uncultured thermoacidic spring clone group, **HWCG...Hot water crenarchaeotic group
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% 70— YREFNTT & 728 2 Sz RO R,
BN 7 0 — VB D 91% % 158 B 19 e SR EL O i
WTHDEMESNTz, 4 00WREY, HHEOBERNE X
UM% B2 D B A > 72D 1E Pond-B T, Z DR Tl
Sulfolobales HIZJ& 3 % 6 ZHHE O IR A 52% & &5 T
7z (Fig. 4b). Pond-D b WM& WBIZN B L S kit %
L7228, 22 THEE L TWwWzold uncultured thermoacidic
spring clone group (UTSCG) &IiEh % RO AKRE 21
ME 7N —TTHY, D 58% % Lo Tz mEDH
FFHYIZE W Pond-A & Pond-C (2B A8 5H 2 D DR
MTIERECHEALY, Pond-A Tl Sulfolobales HIZJE 3 %
3RAMAED WM AT 89% % HO TV 72D IZx L, PondC T
I& Crenarchaeota "] @ UTSCG B X O hot water crenar-
chaeotic group (HWCG) 7> 5 i 5 KK 22 1M i 252k 99%
TV,

3.4 MESLIUVEHRRENEYSHEHETEREERE
DR

AW B X R O LS BVEIR B & F BRI &
ORRMEEZ T Y v OREMBREIC X D RD /R, ME
DO BRI R & E & ORI B 5% TR OV B%
PEAFRD BNz (Table 3). —h, WHIMTHEDORIZNE B
P Ca &RV D BRMEZ R LTz (Satoh et al., 2013a,
2013b, 2015).

ML NVBLOH LIV OGHERERTOME B X O
W7V —7 L REREER & OMREZ EREMBE SIS -
TR ® 72 # &, a-Proteobacteria i, d-Proteobacteria #f,
Nitrospirae f1Z)J& 3 HHME 7V —71E Fe BL U Rb & 1ED
mWEERMEZ R L7z, —7J5, Sulfolobales H 3 X OV R 264
DOMRTHEK E N5 UTSCG IR T A w1, AldB XU Mg
EERWVBIRTEA R L7z, SR MBI R R RS T
WRWHITE B & IR S HAATE S A W REEA B 5 2 &
ZHIE L7z, RGO, B X 508D L v
RO BE CEENL. ARIFRICB W TREMFHNT
BICHEOE, REEMZ UM ORI v —7 &
FRERNEOMBEEZHL 2L ETHLNZAR
&, Sk, BRSO HTE 0 5B R A B BRI AL D 2
LI NG.

4. ¥ & &
AHFTETIE, BRBRSBHBHIRI AT 5 4 EHOH

Table 3 Correlation matrix showing r values for Pearson’s correlation among factors in the pond waters of the Kirishima geothermal area.

Fe/Si S/Si Al/Si Mg/Si Ca/Si P/Si Na/Si K/Si As/Si Rb/Si Cs/Si ctﬂ)l;:):ilSi

Temp.

Variables

0.24

0.62 -0.20

0.10

0.59 0.11 -0.20 -0.28 -0.64 0.40

-0.95

Bacterial 6,

-0.75

-0.67 -0.69

-0.82

-0.25 -0.76

-0.52

-0.68 -0.76 -0.69

-0.35

Bacterial Shannon.

-0.29

0.17 -0.68

-0.38

0.13 -0.41 -0.68 -0.79 -0.98 -0.09

-0.67

Archaeal 6,

0.17

0.04 -0.28 -0.41 -0.76 0.36 0.14 0.14 0.05 0.59 -0.28

0.55

Archaeal Shannon.

JEE I WL R s R 0D iR« IR VIR 36 1) B ISR R 4 D 2R W 25 R M AT

Temp., Total conc. and Shannon. denote the temperature, total concentration of

0.05 (»>0.95).
measured chemical components and Shannon-Wiener index, respectively. Each chemical component was standardized with respect to silicon (/Si).

Values in bold are different from 0 with a significance level of a
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- BRERPERICB VT, 16S rRNA #IR 17 v — YETEICED &, MR B L O ok EfE
B LWL R % 5 - R L7z, 4 @ oiiRKIE, REWREL X OMLERGEEZRT L L
BIZ, FRGHHTIC X DIES X OMLARGHRE B b AL AT 5 2 LAVR
SNz, 4 OORHKDFE 803 M D 16S rRNA #InT-7 u— Y 2T L7z& 25, 61 oK
AW GHIE 35 A8, R 26 f) kb Sz T2, AWSHRERERLD, ZoREPICAER-R
T 5 EAEAEMIED 90% L EZ R CE 722 ERHOE Nk o7z, 4 ERMNOMBEBTHES
MBI & 7= D13, y-Proteobacteria #l, S-Proteobacteria #i, Bacilli #12J& 3 A HlH 7 )V — 7T
Hodz. —J, HHEICE L Td 4 @nof il L TRt S22 v — Tk ok - 7z
B3, AL SR SR IS B W iR Tl Sulfolobales HIZE 3 2 Wl 258 5 LTz, b2ais
AR IR VW L% T Crenarchaeota PR $ 2 RGO B 7V — 720 5L TB Y,
BRI BR NIz, 61T, EWSERE & EEBREER & ORI ZHatF ko2 Ik
D, WO L EE, HTHEOEENEHMEL Ca DMICHELRAOERMEIRD Sl
F72, BB L OEHIEOYFED 7 — 7 L v O DL & ORI D B E AR S 7z,
AWFZETH S 20 & SN2ARIE, KILPEO SR - SRR &\ ) RS L7z Bkl R R O 4
BN L OB AR T S L TO—Bt b THAH ).

# O

KL e - BT A2 52 THE £ LAHARRAF R 2 5 CICHERZREARZER TS
BENKS: A REATEIZIEH B L LT 9. £, AREETT212H72D, #ih TR
CHIEZIG D £ L AR ABE Tap il BIRAR B IO X D IS L LU §. 72, X ofk
B X OREORPUCH 720 @Y % THEETHE T L2 WABE—2IR, IWAREREIR, ¥
B RICIE CHFLE L B E 9.

5| A3k

Cox, A., Shock, EL. and Havig, J.R. (2011) : The transition to microbial photosynthesis in hot
spring ecosystems. Chem. Geol., 280, 344-351.

Madigan, M.T., Martinko, J.M., Dunlap, P.V. and Clark, D.P. (2008) : Brock Biology of Microorganisms.
Pearson Education, Inc., Pearson Benjamin Cummings, 1301 Sansome Street, San Francisco,
CA 94111.

Satoh, T. Watanabe, K., Yamamoto, H.,, Yamamoto, S. and Kurosawa, N. (2013a) : Archaeal
community structures in the solfataric acidic hot springs with different temperatures and
elemental compositions. Archaea, 2013-723871, 1-11.

Satoh, T. Watanabe, K., Yamamoto, H.,, Yamamoto, S. and Kurosawa, N. (2013b) : Bacterial
community structures in the solfataric acidic ponds in the Kirishima geothermal area,
Kagoshima Prefecture. J. Hot Spring Sci., 63, 100-117.

Satoh, T., Yamamoto, S. and Kurosawa, N. (2015) : Chemical Characteristics of Solfataric-Acidic
Pond Waters in the Kirishima Geothermal Area, Kagoshima Prefecture. J. Hot Spring Sci.,
65, 88-103.

(AEmCi, Satoh, T., Watanabe, K., Yamamoto, H,, Yamamoto, S. and Kurosawa, N. (2013a) :
Archaeal community structures in the solfataric acidic hot springs with different tempera-
tures and elemental compositions. Archaea, 2013-723871, 1-11. Satoh, T. Watanabe, K,

150



55 65 & (2015) JEE I WL R s R 0D iR« IR VIR 36 1) B ISR R 4 D 2R W 25 R M AT

Yamamoto, H,, Yamamoto, S. and Kurosawa, N. (2013b) : Bacterial community structures in
the solfataric acidic ponds in the Kirishima geothermal area, Kagoshima Prefecture. J. Hot
Spring Sci., 63, 100-117. Satoh, T., Yamamoto, S. and Kurosawa, N. (2015) : Chemical
Characteristics of Solfataric-Acidic Pond Waters in the Kirishima Geothermal Area,
Kagoshima Prefecture. J. Hot Spring Sci., 65, 88-103. IZBWTHEZINTWE L DIHEL X
CBIEZIMZ 725D THAS. 201549 H 11 H, HAEMRFARE 68 MIRRITTHER).

151



