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Abstract: To study the distribution characteristics of microbial communities in magma-heated high-temperature hot springs and
their response to environmental changes, fourteen samples were collected from three hot springs (HMZ, LPO1 and QQ) and their
flow paths in Tengchong, Yunnan Province. The physical and chemical parameters and amplicon sequencing for 16S rRNA genes
were measured, and the relationship between microbial communities and environmental factors was elucidated. The three hot
springs had different dominant taxa at genus level: Thermus, Hydrogenobacter, Caldimicrobium, and Fervidobacterium in HMZ
and its flow path, Candidatus_Caldiarchaeum, Ignavibacterium, and Thermodesulfovibrio in LPO1 and its flow path, and

Candidatus_Nitrosocaldus, Chloroflexus, Meiothermus, Ralstonia, and Gemmata in QQ and its flow path. The canonical
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correspondence analysis results show that the basic physical and chemical parameters (i.e., temperature and sulfide), major

elements (i.e., Mg, Ca, and K), and trace elements (i.e., W, Al, Ba, Rb, Li, and Cs) of hot springs were the controlling factors

for the microbial communities (P << 0.05). The variance partitioning analysis further demonstrated their interpretational proportions

by 21.07%, 6.69%, and 6.24%, respectively with a co-interpretational proportion by 7.32% and a total proportion of

environmental factors by 41.32%. The hydrochemical parameters of magma-heated high-temperature hot springs in Tengchong

have promoted the succession of dominant microbial taxa to some extent.

Key words: microbial community; magma-heated hot spring; environmental factor; microbial diversity; geochemistry;

environmental geology.
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Fig.1 Piper diagram of the hot spring samples collected

from Tengchong
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Table 1 Information of sampling points and basic physical and chemical parameters
55 B T " Eh EC TDS Fe(Il) S(-11) Bl CaCO,
(C) (mV) (uS/cm) (mg/L)  (mg/L) (mg/L) (mg/1.)
HMZ 0 U g 97 9.20 —135 1881 994.1 0 0.78 595
HMZ-D1 W B A A 1 80 8.82 —112.7 2028 1018 0 0.25 575
HMZ-D2 Uy U 3 A% 2 70 8.86 —111.4 2077 1024 0 0.19 615
HMZ-D3 Uy IS O 4% 3 64 8.85 —113.7 2089 1030 0 0.19 615
LPO1 g 95 8.32 —135.2 2607 1280 0.04 0.05 1260
LP01-D1 RS 3 A2 1 80 8.62 —77.8 2937 1453 0 0.04 1240
LP01-D2 B3 AR 2 72 8.36 11.9 2940 1442 0.04 0.02 1230
LP01-D3 RIS 5 4% 3 61 8.27 131.3 2926 1450 0 0.03 1305
LP01-D4 RIS 5 4% 4 50 8.35 174.8 2878 1412 0 0 1340
LP01-D5 RIS 3 4% 5 40 8.51 99.1 2522 1243 0 0 1290
QQ i 57 74 7.03 —2.8 1683 826.1 0 0.02 345
QQ-D1 Mr R Az 1 65 7.51 —32.4 1701 833.8 0 0 330
QQ-D2 PSR AR 2 55 8.09 —66.8 1704 835.4 0.04 0 345
QQ-D3 PSR Az 3 50 8.29 —77 1713 839.9 0 0 350
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Fig.2 Box plots of concentrations of trace elements in the hot spring samples collected from Tengchong (unit: p.g/1.)
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Fig.3 Phylum-level distribution of microbes in the hot spring samples collected from Tengchong
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Fig.4 Heatmap of relative abundance of genus-level microbes in the hot spring samples collected from Tengchong
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Deinococcota, 7F J& 7K ¥ I B Meiothermus 7 % R
Thermus . Caldimicrobium 1 Chloroflexus. B F A
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socaldus 4 17 % 1 R B 29 & 68 °C (Abby ez al.,
2018) HE I 2 U B 9K B R VR A A A2 Ak L R AE L 3 Ab
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Fig. 5 PCoA analysis of microbial communities in the hot

spring samples collected from Tengchong
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Fig.7 Canonical correspondence analysis between environ-

mental factors and microbial communities
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Fig. 6 Alpha diversity index analysis of microbial communities in the hot spring samples collected from Tengchong
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Ba 5 HALF W Fh Ignavibacterium 1EAH &, 100 16 W 15
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J& K bk AT R, LBk g R i A i R
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