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Fig. 1 Distribution of sampling points in Huanglong Scenic and

Historic Interest Area
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F i S5 (SEM, UltraS5) X FF i 201745 44 53-Ar 5 ik %
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Table 1 Geographic information of sampling points and physicochemical parameters of water samples
ETRE #1 #2 #3 #4 #5 #6 #7 #8 5 5 R %
FAER HAER R PR AR Bt SVbEIM QREE R n.a.
T /m 3 588.00 3574.00 3432.00 3328.00 3297.00 3239.00 3226.00 3220.00 n.a.
ZpE 103°4928"E 103°49'58"E 103°49'51"E 103°49'44"E 103°49'37"E 103°49'29"E 103°49'36"E 103°49'25"E n.a.
i 32°4328"N  32°43'30"N 32°44'23"N 32°44'47"N 32°44'50"N 32°45'1"N  32°452"N  32°45'4"N n.a.
T/ C 7.20 6.50 7.70 7.60 7.30 9.60 7.60 8.30 11.82
pH 6.78 7.50 8.10 8.44 8.57 8.40 8.49 8.50 7.87
Ec/us 1116.00 1075.00 627.00 523.00 507.00 515.00 510.00 501.00 39.43
pCO,/Pa 0.15 0.01 0.00 0.00 0.00 0.00 0.00 0.00 249.54
CO%*/mgL’l 0.00 0.00 0.00 15.005 0.00 0.00 0.00 30.01 198.41
HCO;/mg-L" 1 006.83 732.24 366.12 274.59 335.61 282.22 320.36 221.20 62.63
TN/mg-L™" 0.02 0.04 0.19 0.11 0.15 0.14 0.12 0.26 59.94
TP/mg-L"' 0.05 0.05 0.13 0.05 0.04 0.04 0.04 0.03 58.78
Ca’ /mg-L" 227.80 190.60 122.30 100.90 94.30 135.30 84.90 107.80 38.03
Al /mg-L" 0.06 0.06 0.04 0.03 0.03 0.01 0.03 0.03 46.48
K'/mg-L™ 0.56 0.92 0.37 0.37 0.42 0.35 0.40 0.37 41.19
Mg /mg'L"  23.10 22.39 15.16 15.33 15.63 15.57 15.96 15.76 19.22
DSi/mg-L™" 2.69 2.74 2.00 1.96 1.97 1.99 1.93 1.92 16.28
Cl/mg-L™ 0.74 1.08 0.90 0.78 0.91 0.98 0.70 0.83 14.75
NOg/rng-L" 0.27 0.39 0.88 1.26 1.26 1.45 1.21 1.29 4443
SOi‘/mg'Lﬂ 57.44 41.14 53.94 48.52 47.96 54.75 46.93 47.24 10.61
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Fig. 2 Structure and composition analysis of algal mats
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a-b. the analysis of the microstructure of algal mats by SEM-EDS; c. the analysis of the content of C, H, N and S elements of different

colors of algal mats by elemental analyzer; d. the analysis of the functional groups or chemical bonds of different colors of

algal mats by FTIR; e. the analysis of the mineral phase components of algal mats by XRD
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(8 Ff), A5 A s Jm (7 Ff ), SEREEEE (4 Fh) FEHAT 3R
(4 F0); 25 RAE AT, #7 TR MG A0 ik e ) P 2 B i
W, RILT 62 FlRk s #3 4R i A Tk v 0 R B
ik, MEH] 31 Ffr,

Bl R DX T e P L AR AL 13 A (R 3),
TS R 7 4 R, DR 2 TE T R (5 4a )
(Y = 0.132) 5 ZEFP)Z I, £ L RPN IL SR
B2 A K0.023 < Y < 0.053), H o Diatoma
vulgaris WL EE 88 m R, LIV 5 B DL 3 4
B,

Xof T R A DR B B L 2 R S T (81 3),
A5 R AU E A 4 5 2 BE AR AR A (2.50~37.10) <107
cell/g, {8~ 13.7x10" cell/g; Shannon-Wiener 154728
TEFEE Ry 4.64~5.45, ¥9{E K 5.10; Simpson Z 145
B AL TE N 0.95~0.97, YI{E H 0.96; Pielou 14 5] JiF
TRBUEALIE Rl 0.75~0.88, ${H A 0.83, AL i $hIk
AR —F, #3 46 % Wb Y Shannon-Wiener 15 %% (H =
4.64) . Simpson Z - EFE%L (D = 0.95) Fl Pielou 15%]
FEFEE (T = 0.75) 5 A% ; #5 B 15 7Y Shannon-Wiener
F6 %0 (H = 5.45) | Simpson Z FE 3544 (D = 0.97) I
Pielou ¥ 5] BEHE %1 (J = 0.88) e i -

A A PR AR AL G E (] 4) R B, #1 7%
TESR | #5 WO F1#7 IR TRV 1 4 ) I A A /)N
il 22 3, #2 F0F Tt 10 46 X P 34 Rl 2 45 R R
Diatoma vulgaris, #3 4% b 1) 26 XL Fopp o2 —
KB BE, #4 G50 0 A X AR R H B AR S
#6 4 VT b 110 246 X5 P S 2 3 AU AR P 25 38, #8 31 52
b4 24 % O SRR Z I 25 Rl
24 ERERESHETEMEXMESW

Xof g AR IX 16 TR AR 1 64T T B KA o
Br (1 5a), 55 1 3 040 FER 2 3 0 fift B 3 43 i)
0.63 F10.13, 55 1., 25 2 sy BRRER N 77%, A
BCOREASE 1. 55 2 o il HE T &, B W X5 T
#1 BRI | #2 R RN LA R A e 2R 1 32 Rl
5 pH FINO; £ IE A%, 5 Ec, Mg”', DSi AIHCO; %
BERMHGE 2 FERSHES CCMKE2EMX, 5

SOF &, Hrh, CcOX5 TP (1) 5T wk AR, 78
JE SR T LSRR

HR 4 Spearman AH P4 AT 45 5 (8] 5b), 78 i 3%
FHOC S IS A8 d P B — A~ T R K i 3 f A
K; pCO, 5 pH WFE M AR, 5 Ec 8 IEAHC; [FIAT,
NO, 5HCO; . AUAH MM 5% . PR LA Bk K\ pH.
Ec. HCO; Fl AI; {f B AR AR &, FI 45 i vk
BEMAHOCHE ST o

HRAE DCA 255, HEJv w4 i K AE R 2.36, /)
T3, I e RDA 4347 R 55 20 B F ik P AR 7 1 6
Fo KIEHRNF 4x 9 PSR AR (T, pCO,. TN, DSi.
Ca’', Mg”". Cl', NO; f1SO;") fE M 7AF f:, If: ik 28 AH X
FBERTF 1% 19 34 Pk BEdE1T 04501 RDA 45
SR (A 6), 1l W4l B FRAEfE 53971 2 0.43 i1 0.24,
IL[IfERE T Rk SRR MR EE AR 25061 67.68%
PRI AR R R R VR S5 A A A SE P T > DSi >
pCO, > TN > Mg” > Ca” > ik, CI'. NO; 5S0; =
PP A5 A8 T AH G HEARAR, T DAAIBR . W 5 R %
A 56 XoF % PRI -5 i R B R A 7 dd S A 0 R B, T(F =
2.8, P=0.02) F1 DSi(F = 2.3, P = 0.04) /2 . & 5 M 3
JE BRI S5 M R IR BT AR f

16 RDA HEFF B H, pCO, S 5 5 — il AH 5 M f5
KA IEAH G F, #h /N iHh 22 3 (AchnMinu) | AR B AL
BE 3 (DiplOcul) . A 723 (AchnOren) | 75 25 i
(CymbAngs) . 55 20 5 #% ¥ (GompAbbr) | 75 51 7
(GompProd) . 25 [if] B JE # ( CoccFlex ) 1T £ A 25 5
(CymbAffi) fAHXS F2JE 5 pCO, BIEAHFEIE R, Mt
[ XLRE 5 (DiplELL) | #  HF 25 % (CymbCist) | 17 &
Jiti FEH S 3 (CymbStux) . 742 fHE 3 (NaveGreg) 1
- M 45 5 (CymbLaev) W 2% 3t AH R i) 4 #o Tfi
TN 2555 —RlAH M fe K 9 1R SC L7, 9 A A
¥ (CymbCymb) . I B 3 (NeidBisl) | /R 1A
45 Al 5 (CymbKuel) | 87 4 24 #5245 3 ( CymbNeoc )
1 BE Hb 125 A 35 (CymbAust) A AR X 32 B 5 H L IFAH
%o DSi 55 A SR K IEA D H 7, BA]
it 5 ¥ (AchnMaui ) f4)AH X =F B2 55 H 5L 1E A 56, [R] iR
5 Mg Rk R IEA G . T 2558 A et i
KA GAH IR T, FEEIE I % i (CymtSole) . Irfli#F
253 (CymbProx) . IT LA A 25 3 (CymbSubr) | L 4H
25 35 (CymbParv ) FI£F 4 #7 25 i (CymbGrac) 5 H
EIEMISE, MMk FHE i (NaviCryp) 5 H 2 U 56 .
Ca” 5 55—l A FH SR T K LB IR ARG, 1l 2R
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Table 2 List of diatom species in the algal mats of Huanglong Scenic and Historic Interest Area
& i J& i
LA FTHE A. orenulata IR R D. moniliformis
HH 7235 )& (Achnanthes) PWAEE TR EE A. lanceolata K EE W D, hiemale
EHIHFEHE A mauiensis B R R D. maximum
- . " %5 Fr )& (Diatoma)
il 2235 )& (Achnanthidium ) /N 2235 A. minutissimum WEAE e D, vulgare
EILSERESE C. alpestris I ZE B D. mesodon
Iiifh SERESE C. ventricosa LU0 ¥ D. tenue
FRHEEWJE (Caloneis) FFE EBERE C. schumanniana WHIFIXUEE S D. elliptica
. e e N[5 E’%?’é‘/ﬁ,ﬂ*ﬁ
LN IEEERE C. pulchra WEE R & (Diploneis) QI]XX. MY
D. ovalis var. oblongella
s ) i . e
, BRI C. flexella HREEXEEBE D. oculat
YRIE )& (Cocconeis) // A RFIEERE D. oculata
Ji RGN C. placentula P HLPE V. N 223 E. silesiacum
AT %k 9 C. disti 24 i 4 ik 1
NFFSEIR (Cyclotella) /NI C. distinguenda N 223 J& (Encyonema) AN 223 E. cespitosum
MEJE/NAFE C. meneghiniana LN 2235 E. gracile
W2k 8 (Cymatopleura) *ELREIE I 200 C. solea WIFEHRHU N 223 E. stodderi
s ) N 223 & (Encyonopsis) i
BRI EEE C. neocistula FERERFIL N 223 E. cesatii
&5 3E (Cymbella) BB P C dorsenotata Pk IEAT#E F. biceps
. _— ) ekt i) (Fragilaria) e
RIS C proxima Peam T HET o F leptostauron
PEIRTEARF S EE C. subhelvetica LS G. abbreniatum
. . SR (Gomphonema) . o
I FEMTS# C subtruncata *E WM G. productum
W AW C. cymbiformis A SEEEERE M. varians
. H5E% )8 (Melosira) B T At S AT A AR
AN C. cistula R L AR AR
M. granulate var.angutissima
WiEEFENF S ¥ C. stuxbergii Bk KHE S N. cryptocephala
535 (Cymbell FH 3R (Navicula) )
B BR (Cymbella) JERAF LB C. tumida FRAEFHERE N. gregaria
SEHAT S C. laevis * TIERB W N bisulcatum
KE IR (Neidium)

5 % & ( Cymbopleura)

%5 A ¥ )E (Diatoma)

AL EE C. parva
=LKW C. gracillis
SEACHRAT S 3 C. subarctica
BB BE C. affinis

B AR C. austriaca
VRIS B C. kuelbsii
SRR #E C. oblongata
FFES B C. hybrida
*72 L EE C. angustata
WL B C. amphicephala
*ZICBINFE C. linearis

D. hyemalis

*D. vulgaris

P8GR (Pinnularia)
IS HR3E 8 (Rhoicosphenia)
R B)E (Stauroneis)
T WERT IR (Staurosira)

SE-H e JE (Tabellaria)
PUIAFEE (Tetracyclus)

RERKEHE N. mirabile
KZEIEHE N. gracilis
enz2 I8 N. dissipata

ZIE )8 (Nitzschia)

JPRETFFEE S. ulna

> P S. hi
BRI (Synedra) RLEHTIR 5. amphicephala

REFFFHE S. acus
SR EFTEE S, tabulata
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Table 3 Dominant species of diatom in Huanglong Scenic and Historic Interest Area
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Fig. 3 Absolute abundance, Shannon Weiner index, Simpson's diversity index, and Pielou's species evenness index of diatoms
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Fig. 4 Proportion of dominant species of diatom in each site in Huanglong Scenic and Historic Interest Area
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Changes and driving factors of psychrophilic diatom community structure
of algal mats in Huanglong Scenic Area
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Southwest University of Science and Technology, Mianyang, Sichuan 621010, China; 4. Huanglong National Scenic Area Administration, Songpan,
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Abstract Huanglong Scenic Area, located in Songpan county, Sichuan Province, China, is listed as the World
Natural Heritage, and is covered with travertine landscape at an altitude of about 3,145-3,588 m. With the plateau
temperate sub-frigid monsoon climate, the melt water from snow mountains, the atmospheric precipitation and the
underground karst water are the main water sources of Huanglong Scenic Area. In addition, covered by ice and snow at
extremely low temperatures, Huanglong Scenic Area has a half-year-long freezing period with an annual average
temperature of only 1.1°C. A large number of algae, mainly psychrophilic diatoms, grow in the water coverage of the
travertine deposition area in the scenic area. The diatom community, an indicator of water quality change, is very
sensitive to environmental changes in natural rivers. At present, there are still few studies related to this alpine karst
area. In order to explore the structure of algal mats as well as the relationship between the community structure of
psychrophilic diatoms in algal mats and environmental variables in Huanglong Scenic Area, we analyzed water
samples and algae mats from 8 typical scenic spots in October 2021. The water temperature (T), pH and conductivity
(Ec) as well as the concentrations of HCO; and CO; of the sampling points were measured on site. At the same time,
the geographic data of the sampling points were recorded. The concentrations of dissolved silicon (Dsi), cations (Ca™",
Mg”', AI'", K"), anions (CI', NO;, SO?"), TN and TP were determined in the laboratory. The structural compositions of

the algal mats and the characteristics of the diatom community structure were analyzed. The main driving factors
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affecting the water of Huanglong Scenic Area were judged by Principal Component Analysis (PCA), and one of the
two environmental variables with greater correlation was eliminated by Spearman Correlation Analysis. After Detrend
Correspondence Analysis (DCA) of diatom species abundance in algal mats, Redundancy Analysis (RDA) was
selected to analyze the relationship between environmental variables and diatom communities. The results show that
the concentrations of Ca’* and HCO; in the waterbody is high, and water mainly belongs to the HCO;-Ca type,
followed by the HCO;-Ca-Mg type. The algal mats are mainly composed of travertine particles, filamentous algae and
diatoms. The study area is an alpine karst micro-ecosystem with travertine as the base and filamentous algae as the
skeleton, inhabiting a large number of diatoms. 72 species of diatoms from 25 genera are identified from algal mats,
among which 16 species have a total relative abundance greater than 2%. The genus Cymbella (14 species), Diatoma.
(8 species), Cymbopleura (7 species), Caloneis (4 species) and Synedra (4 species) contribute the most. There are 13
dominant species of diatoms in Huanglong Scenic Area. 4 species from the genus Cymbella have absolute advantage
(Yo = 0.132) at the genus level. At the species level, there is little difference in the dominance index of each dominant
species (0.023<Y=0.053), among which the dominance index of Diatoma vulgaris is the largest, and that of
Cymbopleura linearis is the smallest. In terms of the diversity index, there are some differences in the Shannon-Weiner
index, Simpson diversity index and Pielou index at various sampling points. As the altitude decreases, the diversity
index from #1 to #8 fluctuates, rising and then falling repeatedly. This may be related to the water circulation system of
Huanglong Scenic Area. The analyses of the relationship between environmental variables and diatom communities by
RDA show that the eigenvalues of the first two axes are 0.43 and 0.24, respectively, explaining 67.68% of the
cumulative variance of data about diatom community species. The correlation between environmental variables and
diatom community structure in algal mats is T>DSi>pCO,>TN> Mg’ >Ca’">altitude, and the three environmental
variables of CI', NO; and SO; are excluded because of the low correlations. The significance test of the influence
degree of each factor by Monte Carlo test finds that T (F=2.8, P=0.02) and DSi (F=2.3, P=0.04) are environmental
variables that significantly affect the algae community structure of the algal mats. In addition, although TN is not the
most significant driving factor affecting diatoms of the algal mats in Huanglong Scenic Area, there is a trend of
eutrophication in the waterbody of the scenic spot, which will affect the algal community structure, so TN may be a
potential driving factor. The above conclusions can provide a basis for the establishment of the diatom species bank in

Huanglong Scenic Area and the monitoring and management of the river water environment in the plateau karst area.

Key words Huanglong Scenic Area, algal mats, diatoms, community structure, driving factors, environmental

variables
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