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Abstract: [Background] In recent years, Huanglong travertine landscape has seen large-scale
growth of algal mats with thickness of 3—5 cm, posing a threat to the travertine deposition and
affecting the ornamental value of the landscape. [Objective] To dissect the structure of the algal
mats and the reasons for the large-scale growth, thereby to control the growth of algae, and to
propose management methods. [Methods] The composition of eukaryotic species in different
layers of typical epiphytic algal mats in the Huanglong travertine area was analyzed based on
PE-250. Their morphology was characterized via the field emission scanning electron
microscope, and the correlation between the thickness of algal mats and water environment
parameters was examined. [Results] The algal mats were home to about 400 species of
eukaryotes, with the dominant algae of Diatomea (mainly Cymbella), Rotifera, and
Streptophyta. Non-metric multidimensional scaling (NMDS) analysis and clustering analysis
showed that the composition of eukaryotic species in the middle layer of the algal mats was
highly similar to that in the lower layer. Diatoms dominated the upper layer, and the middle
layer was mainly composed of filamentous algae. For the lower layer, travertine particles were
seen in the reticular structure composed of filamentous algae. The thickness of algal mats was
mainly in positive correlation with the total nitrogen (TN), total phosphorus (TP), and dissolved
oxygen (DO) in the water (P<0.05). [Conclusion] The algal mats boast abundant species in a
few phyla. The three layers of the mat are distinct from each other in species composition and
microstructure and water eutrophication can explain the rapid growth of algal mats. This study
lays a theoretical basis for the management of algal blooms in Huanglong Scenic and Historic
Interest Area.

Keywords: Huanglong Scenic and Historic Interest Area; travertine; epiphytic algal mats
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Bl XU XA T 0 )1 45 BT S0 7 92 R 1A ¥R
MAAE RN, AR, 5
X R IEE A 3 100-3 600 m, 4E XU E K
3-7 °C, Hh Al B A | i AR IER
A PAEREES . B AR BERG MK
TRERM,
1.2 #H#mX&E

SKAERTE] A 2020 4F 11 A, RkESAER £
DU IX e i A 40, AadRoh 103°49'52"N
32°44726"E, B, W6, RN 3 om,
B KR pH 8.28, RJE 4.90 °C (H A /K F ¥
WK 1) FHICHH RS 4+ R M i A7 IR —
H 10 emx15 cm EEH, A TCHRAELS
Bt I T3 T A 4 R A N DR A, ds Il S A
W 1),

Table 1  Physical and chemical properties of water at sampling point
H pH  Temperature T F&at KT SHL
Date °C) Inorganic ion content (mg/L) Water quality parameters (mg/L)

Ca*" Si*'  AI* Mg’ HCO; DO TP TN  TOC COD
2020-11 8.30 3.10 161.53 221 0.27 16.88 323.41 6.55 1.806 2.91 12.65 5.37
2021-06  8.28 4.90 157.30 234 034 17.52 358.49 5.29 0.015 0.36  14.03 5.21
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Figure 1

BEE AR BYRERE (R TR) . BRIR G 4G

Algal mat sampling points, stratified sections and microscopic observation. A: Patches of brown

A ZEME LRI 9 @ B
TRV, RiEE G, BN ERAKAGEZEN ZY-top,

it ([ ) M 22 4R A= ) (O RE)

algae mat attached to the stone dam beside the Zhengyancai pool in winter. B: At the collecting place of algal
pad, the bottom is hard travertine. C: The algal pad was sectioned in layers, with brown surface and gray
white middle and lower layers (ZY-top for upper layer, ZY-mid for middle layer and ZY-bot for lower layer).
D: Diatoms (arrows), calcium carbonate crystals (circles) and filamentous organisms (boxes) in algal mat.
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T E B KRS RS 50 2= JE XK R i Ca®t Sit
A" Mg*" DO, TP, TN A3 MLk (total organic
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FEdh, EOEM 3% TR E 48 h, HKH]
PBS ¥E¥% 2 K, 4K S min, FH 4% (EAR
EOB FERA W 1k, BFHECA 5 min; f%
JEARR U E N 30% . 50% . 70%. 80%. 90% .
95%. 100%) LFEBEK ,, EEABREE 10 min, ¥
RS, UIE 0.5 cmx0.5 ecm 24 WkESy,
SR EEE RS A b, TS B, il
P % S B B UL S S O S

PRI EB 43 e e g, (K TR D
e B2 hERIRZ(E 10) 3 )2,
e, ik BIEEARBUERH R AT FRA F
AT AW, P-4 NovaSeq-PE250,
1.5 Zitorih

R T HREHEAR YRR, X ETA AR
AR B L 97% M — 3tk 4T OTU 2, R
XF OTU WY F AN HAT YRR . S T Fr AR
AZBIEA | KA R OTU, £l 55 B El (Venn
graph); MR F RS R, TR MEATE]
g 7K b R BEHEA T 10 B9 FP, i R
£ ggplot2 Z: il MEFAAR (&1 5 fif ] o Z24F 1 (alpha
diversity)$5 T B LA N B3 AE eV, 2
FEPENST (G B R £ 4 b 7€ 3% (non-metric
multidimensional scaling, NMDS)4t 11z WA A
Y22 510, S T RFFEAS R R AR [ A AR DL
i 3 HE A 2H F- 34 7 (unweighted  pair-group
method with arithmetic mean, UPGMA )X} ¥ 7% i
IR, WA RIRTT, 2R
RIEF(V3.6.2), RH t Wik 72500, &
£ 0.05 K.

2 BRS04

2.1 KRB R
HIE Xt X R b K AR S 5w, BURE

KRR A 4.90 °C, /K AAH ) Ca® 1 HCO5
TUPEESE, 435K 157.30 mg/L F1 358.49 mg/L.
TESCWOK BT e bn b, b b i gl
154 11.80 mg/L, SA PR A b 2275 S/ 1m 4l o
14.03 mg/L #1 5.21 mg/L, 1fii TP Fl TN 7E/K H Ay
SEARME, 43914 0.015 mg/L 1 0.36 mg/L.
22 EBREREYEEEHDN

W W0 P A5 20 1 )3 5 3 1ok S5 5E R Silval32
FoXT, SEAT AR, X AR 2RIZR ST,
KIMERE 3L 695 4~ OTU, Hiv, BEGEVE
BB ER L H N 658 (94.68%), TERRE]
K H B 90.79% . 4 K S 1) B B
87.77%, HIKV-HILLHI 84.75%, FHKF-HIH
IR 79.14%, J@IKE-HI LR 73.81%, K-
M EBIR 56.98%, HE—5rHr kB, BEAERFE S
R EAZAEYEE 27 1] 84 J& . BEBUEEIRASTA]
JZETTHE A F R KFEHEA AT 10 9 Fh
ol O RIR L, 25K 2 PR, e T4
FAKN b, ASTRZ B PR AL T 1K
AL, FERET T MR (Diatomea) . 7 HL 5
Y111 (Rotifera) FE5E RIME W) ] (Streptophyta), ik
DB BRE ] (Cryptomycota) . & 8%
I'l(Nematoda) . ¢ 81 1 (Tardigrada) . 575
W) 1 (Annelida) 22 & B[] (Cercozoa) . HA
G2 AT K Rl s FE R R RS,
Horh ke A B AR 2 5 0R(69.13%), IRIZ IR
Z(61.07%), FJZmHAK(48.39%); & RBhPAIHE
BRI R e s B2, HEE SN
39.16%F1 10.24%. TEJB /3 2KF b, BEBEHEIE
B oK 1Yy B 5 PR (Cymbella) . To AN 55 &
(Acaulopage) . Az 40 141 J& (Rhizophydium) Fl 5+
TE W W (Tetracladium) . oo i 25 58 Jm by e
IR HE , fEERds B2 PR RRZ ARG o0 A,
FE 43R 48.36% . 69.04%F1 60.95%.

SR XF b AR [ )22 A LA A R AR i R 2 AR

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



R A DU 3 e B T AR X I 2R 2 A W) 55 KA B DR 1A SR 1 20 #r 929

Z5, WA REARNASOF I M. S5 0.0123 F10.030 0. FFJZAEZ(ZY-mid-ZY-bot)
xH, BEMTEN OTU BH&Z, 72510398 1Y OTU B HZERALE(P>0.05), P {EH 0.5060
416, PR, M 315 (B 3A), i@t Wilcoxon (& 3A). it 35 BUIKHE /R RO [R] )2 22 8] g 4t
A, &80 B 2RI Z(ZY-top-ZY-bot)Z[f] . 4 OTU, 54N 3B iR, i b2, 2
FEMP)R(ZY-top-ZY-mid)Z [H] ) OTU ¥t H#F M TFJZ2IA OTU K 357, LEMFZMIsE
AT B Y 22 5 (P<0.05), BEME P {ES 0 OTU i 392, FZFIKZMILA OTU K 468,

A B A
mm Others wm Cryptomycota mm Others mm Unidentified_Parachela
mm Cercozoa mm Unidentified_Fungi mm Tetracladium mm Unidentified Monhysterida
w Annelida i Streptophyta mm Rhizophydium = Unidentified Fungi
Unidentified Eukaryota wm Rotifera mm Acaulopage mm Unidentified Streptophyta
mm Tardigrada mm Diatomea mm Sorodiplophrys mm Cymbella
Nematoda ww Unidentified Haplotaxida
[~ LOF
08} 0.8t
2
g 06t 5 0.6
= =
2 S
< 04} < 04+t
0.2} 02k
0.0 0.0 -
ZY-top  ZY-mid  ZY-bot ZY-top  ZY-mid  ZY-bot

B2 TRERERZBENMBKFELNOMEEE

Figure 2 Relative abundance of different layers of algal mat at phylum and genus levels.
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Figure 3 Beeswarm (A) and Venn diagram (B) of species in different layers of algae mat. *: P<0.05.
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Table 2  Alpha diversity analysis of eukaryotic microbe in algal mat of different layers

Simple ¥R HE K AR AN EL VAR Chaol 15%k ACE #5341
Sequencing depth index Shannon index Simpson index Chaol index ACE index

ZY-top 0.999 2.289a 0.653a 333.897b 337.840b

ZY-mid  0.999 2.830a 0.640a 429.780a 441.473ab

ZY-bot 0.999 3.017a 0.677a 444.527a 450.423a

AE/NE FEFRRTE P<0.05 KF FEREE

Different lowercase letters indicate significant differences at the level of P<0.05.
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Figure 4 Beeswarm and Wayne diagram of species in different layers of algae mat. A: Each point in figure a
represents a sample, the distance between points represents the degree of difference, and the samples of the
same group are represented by the same color; The smaller the stress (<0.2), the more accurate NMDS can

reflect the degree of difference between samples. B:

Unweighted UniFrac distance matrix is used for

UPGMA clustering analysis, and the clustering results are presented at the phylum level.
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5 TRIEEZRMHRRIE

Figure 5 Morphological characterization of different layers of algae.
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Figure 6 Correlation between algal mat thickness and water quality change. A: The difference of algal mat
thickness between June and November. B: Correlation analysis between algal pad thickness and water quality
parameters, the upper right corner indicates significant situation. *: P<0.05; **: P<0.01; ***: P<0.001; The
lower left corner shows the scatter distribution of the correlation between the two indicators; The histogram
at the diagonal corresponds to the positive correlation distribution of the index. C, D: The changes of TN and
TP in June and November in water each year from 2016 to 2020, respectively.
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Figure 7 Morphological characteristics of laminar travertine. A: Lamellar travertine with alternating white
and brown crystals. B: The micromorphology of the central brown part of lamellar travertine.
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