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Abstract: Algae have been regarded as very useful materials for the research of eukaryote evolution, plant origin and
evolution, and biogeographic changes. Thus, their diversity profiles are essential in understanding life’s origin and early
evolutionary development and exploring the earth’s geology and geomorphology structure. We studied the terrestrial algae of
Shibing Yuntai Mountain (SYM) and Chishui Danxia (CD) in Guizhou, the two world natural heritage sites in China
representing dolomite karst and danxia landforms, respectively. G-F diversity index, similarity index, and Bray Curtis were
used to compare their species composition. The results indicate that; (1) the algae are abundant in both heritage sites,
featured with dominant cyanobacteria species, especially the families of Chroococcaceae and Oscillatoriaceae. The SYM,
however, is rich in Scytonemataceae and Nostocaceae, with more abundance of Gloeocapsa and Chroococcus, which is

different from CD with abundant genus Gloeocapsa. (2) SYM's G-F diversity indices are greater than CD's. Thus, the
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species diversity of SYM is higher than that of CD. This phenomenon may be related to the factor that the alga-promoting
effect of the dolomite soil and the alga-suppressing effect of the red layer soil containing rich Fe and Mn. The predominance
of nitrogen-fixed cyanobacteria in Scytonemataceae and Nostocaceae reflects the dolomite karst’ s environmental
characteristics ; rich in calcium and magnesium but poor nutrition. The species of Gloeocapsa in CD are more abundant,
which are related to the silicate minerals in sandstone, besides the dry and hot climate. (3) The algae analyzed in both sites
have significantly tropical and subtropical compositions and are endemic to China, especially regarding SYM. The similarity
coefficients of families, genera, and species between the two sites are 56.25% , 44.05% , and 37.62%. Family similarity
reaches a moderate level. The Bray-Curtis results show that the two sites are clustered into the same category despite their
different geological and geomorphological features. The shared similarity at family and genus levels of the algae implies that
the two sites maybe have diverged from the same aquatic environments. However, the heterogeneity at the species level
between the sites maybe have resulted from their different terrestrial geographic landscapes, which shaped the algae
alternatively under natural selection and environmental adaptation principles. We find the characteristic algae that can prove
the landform’s development from different compositions of the existing algae at the two sites. Thus, this preliminary study
integrally and systematically analyzes terrestrial algae’s diversity, heterogeneity, and similarity, and geographic varieties in

evolutionary development, stratigraphic lithology, and structure of the two heritage sites in China.
Key Words: dolomite karst; danxia landform; terrestrial algae; species diversity
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Table 1 Sampling sites

SN DALY e PRI FHEE L .
Yuntai Mountain (SYM) , songitude Elevation Chishui Danxia( CD) Latitude and Longitude Elevation
=HX 108°06'58",27°06'47" 834 EHREN 105°44'34" 28°17'16" 617
kTS 108°06'30",27°06'29" 843 A 105°44/23",28°22'12" 613
HEzm ok 108°06'15”,27°06'32" 891 EING* il 105°44'16",28°22'08" 653
B4R 108°06'12",27°06'32" 856 EANTEY el 105°4431",28°21'43" 704
) 3TN 108°06'12",27°06'33" 874 ] 105°44'02",28°21'46" 654
3} &l 108°06'24",27°06'37" 902 WA 105°45'36",28°15'39" 628
FELw 108°06'25",27°06'36" 910 ] A 105°44'13",28°21'32" 667
PSS 108°06'28",27°07'06" 735 LR 105°44'20",28°21'39" 708
TIERK 108°06'26",27°07'12" 727 i 105°44'16",28°21'35" 658
RS U= 108°06'22",27°07'14" 693 PNz il 105°44'31",28°21'32" 740
BN 108°07'14",27°06'33" 630 [ikzat) 106°00'38",28°25'18" 711
JRO B 108°06'20",27°07'17" 720 FokiH 106°01'13",28°25'52" 826
I 108°06'26",27°07'20" 798 H 106°01'26",28°2526" 708
[EUN 108°06'27",27°07'29" 850 Ly 106°00'07",28°25'55" 728
K 108°06'24",27°07'30" 882 fisEr 106°01'08",28°25'44" 452
L 108°06'21”,27°07'26" 787 Wi 106°00'38",28°25'18" 529

1.3.2  Jaccard AU R 2K
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B8 DB 9.37, IR & TARoKFHE Y SR ZREE AR 6,71, TSR 2= 5 LU 3 B0 25 B 0 A 34
B BR 3 Bl Chroococcaceae #F1 Bl ¥ ﬂ— Oscillatoriaceae #b, Jifi 5§ = & LW El el fh‘ A h AL e R
Scytonemataceae , /B R} Nostocaceae 224K [ Z W5 BEALH, sk = & LSk Y 8lcE B TR K PHE  (H
D AHEVINTIRKPHE 3% 5 A AR 2 4501 — 2 R MR L | G-F SR B0BS . AR fk et 2 o K )
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Table 2 Statistical results of the terrestrial algae, compared at family, genus, and species levels between Shibing Yuntai Mountain (SYM) and

Chishui Danxia (CD)

e #5% Cyanophyta £} Chlorophyta fiE ¥ Bacillariophyta
Classification iR = Al K iz &L Ak iR Al ViV
(SYM) (CD) (SYM) (CD) (SYM) (CD)
R Family 9 7 12 10 5 7
di MBI 1% of the total 34.62% 26.92% 46.15% 38.46% 19.23% 26.92%
JB L Genus 40 28 18 17 9 9
BB A% of the total 59.70% 52.83% 26.87% 32.08% 13.43% 16.98%
FEL Species 177 146 39 31 22 24
BB % of the total 74.37% 72.64% 16.39% 15.42% 9.24% 11.94%

*3 HMRZELSHKRKAERTTBREF M ERE G-F ZHMEEY
Table 3 G-F diversity index of the terrestrial algae in Shibing Yuntai Mountain (SYM) and Chishui Danxia (CD)

N . D¢ Dy Dy
4325 Classification
SYM(Dy) CD(D¢e) SYM(Dyy) CD(Dye) SYM( D¢ p(yy ) CD(D(;,F(Q)
W7 Cyanophyta 2.65 2.32 9.37 6.71 0.72 0.66
£} Chlorophyta 0.75 0.70 3.25 3.99 0.77 0.83
fil 7 Bacillariophyta 0.41 0.49 2.10 1.85 0.80 0.73
ST Al the algae 3.81 3.51 14.72 12.55 0.74 0.72

D : BRI ZEEVEFEEL Diversity index of genus; Dy BHAYLEEIEFEEL Diversity index of family; D p: SRELZFEPEFEEL Standardized diversity

index;

2.3 PAHESE F AR R A AR R LR

TS 1 R385 M B B RE B AR 2B :56.25% 44.05% \37.62% , FHRF b FRIE R AH
BT 50% 35BN P EE ALK Mo 18 ASAHRIRE, e ks Sk T TR 50 6.4 8(% 4)

JEAE L WA — AR, He 22 S 2 ER AT = 6 Ll A BN 224K 5 3 B Bk PR
HZ A W JE S 5B B 0% 5 40 i ok R A0 R (R S, 4 R ER B R Synechococcus |, ) 48 fiﬁﬁéﬁ
Dactylococcopsis -2 J& Merismopedia , Willi#: J& Cyanostylon 2K B8 & Chlorogloea | F ¥ J& Dermocarpa %%
MR Clastidium (1) . WiMEESE0 5 0 J& A 4 J8 MIEFF )8 Fragilaria FHE B8 Navicula S 38
Amphora W25 )& Cymbella , AFFAG 2 5 JE (K 2) . GRlErh R = G 1IEA WL 88 Chlorotylum 2% I%
BEJ® Fritschiella \WIEH I8 Cladophora B ARTEANKPHERAERE MR . =T TBEERFR A KPR F , WBEFr
FARLE R KA 43.56% , 2k B OB DL R, (R R AR PRI, 70501 22.81% ,24.32% , L) e 1 B8 2y ik
PR TR BE A A i v A A 558 | A [ S X PRI R AN )
2.4 A SR

BT X AR IR S 2R STIRIC %, R = 65 LN KPR P T 5 A AR 35 b i A= e 2 3 O3 A
REULN 53 A T3 32 B (BRI AT ) A AT A T R e B A R R R T B e
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b ¥4y 52 I G 3 BT (A SRR ) PR BT 0 A 2B AR 66.09% 59.21% (£ 5) . TEMER = & 112
By o b AT 107 i, o Sz BT A Tl A BRI R B 93.049% , W R iR K PHERIZEE 73 0y 81
1.90.00% , M FEIS AL R b, BRI 41 A9 A EK BB Chroococcus . K BR BE 8 Gloeocapsa | F BK ¥ &
Aphanocapsa , 22K 5 B8 WP B & Oscillatoria A& Scytonema FH22 B8 Lyngbya W48 R ZHF S8
5 R Hb DAY DR RS T S A BT AR PREE b | e D SIS R 3 /D R M R A 1 A S AR Rk
L ER Rt A A AP BT S0 R Pinnularia 3675 PS8 P. borealis , JG 4% 3% )& Eunotia 255 0483 E.
tenella JNE R 4£3 E. arcus 55 ELg 7 T I H W M & e AR AT B 2 R , N E B8 Pediastrum M)
Scenedesmus 'FE NP B Mougeotia JKARJE Spirogyra AN RS A PEANSE . i A 0y 340 T W e 11 1Y)
IR Asterocapsa FN'E MEEEJE Nephrococcus , i = &5 LAY R ERIB WA AR AT E F . SR L, Wikt
SRAE BRI RN ECE D A AR RS JE 22 | DA Stk s 2 b T T W TR e et L3 A1 2SR A R A i A W S A U
U AT VR M P R B AN T A £ RV L

F4 BRZALSHAAEHHFEREMEERXEFTSELTH
Table 4 The similarity and heterogeneity of the terrestrial algae at the family level between Shibing Yuntai Mountain (SYM) and Chishui
Danxia (CD)

e B} Families appear at different sites
ik = & i (SYM) Hk(CD)
BER#Fl Stigonemataceae

4325 Phylum FAHRL Shared families

e
1A

Wi#:1] Cyanophyta @ EREEFRL Chroococcaceae
FAEEBFL Entophysalidaceae
WiF} Oscillatoriaceae
AR} Scytonemataceae
iR} Rivulariaceae
ZEEBEF} Nostocaceae

WEAREERL Cyanostylonacaea
J B3R Dermocarpaceae
1B R Microchaetaceae

ik #7 Bacillariophyta

[5 5 % B} coscinodiscaceae
MaAF 3R} Fragilariaceae
FHE#FR Naviculaceae

Z I 3R NNitzschiaceae

A% R Gomphonemaceae
#7238l Achnanthaceae

4% %) Eunotiaceae

B R} Cymbellaceae

£k Chlorophyta 28 FK ) Chlorococcaceae P EEREAL Oocystaceae 25 SRRl Coelastruaceae
/NEREERL Chlorellaceae 5 2Bl Pediastraceae &R} Prasiolaceae

MRl Scenedesmaceae
58} Oedogoniaceae

223 %} Ulotrichaceae

58 E#F} Chaetophoraceae
G (35 F} Trentepohliaceae
NIE# %} Cladophoraceae
BUE B} Zygnemataceae

AL Desmidiaceae

R — AR T 5N [R]— 26 B0 Bl AN [ s PR B AN ()P 50 A Bl A e 2R r AR AL, e s T
MR PR BIAR o SRR 2 L SN P R ERAY 22 0 ST AT i 45 K 5 M H i 53 B A A0 e e SR Y
Bl A= 82K SR 2= 3 10 AR KPR A il A e S R A 1 SR 2R 20 (181 3) 4 R B S — 2R B P g
FR) BRI AT I A5 5 5 PN AR T B0 7 2 LU SRR DX 5 56 2O SN ZR B AT SR = 65 LA SE M L B R K P8R 26 =
PN B AR B . MBS B b SR = B AR ST R4 T 5 PN AR 3 0 7 B B il i R A
2R —28 ;s AHISICA PR b, ook B D AT A8 BRI aT ek 25 3R g — 2k T 55 o7 8 B B 5, o MR AN (] A ol
IKIFER AL,

3 Wit

3.1 PSR A b s AR R Rl 2 A
AE AR R R HE AL R A T B R AR AR OR B TS 37 ACARRI DU JER A,
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Fig.1 Differences at genus and species levels of the Cyanophyta between Shibing Yuntai Mountain (SYM) and Chishui Danxia(CD)
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Fig.2 Differences at genus and species levels of the Chlorophyta and Bacillariophyta between Shibing Yuntai Mountain and Chishui Danxia
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ZBRWEE N T A FE WG BREE Leiosphaeridia sp. . {OEREE Chrococcaceae sp. KiEREE Gloeocapsa sp. 55 VA K I T
A LA HCRAERA G B e A R AR 34628 Oscillatoriopsis sp. , B 57 AU ML) 2K B Nostoc sp. AN ORI 4R
PRI 23 5 A ORI S Joy BRI R £6 15 b, TR KO i, AR TR BE A i, 35 T IMA R N T D i 26
AR S BT AT IR 2 & AR A 8 2 S A 34 e A 5 5 1 ol e 3E0 o T 20 i AR — 3
B 25 5 00 5N 3 7R B 0 FE I ZE 2O EIE S b R B T 6 5 R L R LA S 2 M 6 A I A W
EA3E 20 Ja, BT 0 5 B A AR A LD S OB S IS O FL e A R i i g, JE Rl B
B2 R IR A 2 TR X WA R, TSR = 5 LA R B B U (HBEAE M AR L
TR IR A B A< v L DX 5T Hh R 7 D Bl M PR3, — 673 S5 2 v ) 22 R VR PR 88 2 B RH BT I s 10 B 400 i
T T3 07 el A T TR 2K

PHEEHIA S —FELIE S, SIS = 6 L BT AL P SR AR L, SRk PR R A R B M, R AR R
R4 , X BEARTUBLN A 52 Tt SR = LA OB iRl E ML 2B T =B B8 =4
(1A 5 g S A (B G K PRI R E TR AL EPRAE SGE A AL A 8 R SN
TP A LD Z DO AT T B4l ™ . B AP A A SR i RS A P SR R A
i P2 R A 2 o A I AR R T 20 3 B e S Al A AR AR R B R TR B T = A
0 (RG] AR BN AN, HPIA AL A B R IE T IR R AL N, BN A R BE A 4 AL A
AR 2 A B AR . iR = & W BSR4, RN A B £ &, LA
PRGN ERCIR B8 382 5 L ik 54.23% , IRiE— 2B AR UE T = A W i pe R h SE R 272, (R AR S GE
6 B R B 2 IR 4D b 2 v e B EL A K AR R ) 1) Bl A AR ) A T A 0 3 B B B 25 A R A B AT R
Parallelphyton , 2L B A= B98I R 1T BE 2 1 S5 A8 0 () AHL JE 1 2% (R e Fritschiella" , I S A B I
F1% B 38 A5 2 T RE ZE DRI DA R 20 224 1 o I sl vt AL AR, T i /K P A 2, T LR R b 558
PR T VA28 A AT TP I 2 5% G R RS IR T BRI WA 2R 7K ) B b 30 & 7 dES ek I 3 ) o SR A0 | it b
PR AN [FICARAR T BRACHESE A AT 50 PR I e 2 i A S 301 J5 A AL 43 28 0 Al st AL RO BIF BT B 3L

x5 BRZALSHKAKAEFHF RS- HEERLMELHRXER
Table 5 Areal types of the terrestrial algae in Shibing Yuntai Mountain (SYM) and Chishui Danxia (CD)

I XA JEF =G (SYM) HAKFHEE (CD)
Areal types S/, P%/P,% S/8, P%/P, %
5534 Cosmopolitan 52/27 - 44/21 -

1Z 3 Pantropic 115/107 66.09%/93.04% 90/81 59.21%/90.00%
A M Temperate 45/34 25.86%/75.56% 49/31 32.24%/63.26%
T 98 5434 Tibetan plateau 1/1 0.57%/100% 8/8 3.29%/100%
o E 4 B Endemic to China 13/13 7.47%/100% 5/5 5.26%/100%
3 A ASFE Unknown distribution 12/6 - 5/5 -

S. BWIRNEL Total species number; S, : WA Species number of the Cyanophyta; P% . FEO AR X2 B KRB 2 e Percentage of
the total types given a specific area; P, %: T A X 2R SR B S 3% 00 A XS R ECE Jr He Percentage of the whole Cyanophyta species of the
areas analyzed ; TH o3 A FP2E T3k At 545 N I8 BH 820 A0 PO T TG 12k S5 e 79t 1t FFR A1 45 0, 76 0EA T MO R A0 A X SE 1 U BRAS T

3.2 OIS A SRS A M A P S il AR SR 2 R

AR AR T ALY SR, 7645 b AE S MU A AT R E AR L AR WA A R
TR e, BLAG Ay Z5 R RRORE A, R R R ) S A o SO B ARSI S A, R A i A
bR A A WL X R FREGEE , KT —E LAZ Ao A R BRIR L A LA A A i ey
Mo b MR ZonAs (Rl R MR AE K R , A= 5 B A A SR S R AR RS MR N I B R A
HEPESEA T T H e H XA R R . ISR = 3 L BBl A 2R AR b, FE R B 703X — A PR AR P I 5
A A T R AU S IR TG N, TR IR I B A0 3 b RS Bk BN PR B, o 5 R R R 1 2 3k
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R — RAUERL B A ST B =Y

PRI — 0L b (RO R BRAR 3 20 L oK 2 2 il
BT e, 5 3 ELA R I B e 2 O o -

S ELE, S RIESE I A 87 C R 516

SRS PFAT AN, E TSI, (15 LA B =
SEMREE S A AR & N B DY | iR o Ak
B 1L AR Ak ) LS TR M ) 22 R [ i e R e B & i
PREERI R OLH R TR AUE SR 2 B AE B IE 20 40 60 80 100

I ) b LA s A 358 0 5 25 P L A3 S A8 A5 TR I Al Similarity /%
BSR4 X R R AT 45 R R pH B3 B A AR LT 2 A

. Ca™ WL Mg WREEXT HAE KW %, BH  Fig3 Dendrogram among the algae species from five different
LT BN P AR BT R OC R I AE , B8 T Bk areas analyzed
IR, SIREERML SR TE R T H = A Wy
B EES BERAE S IeAh B JE ( Synechocystis ) RV i J& ( Scytonema ) ¥ ER R EL Tt HA JEFh At JiE
MIRFRTE" . A AR (R T S PR PR R s R R BRI R iR = & L A b
ARSI R S e T M E

IRIKPHEWEFE X B4 X PO Gt o3 DX PRI KT 260 B2 RA A o e ib 5 J2 4 i A A 2 27K
XFHEE A& B e R B TSR . AR MR Oy | A S A AR S A Z B A m AR Y
I Biidel S50 5T 48 th A2 A R R -5 H o 0 e A QG 26 9 A ek A I I I 25 R IR, B R AT |
KEkeJE AL I ARG T AR KPS A 2 I L LUK R R R R B IR T R s )
B A O TN RHAE 25 W e 1527 AR A SR MGl AL, R 2R K Bl IXAR B K B 5 it S = £ LU AR,
HER T s s K22 RK RO &S, I B8 i Bl A 15 e 2 Tt = 5 11, HLB i o R K
SRR M, AROKEDZ2H CaO o CaCO, M H & 4 iR T 7.05% .9.33% ) | RAitiFE = &1l
CaO FHI 5 (30.87%) " 1 174, WA A5 S 225 F B T ARSI T R K PH S 19 5405 3 2 S Bk w1
FRDFIF S G IS, AR RBENR A EAET R R TP MK W R A A TR
BORET +, AR R £ Fe EF A 6.8% &4 ™ | Ml = & 1A, {UH 0.09%—0.36% ",
VLS00 R IR A X 28 M A KRB AR I B KR M e R ) T R AR K X Rl B
TS G IERE IR FEE WEREZ—, s, 8% K5 pH FEEW NI E iR SR = 6 1WA A
FEAR K P ER AT A 3, S e T R Ml A AN [R) 3 gt i AR B R B PE 25 S . DRLUL, A Tl T 3R Y R A A
2557 pH A 1R PR T 4 B 1) 2552 i 2 35 200 M P 35 A B A AR R R, B R T R T 3 2 4 A 2 K g3 A D TR
Z—
3.3 TS E SR A e EE AT B kA e AR AR

AR A i A 5 25 A0 R TR, AN [ 1l X388 8 A AR B A T 40%—60% 22 18] o g i 52 46 Y RO A
55 A N AT 22 Y0 AT Y AN Lt A AT Ao iy #1022 22 ) N AR UL C 2R . i AR S5 X0 A
FAb2E VUARDE BRI AT E S |z pE AR | A FE R b2 i 2 R AL A o B I ST A A ) b B
G XA 6 HH R I 1 ol 205 3 BT P 198 S 2 200 A R A R I 114, 0 gt S T R B AR 288 B A AL 7
T st LR B S R PG b X BRI REA R 2 R R EE KN B S RE A
VAL XA P 38 = B Ry (R R TR R B A AR AR ST A R — B, KR T X — W, R A A
IRAKPHEE P SAL B SR a5t i oy @ BN GRS AR R, (R AL T R — 26 Bty , b vk IR B AR B REOK
AEARL, PR Bl 2B 52 SR GO AR IR SR B 44% A4y, itE— 28 ABIKT- b i SR 2S48 5 40 Bt 5 M AR B ¥ 1 it
Frx I HAER IR FFER I, SN AR B B2 1L 5 P A S0 TR R S — S SR R TR AL
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(7 o 2 M 1) C B AT 11 P 328 Sl P ) B A g [ B DI 38R S8 79 = 5 | R 0 A A
PEMA R ; Bt 2R 2 & LR B e T AR PHE 5 A e TR R (e 2R 00 R AR BN A
K iR = B I EA Dy A oR: BRI B A DU W — 28 S e T 1 2 e W 0T R (0  B5 8E 508 TR Y 36
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(2557 , SR B TSR g S AR 3 TS R ST 1 2 P A ) £ DR e e R 2E S TR
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Xty BRI 31 4 TP DU AR U B I ST G R LSRR, AR AT RE A R 150 ] 5 216 K BRI 21 i £ BRI 1 38
AR B BE— 2 I T R G TT RO

(3) IS R 357 Hb Rl 2E S AR BB 44.05% , 55 4 3Rt 3 X 4 18 45 2R s ] — 7K P
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