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Abstract; The biological soil crusts (BSCs) are commonly found in Gurbantunggut Desert, the largest fixed and semi-fixed
desert in China. Four different BSCs developmental stages, including bare sand, algae crusts, lichen crusts and moss crusts
were selected to determine successional changes in cyanobacterial and algal species composition, dominant species, and
biomass. The results indicated that species composition differed between the four successional stages. There were some
differences for common species. For example, Fragilaria sp. , Oscillatoria willei, and Phormidium okenii were common
species in bare sand. Species of Synechococcus parvus, Tychonema granulatum, and Phormidium retzli were common in

algal crusts. Furthermore, some species were specific to particular successional stages. Dominant species varied from bare
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sand to mature crusts. The dominant species in bare sand, algae, lichen and moss crusts were Fragilaria sp. , Microcoleus
vaginatus, M. vaginatus and Scytonema ocellatum or Palmellococcus miniatus, respectively. Algal biomass had significant
differences in different successional stages (p <0.01). Algal biomass in bare sand was the lowest and increased with BSCs
development (such as algal crusts and lichen crusts). Algal biomass in lichen crusts was the highest, which was 8.3 times
higher than in bare sand. However, algal biomass decreased with the development of moss crusts. Bare sand is mainly
composed of uncompacted sand gains. Filamentous cyanobacteria, particularly M. vaginatus, were the dominant species
early in crust succession. Additionally, fungal mycelium and moss rhizoids played a vital role in preventing water and wind

erosion. Algal dominant species variation in different BSCs made the role and status of algae in BSCs change.

Key Words: Gurbantunggut Desert; biological soil crusts; successional stages; cyanobacteria; Algae
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Fig.1 The map of sampling site in the Gurbantunggut Desert
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MRLE AR B LG, H Pt SRR R, B0 bite W% E = H/H,,, . H JSZFRilil B i
ZPE H, SRBR IR SRS
2.2.2 BERYIFA

K BT E B PR AR SR MG A . SRR RIS SR ik 5 STk ™ ™,
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2.2.5 HIRBHAEHHIE

T3 IR SR R BEIR G54 (9 45 Bz, P 1 R SRR AR B — PR TR v VROl <R 8%, ZE B A Hh FHIR
(F i R BE #E I 76 80°C LAF) 4k, &Y R BB A I UK /N2 3em x 3em, AR #EJE BE 0. 03mm 1) + 3%
RHeL SRl 4T i + 3968 - 7E Olympus BXS1 35078 B85 T AR -4
2.2.6 HHEALE

KT 2245381 (ANOVA) FIZE LLAL(LSD 1) A AR A B B h R EY &, 28 Bk A&/
a8 SPSS(8. 0) Geit ik 458 o
3 £RE5H5m
3.1 ARIEBM BRI SR SRR H AL

SRR, MG R RSB, B 2R 25 . WA BEEEY) 16 FL 24 J§ 55 7,
B 19 B 26 J& 62 Fh ARG A 17 1 24 J& 64 B, BEELS PR 13 L 22 /& 67 Fh . 7EARFMIE
BHrBerh, #%E (Cyanophyta) 34 (5 48X 8, ZERR VD (BELE B (AR 25 J TN BE 45 B i FP 840531 hy 45.50.56 Fh
F1 58 Fir, i 4% ¥ ( Chlorophyta ) | 7 ¥ ( Bacillariophyta ) 11 #f # ( Euglenophyta ) ) # $(fE /0>, # 25/ Shannon-
Weiner ¥ ZHEMEFEEER ], VDB AR (1. 82bit) , BE4E B Ay (2. 32bit) , AW S5 R T BHIAK G, R FE #
gk Rz it , ZAREVETE RO FRREAIR , 20 912 2. 27bit F1 2. 23bit, BESH5) BE (AR AL R S RAR VD BRI , Bl 45 2
MRS, IS BE W Bt AR S e e , MR B BB ERAS B, I 5 B R PRI

TEAEMEE R IR B, WA R — & W R A, nER YD b 3285 WL AR 2 e AT 3,
( Fragilaria sp. ,) R Bi#E ( Oscillatoria willei ) #1553 5% ¥ ( Phormidium okenii) , 545 Rz 0 WLAP & /DR BRI
( Synechococcus parvus) R 223 ( Tychonema granulatum ) F137] [C & B& ( Phormidium retzli) , HiAK 45 Kz & DL
A B BB B Bk B (0. carboniciphila ) F1 ) [G R B, & 88 45 K M H DU AR 2 /D ROBRIE M R 4R MO
(Synechocystis pavalekii) FIFI R BE, — /3 FRIRFE(S. distomicola) FURLH 228 Wt B8, RAFAE THRUDFIBELS
BB, TANAE THIARES R MG SR 45 2 5 13 B BRBE (0. amoena) {3l [R 251 BE ( Schizothrix friessi) Fl/NER
3 ( Chlorella vulgaris ) %% R AEBELE Rz M AR 55 Bz o B H B, T 2 i €2, BR 988 B8 A A5 b ( Chroococcus turgidus var.
solitarius) | JZ JRBRHE (0. cortiana) FNEF HHH 223 (Lyngbya gracilis) S5 W) RAFTE T HIAREE fR B 845 b o 1E
ARKREH B, i 8 — L FERRF A, R FERFFE ARG S BB (0. sancia) B A1 BIFE (0.
angustissima) . %% {0, B ¥ ( 0. wviolacea ) ; TEE W A F R WM K BER B KL 2 (S.  elongatus var.
amphigranulatus ) J§FEHE ( Microcystis sp. ) BRI ( Tolypothrix sp. ) YLK 7 BR¥E ( Nodularia spumigena ) FIFTERK
¥, ( Nodularia sp. ,) ; A< Z5 iz 558 Fh A 3R BE, ( Chroococcus sp. | ) \F-248E ( Merismopedia sp. ) | R s fh A 3
(Scytonema ocellatum ) FiIJiE B, ( Phormidium sp. | ) ; B EELE RGP E R ABREE (C. westii) 55 40 B3 18 28
(0. tenuis var. levis) JEJTFEEE(P. gelatinosum ) FIZN$H 228 ( Leprolyngbya sp. ) %, {HRXEFFH LKL
BB A B

B EHFEIIE N EBOR, BB E TEY S R &N RE BB, i/ EIRFEE ( Chroococcus minusus ) i 4 15
FF#& ( Cyanothece aeruginosa ) . X B £E il B ( Synechocystis crassa) . 35 W B #& ( O. formosa ) | &F 8, Hi 3 ( 0.
chlorina) JE 1T B B ( O. subbrevis) | 45 7K JiF B (P. irriguum) | W 40 & 3 ( P.  attenuatum ) | E 85 1 5 3
( Microcoleus vaginatus) .5 BR ¥, ( Nodularia sp. ) . + 4 ¢ BR ¥ ( Chlorococcum humicola) | Jfi¥F ¥, ( Fragilaria
sp. 1 ) WRZE R BE ( Hantzschia amphioxys ) F15P [& XUE 3 (Amphora ovalis)
3.2 ARIEB BRI R L

MR & B B S SS R R D BRI R R AR 2. TERD Y HERRER S, 25
TR RS 1 RRFRMEATEE, , 5 1A D N B XS 38 F1 4R BRIE ( Palmellococcus miniatus) , %5 2 AREFh %2
FEIH IR . BEAS R TERTAR TP EE | IR R 2 BT 3, 56 2 IRFh 2 o MEAT e, , 0 LA 2 O
IR X0JE B 57K o BE AN AR BRBE , X UL REBEIE (5 A — € DL 3A s AR S B2 - SR RS | R E P BB TN o
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55 2 PREFh L o BRI, I EAE W BB, ( Oscillatoria sp. ) FER s P48 ( Scytonema ocellatum) o HEELE L -
5 1 RHERR AR S OB B BRI, 26 2 PRSP — B B , X R WA AE 1 B 45 B BB Sl 8 F A R
BB TRE(ER D) .

R1 EMERTRRENRPELORBHEL

Table 1 Variations of dominant algae species in different successional stages of BSCs

45 fe 28 AU Crust type +#£ Soil sample  fi;#)F Dominant species
#7> Bare sand 07005 BRIEIXUJE 3 (Amphora ovalis) , [fiFF 3, ( Fragilaria sp. ;)
07009 WEAT3E, , ELES TR 3 ( Microcoleus vaginatus) , £ i 3 (Anabaena sp. )

07013 HEBREE (Palmellococcus miniatus ) , FLEH 08 , Mkt
07017 TR, , EL OB, SRk
07021 JEFFIE, , FHE I, (Navicula sp. | ) , REHEHEE
WgE R Algae crusts 07006 LB B, B R XUE B , 45 K i 3 ( Phormidium irriguum)
07010 FLRSR B, AT, KR B
07014 ELESTH B, A K RS 3, WU TE ERBE ( Oscillatoria subbrevis)
07018 FLESTH B SRR, WOAT I,
07022 FLR T B, WEFTBE, , DR BLAR MU BE ( Synechocystis pavalekii)
H AR G5 Bz Lichen crusts 07007 LSO O, R BRI
07011 FEEE , Wi B, (Oscillatoria sp. 4 ) , 4R 7K BE
07015 FLESTAOEE , SE BRI, HR 5 DR BE (Scytonema ocellatum)
07019 LA B, SEFR M, 4 4 53R PE ( Chlorococcum humicola)
07023 SERRE, IR DBl FL T
B L5 7 Moss crusts 07008 AEFRE, LN e
07012 WR i OhBCHE , SRR, RAULE M BE (Synechocystis crass)
07016 MR il , RS DA , O 4R
07020 FUS O B, SRR, R AR M B
07024 SRR, IR A OB, ELS O B

3.3 FREGCHGENKAE DRI

B R A A R RS Y B L LA T B . EUBS (R RN B P R
{6, 0 1.6 X 10 “*mg-g ' o, B H 55 B (G MT 52 77 , DKt 0 0 7 5 (A B A K 57 ) , 23D
AL B A TR D 35 13.3 x 10 “mgeg ' ok, ZUR B0 8.3 . (024K 7 2 B L SR, Bk
RS T T IS T SRR A B . K 0

GREW, R EN RS LR ARENRERREE o | 2 T

(P<0.01), M—BETHH IR FHARD T 15 | | a

WS 3 MBS EH (P <0.01), S2% | | | |

(BRLE R SRR E SRS IR 25 =20 |

FEE(E?2), SOl | | |

3.4 OR[FEE BB AL K ) ARG " g REE B
LS B FERRD AR | AL puresand - Meslensts Lichen ensts - Moss s

VDR AR RIAARIE (FE 3a) 24205 J R B WA B B2 R R U B

Htj‘ Qf’lﬁ?ﬁ;@ %ﬁj%ﬁ g jtﬁi%ﬂﬁﬁ ﬁ%?ﬁ( E] 3b %‘ﬂ Fig.2  Variation of algae biomass in different successional stages of
27 ’ NS biological soil crusts
MR SR > \ s Qﬂ:A - Z 5
o) ALRBRAIBIT D RAE G B — BB BT s oo om0 = 5) s 6 471 B A LS 52
HA—EMEVE S ; BEE 45 R — BB PR ES  shicmgmz R ARE, MUAAR NS TS0 R Rz 5
EZ s %’R?ﬁ;@ﬁ—igﬁg ,EEE%%E’JE%EZ%J:%B ,Hh @3 Bars indicated the standard deviation (n =5) ; Groups with

Z( Q'%: EZ E'(J _F E )ﬂ lj ﬁ j( i‘ E'(J E % % " ( El 3d *ﬂ e) . %,[ e the same small letter mean that their differences are not significant,

and those with different small letters mean highly significant differences
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Y 4h B i Ja R B BELS B, 2R BEIETT Hh el /D, B B TR B 1) DL B0 BE IR T S A, T 5 28 AR 2 R 3
(18 3f) , 3 B LB BE R R R 5 B R 2 AR BE B A TR T A2 1k, ZE B B AR M B I 45 52 |, BRI AR
%, AL &SP I 25 B b BB B U B TR . B BE BRI 2R BE2R — B YRS 3 SE TR S0
I, 45 B 5 B i B2 H 2 A3

B3 RS BRSO B B A I

Fig.3 Soil sections in different successional stages of biological soil crusts
a:BRUD ;b WREE K RIB BE s o WS B SR S BE s d : HUAR S5 B 3R AN s e AR B2 T SR CRE B 200 5 £ 8 45 b v 40 RBESE 5 B B BUR
a: bare sand;b: early stage of algal crust;c: lateral stage of algal crust; d: microstructure of surface layer in lichen crust;e: much mycelium in

substrate of lichen crust;f: filamentous algae and moss rhizoid in moss crust
4 i
4.1 HEWEh B REE B BOo 3 B
FERDH 3 A AR S BIRT AW RSN B, RAIRF T KB RS A7, 32K
DL ERh 2 AT, A D (50U 3 S5 REBE AR S , (B BB UM tIT IR e AR YD b S , SRR T 1R & R

M BEEEWERNRT , BSHEEBETT IR F 05 — RS RESE L B BETT 4R T B, L SR i S
WIS 2, 2RI IR R RS A AR B R S
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WIS NNy, SRS, B A S5 B OR O AR v, BESSHE v 90 L A T 0 O 2 AR T e s
(Scytonema javanicum ) 3 & B 2 ¥ T W, /i BE ( Phormidium tenue ) | 4% BE | Tk % = J& 32 ¥ 388 0 149 77 1) 2
i WA R, ML Rt — 5 RE NG R, 55 1 RS R B B AR
TERERIRISETT U 2, INSEBRBE | AR SR ERBERNIR L OVBCHESE o W BB R BE AN DB = o BE O B AR, R
RIEEBRFEAEMTR, SHEEFENRGERAME . X 7T 882 T Rl 3B AL b B BRI | 55
SRR Bk, (B BAA R RE e 2 — 2 B 5T

LY BB e R o B R A B, BT B RO P BETT 8 T I, 58 — DL BB i b o IR A D A B B AR
BRUESE , SRR BN 26 2 526 3 RS Fh. XATRERMEE AR REA K, MIHARREN AR ME IR,
BEH S RS R S Y SECREOSE RA BE  T R

HEWIES B AN IR 2 B BOY BE S AR M B B3 R TRV TP pHL (BRI B 3h S B AIR T B4 B AR 45
B RIEBLE R SIOMRY PR A VLR & B R R AR A AR TR A K, R
B, PTLL R AR R, FER WS ENAR , AR SAEE NI, UM Ay s, BN Ed A
B AR B T IR B E SRR IR T RSB o X S FR T SR B , B B A A R R
BEIN, ANBELE B RMAR G, Bz o A WIS BUR B I E SRS, B BEE S EEECR NN, EATX LB IR A R
WP IR 2, OF BRI R AT 4 U B BT T
4.2 BERTEAEMSE ARG Bh e

TERRU T BV R AR, R R I REBE , WIHEATBE 1 A0 B XUE BE , 2R IEBEA o5 P, Fnvbops
SiaARw B, BRI ZMEY L, Kk AMANUR & BRAR R, TRBMEAHE—2RN, R H MR
BHBLZRHI, LT 2N IBEI AL (B 4(a) ) o [HR, BESIFTE BER A OhIE i 3957 20, in 2 4 39 ) 35
1, g A A B I BRI T 41 o A IRST R, FE LS B 0 R0 B B BDBR VD B B, DA SEAAT T
AR R RS BB, BN WK R RN MO S0 KRR 25

LR R B, RO R B BRI R S B iR, ARMEERA R T REEEE &
W22 B RS AE i, SN IN_E TR R B , I LR Z A A B AU — , U Rk 2 U 2 AN SR A T A
BV N Z KRR S AE VDRI B, T BTV BUR IS B o S 4, Bt B v ik BEOR T B D, B9
TERFE BB WL 2 o X LR FEITUHE R A BEAE 45 B TR SR R PR 3 £ 2R RIS R4S
B rR SRR B Ay o R o o 2 [ e I RBE D BRSBTS R A R A, (R T LR AL A
B,

UGB R EHARGS B G B, B BTN 2 — R, 5 4, SR BREE IR SO R Rt ] S
%, R BEPR EEEPTEMARE LM LR BP0 AR A BERME B ST AR, 2R BER R
N 22 3L [FIREAE T, SR 3 SRR SRR, R 45 B R BRI B B AR . AR 45 S B BEsR R A W B e K, 2L
[ B B, [ B 1 DR T B4 B, AR T SR R A LR, & B 9t B 5 T e )

BEE A YU R 2E— BRI IR 2 WAL, 722 AR HT 46 H BL S B4 , 0 E R ZWTE &, A i
TRRRE NEEYLRE, WS B ER RS L MU BER B O BE AL S BETT 4R T e, B AR F) 2
HR A PO ATBEER AR BRBE , B A B O 28 2 B3 3 (R . IRAUIVECIRBEZZ BB SO, 3R G 21 Bedk 45
B e, R 22 ) R B R ACHR o TEEBESE BB Beh , x4 Bt B AR B B BUR , BRSO BT | L
T BE SR LR BESSR E BEBUR — 2 , K YR R R 2 58 (18 31) , fin 2 2R BESSANBAR 7B ) 9 B S5 16 A, T
BUR R B BRI EE B, LR BERIIR 1 ~2 om, TR 3R BE AT XU GR Bk B e i o & BRAE W) S A W S AE U
FEFE RUB i 358, BRE B T AR T AR AR RE U0 B, D 4R R BOTE RRAIE T AR, B SRR (5 O B SE U
R EBTTE
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