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Abstract; Biological soil crusts ( Biocrusts) are important components of dryland ecosystems, playing a crucial role in
various ecological functions, including soil stabilization, nutrient cycling, soil moisture retention and preventing soil
erosion. They exhibit significant spatial heterogeneity in distribution, which profoundly impacts their ecological functions.

However, the distribution characteristics of biocrusts in existing studies are mainly described qualitatively, which limits the
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comprehensive assessment of their ecological functions. This study focused on biocrusts in rehabilitated grasslands across
different precipitation zones of the Loess Plateau, China and aimed to fill this gap by quantifying their distribution
characteristics. By conducting field investigations and advanced image processing techniques, we quantified the spatial
distribution patterns and characteristics of biocrusts using landscape pattern indices. This approach allowed us to clarify the
spatial distribution characteristics of biocrusts across varying precipitation zones, ranging from 200 mm to 550 mm. The
results showed that (1) Landscape pattern indices were effective in quantifying the distribution characteristics of hiocrusts.
Biocrust cover in rehabilitated grasslands on the Loess Plateau varied from 47% to 73% across precipitation zones ranging
from 200 to 550 mm. Significant differences were observed between these zones, with the average biocrust cover in the
200—250 mm precipitation zone (73% ) significantly higher than in the 250—550 mm precipitation zone (52%). (2) The
distribution pattern of biocrusts differed with precipitation zones. As precipitation increased from 200 to 550 mm, the
distribution pattern of biocrusts transitioned from a matrix pattern to a coexistence of matrix and patches, and eventually to a
patch—dominant pattern. (3) The patch characteristics of biocrust varied significantly among different precipitation zones.
As precipitation increased from 200—250 mm to 250—500 mm, the number of biocrust patches tripled. Meanwhile, the
largest and mean biocrust patch areas decreased by 42% and 49%, respectively, and the patch shape became more
complex. Additionally, biocrust patches in the 450—500 mm precipitation zone tended to be nearly circular compared to
other precipitation zones. (4) The distribution characteristics of biocrusts differed significantly across precipitation zones.
The length and fragmentation of biocrust patches increased as precipitation increased. This study represents the first
quantitative the patch characteristics and distribution patterns of biocrusts in different precipitation zones on the Loess
Plateau, China. It provides a theoretical foundation for assessing the ecological functions of biocrusts. Moreover, it offers
valuable scientific guidance for the restoration and management of dryland ecosystems, contributing to more effective

conservation strategies for biocrusts.

Key Words: biological soil crust; precipitation gradient; ecological function; landscape pattern; spatial characteristics;

environmental factor; the Loess Plateau
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Table 1 Information of investigation sample sites in different precipitation zones
?’k?/ e A BEE(E)  HE(N) W wE 0L mE BR o
- Investigation region Longitude Latitude Altitude/m  Slope/(°) (& /kg‘) Clay/%  Silv%  Sand/%
200—250 Hila i & 104°45'48" 36°33'17" 1480 10 8.89 15 59 26
THAOAFER 106°2'32" 37°24'25" 1387 <5 5.35 10 29 61
250—350 Hola g2 B 103°58'23" 36°25'40" 1769 32 10.60 17 64 19
BepiAg e i £ 107°54'14" 37°20'3" 1597 12 8.23 13 49 38
350—450 HHEA TG T 101°5420" 36°33'43" 2338 20 11.25 13 61 26
H & E v 104°34'48" 35°34'17" 2050 <5 9.01 18 64 18
HNA R IE T 107°38'20" 35°57'15" 1374 12 8.98 17 64 19
1LV 48 i 56 111°30'34" 37°22'4" 1105 18 7.11 12 52 36
450—550 [SUIE=gIE=S 108°13"28" 36°53'34" 1182 10 5.13 16 58 26
1Py L 108°13'31" 36°53'37" 808 16 5.93 16 66 18
Pepig R & 108°13'26" 36°53'32" 1506 25 17.26 17 64 19
Hor s Kok 105°39'32" 34°35'0" 1266 22 9.44 20 65 15
LLIPE A I £ 110°47'41" 36°28'28" 1152 20 7.26 16 60 24
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F2 FREIEKERFHEHRSEMREHE
Table 2 Surface characteristics of sample sites in different precipitation zones
¥ Coverage/ %

PAAE A5 . N :

Insigaton gfiiﬁfff;m Cyﬁiiﬁ L W WER i et
region erust Moss crust Litter Plant canopy Plant root Bare soil
VHIL HBRE 58.1+12.0ab 7.5+1.2b 4.4+2.6b 35.4+1.3bc 7.7%3.1ef 11.720.5a
FARTE B R 68.7+1.4a 9.2+4.0b 9.5+7.9b 35.1212.3be  13.323.3def 9.8+4.1a
7 NP R 54.8+9.2ab 11.5+7.0b 5.5£2.9h 26.5+10.0c 11.7%3.7def 16.53.7a
FEN KB B LR | KL 22.8+10.1ecd  22.2+12.5ab  14.9+6.4ab 56.4x10.1abc  22.044.7abed  18.1%5.1a
[IEX [/ N S 69.2+9.4a 1.9+1.1b 5.1£2.9b 38.3+9.2b¢ 11.7+2.2 def 12.2+3.5a
EPE TS VK T PRE 9.022.5d 43.2+15.5a 21.8+11.4ab  73.9%15.1ab  14.6+2.8cde 11.4+2.9a
N KPTRD R R 44.2+7.Tabc 6.6+3.1b 4.6+1.9b 65.4+8.3ab 32.3+4.2a 12.3x1.1a
(P VKE NP 36.7+10.9bed  12.7+5.3b 14.3+4.5ab 59.3+22.4abec  19.7%1.7cd 16.623.1a
FEK ﬁgiﬁﬁﬁ% SLLNS 54.8+15.3ab 6.3+4.5b 22.8+11.5ab  24.7+2.2¢ 4.0+1.1f 12.2+3.5a
[(z850 KR 48.4+1.7abc 10.9+0.8b 12.0+10.4b 80.4+15.1a 20.6+9.4bed 8.1+1.9a
ik gggﬁﬁé—{fﬁ&% B 14.942.9ded  12.2%5.5b 34.7+7.1a 70.8+1.3ab 24.8+4.2abc 13.4+8.7a
KK PRI KR R 9.4+1.3d 43.6+3.8a 5.6+4.7h 73.6+8.7ab 30.8+2.3ab 10.620.6a
I EL T LR BT E UK 31.2+10.3bed  23.0%4.4ab 10.7+6.0b 70.2£10.9ab  17.0+2.4cde 18.1%5.1a

BB  Artemisia capillaries ; /NEV 5 Stipa. capillata ; 7 T3 ; Artemisia scoparia; K12 %5 Stipa bungeana ; T 5T - ¥4 K ; Poa sphondylodes ; VK 7.
Leynus secalinus ; BRAT 5 : Artemisia gmelinii ; 75 15 2% ; Sonchus oleraceus ; H % Glycyrrhiza uralensis ; ¥ I 4 . Heteropappus hispidus ; i5 2 B R F .
Lespedeza davurica; /N5 FHRHUEA R X2 55 .3 (P <0.05)
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Fig.1 Biocrusts landscape of rehabilitated grasslands in Jingyuan and Dingxi on the Loess Plateau
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Fig.2 Patch characteristics of biocrusts in different precipitation zones
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Fig.3 Distribution characteristics of biocrusts in different precipitation zones

2.5 RBFATHBAE AN B s 6] A R R

A W45 K BEBRS A R 3 Af M Ry R BAE DR R AN [R) (36 3) o BEBRBCRE (NP) M IR 4R (FRAC) 535
SN Z (A ARG R o S R BEHAE B (LPT) M- 2 BEBR 11 FR ( MPA ) 5 A 3 35 78 o 2 528 W00 35 67 AW
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Table 3 Correlation between landscape pattern index of biocrusts and environmental factors

SRR i Coverage

Landscape kR WE W fﬁfﬁ L HEOBE DR R whRE e
pattern Precipitation Slope Altitude Clay Silt Sand Plant Plant ! .
indices matter canopy oot Litter Bare soil
NP -0.181 0.098 0.106 0.063 0.017 0.106 -0.089 0.048 0.092 0.105 -0.038
LPI -0.282 -0.042 0.144 -0.075 0.157 0.130 -0.142 -0.581 " -0.436" -0.660 ** -0.552 "
MPA -0.354"  -0.034 0.399 -0.045 0.068 -0.111 0.072 -0.414*"  -0.469 * -0.432"" -0.468 **
FRAC 0.257 0.100 -0.291 -0.064 -0.278 -0.222 0.245 0.189 0.189 0.197 0.284
CIRCLE 0.317 0.074 -0.342*  -0.078 -0.299 -0.195 0.229 0.255 0.255 0.245 0.301
PLAND -0.351*  -0.119 0.168 -0.112 0.124 0.049 -0.069 -0.565 " -0.494**  -0.705"" -0.457 "
ED 0.193 -0.082 0.138 0.042 -0.017 0.140 -0.108 0.120 0.408 * -0.098 -0.051
COHESION -0.036 -0.126 -0.043 0.031 0.119 0.231 -0.214 -0.539 " -0.186 -0.639 ** -0.286
SPLIT 0.014 0.352" -0.010 0.164 -0.062 -0.087 0.085 0.500 ** 0.072 0.395 " -0.033

NP BEYLAE Number of patch; LPL; 5 KEEMFEEL Largest patch index; MPA ; F-YJEEH AL Mean patch area; FRAC: S B 44X Fractal dimension index; CIRCLE 3
PIEFEIE RFEEL Related circumscribing circle; PLAND ; BE3R (5 5% WL LU ] Percentage of landscape; ED: i1 2% % ¥ Edge density; COHESION ; BEH % 45 FE Patch cohesion
index ; SPLIT ; B i & Splitting index; * P<0.05; ** P<0.01

http ; //www.ecologica.cn



34 TEHG A JEUA [ K IR e A W B TR RS A 53 A A ) 1451

A B BB G S UL EE 1 ( PLAND) 5 K B2 W 3 SRR G | 5 LA M SR BT Bl 55 12, v 0 2 AR 2 |
Fh7 I AIRR 1 AR TUHSE (P <0.01) o b Wby Wy 52 B2 R R A= W 45 Be s FE A0 R BEIN R R4S e
GORE (ED) SRS R R 1 35 UG . BEBRGA S HE (COHESION ) 5 L) 6 J2 Rk 7 1) ot P2 S A I 2%
FHRICZR 7385 BE (SPLIT) S Y = Ak v My 2 B R B 35 TEAH G

3 itig

B 5 RO B TR ) SE AN AU AR T AR AR T A S )Tz Rk E . BT, A
X IR A W45 Bz 09 o A A RS 3 /0 . ARSI T s WA 25 29T TR AN s WA R 48 28, 4 BT 1 85 4 v SRS [R] e
KT IR AR W 5 B R BERRREAE A 0 A A% SR 2 AR R B 0 R SRS [R) R K T SRR ) A P G R
J¥H 47.8%—7T73.3% , VYT LY 57.3% , WM 3G I, A2 W45 By 56 1 W AT, TE435 Bz 35 1 ARG T #4334
XSEAMRER -7 BRE—BEPY YR T 5 4 5 R R [ K IR Bk AR Bl R0 A &5 R 1 43 A
e, (AN R T A A 8 B 56 S A9, R 5 M LA A A AR AR g b — 25 2 B, WA K b i, A= W 4 e B
B £ BEb i BN TR AT Ze b BRI X AT RE S MR A M s R K AR RET

ARSCPHAT LSRRI, PR T AT | B R R S R OR R B 1 DR B ) £ A A
VTN 24%—81% , F-IMH 54.9% , XSGR 4RI — 5P R AT b AR s AE A AT
TG X AR O, A X3RN, ZE R K B /D A B DX, A48 OB W AR X F o , 3R il Y5 Wi /D, A W &%
KRB R A (HRERE K R 2 70465 ORI 8 o5 10 0 0 R i s A VR MR BE 2 36 &2 WG T o5
AR T A 4G e O B 0t — 2R T AR s i AR T

BEBRL-JER 8 - F AR AT B T AR5 S LS A0 S5 D RE 22 () RO A L O 2R 1 T b 23 sh AR A/ g —Fil
W UL F Y, A A B A I B E SR A A I R BEHOIR A N Ah R e O DL BEHOIR AR AR
AHIFFEIE A X L AN ] X35k s R e R, 7 ] — Bk s N, YA B Ot 2 2 35 L 40% ), A A i 2 5
IBEHAR A7, Bl BEAK 3N, A= P45 Bz 0 o A B D 35 P 2 780 Sy IR G sl B p i 0 A | B 2 g e e AR oy
BEYe, Fq LA A A SR DX P4 B RN 238 B | K 2 W 45 K AR R — 250U o A T A9, A5 2R R X
A i = W 2 S N i R o0 4 N/ 32 R = 203 Sl A e v 9 o L1 o 1 O N ) vl e 7 A S E )
BRI, TR RS, & S BUE Y Sh R 56 R AR AR B R A AT g 2 A
LG R BEE . ARFSEEE SR ST, SOl R e BN GE H TR T D 44 T AR W45 Bz 09 238 8] 43 A R AE
1M HLAESZ T AR bR FIRERE A0 SR R FH S0 Jey 48 BT e A il A W 485 Jg A A

FEN FHSOUAS SR e Bt , DGR R i th ARk Fadn . A5 8 1 3 5000 0 A R PE e Al i 1T 88 B
X A4 B A A SR A S M SR 5 ) (L e 32 455 8 R 0 5 B AR A 3 26 Wy 446 12 3 A 48 JRy st SRR PR A7 A
25 TEAIRIRE K BT BEHL 45 B R 7 H B I 25 5 T 40 8 R R B R s v O URRME (IR 3) , IR, Rk
B — DT, AR IR A A RE b , A M AR A W 45 e 19 258 8] 43 A R AE

A2 B BESREAE R 5345 A8 S xt BREE Ry mel AN ], A= 045 e B i A R 4E B S A I 7
W EAOC R, WX S0 5 AR J5 18 BT e o 22 A2 B O R A SE M B KBS BRI Y B e i AR5 H A
iR 5 W S AR G, 2R W B AR RIS 7 ) 25 B3N, A= W 48 K 3 R MR RN AR Sk o FERE K
B AR S5 3 2 10 DX, A W45 B ) 7 5 4 b 3B b

R ER AR K R B | S RN i A A B S e, A W 4 R i S R) a3 A B A B B S ) S
PEP M A ST REAY B WK BEUE (200 ) RO BRI Y | AR R S TR BHAAAS W] RO AN [R) < f
KM T HE A K oy A Sk R 22 5 SR B AR WD 46 K AR AR T BRI Al X R IX A S B B RVE S R S
AR LA EE R L, ARSI TR AN RIEUL T, Bk s 18 5 R R Rk i A Y 45 B2 o3 A il
SR SR I ARRAIE , IE 530 173250 A RRAE 5 5K HbTE (3 BERTRRAR ) Mo bl 5 BE TR DG 2 o HIA0 B 1 IX 9 A
SRIE R X A W45 Bz A AT (RS2 i) AL AR S AT T B AR ek ) W 000 R ) e | DAk — 20 W Ay A 355 DR 3R % A W 4 g =3
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[ 73 A R R AL

4

&it

(1) SR R 45 BT LR f A0 AR 25 Bz 1) 25 18] o0 AR AR
(2) 35 vy A [ B K By 1R B A 45 B o 2 25 5 (.35, 200—250 mm [ 7K By AR W45 B 5 B

BT 250—550 mm, 2 EESE N 57.3%

(3) Hi e R R A= W) 45 Bz 10 40 A A AR B K &7 200—250 mm 4 LI, 250—450 mm A 5658 8 5 B

450—550 mm R EEH

(4) LE W25 Be PEYLRAAE AN 73 AT K JR (e AN [R] F3E K daaly AT B s i) S Jso vt . /K B AL 200—250 mm 4 2

250—500 mm , A= 94k Bz B BESLEC N 3 1%, Fe R BREBR RS- 25 REHe 11 FH 45 5 FRAEG 42.09% A1 49.4%  BEHIE IR
HaT 52 24k BB eI IR TE | WA A P R
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