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Abstract Soil bio-crust SBC widely distributes in arid and desert regions and plays a key
role in the functioning of arid and desert ecosystems. However not all the arid lands and deserts
are covered by SBC. At global and regional scales the distribution of SBC is positively related to
the annual precipitation dew and soil moisture content while the effects of temperature on the
distribution vary with the species composition of SBC. At local and small scales the distribution
of SBC is affected by soil texture and nutrients availability. At present the effects of vascular
plants on the distribution of SBC are uncertain. Moderate disturbance has little effects on the dis-
tribution and ecological functions of SBC but severe disturbance can induce the decrease of SBC
cover and the deterioration of the structure and function of SBC. The effects of global change on
SBC distribution the mechanisms of the adaptive distribution and succession of SBC as well as
the ecological functions of SBC in its recovery process would be the hot topics in the future.

Key words soil bio-crust distribution adaptation environmental factor arid desert region.

Biidel 2003
40% Bowker 2007 70%
Belnap et al. 1994 Belnap 1995
Gold & Bliss 1995 Loik
et al. 2004
Bowker 2007
* 2009CB825104
KZCX2-YW-336 2000
40771114

kK

E-mail
2009-04-20

2001 2009

zhangym@ ms. xjb. ac. cn
2009-09-04



134

29

Eldridge & Tozer 1997

2003 2004 Bowker 2007

2005a Zhang et al. 2007

2004 Chen et al. 2005 2007

Bowker et al. 2006

Belnap

1995 Belnap & Phillips 2001 Belnap & Eldridge
2003

Eldridge &

Greene 1994 Eldridge 1996 Eldridge & Myers

1998 Eldridge et al. 2006
Gillete & Do-
browolski 1993 Johansen 1993

Li et al. 2000 2003 2004
2007 2007 Zhang et al. 2006
2007
1
6
17 ~51 mm

Belnap et al. 2007

Agam & Berliner 2006

1.1
Belnap 2007
Collema tenax Syntrichia caninervis
17%
33%
700 mm
300 ~ 650 mm
Hodgins & Rogers 1997
2
B -
Belnap et al.
2004
Darby
et al. 2007
1.7 Biidel et al. 2009
Mojave  Chihua-

huan

Rosentreter & Belnap 2003

Kidron 2000

22.2%



135

Thompson 2006
Callitris glaucophylla

1.2

Jacobs et al. 1999 2000
50%
0.1~0.3 mm
3.2% ~
9.4% Kidron 1999 2000 Kidron et al. 2002
0. 08 mm
0.12 ~0.15 mm Liu et
al. 2006
Richards 2004
Tabernas Teloschistes la-
cunosus del Prado et al. 2007
Lange et al.
1998 0.2 ~0.3 mm
10% ~40%
Lange et al.
1992 0.1 mm
50%
Zuberer &
Kenerley 1993
Zhang et al.

2006
1.3

Marshall et al. 1996
0~10

cm

Lange et al. 1993 Pintado & Sancho 2002

Agam & Berliner 2006
1.4

Teloschistes capensis

Xanthop-
armelia walteri 3

~5 km

X. walter

Schieferstein & Loris 1992

Jennifer et al. 2006

2006

10 ~20 c¢m

5~10 cm

2~5cm
Chen et al. 2005

2005b



136 29 1
2008 3
Eldridge 1996 Collema coccopho-
rum Endocarpon pallidum — Heppia despreauxii
329 27.7% 20.9%
22 50% 20%
6 Bowker et al. 2005
14%
13.2%
85% 7.8% Thompson et al. 2006
Spier & van Herk 1997 van Herk et al. Karrykul 2 ~5 cm
2002 Lecano- 5~6
ra populicola Ellis Orlovsky et al. 2004
et al. 2007 3.2
Bell et al. 2008
0.01 ~0.05 mm
Duan et al. 2003
Belnap et al. 2007 70% ~80% 12% ~21%
Kidron 2000 4% ~11% 0.2% ~0.7%
0~5cm
Garcia-Pichel & Belnap 1996
>0.2 mm 0.02 ~0.2
mm 5% 60% ~80%
0.02 ~0. 002 mm <0.01 mm
3 14% ~20% 1.5% ~2% Duan et
al. 2003 2004 2007 2008
Guo et al. 2008
Bowker 0~5cm
2006

hierarchical conceptaal model

3.1

Chen et al. 2005 2007
2006

Maestre et al.
2005
3.3



137

Maestre et al. 2005 Martinez et al.

2006
K
K 0.42%
95% Fe Mg Na P Cl
Qiu & Gao 1999 Mn
Mn Zn
Collema coccophorum
Mn  Zn 8x10° 4 x107" mg-
kg ™' Bowker et al.
2005
4
Bowker 2007
Maestre &

Cortina 2002 Bowker 2007

Bochet et al.
1999
Stipa te-

nacissima

Martinez-Sanchez et al. 1994 Maestre & Cortina
2002 Maestre 2003

Robinia pseudoacacia

Rubus flagellaris Bromus inermis

Vicia villosa

Eldridge 1996 Neher et
al. 2003 Thompson et al. 2006 1

0~5% 10%
20%

Eldridge et al.
2006
Eldridge & Tozer
1997 2

Martinez et al. 2006 Briggs &
Morgan 2008

40% 20%
40% ~ 60%
10%
60% ~ 100%
10%
5
Belnap &
Phillips 2001 Bromus tectorum 3

50% Belnap &
Phillips 1998

Ford & John-
son 2006



138

29

26% ~47%
30

Bowker et al. 2004 Ford & Johnson

2006
40% 3 ~4

4% Belnap & El-

dridge 2003
2
2005 Williams et al.
2008
3% 21. 5%

pH Eldridge & Myers

1998 2007
80% 2007
<30%
2004

6

Belnap 1995
pH 2002

70% Belnap et al.

1994 Belnap & Eldridge 2003 3

1000

Conti & Cecchetti 2001 2002 2003



139

. 2004.
36 2 197-202.
. 2008.
28 7 3312-3321.
. 2008.
27 10 1675-1679.
. 2000.
42
9  965-970.
. 2009.
24 1 11-24.
. 2001.
21 1 4-11.
. 2005.
28 6 818-823.
. 2004.
21 4 439-443.
. 2007.
62 7 698
-706.
. 2006.
26 5 711
-716.
. 2004.
36
5 633-638.
. 2002.
21 4 41-45.
. 2003.
22 3 38-42.
. 2007.
27 11
4662-4670.
. 2007.
28 2 102-10s.
. 2005a.
. 60 1 53-60.
. 2003.
. 2005b.
. 25 12 1243-5243.
. 2004.
18
4 61-64.

Agam N Berliner PR. 2006. Dew formation and water vapor
adsorption in semi-arid environments A review. Journal of
Arid Environments 65 572-590.

Bell C Mclntyre N Cox S et al. 2008. Soil microbial respon-
ses to temporal variations of moisture and temperature in a
Chihuahuan Desert Grassland. Microbial Ecology 56
153-167.

Belnap J. 1995. Surface disturbances Their role in accelerating
desertification. Environmental Monitoring and Assessment

37 39-57.

Belnap J Eldridge DJ. 2003. Disturbance and recovery of bio-
logical soil crusts// Belnap J Lange OL eds. Biological
Soil Crusts Structure Function and Management. Ber-
lin Springer 363-383.

Belnap ] Harper KT Warren SD. 1994. Surface disturbance of
cryptobiotic soil crusts Nitrogenase activity —chlorophyll
content and chlorophyll degradation. Arid Soil Research and
Rehabilitation 8 1-8.

Belnap J Phillips SL. 1998. Shifting carbon dynamics due to
the effects of Bromus tectorum invasion on biological soil
crusts. Ecological Bulletin 79 205.

Belnap J Phillips SL. 2001. Soil biota in an ungrazed grass-
land Response to annual grass Bromus tectorum inva-
sion. Ecological Applications 11 1261-1275.

Belnap J Phillips SL Miller ME. 2004. Response of desert bi-
ological soil crusts to alterations in precipitation frequency.
Oecologia 141 306-316.

Belnap J Phillips SL Smith SD. 2007. Dynamics of cover
UV-protective pigments and quantum yield in biological
soil crust communities of an undisturbed Mojave Desert
shrubland. Flora 202 674-686.

Bochet E Rubio JL. Poesen J. 1999. Modified topsoil islands
within patchy Mediterranean vegetation in SE Spain. Cate-
na 38 23-44.

Bowker MA. 2007. Biological soil crust rehabilitation in theory
and practice An underexploited opportunity. Restoration
Ecology 15 13-23.

Bowker MA  Belnap J Davidson DW et al. 2005. Evidence
for micronutrient limitation of biological soil crusts Impor-
tance to arid-lands restoration. Ecological Applications 15
1941-1951.

Bowker MA  Belnap J Davidson DW et al. 2006. Correlates
of biological soil crust abundance across a continuum of
spatial scales Support for a hierarchical conceptual model.
Journal of Applied Ecology 43 152-163.

Bowker MA Belnap ] Rosentreter R et al. 2004. Wildfire-re-
sistant biological soil crusts and fire-induced loss of soil sta-
bility in Palouse prairies USA. Applied Soil Ecology 26
41-52.

Briggs A Morgan JW. 2008. Morphological diversity and abun-
dance of biological soil crusts differ in relation to landscape
setting and vegetation type. Ausiralian Journal of Botany
56 246-253.

Biidel B. 2003. Synopisis Comparative biogeography of soil-
crust biota’/ Belnap J Lange OL eds. Biological Soil
Crust  Structure
Springer 141-152.

Biidel B Darienko T Deutschewitz K et al. 2009. Southern

African biological soil crusts are ubiquitous and highly di-

Function and Management. Berlin

verse in drylands being restricted by rainfall frequency.
Microbial Ecology 56 229-247.

Chen YN Li WH Zhou ZB et al. 2005. Ecological and envi-
ronmental explanation of microbiotic crusts on sand dune
scales in the Gurbantonggut Desert Xinjiang. Progress in
Natural Science 15 1089-1095.

Chen YN Wang Q Li WH es al. 2007. Microbiotic crusts
and their interrelations with environmental factors in the
Gurbantonggut desert western China. Environmental Geol-

ogy 52 691-700.



140

29 1

Conti ME  Cecchetti G. 2001. Biological monitoring Lichens
as bioindicators of air pollution assessment A review. En-
vironmental Pollution 114 471-492.

Darby BJ Neher DA Belnap J. 2007. Soil nematode communi-
ties are ecologically more mature beneath late- than early-
successional stage biological soil crusts. Applied Soil Ecolo-
gy 35 203-212.

del Prado R Sancho LG. 2007. Dew as a key factor for the dis-
tribution pattern of the lichen species Teloschistes lacunosus
in the Tabernas Desert Spain . Flora 202 417-428.

Duan ZG Wang G Xiao HL et al. 2003. Abiotic soil crust
formation on dunes in an extremely arid environment A 43-
year sequential study. Arid Land Research and Manage-
ment 17 43-54.

Duan ZH Xiao HL Li XR et al. 2004. Evolution of soil
properties on stabilized sands in the Tengger Desert Chi-
na. Geomorphology 59 237-246.

Eldridge DJ. 1996. Distribution and floristics of terricolous li-
chens in soil crusts in arid and semi-arid New South Wales
Australia. Australian Journal of Botany 44 581-599.

Eldridge DJ Freudenberger D Koen TB. 2006. Diversity and
abundance of biological soil crust taxa in relation to fine
and coarse-scale disturbances in a grassy eucalypt woodland
in eastern Australia. Plant and Soil 281 255-268.

Eldridge DJ Greene RSB. 1994. Microbiotic crusts A view of
the roles in soil and ecological processes in the rangelands
of Australia. Australian Journal of Soil Research 32 389-—
415.

Eldridge DJ Myers CA. 1998. Enhancement of soil nutrients
around nest entrances of the funnel at Aphaenogaster bar-
bigula Myrmicinae in semi-arid eastern Australia. Aus-
tralian Journal of Soil Research 36 1009-1017.

Eldridge DJ Tozer ME. 1997. Environmental factors relating to
the distribution of terricolous bryophytes and lichens in
semi-arid eastern Australia. Bryologist 100 28-39.

Ellis CJ Coppins B] Dawson TP. 2007. Predicted response of
the lichen epiphyte Lecanora populicola to climate change
scenarios in a clean-air region of Northern Britain. Biologi-
cal Conservation 135 396-404.

Ford PL. Johnson GV. 2006. Effects of dormant- vs. growing-
season fire in shortgrass steppe Biological soil crust and
perennial grass responses. Journal of Arid Environments
67 1-14.

Garcia-Pichel F Belnap J. 1996. Microenvironments and mi-
croscale productivity of cyanobacterial desert crusts. Jour-
nal of Phycology 32 T774-782.

Gillete DA Dobrowolski JP. 1993. Soil crust formation by dust
deposition at Shaartuz Tadzhik USSR. Atmosphere Envi-
ronment 27 2519-2525.

Gold WG Bliss LC. 1995. Water limitations and plant commu-
nity development in a polar desert. Ecology 76 1558-
1568.

Guo YR Zhao HL. Zuo XA et al. 2008. Biological soil crust
development and its topsoil properties in the process of
dune stabilization Inner Mongolia China. Environmental
Geology 54 653-662.

Hodgins IW  Rogers RW. 1997. Correlations of stocking with
the cryptogamic soil crust of a semi-arid rangeland in south-
west Queensland. Australian Journal of Ecology 22 425-

431.

Jacobs AFG Heusinkveld BG Berkowicz SM. 1999. Dew dep-
osition and drying in a desert system A simple simulation
model. Journal of Arid Environments 42 211-222.

Jacobs AFG  Heusinkveld BG  Berkowicz SM. 2000. Dew
measurements along a longitudinal sand dune transect Ne-
gev desert Israel. International Journal of Biometeorology
43 184-190.

Jennifer SI. Heather AV Neill C et al. 2006. The influence
of multi-scale environmental variables on the distribution of
terricolous lichens in a fog desert. Journal of Vegetation
Science 17 831-838.

Johansen JR. 1993. Cryptogamic crusts of semlarid and arid
lands of North American. Journal of Phycology 29 140-
147.

Kidron GJ. 1999. Altitude dependent dew and fog in the Negev
Desert Israel. Agricultural and Forest Meteorology 96
1-8.

Kidron GJ. 2000. Analysis of dew precipitation in three habitats
within a small arid drainage basin Negev Highlands Isra-
el. Atmospheric Research 55 257-270.

Kidron G]J Barzilay E  Sachs E. 2000. Microclimate control
upon sand microbiotic crusts western Negev Desert Isra-
el. Geomorphology 36 1-18.

Kidron GJ Hermstadt I Barzilay E. 2002. The role of dew as
a moisture source for sand microbiotic crusts in the Negev
Desert  Israel. Journal of Arid Environments 52
517-533.

Lange OL Belnap J Reichenberger H. 1998. Photosynthesis of
the cyanobacterial soil-crust lichen Collema tenax from arid
lands in southern Utah USA Role of water content on
light and temperature responses of CO, exchange. Func-
tional Ecology 12 195-202.

Lange OL Biidel B Meyer A et al. 1993. Further evidence
that activation of net photosynthesis by dry cyanobacterial
lichens requires liquid water. Lichenologist 25 175-189.

Lange OL Kindron GJ Biidel B et al. 1992. Taxonomic com-
position and photosynthetic characteristics of the biological
soil crusts covering sand dunes in the western Negev Des-
ert. Functional Ecology 5 519-527.

Li XR Zhang JG Wang XP et al. 2000. Study on soil micro-
biotic crust and its influences on sand-fixing vegetation in
arid desert region. Acta Botanica Sinica 42 965-970.

Li XR Zhou HY Wang XP et al. 2003. The effect of sand
stabilization and revegetation on cryptogam species diversity
and soil fertility in the Tengger Desert Northern China.
Plant and Soil 251 237-245.

Liu LC Li SZ Duan ZH et al. 2006. Effects of microbiotic
crusts on dew deposition in the restored vegetation area at
Shapotou northwest China. Journal of Hydrology 328
331-337.

Loik ME Breshears DD Lauenroth WK et al. 2004. A multi-
scale perspective of water pulses in dryland ecosystems
Climatology and ecohydrology of the western USA. Oecolo-
gia 141 269-281.

Maestre FT. 2003. Small-scale spatial patterns of two soil li-
chens in semi-arid Mediterranean steppe. Lichenologist
35 71-81.

Maestre FT  Cortina J. 2002. Spatial patterns of surface soil



141

properties and vegetation in a Mediterranean semi-arid
steppe. Plant and Soil 241 279-291.

Maestre FT Escudero A Martinez I et al. 2005. Does spatial
pattern matter to ecosystem functioning Insights from bio-
logical soil crusts. Functional Ecology 19 566-573.

Marshall TJ Holmes JW Rose CW. 1996. Soil Physics. New
York Cambridge University Press.

Martinez I Escudero A Maestre FT et al. 2006. Small-scale
patterns of abundance of mosses and lichens forming biolog-
ical soil crusts in two semi-arid gypsum environments. Aus-
tralian Journal of Botany 54 339-348.

Martinez-Sanchez JJ Casares-Porcel M Guerra J et al. 1994.
A special habitat for bryophytes and biological crusts in the
arid zones of Spain. Lindbergia 19 116-121.

Neher DA Walters T. Tramer E et al. 2003. Biological soil
crust and plant communities in a sand savanna of northwest-
ern Ohio. Journal of the Torrey Botanical Society 130
244-252.

Orlovsky L. Dourikov M Babaev A. 2004. Temporal dynamics
and productivity of biological soil crusts in the central Kara-
kum desert Turkmenistan. Journal of Arid Environments
56 579-601.

Pintado A Sancho LG. 2002. Ecological significance of net
photosynthesis activation by water vapour uptake in Ramali-
na capitata from rain-protected habitats in central Spain.
Lichenologist 34 403-413.

Qiu B Gao K. 1999. Dried field populations of Nostoc fiagelli-
forme Cyanophyceae require exogenous nutrients for their
photosynthetic recovery. Journal of Applied Phycology 11
535-541.

Richards K. 2004. Observation and simulation of dew in rural
and urban environments. Progress in Physical Geography
28 76-94.

Rosentreter R Belnap J. 2003. Biological soil crust of North

America// Belnap J Lange OL eds. Biological Soil

Crust Structure Function
Springer 31-50.

Schieferstein B Loris K. 1992. Ecological investigations on li-
chen fields of the Central Namib. [ . Distribution patterns
and habitat conditions. Vegetatio 98 113-128.

Spier L. van Herk CM. 1997. Recent increase of Parmelia bor-
reri in the Netherlands. Lichenologist 29 390-393.

Thompson WA  Eldridge DJ Boner SP. 2006. Structure of bio-

logical soil crust communities in Callitris glaucophylla

and Management. Berlin

woodlands of New South Wales Australia. Journal of Vege-
tation Science 17 271-280.

van Herk CM  Aptroot A van Dobben HF. 2002. Long-tern
monitoring in the Netherlands suggests that lichens respond
to global warming. Lichenologist 34 141-154.

Williams W] Eldridge DJ Alchin BM. 2008. Grazing and
drought reduce cyanobacterial soil crusts in an Australian
Acacia woodland. Journal of Arid Environments 72 1064
-1075.

Zhang YM Chen ] Wang XQ et al. 2007. The spatial distri-
bution patterns of biological soil crusts in the Gurbantunggut
Desert Northern Xinjiang China. Journal of Arid Environ-
ments 68 599-610.

Zhang YM Wang HL. Wang XQ et al. 2006. The microstruc-
ture of microbiotic crust and its influence on wind erosion
for a sandy soil surface in the Gurbantunggut Desert of
Northwestern China. Geoderma 132 441-449.

Zuberer DA Kenerley CM. 1993. Seasonal dynamics of bacteri-
al clonization of cotton fiber and effects of moisture on
growth of bacteria within the cotton boll. Applied and Envi-
ronmental Microbiology 59 974-980.

1983
E-mail chengjunhui916@ 126. com




